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PREFACE 

The Programmer's Reference Manual for Peripherals is designed as a companion volume 
to the Programmer's Reference Manuals for the NOVA line and ECLIPSE Computers. It 
furnishes the general principles and the specific details needed to program input/output 
(I/O) transfers between standard DGC peripherals and all DGC computers. 

This manual consists of several sections. Section I introduces the theory of I/O pro
gramming on DGC computers and presents several complete examples of I/O programs. 
The remaining sections of the manual deal with the various families of peripherals sup
plied by Data General Corporation. Separate chapters in each section provide the spe
cific information necessary to program the individual peripherals in each family. Section 
II covers terminals; Section III covers hard copy devices. Section IV deals with magnetic 
tape storage devices, including industry-standard magnetic tape units and the DGC cas
sette. Section V covers fixed head discs, disc cartridges, and disc packs. Section VI 
desc ribes analog -to -digital and digital-to -analog conve rsion with the Analog Data Con
version System. The appendices contain a number of reference tables which supply in
formation about device codes, character codes, and timing figures needed for I/O 
operations. 

Before reading this manual, the programmer should have a basic understanding of the 
programming of DGC computers, as described in the Programmer's Reference Manual 
for the NOVAline Computers (DGC 015-000023) and, where appropriate, in the Program
mer's Reference Manual for the ECLIPSE Computer (DGC 015-000024). A familiarity 
with the operation of the DGC assembler, as described in the Assembler Manual (DGC 
093-000017), is also recommended, as the programming examples are written in assem
bly language. 

Additional information, of a more tec hnical nature, may be found in the Interface Manual 
(DGC 015-000031), which describes the technical operation of the I/O bus and explains 
how to interface a nonstandard peripheral to any of the DGC computers. 

As portions of this manual are updated, they are printed according to new typesetting 
specifications. This means some sections are presented in a different style than others. 
We ask our readers' indulgence for this unavoidable defect. 
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SECTION I 

1/0 PROGRAMMING 

• OVERVIEW OF INPUT/OUTPUT 

• I/O INSTRUCTION SET 

• PROGRAM INTERRUPT FACILITY 

• DATA CHANNEL FACILITY 

• TIMING 

• PROGRAMMING EXAMPLES 





OVERVIEW OF INPUT/OUTPUT 

INTRODUCTION 

Input/output is the process of moving information 
in a computer system between the central process
ing unit (CPU) and peripherals such as card 
readers, line printers, terminals and disc units. 
Some peripherals, such as card readers, enter in
formation into the system. Some, such as line 
printers, transfer information out of the system. 
Some, such as terminals, transfer information in 
both directions; and othe rs, such as disc units, 
store information within the system. Peripherals, 
therefore, can serve two main purposes, they pro
vide the computer with a means of communicating 
with its surroundings, and they supplement main 
memory with secondary storage. 

A peripheral generally consists of two units, a 
device and a controller, but it may also include an 
adapter. The device, sometimes called a drive, a 
transport or a terminal, is the unit with which in
formation is read, written, stored, or processed. 
For example, a terminal's keyboard" reads" in
formation; a plotter "writes" information; a mag
netic tape transport" stores" information; and an 
A/D converter" processes" information. 

The controller is the interface between the computer 
and the device, interpreting commands from the 
computer to the device and passing information 
between them. For example, a moving-arm disc 
controller can translate the track address received 
from the computer into positional commands for 
the disc drives access mechanism. Once the 
access mechanism positions the read/write heads, 
the controller translates the data words it receives 
from the computer into the sequence of bits re
quired by the disc drive. 

The adapter is an additional unit required by some 
peripherals to complete the communications link 

between the device and the controller. It performs 
functions which are similar to those performed in 
either the device, the controller, or both. Since 
the adapter cannot be accessed by the programmer, 
it is usually transparent. 

The communications channel through which all in
formation passes between the computer and the 
controllers is called the Input/Output (I/O) bus. 
The central portion of the I/O bus is a 16-bit wide, 
bidirectional shared data bus. Since this bus is 
shared by all the controllers as well as by the 
CPU, it is, by necessity, a half-duplex bus; i.e., 
only one operation can occur at any time. The 
direction of all information transfers on the I/O 
bus is defined relative to the computer. "Output" 
always refers to moving information from the com
puter to a controller; "input" always refers to 
moving information from a controller to the com
puter. 

TYPES OF INFORMATION 

The information transferred between a computer 
and a controller can be classified into three types: 
status, control, and data. Status information tells 
the computer about the state of the peripheral: is 
it busy?, is it ready?, is it operating properly? 
Control information is transferred by the computer 
to the controller to tell the peripheral what to do. 
Data is the information which originates from, or 
is sent to, the device during reading, writing, 
storing, or processing. 

Irrespective of the type of information transferred, 
is the amount of information transferred. A single 
bit may be transferred; a collection of bits forming 
a byte (or character), 16 bits forming a word, or 
a group of words forming a block may be trans
ferred. 
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TYPES OF INFORMATION TRANSFER 

Information can be transferred between the com
puter and a peripheral in one of two ways: under 
direct program control or under data channel con
trol. An information transfer occurring under 
direct program control moves a word or part of a 
word between an accumulator in the CPU and a 
register in the controllero This type of transfer 
occurs when an appropriate I/O instruction is 
executed in the program. An information transfer 
under data channel control generally moves a block 
of data, one word at a time, between the computer's 
memory and the device, through a registe r in the 
controlle r. The block of data is transfe rred auto
matically via the data channel once the program, 
using I/O instructions, sets up the transfer for a 
particular peripheral. 

Direct Program Control 

Direct program control of information transfers, 
also called!! programmed I/O", is a way of trans
ferring single words or parts of words to or from 
peripherals. Among the peripherals which transfer 
data in this way are terminals, paper tape readers 
and punches, card readers, line printers and 
plotters. Since the data moves through an accu
mulator, it is readily available to the program for 
manipulation or decision making. In the case of 
input, for example, the program can decide whether 
to read another word or character based on the 
value of the word or character just read. 

However, because at least one instruction--and 
most likely several since the information must be 
stored in memory--must be executed for each 
character or word transferred, direct program 
control can be efficient only for peripherals which 
do not have to transfer large quantities of informa
tion quickly. 

Data Channel Control 

Some peripherals, such as discs and magnetic tape 
transports, are used to transfer large blocks of 
data. In order to reduce the amount of program 
overhead required, these blocks are transferred 
under data channel control. The commands used to 
set up the data channel transfer are assembled in 
an accumulator and are transferred to the control
ler under direct program control. The block of 
data is then automatically transferred directly be
tween memory and the controller via the data 
channel. 
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Once the data channel transfer for a block of data 
has been set up and initiated by the program, no 
further action by the program is required to com
plete the transfer. The program can proceed with 
other tasks while the block transfer is taking place. 
Each time the controller is ready to transfer a 
word from the block it requests direct access to 
memory. When access is granted, the word is 
transferred. Because several instructions do not 
have to be executed for each word transferred, 
block transfers can occur at high rates, in some 
cases at more than a million words per second. 

Since the actual transfer of a word via the data 
channel could conflict with the program instructions 
being executed, the program pauses during the 
transfer of each word. This pause is transparent 
to the programmer with the exception that the time 
required for program execution is lengthened. 

PROGRAM INTERRUPT FACILITY 

When transferring information under either direct 
program control or data channel control, the pro
gram must be able to determine when the transfer 
is complete, so that it can start a new transfer or 
proceed with a task that was dependent on the 
transfer just completed. Peripherals have status 
flags which can provide the program with this 
needed information. The I/O instruction set allows 
the program to check the status of these flags and 
perform decisions based on the results of the 
checks. However, these status checks are time
consuming, so, to avoid the necessity of continually 
performing such tests, all DGC computers incor
porate a program interrupt facility. 

The program interrupt facility provides a periph
eral with a convenient means of notifying the pro
cessor that it requires service by the program. 
This is accomplished by allowing the peripherals 
to interrupt normal program flow on a priority 
basis. When a peripheral completes an operation 
or encounters a situation requiring processor 
intervention, it can request a program interrupt 
of the processor. The processor honors such a 
request by interrupting the program in process, 
saving the address where the interruption occurred, 
and transferring control to the interrupt handling 
routine. The interrupt handling routine can identify 
which peripheral requires service and transfer 
control to the service routine for that peripheral. 
After servicing that peripheral, the routine can 
restore the system to the state it was in when the 
interrupt occurred. 



For computer systems which require large amounts 
of I/O to many devices, a multi -level priority 
structure up to 16 levels deep can be established. 
This structure can be set up to provide rapid ser
vice to those devices which are crucial to the 
efficient operation of the computer system; the less 
critical devices are serviced in as efficient a man
ner as possible. The priority interrupt structure, 
like the rest of the program interrupt facility, is 
under direct control of the program. 
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SUMMARY 

The following sections of this Introduction to I/O 
Programming cover, in detail, the concepts in
troduced above. The instructions needed to per
form a direct program controlled transfer are 
discussed in terms of their interaction with the 
controlle r and the CPU. The mechanics of the 
program interrupt facility together with methods 
used to arrange a priority structure are presented. 
Methods used in performing block transfers via the 
data channel are followed by a general discussion 
of the timing concepts which should be considered 
when designing an efficient system for handling 
I/O. Finally, examples are presented which 
illustrate the procedures discussed in this Intro
duction to I/O Programming. 
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I/O INSTRUCTION SET 

INTRODUCTION 

Information transfers between the computer and 
the various peripherals are governed by the pro
gram with eight instructions which constitute the 
I/O instruction set. These instructions allow the 
program to communicate with the peripherals' con
trollers and to control the program interrupt facil
ity. This manual covers only those I/O instructions 
used for these purposes; additional I/O instructions 
used for special processor functions and options 
are fully described in the Programmer's Reference 
Manuals for the ECLIPSE™ and NOVA® line com
puters. 

• The effects of specific I/O instructions necessarily 
depend on the peripherals to which they are ad
dressed. However, the general functions provided 
by the I/O instructions (loading and reading regis
ters, issuing control signals, and testing flags) are 
the same for all peripherals; different peripherals 
merely use the available functions in different ways. 
In order to understand the general functions per
formed by the I/O instructions and how these func
tions are typically used by peripheral controllers, 
some knowledge of the architecture of a peripheral 
controller is required. 

THE TYPICAL CONTROLLER 

From the point of view of the program, a periph
eral controller operates as a collection of informa
tion registers, control registers, and status flags, 
with which communications are established. With 
these registers and flags, the program can route 
data between the computer and the device and 
monitor the operation of the device. Information 
registers act as temporary depositories for infor
mation being transferred between the computer and 
the device. For an input operation, the device 
places information in a register in the controller 
and the computer then reads the register's con
tents. For an output operation, the computer 
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places information in a register in the controller 
and the device can access that information when 
necessary. Control registers are loaded by the 
program and are used to control the operation of 
the deviceo Status flags are set by the peripheral 
to reflect its current operating conditions. The 
program, through the use of I/O instructions can 
examine these status flags and can alter some of 
them to change the operating state of the periph
eraL 

The distinction made here between registers and 
flags is generally one of information content. A 
flag contains a single bit of information, while a 
register is made up of a number of bits. Groups 
of contiguous bits in a register which convey a 
single !! piece!! of information are referred to as 
!! fields!!. For example, in one of the magnetic 
tape controller's registers, bits 13-15 act together 
as a control field to select one of the eight possible 
tape transports in the subsystem. 

The paragraphs below describe only the basic 
components of a typical controlle r. The additional 
structure required for a peripheral using the pro
gram interrupt facility or the data channel is 
discussed in the sections describing those facilities. 
What follows is meant only to typify the workings 
of a controller; controllers are tailored to the 
specific devices they control, so that not all fit 
the model given here. 

Information Registers 

A controller usually contains one or more informa
tion registers. Using I/O instructions, the pro
gram can load data and control information into 
these registers from the processor's accumulators 
and can read data and status information into the 
accumulators from them. The three types of in
formation considered here--data, control, and 
status --give rise to three basic types of informa
tion registers, which are described below. 



Data Registers 

A data register (or data buffer) is used to store 
data in the controller as it passes between the de
vice and the computero This buffer is needed be
cause the computer and the device usually operate 
at different speeds. Since the ope ration of nearly 
all peripherals involve the transfer of a word or 
part of a word of data between the computer and 
the device, nearly all peripherals controllers 
contain a data buffe r. In the case of pe riphe rals 
which transfer data under direct program con
trol, the data buffer is directly accessible to the 
program. Data is transferred between the register 
in the controller and an accumulator in the central 
processor by an I/O instruction. In the case of a 
peripheral which transfers data under data chan
nel control, the data is transferred directly 
between the register in the controller and mem
ory. Data buffers in the controllers which use 
the data channel need not be--and usually are not-
accessible to the program. 

Control Registers 

Control registers allow the program to supply the 
controller with information necessary for the 
operation of the device, such as drive or transport 
numbers, data block sizes, and command specifi
cation. A unit of control information is called a 
"control parameter". Control parameters typi
cally allow the program to select one of a number 
of pe riphe ral units in a subsystem, the ope ration 
to be performed, and the initial values for flags 
and counters in the controller. The program 
specifies control parameters to the controller with 
an I/O instruction wherein the desired parameters 
are coded into the appropriate fields of the accu
mulator used in the transfer 0 

Status Registers 

Status registers are used to indicate to the pro
gram the detailed state of the peripheral. They 
consist primarily of status flags, but can also 
contain control parameters. The control para
meters contained in status registers are commonly 
those which change during the operation of the 
peripheral, and are therefore of importance to the 
program which must check on the progress of the 
peripheral's operation. For example, a program 
transferring consecutive sectors of information 
on a disc in a single operation can read the current 
sector address and sector count during the opera
tion in order to determine how far the operation is 
from completion. Status flags are set by the con
troller to indicate error conditions or to notify the 
computer of the basic state of the peripheral. 
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The classification of controller registers into the 
three types described above can only be a general 
one. A register may contain more than one type 
of information. The most common case of this 
occurrence is a register that serves as a control 
register when loaded by the program and as a 
status register when read by the program. The 
disc address/sector counter register mentioned 
in the preceding paragraph is an example of such 
a combined control and status register. 

Busy and Done Flags 

The Busy and Done flags are the two fundamental 
flags in a controller and they serve a dual purpose. 
Together they denote the basic state of the periph
eral and can be tested by the program to determine 
that state. In addition, the program can manipulatE 
these flags in order to control the operation of the 
peripheral. To place the peripheral in operation, 
the program sets the Busy flag to 1. The Busy 
flag remains in this state for the duration of the 
operation, indicating that the peripheral is in use 
and should not be disturbed by the program. When 
the peripheral completes its operation, the con
troller sets the Busy flag to 0 and the Done flag to 
1 to indicate this fact. The setting of the Done 
flag to 1 can be used to trigger a program inter
rupt. Whether a program interrupt occurs dependE 
on the state of the interrupt facility. However, no 
matter what state the interrupt facility is in, no 
interrupt can occur for that peripheral until its 
Done flag is set to 1. Therefore, the setting to 1 
of the Done flag is defined to "initiate a program 
interrupt request". At this point, the program 
can either start the next operation by setting the 
Done flag to 0 and the Busy flag to 1, or it can 
idle (clear) the peripheral by setting both flags to 
O. 

Other Status Flags 

For a relatively simple peripheral, the Busy and 
Done flags alone may furnish enough status infor
mation to allow the program to service the periph
eral adequately. However, a more complex 
peripheral will generally require additional status 
flags to specify its internal operating conditions 
more completely to the program. The difference 
between these additional status flags and the Busy 
and Done flags lies in the way the program tests 
them. The program can test the Busy and Done 
flags directly with a single I/O instruction, but 
checking any other status flag requires that its 
value first be read into an accumulator from the 
status register. Each status flag is assigned by 
the controller to one of the 16 available bit posi
tions in the status register. The program may the 
perform any test it requires on the status word 
after it is read. 



Error Flags 

Status flags which indicate errors or malfunctions 
in the operation of a peripheral are termed" error 
flags". Two types of error flags can be charac
terized' according to their effect on the operation 
of the peripheral when they are set. The first, or 
passive, type is merely set by the controller in the 
course of the operation when the associated error 
occurs. No immediate indication of this type of 
error is given to the program, and the operation 
is allowed to continue to completion. The second, 
or active, type of error flag is set by the control
ler when the program attempts to start an opera
tion which is not allowed. In this case, the 
operation never begins and the Done flag is set to 
1 immediately to notify the program. This type of 
error flag is used to prevent a severe and probably 
irrecoverable error from occurring. In either 
case, the program must respond, error or not, 
when it notices that a peripheral is "done". It 
need only check the appropriate error flag or flags 
before assuming that the operation it initiated was 
satisfactorily completed. 

For example, among its many status flags, the 
controller for magnetic tape transports contains 
error flags to indicate parity errors and illegal 
operations. During a read operation, when a 
character is read with incorrect parity, the Parity 
Error flag is set to 1. No immediate notification 
of the error is given to the program and the read 
operation is allowed to finish. The parity error 
can be detected at the completion of the operation, 
when the program should check for errors. At this 
time appropriate action can be taken, such as try
ing to read the misread section of tape again or 
printing an error message on the console terminal. 
The Illegal flag, on the other hand, which is set 
when an illegal operation is attempted, prevents 
the operation from starting. The controller imme
diately sets both the Done and Illegal flags to 1 to 
notify the program. Illegal operations for a mag
netic tape transport include writing on a tape that 
is write -protected and spacing backwards when the 
tape is at the beginning of tape marker. 

INSTRUCTION FORMAT 

The general format of the I/O instructions is 
shown below. 

I 0 I I I I AC I O~ CODE \CONTROL\ I DE1VICE CO~E I I 
o I I 2 3 I 4 5 6 I 7 8 9 10 II 12 I 13 14 15 
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Bits 0 -2 are 011 and identify this as an I/O instruc
tion' bits 3-4 specify an accumulator, bits 5-7 
contain the operation code, bits 8-9 specify a flag 
control function or test condition, and bits 10-15 
specify the code of the device. 

Device Code Field 

Bits 10-15 in an I/O instruction select the periph
eral that is to respond to the instruction. The 
instruction format thus allows for 64 device codes, 
numbered 0-778' In all computers, device code 0 
is not assigned to any peripheral, and device code 
778 is used to implement a number of specific 
processor functions, such as reading the console 
switches and controlling the program interrupt 
facility. Depending on the computer, a number of 
other specific device codes are reserved for pro
cessor options or features. The remaining device 
codes are available for referencing peripherals. 
Many of these codes have been assigned by Data 
General Corporation to standard peripherals, and 
the assembler recognizes convenient mnemonics 
for these codes. The list of the standard device 
code assignments and their associated mnemonics 
is given in Appendix A. 

Flag Control Field 

The Busy and Done flags are either manipulated or 
tested by the control functions or test conditions 
specified in bits 8 and 9 of the I/O instructions. 
In those instructions which allow flag manipulation, 
bits 8 and 9 are referred to as the F field. The 
flag control commands available, along with the 
associated mnemonics and bit configurations and 
the functions typically performed, are as follows: 

F field Command Mnemonic Control Function 

00 (none) (omitted) None 

01 start S Start the pe riph-
e ral by setting the 
Busy flag to 1 and 
the Done flag to O. 

10 Clear C Clear (idle) the 
peripheral by set-
ting both the Busy 
and Done flags to 
O. 

11 Pulse P Pulse the control-
ler to achieve a 
special effect. 
The effect, if any, 
depends on the 
peripheral. 



In the I/O instruction which allows flag testing, 
bits 8 and 9 are referred to as the T field. The 
bit configurations, mnemonics, and test conditions 
they select are as follows: 

T field Mnemonic Next instruction is skipped if: 

00 BN :§.usy flag is 1 (~on-zero) 

01 BZ :§..usy flag is 0 (~ero) 

10 DN Q.one flag is 1 (~on-zero) 

11 DZ Q.one flag is 0 (~ero) 

Two important features of the I/O instruction set 
result from the nature of the flag control field. 
First, because the flag control field is separate 
from the operation code field, a single I/O instruc
tion can both transfer information between the con
troller and the computer and simultaneously control 
the operation of the peripheral. Secondly, the use 
of the flag control field as a T field allows the 
direct testing of a controller's Busy or Done flag 
in a single instruction, so that quick decisions 
based on the basic state of the peripheral can be 
made by the program. 

Operation Code Field 

The 3-bit operation code field selects one of the 
eight I/O instructions. In two of these instructions, 
no information transfer is specified; instead, bits 
8 and 9 may specify either a control function or a 
flag test condition as described above. The re
maining six instructions involve an information 
transfer between the computer and the designated 
peripheral controller and may also specify a con
trol function to be performed after the information 
transfer has been completed. The program can, 
therefore, access up to six registers in anyone 
controller. Up to three of these six registers are 
output registers which can be loaded by the pro
gram with either data or control information. The 
other three are input registers, from which the 
program can read either data or status informa
tiono It is entirely possible and, in fact, quite 
common for two different I/O instructions, one 
input and one output, to reference the same reg
ister in a controller. However, this is not in any 
way required by the nature of the I/O instruction 
set; potentially six different registers in a con
troller may be accessible to the program. 

In order to give names and mnemonics to the I/O 
instructions in their general form, the registers in 
a peripheral controller which are accessible to the 
program are referred to with letter designations. 
The three input registers are called the" A input 
buffer", the" B input buffer", and the" C input 
buffer". Similarly, the three output registers are 
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called the "A output buffer", the "B output buffer", 
and the "C output buffer" 0 Thus, for example, to 
read data from a peripheral controller's A input 
buffer, a DATA IN A instruction, with mnemonic 
DIA, is issued to that peripheral. 

The eight operation codes, their associated 
mnemonics, and the instructions specified are as 
follows: 

Operation Code 
field Mnemonic Instruction 

000 NIO No Input or Output 
but perform the flag 
control function 
specified. 

001 DIA Read Data Into the 
computer {rom the 
~ input buffer. 

010 DOA Write Data Out from 
the computer to the A 

-output buffer. 

011 DIB Read Data Into the 
computer from the :§. 
input buffe r . 

100 DOB Write Data Out from 
the computer to the 
:§. output buffer. 

101 DIC Read Data Into the 
computer from the 
~ input bUffe r . 

110 DOC Write Data Out from 
the computer to the 
~ output buffer. 

111 SKP SKiP the next in-
struction if the test 
selected for the 
Busy or Done flag 
is true. 

Accumulator Field 

Bits 3 and 4 in an I/O instruction select one of the 
central processor's four accumulators: ACO, AC1, 
AC2, or AC3. In those instructions which involve 
an information transfer between the processor and 
a peripheral controller, the specified accumulator 
either furnishes the information for an output 
transfer or receives the information in an input 
transfer. In the two I/O instructions which do not 
involve an information transfer, the accumulator 
field is ignored. The assembler sets bits 3 and 
4 in these instructions to 0; however, any bit 
combination will do, and no accumulator will ever 
be affected by these two instructions. 



INSTRUCTIONS 

A number of abbreviations and symbols are used 
in this manual to aid in defining how an instruction 
may be coded in assembly language. Abbrevia
tions used are as follows: * 

AC or ac 

For f 

Tor t 

device 

accumulator 

flag control command 

flag test command 

device code or mnemonic 

The following symbols are not coded, rather they 
perform these functions: 

<~ > Indicates an optional operand. The 
operand enclosed in the brackets (e.g., 
<f» may be coded or not, depending on 
whether the associated option is desired. 

Indicates a specific substitution is re
quired. Substitute the desired number, 
letter or letters, or symbol from the 
class, as defined by the abbreviation for 
which the substitution is being made. 
For example, "ac" indicates that an 
accumulator specifier is required. To 
select AC2, code either a "2" or a 
symbol whose value is 2. 

When describing the format of a word involved in 
an information transfer between the computer and 
a controller, the various fields and bits in the word 
are labeled with names desc riptive of their func
tions. Bits in the word which are not used by the 
controller are shaded. Shaded bits are ignored 
on output and set to 0 on input. 

NO I/O TRANSFER 

NIO<! > device 

I 0 I I I I AC I 0 , 0 0 I f 
0

1
123

1
456

1
789 10 II 12 13 14 15 

The Busy and Done flags in the controller of the 
specified device are set according to the function 
specified by F. When the assembler encounters 
the mnemonic NIO, it sets the AC field bits to O. 
However, these bits are ignored and may have any 
value. The contents of all the accumulators are 
unchanged. 

* New coding aids have been incorporated in some 
updated portions of this manual. Where the 
newer aids are used, the text specifically refers 
the reader to Appendix E, where they are 
described. 
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I/O SKIP 

SKP<t> device 

1 0 I I I I AC II I 1 
0

1
123 1 456 

I DE~ICE CO~E I I 
10 II 121 13 14 15 

Skip the next sequential instruction if the test con
dition specified by T is true for the specified con
troller. When the assembler encounters the 
mnemonic SKP<t>, it sets the AC field bits to O. 
However, these bits are ignored and may have any 
value. The contents of all the accumulators and 
the Busy and Done flags for the specified device 
remain unchanged. 

DATA IN A 

ac, device 
- ---

I 0 I I I I AC I 0 I 0 1 I 
0'123

1
456'7 

f I IDEYICE COpE I I 
10 II 12

1
13 14 15 8 9 

The contents of the A input buffer in the specified 
controller are placed in the specified AC. After 
the data transfer, the controller's Busy and Done 
flags are set according to the function specified by 
F. The number of information bits transferred 
depends on the size of the buffer and the mode of 
operation of the peripheral. Bits in the specified 
AC that do not receive information are set to O. 

DATA OUT A 

DOA<!> 

1 0 I I I I 

o ' I 2 

f I DEVICE CODE I 
8 9 10 I II I 12 1 13 I 141 15 

The contents of the specified AC are placed into the 
A output buffer in the specified controller. After 
the data transfer, the controller's Busy and Done 
flags are set according to the function specified by 
F. The number of information bits loaded into the 
buffer depends on the size of the buffer and the 
mode of operation of the peripheral. Any unused 
bits are ignored by the controller. The contents 
of the specified AC remain unchanged. 



DATA IN B 

DIB<! > ac, device 

10 I I J I lAIC 10 , I I 
0123456 

I I F I DEVICE CODE 
7 8 I 9 10 I II I 12' 13 I '4' 15 

The contents of the B input buffer in the specified 
controller are placed in the specified AC. After 
the data transfer, the controller's Busy and Done 
flags are set according to the function specified by 
F 0 The number of information bits transferred 
depends on the size of the buffer and the mode of 
operation of the peripheral. Bits in the AC that 
do not receive information are set to 0 0 

DATA OUT B 

DOB< ~ > ac, device 

I 0 I I ' I AC I, I 0 0 I 
01, 23 1 456 1 7 

F I DEVICE CODE 
8 '9 '0 ' 11',21,3 ' 14' 15 

The contents of the specified AC are placed in the 
B output buffer in the specified controller. After 
the data transfer, the controller's Busy and Done 
flags are set according to the function specified by 
F. The number of information bits loaded into the 
buffer depends on the size of the buffer and the 
mode of operation of the peripheral. Any unused 
bits are ignored by the controller. The contents of 
the specified AC remain unchanged. 

DATA IN C 

10 I I I I AC I' ,0 

0
1
,23

'
456

'
7 

f I DEVICE CODE 

10 ' 11'121,3 ' 14' 15 8 9 

The contents of the C input buffer in the specified 
controller are placed in the specified AC. After 
the data transfer, the controller's Busy and Done 
flags are set according to the function specified by 
F. The number of information bits transferred 
depends on the size of the buffer and the mode of 
operation of the peripheral. Bits in the AC that 
do not receive information are set to o. 
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DATA OUT C 

DOC<f> 

1
0 I I I I 
o I I 2 

f I DEVICE CODE 

10 ' I" 12' 13 ' 14' 15 

AC I' I I 0 I 
3

'
456

'
7 8 9 

The contents of the specified AC are placed in the 
C output buffe r of the spec ified controlle r. Afte r 
the data transfer, the controller's Busy and Done 
flags are set according to the function specified by 
F. The number of information bits loaded into the 
buffer depends on the size of the buffer and the 
mode of operation of the peripheral. Any unused 
bits are ignored by the controller. The contents 
of the specified AC remain unchanged. 

The single letter mnemonic for the desired con
trol command is appended to the basic mnemonic. 
An NIO instruction alone with any device code is a 
"no -op" (that is, it has no effect). To place the 
high speed paper tape reader in operation, an 
NIOS 12, or, using the reader's mnemonic, an 
NIOS PTR instruction could be executed. Both 
of these instructions assemble as 0601128 
(0 110 000 001 001 010) and cause the reader to rea 
one character from the tape into the controller's 
data buffer. 

To determine when the character is in the buffer 
without using the program interrupt we can wait 
for either the Busy flag to be set to 0 or the Done 
flag to be set to 1. For example, giving 

SKPDN PTR 

JMP . -1 

keeps the processor from proceeding until the 
reader controller has set the Done flag to 1. 

Once the character has been loaded into the data 
buffer, the Done flag is set to 1 and the processor 
will continue. The character can be read into the 
right half of AC2 by giving 

DIA 2,PTR 

If another character is to be read the transfer can 
be made with a 

DIAS 2, PTR 

which brings the character into AC2, sets the Done 
flag to 0, the Busy flag to 1, and causes the reader 
to read the next character. If the data buffer con
tains the final character to be read from tape, 
giving 

DIAC 2, PTR 

retrieves the character and sets both the Busy and 
Done flags to 0, thus idling the reader. 



In the remainder of this manual the discussion of 
each peripheral treats only the control functions 
and the applicable I/O transfer instructions. The 
skips apply to all and are the same in all cases. 
Giving a data-in instruction that does not apply to 
a peripheral (either because the peripheral is 
output-only or does not have the buffer specified) 
sets all bits of the addressed accumulator to 0 but 
the specified flag control function is carried out. 
Similarly, a data-out instruction that does not 
apply is a no-op except for the specified control 
functions. When the device code is undefined or 
the addressed peripheral is not in the system, any 
data-out or NIO instruction, a SKPBN, or a SKPDN 
is a no -op; a SKPBZ or SKPDZ is an unconditional 
skip (equivalent to a JMP . + 2); and any data-in 
instruction simply sets all bits of the specified AC 
to O. 
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PROGRAM INTERRUPT FACILITY 

INTRODUCTION 

When a peripheral completes an operation, the 
controller sets its Done flag to 1 to indicate that 
program service is requiredo The program can 
test the state of the Done flag repeatedly with 
I/O SKIP instructions to determine when this 
occurs. However, continual interrogation of the 
Done flag by the program is generally wasteful of 
computing time, especially when flag checks need 
to be done frequently in order to ensure that ser
vice is not delayed so long that the peripheral 
loses data. The program interrupt facility pro
vides a peripheral with a convenient means of 
notifying the processor that service is required. 

All peripherals which use the program interrupt 
facility have access to a single direct line to the 
processor, called the Interrupt Request Line, 
along which their requests for service are com
municated. An interrupt request can be generated 
by a peripheral when the peripheral 's Done flag is 
set to 1. The processor can respond to, or 
"honor", an interrupt request by interrupting the 
normal flow of program execution and transferring 
control to an interrupt handling routine. The pro
grammer can control which peripherals may re
quest interrupts and when the processor may start 
an interrupt, by manipulating a number of flags 
which are distributed among the processor and the 
peripherals. 

The operation of the program interrupt facility, as 
controlled by these flags, is described below. 
Following portions of this section detail the instruc
tions used to control the program interrupt facility, 
describe the implementation of a priority interrupt 
scheme, offer further suggestions for programming 
an interrupt handler, and explain the operation of 
the vector instruction, which allows the ECLIPSE 
computer to automatically perform much of its 
interrupt processing. 
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OPERATION 

Control Flags 

The operation of the program interrupt facility is 
governed by the Interrupt On (ION) flag in the 
central processor and by the Done and Interrupt 
Disable flags in each peripheral which uses the 
fac ility. By manipulating these flags, the program 
can choose to disregard interrupt requests alto
gether, or it can selectively ignore certain periph
erals. 

Interrupt On Flag 

The major control flag for the program interrupt 
facility is the Interrupt On flag in the central pro
cessor. To enable the interrupt facility the pro
gram sets ION to 1, allowing the processor to 
respond to interrupt requests transmitted to it 
along the Interrupt Request Line. Setting ION to 
o disables the entire interrupt facility, causing the 
processor to ignore all interrupt requests. 

The Interrupt On flag is manipulated by the program 
exactly like a Busy flag for the central processor. 
A Start command in any I/O instruction directed to 
the CPU (device code 778) sets ION to 1, a Clear 
command in such an instruction sets ION to O. 
(ION is also set to 0 at power -up and when the 
RESET console switch is pressed.) 



Interrupt Disable Flags 

The controller for each peripheral which uses the 
program interrupt facility contains an Interrupt 
Disable flag which allows the program to disable 
interrupts from that peripheral. When a periph
eral's Interrupt Disable flag is set to 1, the 
peripheral is prevented from making an interrupt 
request. 

The Interrupt Disable flags of all peripherals are 
manipulated at once with a single I/O instruction. 
This instruction, MASK OUT (MSKO), sets up the 
Interrupt Disable flags of all peripherals connected 
to the program interrupt facility according to a 
mask contained in the accumulator specified by the 
instruction. Each peripheral is assigned by its 
hardware to a bit position in the mask. (Mask bit 
assignments for standard peripherals are given in 
Appendix A.) When a MASK OUT instruction is 
given, each peripheral's Interrupt Disable flag is 
set to the value of the assigned bit of the mask. 
Also, at power-up and when the RESET console 
switch is pressed, all Interrupt Disable flags are 
set to O. 

Interrupt Requests 

Interrupt requests by a peripheral are governed by 
its Done and Interrupt Disable flags. When a 
peripheral completes an operation, it sets its Done 
flag to 1, and this action initiates a program inter
rupt request. If its Interrupt Disable flag is 0, the 
request is communicated to the CPU. If the Inter
rupt Disable flag is 1, the request is not commu
nicated to the CPU; it is blocked until the Interrupt 
Disable flag is set back to 00 If the ION flag is 1, 
the processor has to honor the interrupt request 
as soon as it is able. 

The processor is able to interrupt the sequential 
flow of program instructions if all of the following 
conditions hold: 

1. The processor has just completed an instruc
tion or a data channel transfer occurring be
tween two instructions. 
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2. At least one peripheral is requesting an inter
rupt. 

3. Interrupts are enabled; that is, ION is 1. 

4. No peripheral is waiting for a data channel 
transfer; that is, there are no outstanding data 
channel requests. The data channel has priority 
over program interrupts. 

When the processor finishes an instruction it takes 
care of all data channel requests before it starts 
an interrupt; this includes any additional data 
channel requests that are initiated while data 
channel transfers are being made. When no more 
peripherals are waiting for data channel transfers, 
the processor starts an interrupt if ION is 1 and 
at least one peripheral is requesting an interrupt. 

Processor Response 

The processor starts an interrupt by automatically 
executing the following sequence: 

1. It sets ION to 0 so that no further interrupts 
may be started. 

2. It stores the contents of the program counter 
(which point to the next instruction in the 
interrupted program) in location 0, so that a 
return to the interrupted program can be made 
after the interrupt service routine has finished. 

3. It simulates a JMP@l instruction to transfer 
control to the interrupt service routine. Loca
tion 1 should contain the address of the routine 
or the first part of an indirect address chain 
that points to the routine. 

Servicing An Interrupt 

The interrupt service routine (or handler) should 
save the state of the processor, identify which 
peripheral requires service, and service the 
peripheral. 

Saving the state of the processor involves saving 
the contents of any accumulators that will be used 
in the interrupt service routine and saving the 
carry bit if it will be used. The state of the pro
cessor must be saved so that it may be restored 
before the interrupted program is allowed to 
resume. 



Peripheral Identification 

There are three ways in which the interrupt handler 
can identify which peripheral requires service. 

1. On the NOVA and ECLIPSE lines of computers, 
the interrupt handler can execute a polling rou
tine. This routine is merely a sequence of I/O 
SKIP instructions which test the states of the 
Done flags of all peripherals in use. With this 
method peripheral priorities are determined by 
the order in which the tests are performed. 
Note that the polling technique disregards the 
state of the Interrupt Disable flags. Periph
erals which are masked out will be recognized 
if their Done flags are 1, even though these 
peripherals could not have caused the interrupt. 

2. On the NOVA and ECLIPSE lines of computers, 
the interrupt handler can issue an INTERRUPT 
ACKNOWLEDGE instruction (INTA). This in
struction reads the device code of the first 
peripheral on the I/O bus that is requesting an 
interrupt, into a specified accumulator. Note 
that with this method the Interrupt Disable flags 
are significant. Peripherals which are masked 
out cannot request an interrupt and, therefore, 
cannot respond to the INTERRUPT ACKNOWL
EDGE instruction. 

3. On the ECLIPSE line of computers the interrupt 
handler can issue a VECTOR instruction (VCT). 
This instruction determines which peripheral 
requires service in exactly the same way as 
the INTERRUPT ACKNOWLEDGE instruction, 
However, the device code obtained is not 
placed in an accumulator but is used as an in
dex into a table of addresses. Besides vector
ing automatically to the correct peripheral 
service routine, the VECTOR instruction can 
optionally switch stack contexts, save the state 
of the processor, and establish a new priority 
level. Because the VECTOR instruction is 
available only on the ECLIPSE computer, and 
because its operation is relatively complex, it 
is described later in a section of its own, 

Peripheral Service Routine 

After determining which peripheral requires ser
vice, the interrupt handler generally transfers 
control to a peripheral service routine. This 
routine performs the information transfer to or 
from that peripheral (if required) and either starts 
the peripheral on a new operation or idles the 
peripheral if no more operations are to be per
formed at this time. 

Dismissing An Interrupt 

When all service for the peripheral has been com
pleted' either the peripheral service routine or 
the main interrupt handler should perform the 
following sequence to dismiss the interrupt. 
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1. Set the peripheral's Done flag to 0 to dismiss 
the interrupt request which was just honored. 
If this is not done, the undismissed interrupt 
request will cause another interrupt--this time 
incorrectly--as soon as the interrupt handler 
finishes and attempts to return control to the 
interrupted program. 

2. Restore the pre -interrupt states of the accu
mulators and the carry bit. 

3. Set the Interrupt On flag to 1 to enable inter
rupts again. 

4. Jump back to the interrupted program. 
(Usually a JMP@O instruction is given.) 

The instruction that enables interrupts (usually 
INTEN) sets the Interrupt On flag to 1, but the 
processor does not recognize that the state of the 
ION flag has changed to 1 until the next instruction 
begins. Thus, after the instruction that turns 
interrupts back on, the processor always executes 
one more instruction (assumed to be the return to 
the interrupted program) before another interrupt 
can start. The program must give this final return 
instruction immediately after enabling interrupts 
in order to ensure that no waiting interrupt can 
overwrite the contents of location 0 before they 
are used to return control to the interrupted pro
gram. 

The following diagram shows how normal program 
flow is altered during a program interrupt. The 
interrupt handler is shaded to indicate that this 
block of instructions is not interruptable since the 
processor sets the ION flag to 0 to disable further 
interrupts when the interrupt occurred. Interrupts 
are not enabled again until the interrupt handler 
executes its INTERRUPT ENABLE instruction just 
prior to returning control to the interrupted pro
gram. 
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INSTRUCTIONS 

The instructions which control the program inte r
rupt facility use special device code 778 
(mnemonic CPU). When this device code is used, 
bits 8 and 9 of the skip instructions test the state 
of the Interrupt On flag; in the other instructions 
these bits turn interrupts on or off by setting ION 
to 1 (Start command) or 0 (Clear command). 

INTERRUPT ENABLE 

INTEN 

NIOS CPU 

I 0 I I I I AC I 0 I 0 0 I 0 I I I 
0 1 ,23'456'789 10 II 

, 
121 13 I 14 I 15 

Set the Interrupt On flag to 1 to allow the processor 
to respond to interrupt requests. If the Interrupt 
On flag actually changes state (from 0 to 1), the 
processor will execute one more instruction before 
it can start an interrupt. On the ECLIPSE com
puter, the processor will execute one more in
struction before starting an interrupt even if the 
Interrupt On flag was already 1. However, if that 
instruction is one of those that is interruptable, 
then an interrupt can occur as soon as the instruc
tion begins to execute. The assembler recognizes 
the mnemonic INTEN as equivalent to NIOS CPU. 

INTERRUPT DISABLE 

INTDS 

NIOC CPU 

10 I 
o 1 I 

I I AC 1 0 , 0 0 I 
23 1 456'7 

I 0 II I I 
8 I 9 10 I II I 12 1 13 I 14 15 

Set the Interrupt On flag to 0 to prevent the pro
cessor from responding to interrupt requests. The 
assembler recognizes the mnemonic INTDS as 
equivalent to NIOC CPU. 

SKIP IF INTERRUPTS ENABLED 

SKPBN CPU 

1 0 I I I I AC I 
o I I 2 3 ' 4 10 II 

I 

12' 13 I 14 I 15 5 6 

Skip the next sequential instruction if the Interrupt 
On flag is 1. 
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SKIP IF INTERRUPTS DISABLED 

SKPBZ CPU 

1 0 I I I I AC II ,I I 1 0 I I \1 ! I I I I, I I I I 
o 1 I 2 3 I 4 5 6 I 7 8 9 10 II 121 13 14 15 

Skip the next sequential instruction if the Interrupt 
On flag is O. 

MASK OUT 

MSKO ac 

DOB<!> l!.~,CPU 

I 0 I I I I AC \1 I 0 0 I 
0

1
123

1
456'7 

I I 
I , 

II 12 13 14 15 

Set the Interrupt Disable flags in all peripherals 
according to the mask contained in the specified 
AC. (A 1 in a mask bit sets the flags in all pe riph
erals assigned to that bit to 1, a 0 sets them to 0.) 
After the Interrupt Disable flags are set, the 
Interrupt On flag is set according to the function 
specified by F. The contents of the specified AC 
remain unchanged. Mask bit assignments for 
standard peripherals are given in Appendix A. 
The assembler recognizes the instruction 
MSKO ac as equivalent to DOB ac, CPU. 

INTERRUPT ACKNOWLEDGE 

INTA ac 

DIB<l> ac,CPU 

1 0 I , I I AC \ 0 I I '\ 
0

1
123'456

1
7 8 9 10 II 

I 

12 I 13 14 I 15 

The device code of that peripheral requesting an 
interrupt which is closest to the processor along 
the I/O bus is placed in bits 10-15 of the speCified 
AC. Bits 0-9 are set to O. After the data trans
fer, the Interrupt On flag is set according to the 
function specified by F. If no peripheral is re
questing an interrupt, the speCified AC is set to 
O. The assembler recognizes the instruction 
INT A ~ as equivalent to DIB ac, CPU. 



I/O RESET 

IORST 

DIC<1> ac,CPU 
, 10 ,,, I AC I' , 0 

0
1
123

1
456

1
7 8 9 10 II 121 13 14 15 

Reset all peripherals connected to the I/O bus: set 
their Busy, Done, and Interrupt Disable flags to 0 
and, depending on the peripheral, perform any 
other required initialization. After the peripherals' 
flags are altered, the Interrupt On flag is set 
according to the function specified by F. The 
assembler recognizes the mnemonic IORST as 
equivalent to DICC 0, CPU--that is, as the in
struction defined here with F set to 10. 

If the mnemonic DIC is used to perform this func
tion' an accumulator must be coded to avoid as
sembly errors. Regardless of how the instruction 
is coded, during execution the AC field is ignored 
and the contents of the specified AC remain un
changed. At power-up and when the RESET con
sole switch is pressed, the processor performs the 
equivalent of an IORST instruction. 

The assembler recognizes a number of convenient 
mnemonics for instructions that control the pro
gram interrupt. 

Mnemonic Octal 
Mnemonic Instruction Equivalent Equivalent 

INTEN INTERRUPT ENABLE NIOS CPU 060177 
INTDS INTERRUPT DISABLE NIOC CPU 060277 
MSKO ~ MASK OUT DOB !!£, CPU 062077 
INTA ~ INTERRUPT ACKNOWLEDGE DIB ~,CPU 061477 
IORST I/O RESET DICC -O,CPU 062677 

To set up the Interrupt Disable flags according to 
the mask contained in AC2, give 

MSKO 2 
or 

DOB 2,CPU 

However, there is one important difference be
tween these special mnemonics and the standard 
ones: mnemonics for enabling and disabling inter
rupts cannot be appended to them. Thus, to set 
the Interrupt On flag to 0 while performing a 
MASK OUT instruction using AC2 give 

DOBC 2,CPU 

Note that use of the mnemonic IORST sets the 
Interrupt On flag to O. To set the flag to 1 while 
resetting the peripherals give 

DICS O,CPU 

PRIORITY INTERRUPTS 

If the Interrupt On flag remains 0 throughout the 
interrupt service routine, the routine cannot be 
interrupted, and there is only one level of periph
eral priority. All peripherals that have not been 
disabled by the program are, for the most part, 
equally able to request interrupts and receive 
interrupt service. Only when two or more periph
erals are requesting an interrupt at exactly the 
same time is a priority distinction made. When 
this happens, priority is determined either by the 
order in which I/O SKIP instructions are given or, 
if the INTERRUPT ACKNOWLEDGE or VECTOR 
instruction is used, by the order of peripherals 
along the I/O bus. In a system with peripherals 
of widely differing speeds and/or service require
ments, a more extensive priority structure may 
be required. The program interrupt facility hard
ware and instructions allow the program to imp Ie -
ment up to 16 interrupt priority levels. 

For example, suppose that a card reader and a 
Teletype@ are being operated at the same time. 
While a card is being read, an interrupt is re
quested as each new column of data is available, 
and the program must read this data within 430 
mic roseconds, typically, before it is overwritten in 
the Data Buffer by the data from the next column. 
If the Teletype service routine takes 300 micro
seconds, card reader service will never be delayed 
longer than this, and a single-level program inter
rupt scheme will suffice. However, this interrupt 
scheme will not work if the Teletype service rou
tine takes 600 microseconds, since a card reader 
interrupt request initiated soon after Teletype ser
vice is begun will not be honored in time, and a 
column of data will be lost. In order to avoid los
ing data, the program interrupt scheme used must 
allow the card reader to interrupt the lengthy 
Teletype service routine. This involves creating 
a two-level priority structure and assigning the 
card reader to the higher priority level. 

In general, a multiple-level priority interrupt 
scheme is used to allow higher-priority peripherals 
to interrupt the service routines of lower-priority 
peripherals. A hierarchy of priority levels can be 
established through program manipulation of the 
Interrupt Disable flags of all peripherals in the 
system. When the interrupt request from a periph
eral of a certain priority is honored, the interrupt 
handler sets up the new priority level by establish
ing new values for all peripherals' Interrupt Disable 
flags according to an appropriate "Interrupt Prior
ity Mask" used with the MASK OUT instruction. 
Peripherals whose Interrupt Disable flags are set 
to 1 by the corresponding bit of this priority mask 
are "masked out", or disabled, and are thereby 
.regarded as being of lower priority than the periph
eral being serviced. Peripherals which are not 
masked out assume a higher priority than the 

Teletype@ is a registered trademark of Teletype Corporation, Skokie, Illinois. All references to tele
types in this manual shall apply to this mark. 
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peripheral being serviced. Before proceeding with 
the peripheral service routine, the Interrupt On 
flag is set to 1 so that the higher-priority periph
erals may interrupt the current service routine. 

Interrupt Priority Mask 

The bit of the priority mask that governs the Inter
rupt Disable flag for a given peripheral is assigned 
to that peripheral by the hardware and cannot be 
changed by the program. Although lower-speed 
devices are generally assigned to higher-numbered 
mask bits, no implicit priority ordering is in
tended. The manner in which these priority levels 
are ordered is completely up to the programmer. 
By means of the priority mask the program can 
establish any desired priority structure, with one 
limitation: in the cases in which two or more 
peripherals are assigned to the same bit of the 
priority mask, these peripherals are constrained 
to be at the same priority level. When a periph
eral causes an interrupt, a decision must be made 
whether to place all other peripherals which share 
the same mask bit with the interrupting peripheral 
at a higher or lower priority level. If a decision 
is made to mask out all peripherals which share 
that priority mask bit, the interrupting peripheral 
is also masked out. 

Priority Interrupt Handler 

A priority interrupt handler differs from a single
level interrupt handler in several ways. The 
handler must be "re-entrant". This means that if 
a peripheral service routine is interrupted by an
other, higher priority peripheral, no information 
required by the handler to restore the state of the 
machine, is lost. The two items of information 
which should be saved, in addition to those saved 
by a single -level interrupt handler, are the return 
address (the contents of location 0) and the current 
priority mask. This information must be stored 
in different locations each time the interrupt 
handler is entered at a higher level. DOing this 
ensures that the necessary return information 
belonging to an earlier interrupt is not overwritten 
by a higher level interrupt. A common method of 
storing return information for a re -entrant inter
rupt handler is through the use of push-down 
stacks. 

The interrupt handler (including the peripheral 
service routines) for a multi-level priority scheme 
should perform the following tasks: 

1. Save the state of the processor, that is, the 
contents of the accumulators, the carry bit, 
location 0, and the current priority mask. 

20 Identify the peripheral that requested the 
interrupt. 

3. Transfer control to the service routine for 
that peripheral. 

4, Establish the new priority mask with a MASK 
OUT instruction for that peripheral's service 
routine and store it in memory at the location 
reserved for the current priority mask for 
that level of interrupt. 

5. Enable interrupts. NOW, any peripheral not 
masked out can interrupt this service routine. 

6. Service the peripheral that requested the 
interrupt. 

7. Disable interrupts in preparation for dismis
sal of this interrupt level, so that no inter
rupts will occur during the transition to the 
next lower level. 

8. Restore the state of the processor, including 
the former contents of the accumulators and 
the carry bit and reinstitute the pre-interrupt 
priority mask with a MASK OUT instruction. 

9. Enable inte r rupts . 

10. Transfer control to the return address which 
was saved from location O. 

The diagram below is a simplified representation 
of program flow in a priority interrupt environ
ment. Shaded areas indicate non-interruptable 
sections of instructions. Additional higher
priority interrupts could increase the depth of 
interrupts still further. 
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The Vector Instruction 

The ECLIPSE line of computers incorporates an 
instruction which greatly reduces the burden of 
programming a priority interrupt system. Since 
this instruction is available only on the ECLIPSE 
line of computers, it is described separately below. 
In effect, the VE CTOR instruction (VCT) can be 
used to perform the first five tasks listed above for 
the multi-level priority interrupt handler. 

VECTOR ON INTERRUPTING DEVICE CODE 

VCT <@ > displacement 

10 I 

0
1 

2 

o 0 0 I I 
31415161718 9 

DISPLACEMENT 

I I I 

10 I II I 12 1 13 14 15 

I I I 
I 2 3 4 5 6 I 7 I 8 I 9 I 10 1 II I 12 I 13

1 
14 1 15 

This instruction provides a fast and efficient 
method for transferring control from the main 
I/O interrupt handler to the correct interrupt ser
vice routine for the interrupting device. Bit ° of 
the second word of the instruction is the "stack 
change bit" and bits 1-15 contain the address of a 
64-word vector table. Vector table entries are 
one word in length and consist of a "direct" bit 
in bit ° followed by an address in bits 1-15. 

An INTERRUPT ACKNOWLEDGE instruction is 
performed. The device code returned is added to 
the address of the vector table and the vector table 
entry at that address is fetched. If the direct bit 
in the fetched vector table entry is 0, the address 
in bits 1-15 is taken to be the address of the device 
handler routine for the interrupting device and 
control is immediately transferred there by placing 
the address in the program counter. 

If the direct bit is 1, the address in bits 1-15 of 
the vector table entry is taken to be the address of 
the device control table (DCT) for the interrupting 

device. At this point, the stack change bit is 
examined. If the stack change bit is 0, no stack 
change is performed. If the stack change bit is 1, 
a new stack is created by placing the contents of 
memory location 6 in the stack limit, and the con
tents of memory location 7 in the stack fault. The 
previous contents of memory locations 408 -438 
are then pushed onto this new stack. 

Device control tables must consist of at least two 
words. The first word of a DCT consists of a 
"push bit" in bit ° followed by the address of the 
device handler routine for the interrupting device 
in bits 1-15. The second word of a DCT contains 
a mask that will be used to construct the new inter
rupt priority mask. Succeeding words in a DCT 
may contain information that is to be used by the 
device interrupt handler. 

After the stack change procedure is performed, the 
first word of the DCT is fetched and inspected. If 
the push bit is 1, a standard return block is pushed 
onto the stack with bits 1-15 of physical location ° 
placed in bits 1-15 of the last word pushed. If the 
push bit is 0, no return block is pushed. 

Following this procedure, the address of the DCT 
is placed in bits 1-15 of AC2 and bit ° of AC2 is 
set to 0. 

Next, the current interrupt priority mask is 
pushed on the stack. The contents of the second 
word of DCT are logically OR'd with the current 
interrupt priority mask and the result is placed in 
both ACO and memory location 5. This constructs 
the new interrupt priority mask and places it in 
ACO and the save location for the mask. A 
DOBS 0, CPU instruction is now performed. This 
is a MASK OUT instruction that also enables the 
interrupt system. 

After a new interrupt priority mask is established 
and the interrupt system enabled, control is trans
ferred to the device handler by placing bits 1-15 of 
the first word of the DCT in the program counter. 
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Use of the Vector Instruction 

The VECTOR ON INTERRUPTING DEVICE CODE 
instruction is an extremely powerful instruction. 
Because of the impact of interrupt latency on over
all system performance, and the impact of the 
VECTOR instruction on interrupt latency, this in
struction should be well understood before it is 
used, 

The VECTOR instruction can operate in anyone of 
five modes. These modes are called mode A, 
mode B, mode C, mode D, and mode E. In gen
eral, as one goes through the modes, from A to E, 
the instruction performs more work, giving the 
user more power, but also takes more time to 
execute. 

For all modes, the VECTOR instruction uses bits 
1-15 of the second word to address the vector 
table. An INTERRUPT ACKNOWLEDGE instruc
tion is performed and the device code received is 
added to the address of the vector table and the 
word at that location is fetched. At this point, the 
mode selection process begins. 

Which mode is used for execution is a function of 
the direct bit in the vector table entry, the stack 
change bit in the second word of the VECTOR in
struction and the push bit in the first word of the 
DCT 0 The table below gives the relationship. 

DIRECT STACK CHANGE PUSH MODE 

0 X X A 
1 0 0 B 
1 0 1 C 
1 1 0 D 
1 1 1 E 

Note: X = Don't care 

For mode A, the state of the stack change and push 
bits don't matter because they are never checked. 

The uses of the five modes are described below, 

Mode A is used when no time can be wasted in get
ting to the interrupt handler for a device. A device 
requiring mode A service would typically be a non
buffered device with a very small latency time. 
Alternatively, a real time process that must receive 
control immediately after an event could be ser
viced using mode A. The programmer pays for 
the speed realized through mode A by giving up the 
state saving and priority masking features of the 
other modes. 

Modes B, C, D, and E are used to implement a 
priority interrupt structure. They all build a new 
priority mask and save the old priority mask be
fore issuing a MASK OUT instruction that enables 
the interrupt system. These modes differ in the 
amount of time and work that they devote to saving 
the state of the machine, 
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In a priority system, there are typically two types 
of processes: those that operate at "base" level, 
and those that do not. Base level is defined as 
operating with all levels of interrupt enabled and 
no interrupt processing in progress. Non-base 
level is defined as operating with some interrupt 
processing in progress, In general, those pro
cesses that operate at base level are user pro
grams. Those processes that operate at non-base 
level are the various interrupt handlers in the 
system. 

One of the first things that the supervisor program 
should do when it receives an interrupt while a pro
cess is operating at base level is to change the 
stack environment. Two reasons lead to this con
clusion, The supervisor has no control over 
whether or not the user has defined a stack by 
placing meaningful information in the stack control 
words. Additionally, even if the user has initialized 
a stack, the supervisor has no control over the size 
of the stack. If the user has defined a stack, but 
is ve ry close to his stack limit, it would not be 
acceptable for a supervisor interrupt routine to fill 
the user's stack to overflowing. By using either 
mode D or E, the VECTOR instruction will change 
the stack environment and initialize a stack over 
which the supervisor has full control. At the same 
time, the VE CTOR instruction will save the stack 
environment of the user so that it may be restored 
before control is returned to the use r. 

If an interrupt handler is already processing when 
another interrupt is received, then the stack en
vironment has already been changed by the inter
rupt that occurred at base level and should not be 
changed again. For interrupts that occur at non
base level, modes Band C of the VECTOR instruc
tion can be used. 

The difference between modes D and E is the same 
as the difference between modes Band C: modes 
Band D do not push a return block onto the stack. 

While this saves a little bit of time over modes C 
and E, it makes returning control to the interrupted 
program somewhat more complicated. 

All modes of the VECTOR instruction can be com
bined in one vector table, Devices that require 
mode A service will have bit 0 set to 0 in their 
vector table entry. The other devices will have 
bit 0 set to 1 in their vector table entries, and 
control their modes of service by the setting of the 
push bit in their DCT's. 

The POP BLOCK instruction (POPB) can be used to 
return from an interrupt handler which does not 
change the context of the stack. The RESTORE in
struction (RSTR) can be used to return when the 
stack context is changed. 
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DATA CHANNEL FACILITY 

INTRODUCTION 

Peripherals which need to transfer large blocks of 
data quickly generally accomplish their data trans
fers via the data channel facility. The actual data 
channel transfers do not disturb the state of the 
processor since the data is transferred directly 
between registers in the controller and memory. 
This means that the amount of program overhead 
in the form of executing I/O instructions and load
ing or storing data is greatly reduced. The time 
required for program execution is lengthened how
ever, since the processor pauses, as soon as it is 
able, each time a word is to be transferred; the 
transfer then occurs and the processor continues. 
The program need only set up the peripheral for 
the transfer and can then perform other, unrelated 
tasks. 

Features 

The data channel facilities in the original NOVA, 
NOVA 1200 series, and the ECLIPSE line of com
puters all provide a single speed for data channel 
operation. The SUPERNOVA@ series, NOVA 800 
series, and NOVA 2 series computers all can 
operate the data channel at two different speeds: 
standard and high speed. In addition to merely 
transferring data, certain arithmetic operations 
can be performed by the data channel in some com
puters. All the NOVA line computers can have the 
contents of any memory location incremented by 1 
each time a controller requests that operation. 
The NOVA and SUPERNOVA computers also allow 
a controller to add a word to the previous contents 
of any memory location. 

In both types of arithmetic operation, the com
puter sends the results back to the controller and, 
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if the operation increased the contents of the mem-
0ry location to more than 216 _1, it sends an over
flow signal. 

The data channel allows many peripherals to be 
active at the same time, providing access to mem-
0ry to individual controllers on demand. Periph
erals which use the data channel operate under a 
priority structure imposed on them by the channel. 
In cases where more than one controller requests 
access to the data channel at the same time, 
priority is given to that controller which is closest 
to the processor on the I/O bus. 

A table in Appendix D includes the maximum 
transfer rates for all combinations of channel 
speed and type of transfer. 

CONTROllER STRUCTURE 

Understanding the operation of the data channel 
requires a knowledge of the structure of the con
trollers which use it. The controllers usually 
contain the normal Busy and Done flags, status, 
control, and information registers, and the pro
gram interrupt components. Additional compo
nents are added to handle the functions necessary 
to operate the data channel. Some of these com
ponents, generally available to the program, are 
in the form of additional control and status reg
isters. 

The two main registers usually added are the Word 
Counter and the Memory Address Counter. The 
Word Counter is used by the program to specify the 
size of the block of data to be transferred (number 
of words). The Memory Address Counter is used 
to specify the address in memory which is used in 
the data transfer. 



Word Counter 

The Word Counter is loaded, by the program, with 
the two's complement of the number of words in the 
block. Each time a word is transferred, the con
troller automatically increments the counter by 1. 
When the counter overflows, the controller termi
nates data channel transfers. 

The size of the Word Counter varies from periph
eral to peripheral, depending on the block size 
associated with the peripheral. Typical sizes of 
the Word Counter are 12 and 16 bits, allowing for 
up to 4096-word blocks and 65, 536-word blocks, 
respectively. Although the Word Counter specifies 
the negative of the desired block size, the most 
significant bit of the register need not be a 1- -it 
is not a sign bit for the number. No sign bit is 
necessary because the word count is treated as 
negative by the controller, by virtue of being in
cremented instead of decremented. Thus, a word 
count of 0 is valid; in fact, it specifies the largest 
possible block size. The table below further illus
trates the correspondence between the desired 
word count and the value which must be loaded into 
a 12-bit or 16-bit Word Counter. 

(negative) word count 16 -bit value 12-bit value 
(deCimal) (octal) ( octal) 

-1 177777 7777 

-2 177776 7776 

-8 177770 7770 

-100 177634 7634 

-2047 174001 4001 

-2048 174000 4000 

-2049 173777 3777 

-4095 170001 0001 

-4096 170000 0000 

-4097 167777 

-8192 160000 

-32768 100000 

-65535 000001 

-65536 000000 

Memory Address Counter 

The Memory Address Counter always contains the 
address in memory which is to be used by the con
troller for the next data transfer. It is loaded, by 
the program, with the address of the first word in 
the block to be transferred. During each transfer, 
the controller increments the Memory Address 
Counter by 1. Therefore, successive transfers 
are to or from consecutive memory locations. 
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TRANSFER SEQUENCE 

The actual data channel transfer sequence is a 
two-way communication between processor and 
controller and proceeds as follows. When a 
peripheral has a word of data ready to be trans
ferred to memory or wants to receive a word from 
memory, it issues a data channel request to the 
processor. The processor pauses as soon as it is 
able, and begins the data channel cyc Ie by acknowl
edging the peripheral's data channel request. The 
acknowledgment signal dismisses the peripheral's 
data channel request and causes the peripheral to 
send back to the processor the address of the mem
ory location involved in the transfer. Following 
the receipt of the address, the data itself is trans
ferred in the appropriate direction. 

At the completion of each data transfer the pro
cessor /controller interaction is over. The con
troller carries out any tasks necessary to complete 
the data transfer, such as transferring the data to 
the device itself for an output operation. The pro
cessor starts another data channel transfer if any 
data channel requests are pending, starts a pro
gram interrupt if one is being requested and there 
are no data channel requests, or resumes program 
execution. 

The controller increments both the Memory Ad
dress Counter and the Word Counter during the 
transfer. If the word count becomes 0, the con
troller terminates further transfers, sets the 
Busy flag to 0, the Done flag to 1, and initiates a 
program interrupt request. If the Word Counter 
has not yet overflowed, the peripheral continues its 
operation, issuing another data channel request 
when it is ready for the next transfer. 

DATA CHANNEl MAP SElECTION 

Data channel MAP selection is performed only by 
certain peripheral controllers in Data General 
computer systems that contain more than one data 
channel MAP, i. e., the NOVA 3 and ECLIPSE 
S/220 and S/230 series computers. In these 
series of computers, data channel map selection 
occurs at DCHA time (refer to the Interface 
Designer's Reference, DGC 015-000031). If the 
data channel facility is enabled at DCHA time, 
DATAO selects one of two data channel maps. If 
DATAO is asserted at DCHA time, DCHA MAP B 
is selected. If DATAO is not asserted at DCHA 
time, DCH MAP A is selected. 
In this manual, a controller that performs data 
channel MAP selection is specifically identified as 
such in its controller introduction and in its 
controller programming summary. 



Processor Pauses 

The processor can pause for a data channel trans
fer only at certain, well-defined times, depending 
on the model of processor and, in the SUPERNOVA 
computer, on the channel speed used by the periph
eral requesting the transfer. For the NOVA, 
NOVA 1200 series, and the standard channel on 
SUPERNOVA computers, data channel transfers, 
like program interrupts, can only occur between 
instructions. High-speed data channel requests 
on the SUPERNOVA computer, and all requests 
on the NOVA 800 series, NOVA 2 series, and 
ECLIPSE line of computers can break into pro
gram execution at certain other points in most in
structions (I/O instructions are included in those 
that cannot be broken into.) 

Priorities 

In terms of priorities, program execution has 
priority over the data channel except at certain 
points in the processor's operation, at which times 
the data channel has absolute priority (over not 
only normal program execution but also over any 
pending program interrupt requests). At these 
certain points, the processor will handle all exist
ing data channel requests, including those which 
are generated while data channel transfers are in 
progress, before starting a program interrupt or 
resuming normal instruction execution. Thus, if 
data channel requests are being generated by a 
number of peripherals as fast as or faster than the 
processor can handle them, all processing time 
will be spent handling data channel transfers, and 
program execution will stop until all the data 
channel transfers are made. However, when the 
data channel is being used at less than its maxi
mum rate, processing time is shared between the 
data channel, which receives as much as it needs, 
and the program, which uses the resL 

When the processor pauses to honor a data chan
nel request and more than one peripheral is re
questing a data channel transfer, priority is given 
to the peripheral which is closest to the processor 
on the I/O bus. Since all peripherals operating 
with the high-speed data channel must be grouped 
together at the beginning of the bus, all requests 
from high-speed controllers will be honored be
fore any from those which operate at standard 
speed 0 To use the high -speed data channel, the 
controller for a peripheral must be mounted inside 
the mainframe of the computer and must be 
designed to operate within the high-speed data chan
nel time constraints. (Refer to the Interface 
Manual, DGC 015-000031.) A computer that has 
the two-speed capability is shipped with the high 
speed enabled for all controllers mounted inside 
the mainframe. (Controllers in an expansion 
chassis are constrained to operate at standard 
speedo) 
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PROGRAMMING 

Programming a peripheral for a data channel block 
transfer typically involves the following steps: 

1. The peripheral's status is checked, usually 
by testing the Busy flag and/or reading a 
status word and checking one or more error 
or ready bits. If an error has occurred, the 
program should take appropriate action. If 
no error has occurred but the peripheral is 
not yet ready, the program should wait for the 
peripheral to complete its operation. When 
the peripheral is ready, the program may 
proceed. 

2. The data block in the device is located. This 
usually involves giving a peripheral" address" 
by specifying a unit number, channel number, 
sector number, or the like. 

3. The data block in memory is located by loading 
the Memory Address Counter with the address 
of the first word of the block. 

4. The size of the data blocks is specified by 
loading the proper value into the Word Counter. 

5. The type of transfer is specified and the 
operation is initiated. If the peripheral is 
capable of several different operations, speci
fying the type of transfer usually involves 
loading a control register in the controller. 
The operation itself is usually initiated by one 
of the I/O control functions: Start, or Pulse. 

Setting up and initiating the data channel operation 
is the major part of programming a data channel 
block transfer. However, if any errors could 
have occurred during the operation, the program 
should check for these errors when the operation 
is complete and take appropriate action if one or 
more have occurred. 
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TIMING 

INTRODUCTION 

On large systems which depend heavily on input/ 
output, both the direct program control and data 
channel facilities can be badly overloaded. This 
overloading means that certain peripherals are 
seriously compromised because they lose data or 
perform poorly, since the system cannot respond 
to them in time. 

This section explains how a system can be over
loaded and what steps can be taken to minimize the 
detrimental effects. 

DIRECT PROGRAM CONTROL 

Nearly all peripherals operating under direct pro
gram control request program service by setting 
their Done flags to 1. Whether the CPU deter
mines that the Done flag is set to 1 by repeatedly 
checking it or by responding to interrupt requests, 
there may be a significant delay between the time 
the peripheral requests program service and when 
the CPU carries out that service. This delay is 
called "programmed I/O latency". 

When the program interrupt facility is not used, 
this programmed I/O latency has two components 
which can be calculated from th8 tables in Appendix 
D. 

1. The interval between the time the Done flag is 
set to 1 by the peripheral and the time the flag 
is checked by the CPU. 

2. The time required by the peripheral service 
routine to transfer data to/from the peripheral 
and set the Done flag to 0 (by idling the periph
eral or instructing it to begin a new operation. 

The first component can be diminished by perform
ing frequent checks on the Done flag; the second 
can be diminished by writing an efficient periph
eral service routine. 
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When the program interrupt facility is used, this 
programmed I/O latency has at least four compo
nents: 

1. The time from the setting of the Done flag to 
1, to the end of the instruction being executed 
by the CPU. 

2. The time the interrupt facility needs to store 
the program counter in location 0 and simulate 
a JMP @1 instruction. 

3. The time required by the interrupt handler to 
identify the peripheral and transfer control to 
the service routine. 

4. The time required by the service routine to 
transfer data to/from the peripheral and set 
the Done flag to o. 

The programmed I/O latency may be extended by 
three other components: 

5. The time when CPU operation is suspended 
because data channel transfers are in progress 
(see following section). 

6. The time during which the CPU does not re
spond to the peripheral's interrupt request 
because the interrupt system is disabled. 
(For example, during the servicing of an inter
rupt from another peripheral.) 

7. The time the peripheral's Interrupt Disable 
flag is set to 1 during the servicing of an 
interrupt of a higher level peripheral. 

The first component is determined by the longest 
non-interruptable instruction that the CPU can 
execute. On the NOVA line compute rs, this is 
usually a few microseconds (unless long indirect 
address chains are used in several processors); 
on the ECLIPSE line of computers it can be consid
erably longer due to the presence of the WCS fea
ture which allows the programmer to code long 
instructions which do not allow program interrupts 
to occur during their execution. 



The second component is also machine dependent; 
in general it is approximately two or three times 
as long as a memory reference. The third, fourth, 
sixth and seventh components are determined by 
software and account for the bulk of the programmed 
I/O latency. The fifth component is determined by 
the nature and the number of the data channel de
vices operating in the system. 

Programmed I/O latency is important because a 
peripheral that must wait too long for program ser
vice from the CPU may suffer from degraded per
formance. The longest allowable delay between the 
time when a peripheral sets its Done flag to 1 and 
the time when the CPU transfers data to/from that 
peripheral and sets the Done flag to 0 is called the 
"maximum allowable programmed I/O latency" of 
the peripheral. When the actual programmed I/O 
latency for a peripheral exceeds the maximum 
allowable programmed I/O latency, the specific 
effects depend on the device in question. In the 
worst case, data may be incorrectly read or 
written. The maximum allowable programmed I/O 
latency for each peripheral can be found under 
Timing in the section devoted to that peripheral. 

A peripheral service routine must usually perform 
certain computations (updating pOinters to buffers, 
byte counter, etc.), but rarely are these compu
tations so complex that they cannot be accomplished 
within the constraints of the maximum allowable 
programmed I/O latency. However, if several 
peripherals are competing for service at the same 
time, it may be necessary to jeopardize the per
formance of some of them by deferring their re
quests for program service until the CPU has 
serviced the higher priority requests. For this 
reason, all DGC computers incorporate the priority 
interrupt facility described earlier. 

The object of the priority interrupt facility is to 
minimize the loss of important data. In order for 
the programmer to achieve this end, the assign
ment of the software priority levels should be made 
in the light of the following considerations: 

1. the maximum allowable programmed I/O la
tency for each peripheral, 

2. the result of exceeding the maximum allowable 
programmed I/O latency for each peripheral 
(slowdown or data loss), and 

3. the cost of losing data. 
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DATA CHANNEL CONTROL 

Problems with time constraints can be encountered 
when transferring data via the data channel. When 
a peripheral needs data channel service, it makes 
a data channel request. However, the CPU can 
only allow data channel peripherals to access 
memory at certain predefined times. (At such 
times, it is said that data channel breaks are 
enabled.) In addition, there may be more than 
one peripheral waiting to access memory at any 
one time. Consequently, there may be a signifi
cant delay between the time when a peripheral 
requests access to memory and the time when the 
transfer actually occurs. This delay is called 
data channel latency and has the following compo
nents: 

1. the time between the peripheral's request for 
memory access and the next data channel 
break, and 

2. the time required to complete data channel 
transfers to/from higher priority (closer) 
peripherals that are also requesting memory 
access. 

The length of the first component depends on the 
design of the CPU. In the NOVA, NOVA 1200 
series, and SUPERNOVA (standard-speed) com
puters, data channel breaks are enabled only be
tween instructions so that long instructions 
(MUL, DIV) and long indirect address chains can 
have a significant effect on data channel latency. 
In the NOVA 800 series, NOVA 2 series, ECLIPSE 
and SUPERNOVA (high-speed) computers, data 
channel breaks may be enabled during most in
structions (but not during I/O instructions), so 
that data channel latency is reduced. 

The length of the second component depends on the 
number of data channel peripherals operating in 
the system at a higher priority and the frequency 
of their use. 

Most peripherals using the data channel control 
operate under fixed time constraints. Disc drives 
and magnetic tape transports are typical data chan
nel peripherals. In each of these devices, a mag
netic medium moves past a read or write head at 
constant velocity. If data is not read or written 
at the correct instant, the data will be transferred 



to or from the wrong place on the magnetic medi
urn. Consequently, on input, such devices must 
be allowed to write a word into memory before the 
next word is assembled by the controller, and on 
output, the controller must be able to read a word 
from memory before the surface is positioned 
under the write head. In either case, if the data 
channel latency is too long, data cannot be proper
ly transferred. Most peripherals operating under 
data channel control set an error flag when this 
happens, so the service routine can take appro
priate action to recover from the error, if 
possible. 

The "maximum allowable data channel latency" of 
a peripheral is the maximum time the peripheral 
can wait for a data channel transfer. The range 
of times is from a few microseconds to several 
hundred microseconds. At the time the system is 
configured, data channel priorities should be 
assigned to peripherals on the basis of the follow
ing considerations: 

1. The maximum allowable data channel latency 
of the peripheral. A peripheral with a short 
allowable latency usually should receive a 
higher priority than one with a long allowable 
latency. 
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2. Thl~ recovery time of a peripheral (i.e., how 
long before it can repeat a transfer that failed 
because of excessive data channel latency) if 
the peripheral can recover. 

3. The cost of losing data from the peripheral if 
the peripheral cannot recover. 

If data channel latency seems to be a problem in 
a system, latency might be improved by changing 
the coding in the programs; less frequent use of 
long instructions and lengthy indirect chains in 
the NOVA and 1200 series computers, and less 
frequent use of I/O instructions in the SUPER
NOVA, 800 series, and ECLIPSE line of comput
ers. ]n addition, there is an upper limit on the 
numbe r of data channel transfers/second that a 
computer can support. In cases where this limit 
is exceeded, the only solution is to reduce the num
ber of peripherals using the data channel at the 
same time. 

High data channel use reduces the speed of pro
gram execution since the processor pauses for 
each transfer. This may adversely affect the 
CPU's capacity to respond to interrupts and ser
vice those peripherals operating under direct 
program control. 



1-30 



PROGRAMMING EXAMPLES 

INTRODUCTION 

The four programs in this section illustrate vari
ous techniques of I/O programming. Some of the 
techniques used are: status checking; servicing of 
basic peripherals (Teletype, paper tape punch and 
reader); interrupt handling, including saving and 
restoring the processor state, with and without 
stacks, and dispatching to the proper peripheral 
service routine; data channel programming; prior
ity interrupt handling; and power fail/auto restart 
programming. The programs are complete; if 
desired, each of the first three can be assembled 
and run on any DGC computer system with the 
necessary peripherals. The fourth program re
quires one of the ECLIPSE line of computers along 
with the necessary peripherals. 

The programs become successively more complex 
in order to illustrate various programming meth
ods and to show the costs and benefits of the use of 
interrupts 0 As the complexity increases, so does 
the efficiency of peripheral servicing. Example 
One uses no interrupts in servicing Teletype and 
punch. Example Two performs the same service 
more efficiently by using the interrupt facility 0 

In Example Three, a priority interrupt structure 
is introduced to provide the most efficient service 
for an expanded set of peripherals which includes 
a paper tape reader and magnetic tape unit. 
Example Four, for use on the ECLIPSE computer, 

1-31 

utilizes the VECTOR instruction and stack facili
ties to perform the bulk of the tasks performed by 
the interrupt handler. However, the Teletype and 
punch service in Examples Three and Four remains 
functionally the same as before, so that the pro
gramming styles represented by the example pro
grams can easily be comparedo 

The basic idea of each program is the same. Pro
gram computation is simulated by a short loop of 
arithmetic instructions. A counter in memory 
(LOC) is incremented on each pass through the loop 
in order to provide a recognizable pattern of blink
ing console lights. Periodically, these calcula
tions are suspended in order to perform I/O, at 
the completion of which the calculations are re
sumed exactly where they were left ofL 

The operation of the programs is functionally 
identical with respect to Teletype and punch I/O. 
When a key is typed, the calculations are sus
pended and the character is read in, stored in a 
buffer, and" echoed" back to the Teletype. When 
the line is terminated, either by a carriage return 
or by the 72nd character, the entire line is output 
to the punch. (In order to extend the punching 
time for a single line, each character is punched 
eight times.) The buffer is then reinitialized and 
the program waits for more Teletype input as it 
continues its calculations. 



EXAMPLE ONE 

Example One is written without using interrupts. 
(The interrupt system is disabled by the initial 
10RST instruction.) The status of the Teletype 
keyboard (device TTl) is checked periodically 
(roughly every half a second). When a character 
has been typed and is waiting to be read (Done flag 
set to 1), the calculations are frozen and saved 
(at 10SR) and the character is read in (READe), 
stored in the buffer (STORE), and echoed back to 
the Teletype. If this character does not terminate 
the line, the frozen state of the calculations is 
restored (RSTOR) and the calculations are re
sumed. When a carriage return is read, it is 
echoed and placed into the buffer as usual, after 
which a line feed is added to the buffer and echoed. 
If 72 characters are input with no carriage return, 
both a carriage return and a line feed are sent to 
the Teletype and put into the buffer. In either case 

EXAMPLE ONE 

• L DC ;'0 

the program then loops through the buffer, punch
ing out each character in the line eight times 
(NRPT= 8). (A null character is output first to 
provide eight frames of blank leader on the tape.) 
When the full line has been punched this way, the 
program reinitializes the character buffer and 
resumes the calculations. 

When Example One is actually run, it becomes 
obvious that this is not an efficient way to handle 
this type of I/O. The Teletype seems sluggish; 
the infrequent checking of the Teletype status in
troduces a delay before a character is echoed. 
In addition, while a line is being punched, no char
acters are recognized from the Teletype and all 
calculations stop (the console lights stop blinking). 
The obvious way to reduce this poor performance 
is to use the interrupt facility, as Example Two 
does. 

BUFF --1 ;AUTO .. -INCPfMfNTJNG lOCATJON USFD AS 
; JNDFX INTO CHM(ACTFF: BlIFFFR 

STA~:T: 

CALC: 

LOC: 

I OSF:: 

STOPE: 

• L OC 

" MAIN" 

IOF:ST 

ADD 
SUB 
INC 
NFG 
J c·-·, 
. "L 

JMP 
S~::F'[lN 

JMP 
.IMP 

0 

,,0O 

PROGF::AM 

0, t 
1, '2 
2,3 
3,0 
L OC 
Cf~L C 
TTl 
U'ILC 
IOSF: 

; CL F M: J 10 [In·' J CF!":, T I..IF:N J NTFRF:UPT~; OFF 

;SIMUlATF USFFUL COMPUTATJON 

;CHETK TTl STATLIS PFPJOIHCALLY 
;CONTJNUF COMPUTATJON 
;IF CHARACTFP IS WAITING GO 8FT IT 

INPUT IClllTPLIT ~;FF:l.IICF fWUTINF 

STA O,S,'WFO 
STf''1 3,SAl.IF3 
MOl.lL 0,0 
STA 0, S,~,I.JFC 

[lIAC O,TT1 
L DA 3,(:177 
p,ND 3,0 
STA 0, fil:::?O 
SKF'BZ TTO 
Ji'iP • -.. 1 
[lOAS O.TTO 
LDA 3,CR 
SLJB¢ 3, 0. SNI~ 
-IMP CPET 
[lSi CHCNT 
JMP F:STor:: 
MOV ~~, 0 
..IMP STOr'::E 

;S,'i')F ACCUMUL ATOPS THAT WTtl FlF U~:FfI 

;RFAfI THF CHARACTFP AND CtfAP DONF 
; flPCW PArU TY P J T 

; ~~T OF:f [:f·IM;:AC Ttf:: I N BUFF 
; TTO F,FADY':l 
;NO. TRY AGAIN 
;YFS, FCHO CHARACTFP 

;YFS, GO PROCFSS JT 
iNO, flfCPFMFNT CHCNT TO CHFCK FOR l INF OVFRFlOW 
;NO OVFRFlOW, FXIT 
;LINF IS FUlL, LOAD A CP AND 
; JUMP f{f;CI< TO IN:3FRT TT INTO BUFF 
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CF:ET: 

NE"WC: 
SAMEC: 

F:STOF:: 

C177: 
CR: 
l..F: 

ABUFF: 
MAX: 
CHCNT: 

PCCNT: 
PF:CNT: 
NI;:Pl : 

SAVEO: 
SAVE:": 
SAVEC: 

BUFF: 

EXAMPLE ONE (Continued) 

L ItA O,L.F 
STtl (1, (iI~)O 

SKF'B7 TTD 
JMP • --1 
fi(1AS O,TTO 
L DA 0,20 
L DA 3.ABUFF 
SUB ~~ • (l 
STf" O,F'CCNT 
STA 3,;>(l 
SUB O.O.SKF' 
LD(-l O. (d20 
SKF'B7 PTF' 
Ji'lF' • -··1 
[lO(.I~' O.F'TP 
[IS? F'PCNT 
J~iF' S~IMEC 

L Di~ (l.NRF'T 
STA (l,PRCNT 
[IS? PCCNl 
J!'iF' NFwe 
L D,~ O,MAX 
STfi (l, CHUff 
L DA O. A[!UFF 
STf'l (l, ~:oo 

LDr-l 0, SAl)fC 
MOl)P (l,(l 
L D('l (l , S,,,l)E"(l 

L DA 3, SAl.!F3 
Ji'lP (:,H. C 

1.77 
1 ". ,,-,I 

12 

[!UFF-1 
1.1.0 
110 

0 
10 
1.0 

(l 

0 
0 

• BL t( 112 

.END START 

;Wf"1IT UNTIL TTD F:FAl"IY 

; GIt'F l INF FFT!"I 
;CAl CUL ATF NUMm'F: OF CHAr;:fiCTFF:S IN flllFF 

; INITJAL J?F PUNCH CHr-1RACTFP COUNTFR 
; PFSFT BUFFFR JNDFX TO BFGJNNINC; OF BUFF 
;FJRST PUT OUT 8 FRAME"S OF fllANK IEA!"IFR 
;GFT NEW CHARACTFR 
;WAIT UNTJl PllNCH RFAfiY 

; ClUTPUT CHARACTFF: Tn PUNCH 
; DFCRFMFNT PUNCH F:FPFfiT CClUNTFR 
;GCl PUNCH SAMF CHARACTFR AGAIN 
;RFINTTJAlI?F F'UNCH RFPFAT cnUNTFR 

;DFCRFMFNT PUNCH CHARACTFR CClUNTFR 
; STArn PUNCH I NG NFW CHAF;:f~,CTFF: 

;ALI... DONE, F:FJNITIM T7F CHM~ACTFP flUFFFR: 
INJTIM I?F CHARfiCTFF: CClUNTFP 

; INITH'II. I:?F CHARACTFF: FlUFFn: IN[lFX 

; F:FSTORF CM~F~Y AN[I ACCUi'iUI. fHOPS 

; RFTURN ANn PFSUMF CCIMPlITATJON. 

;MASK FOP DFlFTJNG PARTTY FlJT 
;CAPPIAGF F.:FTlIPN 
;LINF FFFn 

; AflDRFSS OF CHAPACTFF: HlIFFFP -. 1 
;MAXIMUM OF 72 CHARACTE"PS JNPUT PFP l JNF 
;CHAF:ACTH: COUNTFR (COUNT~; DOWN FROM MAX) 

; PUNCH CHARACTFP COUN TFF;: 
;F'LlNCH RFPFAT COUNTFP 
; NUMf:FP OF TIMFS TO PUNCH F~,CH CHAPACTFR 

;ACClIMlIl AlOR SAVF LOCATIONS 

;CARPY SAVF LOCATION 

; CHAPACTFF~ FlllFFFP - M. t OW FOF: 77 CHARS + CP + I F 
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EXAMPLE TWO 

Example Two performs the same input/output 
operations that Example One does, but with its 
use of the interrupt facility it functions much 
more efficiently. Two major benefits of the inter
rupt are illustrated: 

1. The program need not check the TTl status 
while it is performing its calculations--the 
calculations are interrupted automatically 
when there is I/O to be done. This eliminates 
the sluggishness encountered in Example One; 
in Example Two the response to typing a char
acter appears to be immediate. 

2. In the periods during which the computer is 
waiting for an I/O (in this case the punch) to 
complete an operation before starting it on 
another operation, a program which uses in
terrupts can perform other computation. When 
Example Two is actually run, the console 
lights continue to show calculations being per
formed while the punch is running. Note, 
however, that while the punching is being done, 
TTl interrupts must be ignored. Otherwise, 
a carriage return given while punching was 
going on would terminate the line being punched 
and start the new one. A program check is 
employed in Example Two to avoid this prob
lem. Right after a character is read in 

EXAMPLE TWO 

(READC), if a line is being punched 
(PCCNT > 0), the character is ignored and the 
inte rrupt is dismissed immediately. In Exam
pIe Three, use of a priority inte rrupt scheme 
eliminates this problem, so that characters 
can be accepted from the Teletype during 
punching. 

A polling routine is used in Example Two to deter
mine which peripheral caused the interrupt. The 
I/O SKIP instructions (beginning at IHAND) are 
ordered so that the higher-priority devices are 
interrogated first. Although the order is not 
critical for such slow devices as are used he re, 
it is generally good practice to check the higher
priority peripherals first. 

Three other things should be noted. The first in
struction (at START) is now DICS O,CPU. This 
resets all peripherals as does an 10RST, but it 
also enables, rather than disables, the interrupt 
facility. Secondly, Teletype output (TTO) inter
rupts are unconditionally ignored by merely clear
ing the Done flag and returning. Thirdly, for 
computers with the power monitor and auto-restart 
feature, a powe r fail se rvice routine has been 
written. In Example Two this routine (PFLSR) 
merely saves the state of the processor and halts. 
A more involved routine, which provides auto
restart capability, is included in Example Three. 

.lOC 0 
o 
UlAND 

;PC STORFD HFRF ON JNTFRRUPT 
;JNTFRRUPT HANDLFR ADDRFSS 

START: 

CALC: 

LOC: 

.l.OC 70 
BlIFF-··l 

.LOC 400 

"MAIN" PROGRAM 

DICS O,CPU 

ADD 0,1 
SUB 1,2 
INC 2,3 
NEG 3,0 
IS? lOC 
JMP CALC 
JMP CALC 

° 

;AlITC1--JNCRFMFNTING lOCATION USFn AS 
; JNnrX JNTO CHARACTFR BllFFFR 

; IORST AND INTFN 

;SIMlIlATF USFFUL COMPUTATION 

;NO NFED TO CHFCK HFRE FOR TTJ DONE 

INTERRUPT HANDLER 

IHAND: SKPnZ CPU 
JMP PFLSR 
SKP[lZ F'TP 

;POLl DFVICES TO LOCATE SOURCr OF INTERRUPT 
;POWFR FAIL INTERRUPT 
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EXAMPLE TWO (Continued) 

PFL SI~: 

SAVEO: 
SAVE 1. : 
SAVE2: 
SAVL~ : 
S,WEC: 

I~EA[lC: 

STORE: 

CRET: 

TTl [IS: 

JMP 
SKPIIZ 
JMP 
SI<PDN 
Hf'LT 
NIOC 
INTEN 
JMF' 

PTPSF: 
TTl 
TTISR 
TTO 

TTO 

(i/O 

;PAPER TAPF PUNCH INTFF:F:lIF'T 

;TFLFTYPF INPUT INTFRRUPT 

; SPURIOLIS INTFRRLIPT 
; Tft FTYPF OliTPlIT, IGNORF INTFRIWPT 
;FNABLF INTFRRUPTS 
;F:fTURN TO INTfRRlIP1Tn PFWGI~AM 

POWER FAIL SfRVICE ROUTINF 

STA O.SAVrO ; POWFR FAIL LIRE, SAI)[ ACCLIMLIt ATORS ANn CAf.:RY 
STA 1.SAVFl 
SH, 2. SAVF~) 
STA 3. S~)VE'3 
MOVL 0.0 
STA 0, SA!)EC 
Hf":)LT ;WAIT FOR POWFR TO GO nOWN 

0 ; ACCUMlll ATOP SAVE' LOCATIONS 
0 
0 
0 
0 ;CARRY SAVF lOCATION 

TFLFTYF'E INPUT SFRVICF ROUTlNF 

STA 0, SAI.JEO 
STA 3.SAVE3 
M(WL 0.0 
STA O.SAVFC 

[lIAC O.TTI 
L DA 3.C177 
AND ~~. 0 
L [1(.) 3.PCCNT 
MOV¢ 3, 3. S:?f;: 
JMF' TTl [IS 
S-IA 0,(0120 
SKPFl7 TTO 
,J~'iP • --1 
[lCiAS o,rro 
LDA 3.CR 
SUB¢ 3.0,SNR 
JMP n:ET 
[IS? CHCN'!' 
JMP TTIDS 
MOV 3.0 
JMP STORE 
UM O.LF 
SH) 0,(0120 
SKF'BZ TTO 
Ji'iF' • --1 
[lO,~S O.TTO 
L DA 0.20 
L J)A 3,ABUFF 
SUB 3.0 
STA O.F'CCNl 

STf' 3, :;'0 
SUB 0,0 
DCiAS O.PTP 
STA 0, CCHAF: 

LDA o. S(.l' .... EC 
MOIJR 0,0 

; SAVF f~,CCUMUL ATORS THAT WJL i. HF USFD 

; SAVF CARIn 

:RFAn THF CHARACTFR ANn CLFAP [lONE 
; DROP F'AlnTY f{J'T 

; IS PPEljJOUS L TNF f<F),NG F'UNCHFD'J 

;),F YFS, THFN IGNORF THIS CHARACTFP 
; STOF:F CHAF:ACTFR IN BUFF 
:TTO RFAl'IY? 
;NO. H:Y AGAIN 
;YFS, FCHO CHARACTFR 
; IS CHAr;:f.1CTFR A CARRIA(,;F RFTURW) 

;YFS. GO PROCFSS IT 
;NO. [IFCRFMFNl CHCNT TO CHFCK FOR L JNF OVFRFLOW 
;NO OVFRFLOW, GO l'IJSM),SS INTFRRUPT 
H INf JS FUt. L, L Or!)D A cr.: ANn 
; JUMP BACK TO JNSFRT IT INTO BUFF 
;AD[I LINF Frrn TO BUFF 

;GIljF LINE' FTFD 
; CALC:UL ATF NUMBF R OF CHAR,~CT F RS J N FlUFF 

; INJ'TJAL I?F PUNCH CHAF:ACTFR COUNTFF: 

;F:Ff;FT flllFFFR INflFl TO BEGINNING OF BurT 
; FIRST PUT OUT 8 FRAME'S OF Fll ANI':': I FAflFF.' 

;SAVF NULL AS CURRFNl CHARACTFR 

;TT), INTFRRUPT l'IISM),SSAl 
H;::F STClF~F CAF:F.:Y ANn ACCUMUL A lORS 
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EXAMPLE TWO (Continued) 

L DA O,SAVFO 
LDA 3,SAVE3 
INTEN 
JMP (W 

C177: 177 
CR: 1"" -' 
l..F: 12 

ABUFF: BUFF-1 
MAX: llO 
CHCNT: 110 

PCCNT: 0 
PF:CNT: 10 
NRPT: 10 
CCHAR: ° 

;ENABLF INTFRRUPTS 
; RE TLlF:N TO I NTFRRUPTHI PROGF:AM 

;MASK FOR DELETING PARITY BIT 
;CARF:IAGF RFTURN 
;L INF FTED 

; ADnF:ESS OF CHARACTFF: BUFFFP - 1 
;MAXIMUM OF 72 CHAPACTEPS INPUT PFR LINE 
;CHARACTER COUNTER (COUNTS DOWN FROM MAX) 

;PUNCH CHARACTER COUNTER 
;PUNCH REPEAT COUNTER 
;NUMBER OF TIMES TO PUNCH FACH CHARACTFP 
;CURRFNT CHARACTER SAVE LOCATION 

PAPER TAPE PUNCH SFRVICF ROUTJNE 

PTPSP: STA O,SAVFO 
:~, SAVE:" STA 

GCHAF~ : L Df'!) O,CCHAR 
[lSl PRCNT 
JMP SAMEC 
L.DA O,NRPT 
STA O,PRCNT 
[lSl PCCNT 
JMP NFWC 
NIOC PTP 
L DA O,MAX 
STA O,CHCNT 
LD,"- O,ABUFF 
STA 0,20 
JMP PTPrlS 

NEWC: L.DA 0, I:!I~)O 
STf~ O,CCHAR 

SAMEC: DOAS O,PTP 

PTPDS: LDA 0. SA~JEO 
LDA 3. SAljF3 
INTFN 
J~iF' (ilt) 

BUFF: .BLK 112 

.FND START 

;SAVF ACCUMULATORS THAT WILL BF USED 
; (CARf;:Y WILl. NOT BF CHANGFD) 

;GET CURRENT CHARACTFR 
; [lFCRFMFNT PUNCH RFPFAT COUNTFF: 
;GO PUNCH SAMF CHARACTFR AGAIN 
;REINITIALI7F PUNCH r.:FPEAT COUNTFR 

; DFCREMFNT PUNCH CH":lf~~ICTFf~ COUNTFF, 
;GO PUNCH NFW CHARACTER 
;ALL nONE, CLEAR PUNCH 
;REINJTIALI?F CHARACTFF: BUFFER: 

JNJTJALI7F CHARACTFR COUNTFR 
; INIlI AL I?F CHARt-lCTFF: FIUFFFF: INDFX 

;80 DISMISS JNTFRRUPT 
;GFT NFW CHARACTFR 
;UPDATF CURRFNT CHARACTFP SAVF 
:OUTPUT CHARACTFR TO PUNCH 

;PTP INTFRRUPT DISMISSAL 
; RFSTOf~F ACCUi'1UL ATOR~; 
;FNABLF INTFRRUPTS 
;RFTURN TO INTFRRUPTFD PROGRAM 

; CHARACTFF: HUFFFf;: -- AL L O~J FOP ?? CHAPS + CP + t F 
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EXAMPLE THREE 

Example Three creates a full priority interrupt 
structure and provides even more efficient I/O 
processing. Two peripherals are added to the 
program: the high-speed paper tape reader, as a 
peripheral which requires service quickly enough 
that it could benefit from such a priority interrupt 
structure, and a magnetic tape drive, as a periph
eral which uses the data channel. In addition to 
the Teletype and punch I/O of the previous two 
examples, Example Three allows a block of infor
mation to be read in through the high-speed 
reader, stored in a second buffer, and written out 
to magnetic tape. This sequence is initiated by 
typing control-R at any point in a Teletype input 
line. Doing so will store the control-R in the 
buffer but echo it by ringing the Teletype bell. 

When the completed line is punched, any 
control-R's in the line are punched only once (in
stead of the usual eight times), and it starts the 
paper tape reader. For each control-R, one block 
of paper tape (delimited by one or more null 
frames) is read. After a block is read, 100-word 
sections of the block are written to magnetic tape 
via the data channel. (A block on paper tape pro
duced by this program on the punch can be as long 
as 74 x 8 = 592 frames, equivalent to several mag
netic tape records of the arbitrary length 100.) 
When all the writing is done, the paper tape reader 
is started again if there were additional control-R's 
input. 

Priority Structure 

The interrupt priority masks are set up to create 
the following priority structure among active 
peripherals, from highest priority to lowest: 

paper tape reader 
magnetic tape 
pape r tape punc h 
Teletype input 
Teletype output 

The paper tape reader is given highest priority be
cause it has the shortest allowable programmed 
I/O latency. In order to keep the reader operating 
at maximum speed, response to its interrupt re
quests must occur within 100 microseconds. 

The magnetic tape unit receives next priority. 
Although magnetic tapes transfer data much faster 
than the paper tape reader, they do it through the 
data channel; interrupts are requested only after 
entire blocks of information have been trans
ferred. Interrupt requests from the paper tape 
reader, which occur every frame, consequently 
come more frequently than those of a magnetic 
tape unit. 

The paper tape punch and Teletype keyboard (TTl) 
receive priority in that order, according to their 
speeds. Finally, Teletype output (TTO) is always 
masked out, since the program does not need or 
want to know about TTO interrupts. There is no 
timing problem because Teletype output can keep 
up with Teletype input. 

Interrupts may come from two other sources in 
addition to the peripherals mentioned above. If 
the computer includes the power monitor and auto
restart feature, an inte rrupt will occur if powe r 
should fail. Since power fail interrupts cannot be 
masked out, a power failure has priority over all 
other peripherals. The second other source of an 
interrupt is a peripheral from which the program 
does not expect an interrupt. (For example, an 
interrupt from a second terminal may occur if it 
is used when the program is running. The pro
gram handles such a spurious interrupt merely by 
clearing the interrupting peripheral's Done flag 
and returning to the inte rrupted program. The 
Interrupt On flag is left set to 0 during this short 
process; consequently, spurious interrupts, like 
power fail interrupts, have priority equal to that 
of the paper tape reader, the highest-priority 
active peripheral. 

Priority Interrupt Handler 

The interrupt handler in Example Three differs 
from that in Example Two in a number of ways. 
The reason for these differences is twofold: 

1. Example Three sets up and maintains a 
priority interrupt structure. 

2. Example Three includes programming to 
handle spurious interrupts and to make use 
of the power monitor and auto-restart feature. 

The interrupt handler uses the INTERRUPT 
ACKNOWLEDGE instruction (INT A) to identify the 
source of an interrupt. The device code read by 
the INT A instruction is used as an index into a 
64-word interrupt dispatch table (IDTAB) which 
contains the starting addresses of the various 
peripheral service routines. The main interrupt 
handler dispatches control to the appropriate 
peripheral service routine by performing a " jump 
indirect" (JMP@) to the correct table location. 
Table locations which correspond to peripherals 
not provided for in Example Three contain the 
address of the spurious interrupt handler (SIR). 
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In order to change the current priority level when 
an interrupt occurs, a new interrupt priority mask 
must be established. In addition, the previous 
value of the mask must be saved so that it can be 
restored when the current interrupt service is 
finished. In Example Three, the various periph-



eral service routines are responsible for manip
ulating the old and new masks. The old mask is 
retrieved from the location reserved for it (MASK) 
and stored in the routine's save area. Then a new 
mask, which reflects the priority structure re
quired by the peripheral, is loaded into ACO. The 
new mask is established by executing two instruc
tions: (1) DOBS 0, CPU, which is a combination 
of the MASK OUT and INTERRUPT ENABLE in
structions, sets up the Interrupt Disable flags in 
the system and turns interrupts back on, so that 
higher-priority peripherals may interrupt the cur
rent service routine. (2) STA 0, CMASK stores a 
copy of the new mask in the current mask save 
location. These two instructions should, in 
general, always be given together, so that the cur
rent value of the mask stored in memory (at 
CMASK) matches the states of the Interrupt Disable 
flags. Note also that the mask must be set up at 
the beginning of the program, before interrupts are 
enabled. In Example Three a DOBS 0, CPU in
struction initializes the mask to 1 to mask out 
Teletype output and turns interrupts on. No inter
rupt can occur until after the STA 0, CMASK in
struction which follows immediately. 

Because a higher-priority peripheral may interrupt 
the service routine of a lower-priority peripheral, 
the first portion of the interrupt handler must be 
written in such a way that no information vital to 
the currently executing service routine is lost when 
a higher-priority interrupt occurs. Therefore, 
the information of interest must be protected be
fore interrupts can be enabled. In any priority 
interrupt handler, the current mask and the return 
address stored in location 0 must be saved. In 
Example Three, it is also necessary to transfer the 
saved values of ACO and AC3 from the temporary 
locations SAVE 0 and SAVE 3 to the protected area 
special to each peripheral service routine (TSAVO 
and TSAV3 for Teletype input service, for exam
pIe). (The save area for each service routine is 
protected because Example Three is set up so that 
no peripheral can interrupt itself.) It is not neces
sary to store the values of the accumulators or 
Carry in a protected area before enabling inter
rupts. Any higher-priority service routine that 
interrupts a lower-priority routine before the 
lower-priority routine saves the values of the 
accumulators it needs to use is required to ensure 
that, upon return to the lower-priority routine, the 
accumulators are restored to the values they had at 
the time of the higher-priority interrupt. Conse
quently, information in Carry or the accumulators 
is "safe" with respect to higher-priority inter
rupts. 
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The power fail service routine has been expanded 
in Example Three to make use of the auto-restart 
feature. When a power fail interrupt occurs, the 
Carry and accumulators are saved, and the com
puter is readied for an auto-restart. This in
volves plac ing a JUMP instruction in location O. 
When auto-restart occurs, the computer auto
matically simulates a JMP 0 instruction (note: not 
a JMP @O instruction). The restart instruction 
stored in location 0 (JMP @RSTAD) transfers 
control to the restart code (RSTRT), where the 
state of the machine is restored and the program 
is picked up where it left off when power failed. 
Each peripheral has a software" active" flag set 
when it begins an operation, so the program can 
check on how far the operation proceeded before 
power failed. Since the magnetic tape unit could 
have lost power anywhere within the current record 
it was writing, the program erases a section of 
tape and rewrites the entire record. Note that an 
auto-restart will occur only if the power switch is 
in the" lock" position. However, if the power 
switch is not in " lock" , the same effect can be 
produced manually by starting the computer at 
location O. 

A routine (SIH) is included in Example Three to 
handle spurious interrupts. It merely clears the 
peripheral which caused the interrupt and then 
returns to the inte rrupted program. The pe riph
eral is cleared by executing an NIOC instruction 
Nith the device code read by the INT A instruction 
given earlier. 

The power fail routine, the spurious interrupt 
handler, and the paper tape reader service routine 
are given" absolute" priority while they are 
executing. Interrupts are not reenabled by these 
routines, so no othe r inte rrupt is allowed to occur. 
Consequently, these routines need not manipulate 
the priority mask nor safeguard the return address 
stored in location O. 

In Example Three each service routine is respon
sible for dismissing the interrupt on its own. This 
involves restoring the states of Carry, the accumu
lators, and the previous mask, and returning to 
the interrupted program. The priority mask 
should be changed only when interrupts are dis
abled. Therefore, the dismissal sequence must 
disable interrupts before restoring the mask, then 
enable them and immediately jump back to the 
interrupted program. In Example Three, a 
DOBC 0, CPU is given to change the mask and dis
able interrupts. Then location CMASK is restored, 
the last of the accumulators is restored, interruptE 
are enabled, and control is returned to the inter
rupted program. 



EXAMPLE THREE 

.LOC 0 

0 
IHANII 

CMASK: 0 
f::STA[I: F:STRT 

SAVEO: 0 
SAVEl: 0 
SAVE2: 0 
SAVE3: 0 
SAVEC: 0 

F'ACTV: 0 
RACTV: 0 
MACTV: 0 

.lOC 20 

BlIFF-1 
BUFF-1 
BlIFF2--1 

.LOC 400 

" MAIN'" F'fw(-mAM 

START: TORST 
LIM O,RWIND 
DOAS O,MTA 
SUBZL 0,0 
DOBS O,CF'lI 
Sf A 0, CMAS~:: 

CALC: f~DD 0,1 
SUB 1 , :? 
INC 2,3 
NEe:; 3,0 
rs2' LaC 
,IMP CALC 
JMP CALC 

LOC: 0 
fdo/I ND: 10 

;F'C STORED HERE ON JNTERRUPT 
; I NTEF:RlIPT HANDL ER AnDRESS 
;CURRENT MASK SAVE LOCATTON 
;AUTO-RESTART AnDRESS 

;SAVE AREA FOR MAIN INTERRUPT HANDLER AND 
; POWFR FAIL SFF:VICE ROUTINE 

;PC ANn CARRY SAVF LOCATJON 

;PUNCH ACTJVE FLAG 
;REAnFR ACTJVE FLAG 
;MAG TAPE ACTJVE FLAG 

;AUTO-JNCF:FMFNTING LOCATIONS 

;FIRST JNnFX INTO FIRST CHARACTFR BUFFFR 
;SFCONn JNDEX JNTO FTF,ST CHARACTFF: flUFFFF: 
;INDFX JNTO SECOND CHARACTER BUFFFR 

;CLEAR J/O DEVICES 
;REWJNII MAG TAPF 

;SET ACO TO 
;MAS~:: OUT TTO (BIT 15) ANn TURN ON JN1TPRlIPTS 
; SAVE CUF:F:FNT MASt< 

:SJMUlATF USFFUl COMPUTATION 

;REWIND COMMAND (SELECTS DRIVF 0) 

INTERRUPT HANDLER 

IHAN!): STA O,SAVFO 
STA 3,SAVF:3 
SKF'Dl CPU 
JMP PFLSf~ 

LIlA :3.AIDHI 
INTA 0 
ADD 0,3 
Ji'1F' @(), :3 

fUDTB: IDTAB 

;SAVF f~CO AND AC~' FOR lISF WJTH JNTA 

; CHECI< FOF: F'OWFF: FML JNTFF:RlIF'T 

;GET Annr'::FSS OF JNTERF:UPT flI!::P(.lTCH T~.J'll F 
;REAII DEVICF conF 
;POINT TO CORRFCT TABLF ENTRY 
;DJSPATCH TO PERIPHERAL SERVJCE ROllTINE 

; ADDRFSS OF JNTFF~RlIF'T flJSPATCH TABL F 

POWER FAIL/AUTO-RESTART SERVJCF ROUTJNF 

PFLSf;:: STA 
STA 
LDA 

l.SAl..·'El 
2, SAVE:,' 
0,0 

; SAt)E RFM,A J N J NG ACC:lIMUL t, TORS 

;GET SAVEn PC FROM IOCATJON 0 
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EXAMPLE THREE (Continued) 

,JUMP: 

F~STRT : 

F:8TOR: 

AI"ITAF~: 

SIH: 

t-IIOCO: 

TTl SF:: 

F:EADC: 

MOl)L 0.0 
STA O.SAVEC 
LDA O.JUMP 
STA 0,0 
SKPDZ CPU 
JI"IP .-1 
JMP RSTOF~ 

-IMP @RSTAD 

LDA O.PACTV 
MOV~ O.O,SlR 
NIOS PTP 
UIA 0, F~ACTV 
MOV~ O,O.SZR 
NIOf.., PTF~ 

LDA O.MACTV 
MOV~ O.O.SZF~ 

JSR ('f~MTAR 

L. DA O.CMASK 
DOBC O.CPU 
LDA O.SAVEC 
MOVlR 0,0 
STA 0.0 
LDA O,SAVEO 
LDA 1.SAVEl 
LDA 2.SAVE2 
LDA 3.SAVE3 
INTO! 
,JMP CoO 

MTAAR 

;APPEND CARRY AT lOW END 
;SAl)E PC AND CARRY 
;SET UP RESTART INSTRUCTION IN LOCATION 0 

;LOOP HERE WAITING FOR POWER TO GO DOWN 

;IF IT COMES BACK UP GO AHEAD AND RESTORE 

;INSTRUCTION FOR JUMPING TO RESTART CODF 

;rF YES, RESTART IT 
;WAS PH: ACTIVF? 

;rF YFS. RFSTART IT 
HIAS MTA ACTIVE? 

;IF YES. GO RFST,'1F:T IT 

;RESTORE CURRENT MASK 
; MBt<;O AN[I I NTDS 
;RESTORE CARRY AND SAVED PC 

;SET UP RFTURN ADDRFSS 
;RESTORE ACCUMULATORS 

;ENABLE INTERRUPTS 
;RESTART PROGRAM 

; ADDF~Ff;:~; OF ROUTI NF TO F:EST AF:T MAG TAPF 

FWUTH1E TO HANDL F SPUF:IOUS INTFRF:lIF'TS 

LD,~ 

ADD 
STA 
0 
LDA 
LDA 
INTEN 
JI"IP 

NIOC 

3.NIOCO 
0.3 -, ..... , • -I- 1 

O,SAVEO 
3.SAVE3 

('0 

0 

;CLEAR [IFVICE THAT CAUSFD THE INTFRRUPT: 
;FORM AN NIOC INSTRUCTION WITH APPROPRJATE DFVICE rODF 
;STORE THE INSTRUCTION 
;EXECUTF THF INSTRUCTION 
;RESTORE ACCUMULATORS 

;ENABLE INTERRUPTS 
; RETURN TO INTFF:RUPTFD PROGRAM 

;USED TO CREATE AN NYOe (DFVICE) INSTRUCTION 

TELETYPE INPUT SERl)ICE FWUTJNE 

LDA O.SAVEO 
STA O.rSAVO 
L DA O.SAVE3 
STA O. TSAl.'!3 
L.DA O. CMf'1SK 
srA O,TSAVI"I 
L DA 3,0 
L [IA O,TMASK 
DOBS O.CPU 
STA 0. CMASI< 
MOVL 3,3 
STA 3,TSAVC 

DIAC O.rTI 
LIM 3.Cl77 
AND 3.0 

;SAVF ACO AND AC3 TN TTJ SAVF AREA 

;SAVE CURRENT MASK 

; L Ot-d'i PFTlJf~N A[lrrr;:FSS INTO AC3 
; 13FT NFW M,~St< 

;MSKO AND INTFN 
HIF'I'II'HE' CUF:F:FNT Mf~S~; SAI)F LOCATION 
;APPEND CARRY TO lOW FND OF RETURN ADDRESS 
; SAVF f::E'TlIF:N (.,I1[lPFSS ANn CARIn 

;PEAD THE CHARACTFR AND CLEAR DONF 
;[IF:OP Pt-lFUT'( HIT 
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EXAMPLE THREE (Continued) 

STor,E: SrA 0,(0:20 
LIlA 3,CNTLf~ 

SUB~ 3.0, sm;: 
l.I1A O,BFLL 
SKPBZ TTO 
JMP .-l 
[lOAS O.TTO 
LIlA 3,CR 
SUB~ 3,0.SNR 
JMF' Cr;:ET 
DSZ CHCNT 
JMP TTIItS 
MOV 3,0 
JMP STOr';;E 

CRET: L ItA O,LF 
STA o '(~20 
SKPBi TTO 
JMP • --l 
[lOAS O,TTO 
LIlA O,PCCNT 
MOV~ O.O,S?~: 

JMF' • MM2 
LIlA 0,20 
L DA 3,ABUFF 
SUB 3.0 
STA O,PCCNT 
LIlA O.MAX 
STA O.CHCNT 
STA 3,20 
STA :~. 21 
SUB 0,0 
INTDS 
IIOAS O,PTF' 
ISZ PACTV 
INTEN 
STA O,CCHAR 

TTl [IS: L DA 0. TSAI)C 
MOVZR 0,0 
STA O,TSAVC 
LDA 3. TSAI,'3 
LDA 0, Tf;AVM 
[lOBC o,CPU 
STA O,CMASK 
LIlA 0, TSAI)O 
INTEN 
JMP (OTSAVC 

TSAVO: ° TSAV3: ° TSAVC: ° TSAVM: ° 
TMASK: 3 

C177: 177 
CR: 1 ". ~. 

LF: 12 
CNTl R: 22 
BELL: 7 

ABUFF: BUFF-1 
MAX: 11.0 
CHCNT: 11.0 

f'CCNT: ° F'RCNT: 10 
NRPT: 10 
CCHAR: ° 

; STOf;:E CHARACTff~ IN BUFF 
;CHECK FOR CONTROL R 

;ECHO CONTROL R BY RINGING BEll 
;TTO RFADY? 
;NO. TRY AGAIN 
;YES. ECHO CHARACTER 
;IS CHARACTER A CARRIAGE RFTURN? 

;YES, GO PROCESS IT 
;NO. DECREMENT CHCNT TO CHECK FOR lINE OVERFLOW 
;NO OVERFLOW, GO DISMISS INTERRUPT 
H INE IS FUl.l , lOAD A CR ANn 
; ,II_.IMP BACK TO INSFF:T IT INTO BUFF 
;ADn LINF FFFn TO BUFF 

;WAIT UNTIL no f.:EAI"IY 

; GHJI: L I NF FEFn 
;WAIT IF PUNCHING OF PRFVIOU[; I JNE IS NOT nONE 

;CAICULATE NUMBFR OF CHARACTERS IN BUFF 

; INITIAL liF PUNCH CHARACTFR COUNTFR 
;REINITIAlliF CHARACTFR BUFFFR: 

INITIALIZE CHARACTFR COUNTFR 
; INITIAL liT CHARACTER BUFFFR POINTFRS IN 
; AUTO-INCRFMFNTING LOCATIONS 70 AND 71 
;FIRST PUT OUT 8 FRAMFS OF Iii ANI, I FMIFR 
; MAKF SUf;:F THAT PUNCH STARTFJI AND Fl. AG 8FT TOGETHFR 
;OUTPUT NULL CHARACTER 
;SET PUNCH ACTJI)F Fl AG 

;SAVF NULL AS CURRENT CHARACTER 

;TTI INTFRRUPT DISMISSAL 
;RFSTORE CARRY AND SFT UP RFTURN AnJlRFSS 

;RESTORF AC3 
;GET PRFVIOUS MASK 
;MSKO ANn INTfiS 
;RFSTORF MASK SAVF LOCATION 
;RESTORF ACO 
;ENABLE INTERRUPTS 
;RFTURN TO INTFRRUPTFD PROGRAM 

;TTI SAVF AREA: ACO 
;AC3 
;RFTURN ADflRFSS ANfi CARRY 
; CURRFNT MASK: 

;MASKS OUT TTl ANn TTO 

;MASK FOR IIFIFTING PARITY BIT 
;CARRIAGF RETURN 
H INF FFFfI 
;CONTROL R 
; Tn fTYPF BFl l 

;ADDRFSS OF CHARACTfR BUFFFR - 1 
;MAXIMUM OF 77 CHARACTFRS JNPUT PFR LINE 
;CHARACTfR COUNTFR (COUNTS [laWN FROM MAX) 

;PUNCH CHARACTfR COUNTFR 
; PUNCH RH'FAT COUNTFR 
;NUMBFR OF TIMFS TO PUNCH EACH CHARACTFR 
;CURRENT CHARACTfR SAVF LOCATION 
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EXAMPLE THREE (Continued) 

PTF'Sf;: : 

GCHAI;:: 

CONTI"': 

NEWC: 

SAMEC: 

PTRDF:: 

PTPDS: 

PSAVO: 
PSAV3: 
PSAVC: 
PSAVM: 

PMASI{: 

RBCNT: 

PAPER TAPE PUNCH SERVJCE ROUTINE 

LIlA 0, S,~\"'FO 
STA 0, PSAI)O 
LDA t),SAVF3 
STA t), PSA'J3 
LDA O. CMt-18K 
STA t),P8AVM 
SliB 0.0 
STi; t),PACTV 
l.IIA 3,0 
LDA O,PMASI{ 
DOBS t),CPU 
STA t),CMASI{ 
MOVL 3.3 
STA 3, PSAI)C 

LDA O,CCHAR 
l. [t,~ 3, CNTl. F: 
SUB t).3,SNH 
JMP PTRnR 
[I~;Z PRCNT 
JMF' Si;MFC 
UIA t),Nr;:PT 
STA t),PRCNT 
[I ~;:z PCCNT 
.JMP NFWC 
NIOC F'TP 
JMf" f"TPDS 

LIlA t), @~)1 
STA O. CCHr;R 
INTDS 
DOAS O,PTF' 
ISZ PACTV 
INTEN 
JMF' PTPns 

ISZ r,BCNT 
LDA t), F:BCNT 
ADC~ 3,0, SZF: 
JMF' CONTP 
INTDS 
NIOS F'TR 
ISZ F~ACTV 

INTEN 
l.DA O,AFllIF? 
srA o.?? 
JMP CONTF' 

L DA 0, F'~;,~VC 
MOV?R 0,0 
STi; O,PSAVC 
LDA 3, F'SA' .. r!; 
l DA O,PSAVM 
[lOBC O,CF'U 
STA (j,CMASI{ 
LDA O,F'SAVO 
INTEN 
JMF' lWSAVC 

t) 
0 
0 
0 

7 

0 

;SAVE ACO AND AC3 IN PTF' SAVF AREA 

;SAVF CURRENT MASK 

; Cl FAF: PUNCH ACT J t,JE Fl AG 

;LOAD RETURN ADDRESS INTO AC3 
;GET NFW MASt< 
;MSI{O AND INTEN 
;UPDATF CURRFNT MASI{ SAVE 
;AF'PEND CARRY TO lOW FNn OF RETURN AnnRESS 
; SAVE RETUF:N !'!]fIDRF::,S AND CAF:RY 

;GFT CURRFNT CHARACTER 
; IS IT CONTF:OI rn 
; (AC3 HFCOMF~; 0 JF CHAF:ACTER IS CClNTfWI R) 
;YES, INPUT FROM RFADFR 
;NO, nFCRFMFNT PUNCH REPEAT COUNTER 
;GO PUNCH SAME CHARACTER AGAIN 
;F:EINITIAl liT PUNCH REF'FIn COUNTFR 

; nECF~FMFNT PUNCH CHAR(.ICTFR COUNTFR 
;GO PUNCH NEW CHARACTER 
; All nONr, Cl FAF.: PUNCH 
;GO DISMISS JNTERRUPT 

;GET NFW CHARACTER 
; lWDATF CUPRFNT CHARACTFF;~ ~;AI)F 

; MAKE 8UF:F PUNCH ~:;rMnFfI (-,Nn Fl AG SFT TOGFTHFF: 
; OUTPUT CHAF~ACTFR TO PUNCH 
;8FT PUNCH ACTIVF FLAG 

;GO DISMISS INTERRUF'T 

;INCREMFNT RFAnFR BLOCK COUNTFR 
;IS THIS THF FIRST PTR RFQUEST? 
; (S~;IF' IF ACO '" 1) 

HW, CONTINUE PUNCHING ~IITH NFXT CHAF;:ACTFR 
;MAI{E SURE RFADFR STARTEn AND FLAG SET TOGETHER 
; START F:FAnFF: 
;SFT RFAnFR ACTIVF FLAG 

; I NIT I Al I ;'F SFCtJNrt CHAF:ACTFR TH.IFFH: 
;USF AUTO-INCRFMENT l.OCATION ?? AS INDEX 
;CONTINUE PUNCHING WJTH NFXT CHARACTER 

;PTP INTERRUPT nISMISSAI 
; RFSTORF CARF:Y ANn srT liP F:FTlIr,N AnnRFSS 

; RFSTOF~F AC~ 

;MSKO ANn INTDS 
; F: U)T 0 f.: E PF~FV J OUS MASK SAI)F 
; F:E~;TORE ACO 
;ENABLF INTERRUPTS 
;RETURN TO INTFRRUPTED PROGRAM 

;PTP SAVF ARFA: ACO 
;AC3 
;RFTURN ADDRESS ANn CARRY 
;CURRENT MASI{ 

;MASKS OUT PTP, TTl, AND TTO 

; NUMBFR OF FllOCKS I FFT TO F:EAD FROM PTF~ 
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EXAMPLE THREE (Continued) 

ABUF?: BUf·F2-·1 ; ADDRESS ClF SETOND CHAPACTFR BUFFEP _. 1 

f"TRSf;:: 

SPTR: 

ZEROF: 

PTF:DS: 

RSAVl: 
f~SAVC: 

BBUF2: 
fWeNT: 
CHECK: 

MTA~;F: : 

PAPER TAPE READER SERVICE ROUTINE 

STA 1.RSAVl 
MOVL 0.0 
STA O. RSAl)C 

DIAC O. PH: 
LDA 3. CHE"CI'; 
STA O. CHECI< 
MOV¢ O.O.SNR 
JMP ZErWF 
STA o '(~?2 
ISZ fWCNT 
NIOS PTF: 
JMP F'TRDS 

MOVO:: 3.3.SNF: 
.)MP SPH~ 

STA o oiL?? 
IS? RFCNT 
SUB 0.0 
STA o. RACTl) 
LDA 1. BHI...IF? 
JSR MWIUT 

L DA O.RSAVC 
MOVF: 0.0 
LIM 1. .RSA~·'l 
LDA O,SAVEO 
LDA 3, S.~VE::~ 
INTEN 
JMF' @O 

0 
0 

BUFF2 
0 
0 

; SAl)f ONE MORF ACCLIMUL ATOR ANn CARRY 
;SINCF PTF: HAS HIGHE"ST PRJClRJTY. LEAVE INTfF:PlIPTS 
; OFF. ANn DON'T FlOTHFR WITH RFTURN ADDRFSS OF< MASK 

;READ FRAMF AND CLE"AP DONE 
; GF T PRFljJ OliS FRAME" F:FAn 
; S,WF NfW FRAMF 
;IS NFW FRAME = O? 

;NO. SAVF IT IN RUFF? 
; HjCf.:EMFNT RFAfIE"P FRAMF CClUNTFf"< (NF'·)FP SKIP) 
;START RFADE"R FOR NFXT FRAMF 
;130 DISMISS INTFPPUPT 

;FF:AMF IS 7FRO, ~IAS N:EljJOUS ONF AL SO 7H:O? 
;YFS, IGNORF LFADJNG BLANK FPAMFS 
;NO. DONF WITH THJS BLOCK, MARK WITH 0 FRAME 
; INCF~FMFNT RE"ADFR FRAMF COUNTFP 
;CLEAR READFR ACTJVF FLAG 

;ACl POINTS TO BFGJNNJNG OF HUFF? 
;GO WRITF A HLClCK ON MAG TAPE 

; F:FSTORE CAF:RY AND ACCUMLIL ATORS 

;ENABLF INTERRUPTS 
; RFTUPN TO INTFRRlIF'TFD PROGF~AM 

;READEP SAVF AREA: ACl 
;CARRY SAVF LOCATION 

;ADDRESS OF BUFF? 
;f(EADFF: FRAMF COllNTFP 
;LAST FPAMF INPUT FROM RE"ADFR, USFD IN IGNORING 
; LFAnING HLANK FRAMES 

MAG TAPE SERVICE ROUTINE 

L [lA O. S('~VFO 
STA 0, MSAl)(l 
L. [fA O.SAVE3 
srA O.MSAV3 
L[I~1 0, CMt.SI< 
STA O. MSAt)M 
SUB 0.0 
srA O,MACTV 
L [fA 3.0 
l.. [lt~ 0, Mi'lASt< 
[lOBS o.CF'lI 
STA o. CM(~~:"K 
MOlj[ -1 -<oJ' ..... ) 
STA 3, M~:;Al)C 
srA 1 ,M~'(.Wl 

[lIA O. MTri 
MOl.!I...~ () , 0 ~ ~:) :;::~ c 
--.lr·iF' f:.F:r;.:OF;: 
l. !.IF, O.f·:FCi\iT 

;SAVF ACO AND AC3 IN MTA SAVF ARFA 

;Cl.EAR MAG TAPF ACTJVF FLAG 

;LOAD RFTURN AnnRFSS INTO AC3 
; GET ~HcW M,;SK 
;MSKO AND JNTFN 
; llF'DATF CUPRFNT MASK SA'.!F 
;AF'F'END CARRY TO LOW FND OF PFTURN AnDRFSS 
;SAVF RETURN AnnRESS AND CARRY 
; Sf~.VF f~C 1. 

; RE.~n MriG TAPF STATU~; 

;CH~CK ~OP ~RRORS 

;~E1CH READER ~RAME CUUN1ER 
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EXAMPLE THREE (Continued) 

MTADS: 

MOREM: 

MORER: 

ERROR: 

MSAVO: 
MSAV 1: 
MSAV3: 
MSAVC: 
MSAVM: 

MMASK: 

MWRIT: 

BLKSZ: 
WRCOi'\: 
L..STA[I: 
EReOM: 

MOV~ O.O.S?F: 
~IMP MOREM 
NIOC MTA 
DS? f':BCNT 
JMP MORER 

L DA O.MSAVC 
MOVZR 0.0 
STA O.MSAVC 
LDA 1.,MS,~V1 

LDA :3. M~)AV3 
LIlA O,MSAlJM 
DOBC O.CPU 
STA O,CMASK 
L DA O,MSAVO 
INTEN 
JMP CdMSAVC 

DIB 1 ,MTA 
,JSR MWRIT 
.IMP MTADS 

INTDS 
NIOS PTR 
IS? RACTV 
INTFN 
l. DA O.ABUF? 
STA ° ,",') ,.&'.- .. 

JMF' MTADS 

HALT 

° ° ° ° ° 
"7 

;MORF WRITING TO nO? 
;YE"S 
;NO. CLEAR MAG TAPE 
;DECRE"MFNT ANn CHECK RFADFR BLOCK COUNTFR 
;MORE RFADING TO DO 

;DISMJSS MTA INTERRUPT 
;RFSTORF CARRY AND SFT UP RFTURN ADDRESS 

;RE"STORF ACl 
; REST(lr~F AC3 
;GFT PRFVIOUS MASK 
;MSKO AND INTDS 
;RESTORF MASK SAVE LOCATION 
jRESTORF ACO 
;E"NABLE INTFRRUPTS 
;RETURN TO INTFRRUPTED PROGRAM 

; READ AnDRFSS OF NEXT WOFW TO WFnTE FFWM BUFF? 
;GO WRITE NEXT BLOCK ON MAG TAPE 
;GO DISMISS INTERRUPT 

;MAKF SURE RFADFR STARTED AND FLAG SFT TOGFTHER 
;START RE"AnFR 
;SET RE"ADFR ACTIVE FLAG 

;RE"INJ'TIAL liT BUFF? 

;GO DISMISS INTFRRUPT 

;fRROR PROCESSING WOULD NORMALLY GO HERE 

;MTA SAVE ARE"A: ACO 
;ACi 
jAC3 
;RETURN ADDRESS AND CARRY 
; CUf~F:nn MASK 

;MASKS OUT MTA. PTP, TTl. AND TTO 

MWRIT WRITE"S A BLOCK OF DATA IN MEMORY ON MAG TAPE DRIVF ° 
SIZE" OF BLOCK IS -BlKSl 
ADDRESS OF FIRST WORD OF Bl.OCK IS CONTAINED IN ACl ON E"N1RY 

DClB 1. MTA 
STA 1..LSTAD 
l. DA 1.[llKS? 
DOC 1. MTA 
L .{lA O,WRCOM 
INTDS 
DOAS O,/1TA 
IS? MACTV 
INTE"N 
LDA O.RFCNT 
ADDZ 1,0,SNC 
SUB 0,0 
STA O,RFCNT 
JMF' 0,3 

-144 
50 

° 70 

; l OMI MEMORY AIHIRFSS COLlNTFR 
;SAVF LAST ADnRFSS USED IN WRITING TO MAG TAPE 
;FFTCH NFGATIVE BLOCK srZE" 
;LOAD WClRD COUNTER 
;FFTCH WRITF COMMAND 
;MAKF SURF MAG TAPF STARTFD AND FLAG SFT TOGETHER 
jINITIATF WRITE OPERATION 
JSET MAG TAPE ACTIVF FLAG 

; NOW UF'DATF RFADFf~ FRflMF COUNTFR 
;DECREASE IT BY BLOCK SIIF 
jJF RFCNT WAS ( BlKS?, SET RFCNT TO 0 
; SAVE NnJ VAL LIE 
; r~E"TLlr~N TO CAl. l. FR 

; (NEGATJI.'F) Fll (iCt;; SI7E OF 100 DFCIMAl 
;WRITE COMMANn (SELECTS DRIVE 0) 
;LAST ADnRFSS USED IN WRITING TO MAG TAPF 
;FRASE COMMAND (SFlFCTS DRIVE 0) 
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EXAMPLE THREE (Continued) 

MTAAf~: 

MTAAR RESTARTS MAG TAPE AFTER POWER FAJL 
SEVERAL INCHES OF TAPE ARE ERASED, THEN THE RECORD 
WHICH WAS ~EING WRITTEN WHEN POWER FAILED IS REWRITTEN 

l. IJA 
[lOAS 
SKPDN 
JMP 
L DA 
L DA 
SUB 
STt~ 

LIM 
JMP 

0, FF:COH 
0, MTf~ 
MTA 
• _. 1 

O,F:FCNT 
1,Bl.Kt;Z 
1,0 
1, f::FCNT 
I.LSTr,n 
MWF: I T 

;ERASE SECTION OF TAPE 

;WAIT TIll MTA [lONE 

;SFT RFCNT BACK TO ITS PRIOR VALUE 

;FETCH ADnRESS OF RECORD TO BE REWRITTEN 
;(>0 Wn:TF RECOFUI (MWRIT r(FTUf::NS DIRFCTI Y TO 
;AUTO-RESTART CODF) 

CHARACTER BUFFFRS 

BUFF: .BLK 112 ;AllOW FOR 72 CHARACTERS + CR + IF 
;ALLOW FOR UP TO 74*8=592 FRAMFS BUFF2: .BLK 1120 

INTERRUPT DISPATCH TABLF 

IDTAB: SIH 
SIH 
SIH 
8IH 
SIH 
5IH 
SIH 
8IH 
TTISR 
8IH 
PTF~SF( 

PTPSR 
SIH 
SIH 
8IH 
STH 
SIH 
SIH 
MTASR 
9IH 
SIH 
8IH 
SIH 
SIH 
8IH 
5IH 
SIH 
5IH 
5IH 
SIH 
SIH 
5IH 
5IH 
SIH 
SIH 
SIH 
5IH 
5IH 
5IH 
5IH 
SIH 
5IH 

; DF'JICE CODE ° 

;DEVJCF CODE 10 TTl 

;DEVICE CODF 12 PTR 
;DEVICF COnE 13 PTP 

;DFVICE CODE 22 MTA 
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EXAMPLE THREE (Continued) 

SIH 
8IH 
SIH 
SIH 
SIH 
SIH 
SIH 
SIH 
SIH 
8IH 
8IH 
SIH 
SIH 
SIH 
SIH 
SIH 
SIH 
SIH 
SIH 
SIH 
SIH 
SIH ;[lFVJCF conF 77 

.END START 
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EXAMPLE FOUR require a stack context change as the active stack 
is the systems stack. 

Example Four performs the same functions as 
Example Three. The majority of the interrupt 
handling functions are accomplished using the 
VECTOR instruction (VCT) and the stack manipula
tion instructions of the ECLIPSE line of computers. 
Stack context is changed from the (possible) user 
stack to a "systems" stack when a base level inter
rupt occurs. Other nested interrupts do not 

Interrupt dismissal involves returning to a lower 
level service routine using the POP BLOCK in
struction (POPB) after checking to determine the 
return is not to base leveL If the return is to 
base level, the RESTORE instruction (RSTR) also 
effects a stack context change to reactivate the 
user stack. 

EXAMPLE FOUR f- OF~ USE WITH 1 HE !:Cl..lPSE COMf-'UH:R 

IHA: 
SCH.; : 
F·'f-H.; : 

.U)C 0 

RESERVED SlORAGE LOCATIONS - CANNOl BE RELOCAlED 

o 
1 Hf.lNI.1 
SYf.;f:.F~ 

SYSER 

;PC SlORED HERE ON IN1ERRUPl 
;lN1ERRUPl HANDLlR ADDRESS 

I.Jf.;F': IjfiTK-"1 

;SYS1EM CALL HANDLlR ADDRESS (NUl USED HERf:.) 
;PR01ECliON rAUll HANDLER ADDRESS (NOl USED HERE) 
;ADDRf:.SS OF lOP UF VECTOR SlACK 

CMASK: 0 ;CURRf:.Nl MASK SAVE LOCAl ION 
VSL: VSTK-I+VSLEN ;Vf:.CTOR SlACK liMIT 
Ij~;FHf~l: SYSER ;VECTOR SlACK rAUll HANDLER ADDRESS 

F·~f.n f;!.I : 
SYSEF~ : 

r'ACl V: 
F'~i';C 1 V: 
M,;Cl V: 

VST~; : 

ARBITRARY PAGE ZERO SlORAGf:. LUCAliONS f-OR lHIS ~XAMPll 

f..: f,; -I f;~-I 

Hi:)l-! ,::i 0 

0 
0 
0 

• lOC ~~O 

BUI' F--I 
HUfF-·1 
Bur F:::~-"l 

.lCIC AOl 

;AUTO-Rf:.S1ARl ADDRESS 
;lHIS EXAMPLE !.IOES NOl HANDLE SYS1EM CALLS. 
; PR01EC1ION f-AUllS. OR VEC10R SlACK f-AUllS 
;PUNCH ACliVE FLA~ 
;READf:.R AC1IVE f-LAG 
;MAG lAPE AC1IVE f-lAG 

;AUlO-INCREMENliNG LUCAlIONS 

;FIRSl INDEX IN10 f-IRSl CHARAClER BUFFlR 
;SECOND INDEX IN10 FIRSl CHARAClER BUFFlR 
;INDEX INlO SECOND CHARAClER BUFFER 

DEFINE lHE VEC10R SlACK LlNGlH 
VSlEN = ~*6+A ;AllOWS FOR 6-WORD BLOCKS FOR UP lO ~ lN1ERkUPl 

; It:.I)f:.Lf.; (-I·II. F"-IP, Ml(.l, F·'-IR. F·'f:ll F·'LUt; ROUM '10 
; SAVE USER SlACK PARAMETERS (lUCA1IONS 40-4J) 

.HLK VSlEN+13 ;RESERVE SlACK AREA (ALLOW 11 EX1RA WORDS IN 
; CASE Uf SlACK uVERFLOWI 

STAf.~·I : IOf;~t;'1 ;CLEAR 1/0 DEVICES 
;REWINl.t MI',('; -If~lf-'E:. llJi:l O,f.:~JINl.i 

BOAf.; O,MTI', 
SUB!..!... 0,0 
D()B~:; c),CPU 
SlA (l.CMAf.;K 

SE.·I tiC.:O '1 (,1 1 
MASK OUT lTO (BIT l~l AND lURN UN INlERRUP1S 
SAVE CURRE.Nl MASK 
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EXAMPLE FOUR (Continued) 

CALC: ADD 0, l, ;SIMULA1E USEFUL COMPUTA1ION 
SUB l,,2 ; (MAIN PROGRAM MAY USE A SlACK O~ 11S OWN) 
INC 2,3 
NLG :~, 0 

ISZ LOC 
.IMP U~LC 

JMP CALC 

UJC: 0 
f,:WINlJ: 10 ;REWIND COMMAND (SELEClS DRIVE 0) 

INTERRUPT HANDLLR 

lHANIJ: lSI 
JI"iP 
VCT 

NSCH: vcr 

LE:.VEl.. 
NSCH 
(~I,·'T AB 
VlAB 

;HAS BASE LEVEL JUSl BEEN IN1ERRUPTED? 
;NO 
;YES, VECTOR WITH POSSIBLE SlACK CHANGE 
;VEClOR WITH NO SlACK CHANGE: 

COMMON INTERRUP1 DISMISSAL 

I.IlSMS: lVA l"U:.ljEl.. 
£;BI 1,l, 
POP 0,0 
DOBC o,CPU 
£;1 A 0, CMASK 
SlA l"U:.VU .. 
CCJM¢ 1 , l, , SNR 
..IMP • +:~ 
IHlEN 
~'OP B 
INIEN 
f,:S'j f~ 

;8E1 CURRENl IN1ERRUPT LE:VE:l 
; [IECF:Ul~;E 11 ilY 1 
; (;E T OUI M(.l£iK 
;RESIORE OLD MASK AND DISA~LE INTERRUP1S 
;RES10RE MASK SAVE: l..OCATION 
;SET NE:W INTERRUPl lE:VEl.. 
;GOING BACK 10 BASE. LE:VE.L~ 

;YE.S 
;NO. LE.AVE VE.CIOR SlACK A~ IS. WILL ~E. 

; fa:. TUF:N I NG '1 (I SCIME (n HU;': £i[F:I,Jl CE f.:OLI"I I NE: 
;RES1(lRE MAIN PROGRAM SlACK ON WAY BACK 10 
; HASE l..f.:.ljU.. (1. E:... MA 1. N ~'F:O(;f.:AM) 

;INIERRUPl LEVEl.. COUNlER 

POWER ~AIL/AUTO-RESTAR1 SE.RV1.CE. ROU1INE. 

f"F L.ei : IlOPFLSF: 

UH D~; 
SI<YDi.: CPU 
Ji1P f-:E (il... 
lSI f"F eNl 
JMP 11l::;Mf.; 
H,;I...·I (i ° 

f-:E:.AL: l.1.1(.1 0, JUl1F' 
~jl A 0,0 
SI<F'IJ;~ CPU 
JMF' .-l, 
Ji'1P R~il (If( 

LIJt. (l, f·'AC·II,J 
MO'J¢ 0,0. ~:;I.:R 

N 1 O~:i f·' 1 P 
LI.IA O,Rf1Cll.j 
MOljO:, O,O,Si:Y 
NIOS f·' 1 F: 
l..lJA 0, MI'lLl V 
MO\,.'O:, O,O,bZf;~ 

,WF: (~I'lM l f;f.: 

;AlJDRESS OF POWER ~AII... SERVICE ROUTINE (PUSH HiT 
;(DON'l BOIHLR CHANGING MASK. SINCE INlERRUPTS 
; ~JlL.l. .. HE: lUf.:NED O~F J.NME:.Dlf~·IEL.'r A'I f·'FLSE:) 

;IJlSAHl..E INlERRUPTS 
;J.S THIS REALLY A POWER ~AJ.[? 

; YE:.S 
;NO, COUi'.ri HHS IJECEP'I ICJN 
;(;0 UISN1.SS IN1ERRUF'1 
; Ht·d ... ·1 1 f· 11 HM'F'ENS 6~!, :d6 '1 I MES 

;SEl UP RESTART INSTRUC1ION IN LUCATION 0 

;LOOP HERE WAllING ~OR POWER 10 GO IJOWN 

;IF 11 COMES BACK up, GO AHEAD AND RES10RE 

; WAS f·' 'I F' AC:11I.,.IE.·~' 

;IF YES. f'~E~;lf~lf'~'1 1', 
; ~j A b ~"I f;: (.j(; 1 I VE:. ,~, 

; IF YE.::;. f.:E. t,l M: 'I 11 
aM to; Mlti f~l ell V f:.') 

;IF YE:.S. UC.I f'E~;'itlf.~l J.l 
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EXAMPLE FOUR (Continued) 

kS10R: JMP DlSMS 

r·'F eN·I: 0 
JUMP: JMP ~RSTAD 

(.lM1 A f.: : H·\ t1M-: 

;GO RES10RE AND RESTARl PROGRAM 

;COUNIS NUMBER UF SPURIOUS lN1ERRUP1S ~RUM DEVICE 0 
;INSIRUCliON FOR JUMPlNG 10 RES1AR1 CUDE 
;ADDRESS OF ROUliNE 10 RES1AR1 MAG lAPE 

ROU1INE 10 HANDLE SPURIOUS IN1ERRUPIS 

SIH: lIt,Z 
JNP 
~;l f1 
9-1 (i 
SIA 
lNIA 
LlJA 
(ilJ[J 
l..lJA 
LI.IA 
SUBO:: 
JMP 
l..IJA 
Al.ll.l 
LI.IA 
Al.IlJ 
UIA 

1 f,Y : XCl 
XCT 
JNP 
INC 
JMP 
HAL T.-::, 

NEWlJI) : Ll.IA 
l..l.IA 
LlJA 
Ji1P 

(; l. Lfi R : Ll.lfi 
LI.I(.\ 
UIA 
INIE.N 
,JMf·' 

t:;AVr..O: 0 
SAVE:?: .-, 

,,~. 

SAVE:3: 3 

t~lS I H: SIH 
1-110CO: N 10C 
~;t< I P : SKPl.IN 
HnE~;: -·'\000 

I...f:.VLL 
.+1. 
O. ~;AVf::.O 
:!, ~:;AI)f:.2 
;:'"SAIH.3 
0 
:,.:. NSCH+ l. 
0,:':: 
~~~,o,:::.~ 

:,s,(iSIH 
:..~, :~, Si.:P 
NEWlIi,' 
;.~.NI()CO 

0, :.~ 
:~.~;KIP 

0. :~ 
o.nnES 
.-, .. :', 
:"i 
CI...f:.AR 
0. o. tiZR 
-I F:Y 
.. ::' 

0. SAI)E () 
:.::. SAVE:.2 
:~" SAVf:.:5 
1 Hi·iNlJ 

o. SAVE:.O 
;!., SAI)t_2 
:,s.SAIH.3 

(~o 

0 
0 

;DECREMEN1 INIERRUP1 l.EVEI... CUUN1ER 

;SAVE IHRE.E ACCUMUl.A10RS 

;RE.Al.I A l.IEVICE COllE 
;GLl ADl.IRESS OF VECIOR lABLE 
;lNl.IEX lN10 VEC10R 1ABLE 
; GE T -I MH .. f:. t_WI RY 
;IS THIS A VALID DEVlCE? 

;YES, FORGEl ABOUl SPURlOUS lNTERRUP1, GO DO NEW ONE 
;lHIS l.IEVICE UNDEFINED. lRY 10 CLEAR II 
;FORM PROPER NIOC INS1RUCIION 
;FORH PROPER SKPDN lNSTRUC1ION 

;INITIAI...IZE COUN1ER FOR NUMBER OF lRILS 
;EXECU1E NIOC INSIRUCIION 
;EXECU1E SKPl.IN lNSTRUCIION 
;I.IEVICE IS CLEAR. GO I.IlSMISS 
; COUWI HE S H:Y 
;G(.I -IF:Y fifj?ilN 
;HAl.l SHOWING FU1ILE NIOC INS1RUC1ION 

;RES10RE. ACCUMULA10RS 

;GO 10 lNIERRUPl HANI.ILER 

;RESIORE ACCUMULA10RS 

;ENABl.L IN1ERRUPIS 
;RETURN 10 INIERRUP1EI.I PROGRAM 

;SAVE AREA FOR SPURIOUS IN1ERRUP1 HANl.ILER 

;ADI.IRESS OF SPURIOUS INIERRUPT HANDLER 
;SKELLTAL NIOC INS1RUCIION 
;SKELETAL SKPI.IN INSTRUCliON 
;lRY CLEARING DEVICE :'::048 lIMES B~FORE GIVING UP 

1ELETYPE INPUl SERVICE ROU1INE 

rllCl: 1!1TlSf~ 

:~ 

n ISR: 
REAl.IC: DIAC 0.111 

LilA :~. Ll.7'"7 
(iNlJ :~, 0 

SlORE: SlA 0,~20 

l..!JA ::',CNTL.R 
SUB~ :~. o. SNR 
LilA O.HEl.L 

;lTI DEVlCE CON1RUL 1ABLE (PUSH Hll 
; MASKS OUT 1 TI. 1 TO 

;READ 1HE CHARACIER AND CLEAR I.IONE 
; DfWP PAf.:J.l Y BIl 

;SlORE CHARACTER IN BUFF 
;CHECK FOR CON1ROL R 

;ECHO CON1ROL R BY RINGING BEl.L 
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EXAMPLE FOUR (Continued) 

CPF.:.·l: 

t:;KF'B;,: -I TO 
Ji"iF' .-1 
1.1 CI f.',S 0. -I Tel 
L li~·, ~~" Cf.: 
SUl~~' ~~" (), ~;NR 
Ji'1!'·' 
1.1 S ,:: 
Ji'W 
~l(.l() 

JMP 
LI.li", 

Cf;:f:.T 
CHeNl 
1-1 I lit; 

(l,Lf· 
Sl;{ 0,('20 
SKPl-:'L -1"10 
-.IMP -·1 
1.1 C.IA t:; 0, -I 10 
l..I.li:' o. f·'CeN"! 
MO(j~, 0,0, ~:;:?F: 
Ji'1P • -.. ~. 
1...1.1(, 0,;:'0 
l.I.1i; ;~, fiHUF F 
SUt:. ;~. 0 
S-' (.i 0, f·'CCN"1 
l.I.IA O,MAX 
S··, Ii O. CHCNl 
S ·U, :5 <.: 0 
S·U, :~.;:.1 

t;UB 0.0 
I WI [IS 
I.ICIAS O. ~'lF' 
IS:? f·'AC"1 V 
INIEN 

-IIIl.i~:;: JMP (~ • -I- 1 
I.iISMt; 

Cl i'l": 1 ;i/" 
c.:p: 1 :':.' 
1 ... 1' : 1 ::.: 
CNl l..f,:: ;;'2 
l.lLLl.. : ? 

M.<UF F: l.lUFF-··l 
MAX: 110 
CHCN-I : 110 
f·'ceNT : 0 
PRCNT: 10 
NF:P 1 : 10 
CCHAf-, : 0 

; -I TO f-:I;."I.iY? 
iNU, -If;:Y ("G'~ilN 

;YLS. lCHO CHARAC1ER 
;IS CHARACIER A CARRIAGl RETURN? 

;YES. GCI PRClCESS 11 
;NO. I.IlCR~~f:.N1 CHCNl 1(.1 CHECK ~OR LlNE uVf:.R~LOW 

;NU OVLRFLUW. GO I.ilSMISS IN1ERRUP1 
;l..lNl IS ~ULI..., l..UAI.i A CR ANI.i 
; JUMP HACK lU INSf:.Rl IT INICI BUFF 
;Al.ili l..lNf:. FEED lCi BU~F 

;WAll UNlIl.. lTO REAliY 

;C, HJ E:. Ll. N f:. f· E E. Ii 
nUll 1 IF H.lNCHlNl:i (Jf· ~'f;:ElnOlb LINE:. U; N(n I.IU N F.:. 

;CAl..CULAlE NUMBf:.R UF CHARAClERS IN BUFF 

;INIIIALlZE. PUNCH CHARAClER CUUNIER 
iREINIIIALlLF CHARAC1ER BUFFE:R: 

INl1IALIZE. CHARAC1ER COUN1ER 
; INIIIALILE CHARAClER BUFFER POINlERS IN 
; AU10-INCREMLNlING LUCA1ICINS 20 ANI.I 21 
;FIf.:S-1 f·'lJ"l UUl t:: f·RliME:.S Of· 1.{l(.iNK UJ<l.IE:F: 
iMAKE SURf:. THAT PUNCH SlAR1ED ANI.I ~LAb SlT lOGf:.TH~R 

;OU1PUl NULL CHARAclER 
;SET PUNCH ACTIVL FLAG 

;SAVL NULL AS CURRENT CHARACTER 

;GO I.IISMISS IN1ERRUPT 

;MASK FOR I.iEI...LTlNG PARI1Y Bil 
i CARFn AGE:. RETURN 
; Ll Nf:. f· EEI.i 
; CONT f::ClL. ~: 

iT El..F.:.T YF'E l.lEI...I ... 

;AI.iI.iRESS O~ CHARACIER BUFFER - 1 
iMAXIMUM OF )2 CHARAC1ERS INPUT PER L.INE 
;CHARACIER COUNIER (COUNTS liClWN FRClM MAX) 
iPUNCH CHARAC1ER CCiUN1ER 
iPUNCH REPEAT COUN1ER 
iNUMBER OF lIMES TO PUNCH EACH CHARACTER 
iCURRENT CHARAC1ER SAV~ LUCA1ICIN 
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EXAMPLE FOUR (Continued) 

PAPER lAPl PUNCH SERVICl ROU1INE 

f"l PC'" : I~Pl F'~;~: 

i' 

f·'lF-SF;:: lN1DS 
SUB 0,0 
SlA (l,f'AC1V 
lWrEN 

GCHM;:: LIM O,CCHAR 
l..I.lA :5. CNILf.: 
SUll 0, :~, £iNR 
Jr1l" f·' -, R [lf~ 
liS? f"~:CN"1 

JMP SI~ME.C 
CON1F': LIM (l,N[·:Pl 

S-' t~ 0, f'RCN"1 
l.I£~·l. f'CCNl 
,.IMf" NUlL 
NIoe f"TP 
..JMP f'll'" 1.1 ~i 

NEWC: Ll.iA 0, C~2l 
Sl (0\ O,CCHi'lf;: 

SAME-_C: 1 NTD~; 
l.iO~iS 0, f'l P 
ISZ f·'ACll,.1 
lNIEN 
JriP f"l F' l.i~) 

f·'TRl.ir~ : lSZ fWCNl 
I ... l.il~l (l,RBCNl 
Al.iC~ :-S,O,bZt~ 

..JMf·' CON1F' 
IN1DS 
NIOS f"l R 
lSZ f.:AC-1 !J 
IN'j EN 
l..lH\ (l, ABU[- 2 
~il A o , ;.~ ~:~ 
-.IMP COWl F' 

F'lPli~c): ...IMP Cd. + 1 
In SMS 

fo:BCNT: 0 
f.1HUF 2: BUr: F2-'1 

;P1F' l.iEVICE CONTROL lABLE (PUSH Bll 
; MASKS C.ilJ"l f'l p, '1 T 1, f;N[I '1 H) 

;[liSAllLE lN1ERRUP1S BEFORE 11'8 100 LAIE 
;CLEAR PUNCH AC1IVE fLAG 

;lNAllLE lN1ERRUP1S fOR REAL 

;GET CURRlNl CHARAC1ER 
1 1. S 11 cOrn ROL fO 
; (AC3 llECOMES 0 lF CHARAC1ER lS CONlRUL Rl 
; Yf:.S, I NPlJ"l f· RDI'i f,:EM.IE: R 
lNO, liECREMENl PUNCH REPEAl COUNTER 
;GO PUNCH SAME. CHARACTER AGA1N 
;REIN11IALI2E PUNCH RlPEAT COUN1Ef.: 

;DECREMENl PUNCH CHARAC1ER COUNTlR 
;GO PUNCH NlW CHARAC1ER 
;ALL [lONE, CLEAR PUNCH 
;GO [llSMISS 1NlERRUP1 

;GET NEW CHARAC1ER 
lUPliAlE CURRENl CHARAC1ER SAVE 
;MAKE SURE PUNCH SlARTED AN[I flAG SET lOGETHER 
;OU1F'Ul CHARAC1ER 10 PUNCH 
;SET PUNCH AC1IVE fLAG 

;GO l.iISMISS IN1ERRUPl 

l1NCREMENT REAl.iER BLUCK COUNlER 
;IS lHIS lHE fIRSl PTR REQUES1? 
; (StOP lF AC(l '" U 
;NO, CON1INUE PUNCHING W11H NEXl CHARAClER 
lMAKE SURE RlA[lER SlARlE[I AN[I flA~ SET lOGETHER 
; Sl Mn f'.:f:.MIER 
;SET REAl.iER AC1IVE fLAG 

;INI1IAL12E SECONl.i CHARACTER HUFFER 
;USE AUlO-INCREMENl LUCA1ION 22 AS IN[lEX 
;CON1INUE PUNCHING WI1H NEXl CHARAClER 

;GO l.iISMISS INlERRUPT 

;NUMHER OF BLOCKS LEFl 10 RlA[I fRUM P1R 
;A[lliRESS UF SECONl.i CHARAC1ER BUFFER - 1 

PAPER TAPE REA[lER SERV1CE RUUTINE 

f"lRC-r: f!lPH:SF: 
6~) 

Pl RSf;:: 1 WI [it:; 
t:;UH 0.0 
Sltl (j,f,:AC-fV 
IN'' EN 
In: i'~C 0, f'-I R 
LI.I(-\ :." CHECK 
tn f; 0" (;HEC~: 
MOV::: 0.0. SNr..;: 
,)MP ;'.E~:()r-

SlA O,C'!22 
1 ~)?. f,:F CN"I 

;P1R DEVICE CUN1RUL lAHLE (PUSH BIl 
; MASKS (JU1 f"-f R, WI A, 111" -I Tl) 

;DISAHLE lN1ERRUP1S 
;CLEAR READER AllIVE flA~ 

;ENAHLE INlERRUP1S 
;REAl.i fRAME AND CLEAf.: [lUNE 
;GET PREVlOUS fRAME READ 
; f.ii;lj[:. NEW f- fUlME 
;IS NlW fRAME = O? 
; YE~:; 
; NO, SA(J~. 1."1 IN HUf F~,' 
;INCREMEN1 READER fRAME COUNTER (NEVER SKIP) 
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EXAMPLE FOUR (Continued) 

unIts 
rHOS f··T R 

HriEN 

ZlROF: MOVO 3,3.SNR 
Ji'iF' SF' -, R 
Slf~ 

lSI.. 
t..i.lr.l 
J~-;F: 

f··-, R [I ~:;: Ji'if-' 
1.1 I :=.;r1~; 

HHUF::.>: !.lUF F? 
r;:FCW,: 0 
CHECI<: 0 

0, (!2;:. 
f·:F CNT 
l.BBUF2 
M("Jr.~ I T 

Cd" -)- 1. 

;MAKE SURE R(AD(R SlARTED AND ~LAG S(T TOGETHER 
; ST M\l ~:Ull.iE:.F: ~ OF: Nt_Xl f· r;:liMf.:. 
;5ET READER AC1IVE ~LAG 

;UO DISMISS INTERRUPl 

;FRAME 15 ZERO, WAS PR(VIOUS ONE AL~O ZERU~ 

;Y(S. IGNORE LEADING BLANK ~RAMES 
;NO, DONE WI1H THIS BLOCK, MARK WITH 0 ~RAME 
;INCREMENl READER ~RAME COUN1ER 
lACl POIN1S 10 BEGINNING UF BUFF2 
;GO WRI1E A BLUCK UN MAb lAPE 

lUU DISMISS INTERRUPT 

1ADDRESS UF BUFF2 
;F:EADER ~RAME CUUN1ER 
;LASl ~RAME INPUT ~ROM READEF:, USED IN IGNORING 
; LEADING BLANK ~RAMES 

MAG lAPE SERVICE ROUliNE 

MTliCT: (~MTt,t;R 

i.~3 

5UH 0,0 
S1 I~\ 0, Mt,Cl V 
IN"IEN 

IJlf~1 (i.Mltl 
MOljLO 0,0. t::?C 
JriP U·:F:OR 
l..l.lA O,f·:FCNT 
Melt)::: 0,0, f:;7..f;~ 
JMF' MOf~:E:.M 

NIOC WI A 
1.I~:;Z f·:HCN-' 
JrW MUf;~U:: 

Ji'iF' Ml MJ::::; 

i'iCH::EM: 1.11. B 
J;:::R 
JMP 

1 ,Ml t~ 
rHJf;: II 
Wltd.l:=.:: 

MO F: E F: : HIl II S 
NICIt.: f··-' R 
l.f.:i.: f·:AC-1 ,.) 
1 t·n EN 
l..l.li:·, (), AHUF '.? 

i'·iT foll.l ;::: : Ji'1 P C, • -}- l 
1.1 I t:;M~; 

lM1A DEVICE CONlRUL lAHLE (PUSH Bll 
;Mf.l::;K:'.) OUl Wu{, TTl, lTCI 

;DlSAHLE iNTERRUP1S 
;CLEAR MAG TAPE AC1IVE ~LAG 

;ENABLE IN1ERRUP1S 

;READ MAG lAPE SlA1US 
;CH~CK ~OR ERRORS 

;FETCH R(AD~R ~RAMl COUN1ER 
;MORE WRITING TO IJU? 
;YE.S 
;ND, CLEAR MAG lAPE 
;DECRlMlNl AND CHECK READER BLOCK COUN1ER 
;MORE READING TO DO 
;GO DISMISS IN1ERRUPl 

;F:lAD ADDRESS OF NEXl WURD 10 WRI1E ~RuM BUFF2 
;GO WRI1E NEXT HLOCK ON MAb lAPE 
;GO DISMISS IN1ERRUPl 

;MAKE SURE READER STAR1EU AND ~LAG SET TOGETHER 
; tn ,\ f·: -I f< E. f~ll.l L R 
;SET READER AC1IVE FLAG 

;REINIllALlZE HU~F2 

;GO DISMISS IN1ERRUPl 

;HALl SHOWING MAG lAPE ~lA1US WURD 
; (ERROR PROCESSING WOULD NURMALLY GU HERE) 
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EXAMPLE FOUR (Continued) 

MWRIl WRI1ES A BLOCK OF DA1A IN MEMORY UN MAG lAPE DRIVE 0 
SIZE OF BLOCK IS -BLKSZ 
ADDRESS OF ~IRSl WORD OF BLOCK IS CONTAIN~D IN ALI ON EN1RY 

f.:; °1 f~1 

LIM 
l.iOC 

1 ,WI;; 
1 , un r~JJ 
1,I::LKSZ 
1, WI f'~ 

LlHi 0, Wr..~CCli"i 
INTDS 
I.tUA~c; 0, M1 f; 
l~:;Z Mi",el l) 

un EN 
l..I.lt, 0, f·~F crn 
(d.lDZ 1. ,0, ~:;NC 
~;UB (;,0 
Slf~ (;,RFCNT 
JI-IP 0, ~~ 

;LOAD MEMORY Al.iI.tRESS COUN1ER 
;SAVE LASl Al.il.iRESS USED IN WRI1ING 10 MAb JAPE 
;FETCH N~GA1IVE BLOCK SIZE 
;LOAD WORI.t COUN1ER 
;FETCH WRI1E COMMANI.t 
;MAKE SURE MAG lAPE SlAR1EI.t ANI.t fLAG SET 10GETHFR 
;lN11IA1E WRITE OPERA1ION 
;SET MAG lAPE AC1IVE fLAG 

;NOW UPI.tA1E READER fRAME LOUN1ER 
;I.tECREASE 11 BY BLOCK SIZE 
;H RFun ~.J(,;:; ( BLt<~:;Z, SET f-:f·Crn 10 0 
; t:;t1l)E Nf:.W V(il ... Uf:. 
;PETURN 10 CALLER 

f.ll...t< S I.. : -- J.i~ A ; (NE:.Gr.d Il)E:.) l<U.ICI< ~:;IZE OF toO UECIMM .. 
;WRIlE COMMANI.t (SELECTS DRIVE 0) WRCOM: ~,o 

I...STAI.t: 0 
U·~COi"i: /0 

;LASl ADDRESS USED IN WRl1ING 10 MAG lAPE 
;ERASE COMMANU (SELEC1S DRIVE 0) 

M1AAR RES1AR1S MAG lAPE AfTER PUWER fAlL 

WI Arll:;~ : 

SEVERAL INCHES O~ 1APE ARE ERA~ED, lHEN lHE RECORD 
WHICH WAS BEING WRI1TEN WHEN POWER ~AILED IS REWRI1TEN 

LU,; 
UOM; 
SI<Pl.lN 
JMf' 
LI.IA 
LliA 
~;UH 

SlA 
LI.I(-l 
,Ji'H" 

O. t. RCOM 
O,WI(., 
MH1 
• -··1 
0, f-:f: CNl 
1 , I~LI<S7.. 
1 ,0 
1. ,f-:f CWI 
1 ,LSl f~d.l 
MW~: 11 

1ERASE SECliON UF 1APE 

;WAll lILL M1A DUNE 

;SE1 R~CNl HACK lOllS PRIOR VALUE 

;FE1CH AliURESS UF RECORD 10 BE REWRI1TEN 
;GO WRl1E RECORli (MWRIl RETURNS UIREC1LY 10 
;AU10-RES1ARl COUEl 

CHARAC1ER BUFFERS 

HUFF: .HLK 11~1 ;ALLOW ~OR /2 CHARAC1ERS + CR + Lf 
;ALLOW ~OR UP 10 /4*8=~92 ~RAMES HUFF2: .BLK 11.20 

lJl AH: 

VE:CTOF~ -I ABLf:. 

('PF Lel 
SIH 
SIH 
t-;I I·i 
til H 
til H 
SIH 
SIH 
en-I In 
~;IH 

(OP-I ~~C-I 

(dPl PC"I 
SIH 

~;:r H 
~HH 

t;J.H 
SIH 
SUI 

;ADI.tRESS OF CON1RUL 1AHLl fOR POWER ~AIL 

; f~DlIRE~;t:; OF "IT 1 1.lE. V 1. CE. cmn F~(jL 1 AHL~. 

; AlIi.lRLSS Of· f"-IR i.lE:.VlCE eeJ WI ~~ U L -IM.ll .. L 
; AIJi.lRE.:;S UF f"l F' liE In. CE COWl F:UL -IM.<LL 
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EXAMPLE FOUR (Continued) 

(~i"i-I fOIL OJ 

8lH 
~:; I H 
~;IH 

SIH 
~;IH 

::;1H 
~:; IH 
::;11-1 
SIH 
SIH 
~; IH 
~:; I H 
~n:H 

tilH 
~:; I H 
::;IH 
~,I H 
~; IH 
~:IH 

~:; IH 
~; IH 
~::I H 
9IH 

~::l H 
~;IH 

8IH 
8IH 
~;IH 

8IH 
9IH 
~:; 11-1 
~;I H 
~::I H 
~; I H 
8IH 

SIH 
SIH 
SIH 
SIH 
SIH 
SUI 
~nH 

SUI 
SIH 
SIH 

• E:.NI.I ~n A f.: 1 

;AUDRLSS UF M1A uLVILL CUN1RUL IA~LL 
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SECTION II 
TERMINALS 

• TELETYPES 

.• DGC DISPLAY 6012 





INTRODUCTION 
TO TERMINALS 

A terminal is a device through which the computer 
and its operator can interact. It has two indepen
dent parts, a keyboard, and a display or printer. 
The operator sends information to the computer 
through the keyboard, and the computer responds 
to the operator through the display or printer. 

Characters that are transmitted between the com
puter and the terminal are coded in ASCII* (see 
Appendix C) and transmitted asynchronously. Each 
character is transmitted serially bit by bit between 
the computer and the terminal over a communica
tions channel, at rates ranging from 110 to 4800 
bits per second or "baud". 

Although the terminal is two separate devices, the 
manner in which the devices interact with one an
other and the computer depends on the communica
tions channel linking them. If the channel consists 
of one line from the keyboard to the computer and 

*American Standard Code for Information Interchange. 

a second independent line from the computer to 
the printer or display, the two halves of the ter
minal can operate independently. This full use of 
the terminal is termed" full-duplex operation" . 
If only one line connects the terminal to the com
puter' the keyboard and the computer must shan' 
this line; thus only one of the two halves of the 
terminal can be operating a( allY om; (lille. llllS 

use of a single line channel is termed "half- dUpll":" 
operation" . 

When a terminal operates in full-clupI8X, lLc L'01.. 

puter must" echo" the information received from 
the keyboard if it wants that inforInaliuli Lv uc; 
shown on the display or printer. However, when 
operating in half-duplex, the keyboard transmils 
the information to both the computer and llle dis
play or printer. 
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TELETYPES 

SUMMARY 

MNEMONIC (FIRST CONTROLLER) 

INPUT ............................. TTl 

OUTPUT ........................... TTO 

DEVICE CODE (FIRST CONTROLLER) 

INPUT ................................ 108 

OUTPUT .............................. 118 

MNEMONIC (SECOND CONTROLLER) 

INPUT ............................. TTI1 

OUTPUT .......................... TT01 

DEVICE CODE (SECOND CONTROLLER) 

INPUT ............................... 508 

OUTPUT ............................. 518 

PRIORITY MASK BIT 

INPUT ............................... 14 

OUTPUT ............................. 15 

CHARACTERS/LINE ..................... 72 

LINES/INCH. . . . . . . . . . . . . . . . . . . . . . . . . . . .. 6 

DATA TRANSFER RATE 

MAX (CHARACTERS/SEC) 
33 AND 35 ............................ 10 
37 .................................... 15 

INTRODUCTION 

The Teletype provides for two-way communica
tions between the computer and the operator. The 
keyboard is the input device and the printer is the 
output device. All the exchanges of data between 
the keyboard and the computer and between the 
computer and the printer utilize a subset of the 
128-character alphanumeric ASCII code shown in 
Appendix C. 

In addition to a keyboard and a printer, certain 
models of the Teletype terminal are equipped with 
a paper tape reader/punch combination. Such 
terminals are designated as Automatic Send/ 
Receive (ASR) terminals. Those which are not so 
equipped are designated as Keyboard Send/Re
ceive (KSR) terminals. 
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ACCUMULATOR FORMATS 

READ CHARACTER BUFFER ........... (DIA) 

[J:f::::::::{::::::::;::::::::f::::::::~:::::::·;: ::::::f:::::::+~RI1YI I 
0123456789 

CHARACTER OR COMMAND 

10 I II I 12 I 13 I 14 ' 15 

LOAD CHARACTER BUFFER ........ " (DOA) 

S 

C 

P 

S, C AND P FUNCTIONS 

Set Busy to 1, Done to 0 and either load 
the Input Buffer or write a character. 

Set both Busy and Done to 0 and ter
minate all data transfers. If issued 
before transmission is complete, partial 
character codes are received. 

No effect. 

Three distinct Teletype models are available from 
Data General Corporation: the model 33, the mod
el 35, and the model 37. Both the models 33 and 35 
operate at a data transmission rate of 10 char
acters per second (110 baud) while the model 37 
operates at 15 characters per second (150 baud). 

All three terminals print up to 72 characters per 
line with 6 lines to an inch. Both the models 33 
and 35 printers utilize 8 1/2 inch wide paper while 
the model 37 requires 9 1/2 inch wide paper. The 
33 and 35 are upper-case only terminals while the 
model 37 is full upper-and lower-case. Other dif
ferences among the various models may be found 
iIi. the Operator's Reference Manual (015-000034). 



INSTRUCTIONS 

The following instructions and timing information 
are for the terminal when it is used in conjunction 
with a 4010 or 4077 controller. 

The controller contains an 8-bit Input Buffer and 
an independent 8-bit Output Buffer. 

The controller's Busy and Done flags are con
trolled using two of the device flag commands 
as follows: 

f=S Sets Busy to 1, Done to 0 and either 
reads a character into the Input Buffer 
or transfers the character in the Out
put Buffer to the printer or the punch. 

f = C Sets Busy and Done to 0, thus stopping 
all data transfer operations. A Clear 
command issued during a transfer will 
result in the partial reception of the 
code being transferred. 

f = P No effect. 

Since the terminal is actually two devices, both a 
Busy and Done flag are available for input opera
tions and a separate set of Busy and Done flags 
are available for output operations. 
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READ CHARACTER BUFFER 

DIA <p ac, TTl 

I ° I I I I AC I ° I 0 I I 
0'123

1
456

1
7 

F 100 10
1
°,01 

8 I 9 10 I II I 12 I 13 14 15 

The contents of the Input Buffer are placed in bits 
8-15 of the specified AC. Bits 0-7 of the speci
fied AC are set to O. After the data transfer, the 
controller's Input Busy and Done flags are set ac
cording to the function specified by F. The format 
of the specified AC is as follows: 

In?{ \:\nu.CYn)\\u·u/uuru{H\:}ARITYI I C~ARACT~R OR CtMMAN~ I I 

o . I 2 3 4 5 6 7 8 9 10 II 12 13 14 15 

Bits Name Contents 

0-7 ---- Reserved for future use. 

8 Parity Parity bit selected at the 
terminal; even, odd or 
none. 

9-15 Character The 7 -bit character or 
command read from the 
Input Buffer. 

LOAD CHARACTER BUFFER 

OOA <J> ac, TTO 

I ° I I I I AC I ° I ° I I 
0 1 123 1 456 1 7 

F 10 010 011 
8 I 9 10 I II I 12 I 13 I 14 I 15 

Bits 9-15 of the specified AC are loaded into the 
controller's Output Buffer. After the data trans
fer, the controller's Output Busy and Output Done 
flags are set according to the function specified 
by F. The contents of the specified AC remain 
unchanged. The format of the specified AC is as 
follows: 

\::!:::::: 1:::::::::'::::::::: :j:!:':!:' :r!:·:!:::!.':!:·:::!;:!:::·:: :i:::::::: :IPARITY \ CHARACTER OR COMMANO 

o I 2 3' 4 5 6 7 8 9 I 10 I II I 12 I 13 I 14 I 15 

Bits 

0-7 

8 

9-15 

Name Contents 

---- Reserved for future use. 

Parity Even, odd or no parity for 
the 7 -bit code. 

Character The 7 -bit character or com-
mand transmitted to the Out-
put Buffer. 

NOTE: If a 4077 controller is used, 
the OOA instruction must be 
accompanied by S (Start). 



PROGRAMMING 

Terminal 

Since the terminal is actually two separate devices, 
input and output are discussed separately. 

Input 

Neither full- nor half-duplex input operations have 
to be initialized by the program. Striking a key 
automatically transmits the corresponding charac
ter to the controller. After the character is as
sembled, the Input Busy flag is set to 0, the Input 
Done flag is set to 1 and a program interrupt re
quest is initiated. 

The character can then be read by issuing a READ 
CHARACTER BUFFER instruction (DIA). The Input 
Done flag should then be set to 0 with either a Start 
or a Clear command. This allows the next charac
ter to initiate a program interrupt request when it 
is fully assembled. 

Output 

A character is loaded into the Output Buffer of the 
controller by issuing a LOAD CHARACTER BUF
FER instruction (DOA). The character can then be 
transmitted to the terminal by issuing a Start com
mand. While the character is being transmitted, 
the Output Busy flag is set to 1. Upon completion 
of the transmission, the Output Busy flag is set to 
o and the Output Done flag is set to 1, thus initiating 
a program interrupt request. 

Each time a character is to be sent to the terminal, 
the Output Buffer must be reloaded with a LOAD 
CHARACTER BUFFER instruction. A sequence of 
LOAD CHARACTER BUFFER instructions together 
with Start commands is used to transmit a multi
character message. The program must allow each 
character to be transmitted before transmitting the 
next character. 

Paper Tape 

ASR Teletypes are equipped with a paper tape 
reader /punch. If the model is equipped with auto
matic reader control (TDT) , the program may turn 
on the reader with the command DC2 and turn it off 
with the command DC3 (see Appendix C). 

Input 

When the terminal is equipped with a paper tape 
reader, the data input operation is similar to read
ing codes sent from the keyboard. A Start command 
causes the next eight bit code on the paper tape to 
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be loaded into the Input Buffer. Issuing a READ 
CHARACTER BUFFER instruction will load the 
contents of the Input Buffer into the specified ac
cumulator. The sequence of a Start command and 
a READ CHARACTER BUFFER instruction can be 
continued until the entire tape is read. 

Output 

Output to the paper tape punch is accomplished the 
same way as output to the printe r is done. The 
characters or commands output are punched on the 
paper tape as well as being printed on the Teletype 
output paper. 

TIMING 

On both the model 33 and 35, a character is avail
able in the Input Buffer for 21. 59ms after Input 
Done is set to 1 before another character can over
write the buffer. The corresponding time for the 
model 37 is 9.17ms. The difference in time is due 
to the fact that both the model 33 and 35 transmit 
10 characters/second while the 35 can transmit up 
to 15 characters/second. If the paper tape reader 
is in use, the program has 3. 41ms to issue another 
Start command to the reader after Input Done is set 
to 1 if the tape is to be kept in continuous motion. 

NOTE: If a 4077 controller is used, the 
received data is double-buffered ( 
(holding register and receiver 
shifters), so the program has 
one full character time to remove 
the received character. 

Output timing for the printer and the paper tape 
punch is the same on both the model 33 and 35. 
The program -has 4. 55ms to transmit another 
character in order to continue printing or punching 
at the maximum rate. The time interval for the 
model 37 is 3. 33ms. 

ADDITIONAL NOTES 

Input 

All models ignore the parity bit in the codes re
ceived for printable characters. Both the model 33 
and the model 35 also ignore the parity bit in the 
command codes they receive, while the model 37 
will not carry out the command if the parity bit is 
incorrect. 

When the terminal is operating in full-duplex, the 
program must "echo" the characters if they are to 
be printed at the terminal. 



Half-duplex operation requires a protocol to be set 
up between the computer and the terminal. The 
protocol should be formed to resolve any conflicts 
over the use of the transmission line. 

Output 

When characters are sent to the models 33 and 35, 
all lower case characters are printed as their up
per case equivalents. 

Half-duplex operation requires a protocol to be set 
up between the computer and the terminal. The 
protocol should be formed to resolve any conflicts 
over transmission line use. 
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Since the mechanical motion initiated by a Carriage 
Return may not be completed before the next char
acter is ready to be printed, some programmers 
issue one or two NUL characters after a Carriage 
Return. If this is not done, the next printable 
character could be displaced from its correct 
position. 

When the last character position on a line is 
printed, and no format control character is sent 
to the terminal, all succeeding characters will 
overprint the last character on the line until a 
format control character is issued. If the pro
gram issues a CARRIAGE RETURN which is not 
immediately preceded or followed by a LINE FEED 
command, the entire line will be overprinted. 



PROGRAMMING EXAMPLES 

The following examples show how characters are 
passed among the computer, the teletype printer, 
the teletype keyboard, the teletype paper tape 
punch and the teletype paper tape reader. The 
first example reads a character from the Teletype 
keyboard, the second reads a character from the 
Teletype tape reader, the third prints a char
acter on the Teletype printer and, if the punch on 
an ASR terminal is turned on, punches the char
acter on the tape. 

EXAMPLE 1 

; F:FAD f.l CHARACTFR FPOM KFYBClAf;:D 

SKF'DN TTI ; CHAF:ACTFP BUFFER 
JMP • ··1 ;NO 

l CIA DF!"! 

DIAC 1,TTI ;F:Ff.!I1 CHI~RACTFR AND Cl FAf;: 

EXAMPLE 2 

YFr' 

THE" 

; READ A CHAF:ACTFF: FfWM PAPFR TAF'F RFAflFF: 

NIOS TTl ;BTART PFAnFr.: 
SKF'DN TTl ;FRAMF BUFFFF: lOf1f1FD 
JMP • --1 ;NO 
DIAC 1,TTI ; RF Arl FF:AMF ANn Cl. Ft~F: 

EXAMPLE 3 

; F'RINT AND/OR PUNCH A CHAF:ACTFF: 

SKPBZ TTO ; F'fUNTFR FPFF~) 

JMF' • ··1 ;NO, TRY AGAIN 
DOAS 1,TTO ;PRINT CHAF:ACTFP 

The subroutine shown in example 4 and called by 
a JUMP TO SUBROUTINE instruction (JSR to 
TTYRD, ) illustrates both reading and echoing 
characters on the Teletype, with Teletype inter
rupts disabled. It uses ACO to store the character. 

EXAMPLE 4 

YFr' 

THF nONF 

nClNF FLAG 

Fl AG 

SUBROUTINE TO READ AND ECHO TFLFTYF'F CHARACTFRS, JNTFRRUF'TS DJSABlFD 

TTYRD: SKF'DN TTl ;HAS CHARACTFR BFFN TYF'FD? 
JMP .-1 ;NO, THEN WAIT 
[lIAC 0, TTl ;YFS, THEN READ CHARACTER AND Cl.FAR DONE" 
SKPBZ no ;IS no READY? 
.JMF' .-1 ;NO, THEN WAIT 
DOAS O,TTO ;YES, THEN ECHO CHARACTFR 
JMP 0,3 H:ETURN 
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The teletype may also be programmed using the 
program interrupt facility. This technique may 
be useful in cases where a number of calculations 
may be performed in the time between Teletype 
characters. The routine shown in example 5 will 
read a line and echo it on the Teletype using the 

interrupt priority structure. It will read char
acters into a buffer beginning at location 10008. 
It is terminated by either a carriage return or line 
overflow. Line overflow is terminated by the value 
of MAXLL (maximum line length). 

EXAMPLE 5 

READ A LINE USING INTERRUPTS 

.LOC 

° IHAND 

.LOC 

° 

400 

; PC WILL BE STORED HERF WHEN AN INTERRUPT OfTURS 
;ADDRFSS OF INTERRUPT HANDLER 

START: LDA 1,BUFFR ;SET UP BUFFFR POINTER IN 

HANG: 

STA 
LDA 
STA 
SUBZL 
DOBS 

LDA 
MOV¢ 
JMP 

1,23 ; AUTO-INCREMENT LOCATION 23 
1,MAXLL ;GET MAXIMUM LINE LENGTH 
1,CNTR ;INITIALI?E LINE OVERFLOW COUNTER 
1,1 ;SET ACl = 1 
1,CPU ;MASK OUT TTO AND TURN ON INTERRUPTS 

;PROGRAM CAN DO USEFUL THINGS 
; WHILF LINE IS BEING READ 

O,CNTR ;WHEN NEFD FUL.L LINF TO CONTINUE, 
O,O,SZR HANG UP HERE UNTIL 
.-2 ; READING IS ALL DONE 

BUFFF<: T77 
M~.XLl.: 110 
CNTR: ° 

;BUFFER BEGINS AT LOCATION 1000 
;MAXIMUM OF 72 CHARACTERS PER LINF 
;LINE OVERFLOW COUNTER 

IHAND: SKPDN TTl ;MAKE SURE TTl CAUSED THE INTERRUPT 

OUT: 

HALT 
STA 
STA 
DIAC 
STA 
SI<TBZ 

;ERROR - SOME OTHER PERIPHERAL INTERRUPTED 
O,SAVO ;SAVE ACCUMULATORS THAT WILL BF USED 
1,SAVl 
O,TTI ;READ CHARACTER AND CLEAR DONE 
0,~23 ;STORF CHARACTER IN BUFFER 
ITO ;MAKE SURE TTO NOT BUSY 

JMP . ··1 
DOAS O,TTO ;ECHO CHARACTER 
LDA 1,CR ;IS IT A CARRIAGE RETURN? 
SUB¢ O,l,Slf< 
JMP . +4 ; NO 
SUBC 0,0 ;YES, CLEAR ACO WITHOUT CHANGING CARRY 
STA O,CNTR ;ZERO OUT CNTR TO INDICATE LINE DONF 
JNP . +3 
DSZ CNTR ;IF NOT A CARRIAGE RETURN, DECREMENT CNTR 
JMP OUT ;LINE NOT YET DONE, GO DISMISS 
LIlA 
MSKO 
LDA 
LDA 
INTEN 
JMP 

O,TTMSK ;LINE IS DONE 
o ;MASK OUT TTl (AND THn TO INHIBIT FURTHEP INPUT 
O,SAVO ;RESTORE ACCUMULATORS 
1,SAVl 

;TURN INTERRUPTS BACK ON 
~O ;RETURN TO INTERRUPTED F'fWGRAM 

SA~JO ~ 0 
SAI,lt: ° 
CR: 21~j 

TTM~)K: 3 
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DGC DISPLAY 
6012 

INTRODUCTION 

The DGC Display 6012 is two separate I/O devices; 
a console and an alphanumeric CRT display, shown 
below. The console comprises a standard 53-
station teletypewriter style keyboard, a supple
mentary 20-station keyboard and two switches. 
The first switch has three positions labeled LOCAL, 
OFF and ON-LINE. The ON-LINE position con
nects the terminal to the computer. LOCAL, used 
primarily for testing the display, puts the terminal 
off line from the computer and connects the key
board to the display. OFF removes power from 
the device. The second switch has three positions 
labeled BUFFERED, PAGE and ROLL. Each posi
tion of this switch selects the terminal's operational 
mode. 

''':::8 ··0 
., . "'~ 

The display is a 12-inch CRT with an active area 
of 6 by 9 inches, formatted into a twenty-four line 
by 80 character page. The characters that can be 
plotted on this screen are taken from the standard 
64 character subset of ASCII, listed in Appendix C. 

The terminal operates in three switch selectable 
modes called Page-buffered, Page and Roll. Page
buffered mode allows an entire page of data to be 
entered into the terminal's memory, edited off line 
and then transmitted to the computer in part or in 
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SUMMARY 

MNEMONIC (FIRST CONTROLLER) 
INPUT ............................. TTl 
OUTPUT ........................... TTO 

DEVICE CODE (FIRST CONTROLLER) 
INPUT .............................. 108 
OUTPUT ............................ 118 

MNEMONIC (SECOND CONTROLLER) 
INPUT ............................ TTI1 
OUTPUT .......................... TTOl 

DEVICE CODE (SECOND CONTROLLER) 
INPUT .............................. 508 
OUTPUT ............................ 518 

PRIORITY MASK BIT 
INPUT .............................. 14 
OUTPUT ............................ 15 

CHARACTERS/LINE .................... 80 

LINES/DISPLAY ........................ 24 

TOTAL STORAGE 
CAPACITY (7-BIT CHARACTERS) 1920 

DATA TRANSFER RATE 
MAX (BAUD) ...................... 4800 

ACCUMULATOR FORMATS 

READ CHARACTER BUFFER ........... (DIA) 

o 2 3 4 5 6 7 8 9 10 II 12 13 14 15 

LOAD CHARACTER BUFFER .......... (DOA) 

o I 2 3 4 5 6 7 8 9 10 II 12 13 14 15 

S 

C 

P 

S, C AND P FUNCTIONS 

Set Busy to 1, Done to 0 and either load 
the Input Buffer or write a character into 
the display's memory. 

Set both Busy and Done to 0 andtermi
nate all data transfers. If issued before 
transmission is complete, partial char
acter codes are received. 

No effect. 



whole. In this mode there are six commands for 
positioning the cursor, and ten additional com
mands for defining protected and blinking areas, 
setting tabs, clearing areas of memory, and trans
mitting characters from memory to the computer. 

Page mode allows a file to be transmitted to the 
terminal and any desired changes made simulta
neously to both the information in the terminal's 
memory, through the terminal hardware, and the 
corresponding characters stored in the computer's 
memory, by means of software. The commands 
are the same for these two modes; the only differ
ence between them is that the keyboard in Page
buffered mode is directly coupled to the display 
and is off line from the computer until a special 
transmit key is used, while the keyboard in Page 
mode is always on line. 

Roll mode simulates a teletypewriter. In this 
mode there are five commands for positioning the 
cursor, and three additional commands for clear
ing areas of memory and transmitting data. All 
data is entered into memory locations which corre
spond to the bottom line of the display screen. A 
LINE FEED command causes all lines on the 
screen to move up one, the bottom line to become 
blank and the top line to be lost. 

INSTRUCTIONS 

The following instructions and timing information 
are for the DGC Display 6012 when it is used in 
conjunction with a 4010 controller. 

The 4010 controller contains an 8-bit Input Buffer 
and an independent 8 -bit Output Buffer. Since the 
display is actually two devices, both a Busy and 
Done flag are available for input operations and a 
separate set of Busy and Done flags are available 
for output operations. 

The display controller's Busy and Done flags are 
controlled using two of the device flag commands 
as follows: 

f= S Sets Busy to 1, Done to 0 and either reads 
a character into the Input Buffer or writes 
the character in the Output Buffer into the 
display's memory. 

f= C Sets Busy and Done to 0, thus stopping all 
data transfer operations. A Clear com
mand issued in during a transfer will 
result in the partial reception of the code 
being transferred. 

f= P No effect. 

READ CHARACTER BUFFER 

DIA<f> ac, TTl 

I 0 I I I I AC I 0 1 0 I I F I 0 0 I 0 0 0 I 
o I I 2 3 I 4 5 6 I 7 8 I 9 10

1 
II 1 12 I 13 1 14 I 15 

The contents of the Input Buffer are placed in bits 
8-15 of the specified AC. Bits 0-7 of the specified 
AC are set to o. After the data transfer, the con
troller's Input Busy and Done flags are set accord
ing to the function spec ified by F. The format of 
the specified AC is as follows: 

1:»i«::i:::::::::t:::>i«><:::{:::<i»I~~~'1 ~HAR1CTE~ OR fOMMtND I I 
o I 2 3 4 5 6 7 8 9 10 II 12 13 14 15 

Bits Name Contents 

0-7 ---- Reserved for future use. 

8 Parity Parity bit selected at the 
terminal; even, odd or none. 

9-15 Character The 7 -bit character or com-
mand read from the Input 
Buffer. 

LOAD CHARACTER BUFFER 

DOA<f> ac, TTO 

I 0 I I I I AC I 0 I I 0 I F I 0 0 I 0 0 I I 
. 0 I I . 2 . 3 I 4 . 5 . 6 I 7· 8 I 9 10 I II I 12 I 13 I 14 I 15 . 
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Bits 9-15 of the specified AC are loaded into the 
display's Output Buffer. After the data transfer, 
the controller's Output Busy and Output Done flags 
are set according to the function spec ified by F. 
The format of the specified AC is as follows: 

I:::::::::~:::::::::~:::::::m}:::::(:::::t:::}~::}:::r:::::lP~~'1 ICHA~ACTEIR OR
1 
COM~ANDI I 

o I 2 3 4 5 6 7 8 9 10 II 12 13 14 15 

Bits Name Contents 

0-7 ---- Reserved for future use 
(always 0). 

8 Parity Even, odd or no parity for 
the 7 -bit code. Ignored by 
the display. 

9-15 Character The 7-bit character or com-
mand transmitted to the 
Output Buffer. 



CONTROL CHARACTERS 

The control characters for the DGC Display 6012 
are described in the following format: 

NAME-CODE (LOCATION) II and/orE 

Functional Description 

NAME: 

CODE: 

LOCATION: 

B .. 
FUNCTION: 

Command Name 

Octal command code 

Keyboard location 

Destructive to some information 
on the sc reen 

Non-destructive to information on 
the screen 

Effect of the command 

ST ART PROTECT -36 (CTRL SH N) • 

[n Page -buffered and Page modes , START PROTECT 
is displayed as a space and is the delimiter of the 
beginning of a protected region. The end of the 
protected region is delimited by the first TAB 
STOP lEND PROTECT character encountered, 
scanning from left to right and downward on the 
screen from the START PROTECT character. If 
any command moves the cursor into a protected 
region, the cursor will move to the first character 
position following the TAB STOP lEND PROTECT 
character for that region. 

Note that every START PROTECT character should 
have a companion TAB STOP lEND PROTECT 
character between it and the end of the page or the 
entire protection mechanism is disabled in the 
terminal, and all START PROTECT and TAB STOPI 
END PROTECT characters are displayed as spaces. 

[n Roll mode, START PROTECT has no effect. 

TAB STOP/END PROTECT-35 (CTRL SH M) II 
In Page-buffered and Page modes, TAB STOP, 
END PROTECT is displayed as a space and does 
one of two things; it is either a tab stop or it is the 
delimiter of the end of a protected region or both. 
If it is a tab stop, when a TAB command is issued 
the cursor moves to the first character position 
following the first unprotected TAB STOP lEND 
PROTECT character encountered on the screen, 
scanning from left to right and downward on the 
page from the cursor position. If it is a delimiter 
of the end of a protected region, then the beginning 
of that region must be delimited by a START 
PROTECT character. If any command moves the 
cursor into a protected region, the cursor will 
move to the first character position following the 
TAB STOP lEND PROTECT character for that 
region. 

In Roll mode , TAB STOP lEND PROTECT has no 
effect. 

HOME-l0 (CTRL H) or (HOME) • 

In Page -buffered and Page modes, HOME moves 
the cursor to the first position in the top line on the 
screen. If this position is in a protected region, 
HOME will move the cursor to the first position 
following the end protect character for that region. 
If issued from the processor, HOME will terminate 
a transmission initiated by a TRANSMIT BUFFER 
command. 

In Roll mode, HOME moves the cursor to the first 
position in the bottom line of the display screen. 
If issued from the processor, HOME will terminate 
a transmission initiated by a TRANSMIT BUFFER 
command. 

CARRIAGE RETURN-15 (CTRL M) • 

In Page-buffered and Page modes, CARRIAGE 
RETURN moves the cursor to the first character 
position of the line the cursor occupies. If the 
first position of the line is in a protected region, 
the cursor will move to the first position following 
the TAB STOP lEND PROTECT character for that 
region. 

In Roll mode, CARRIAGE RETURN moves the 
cursor to the first character position in the bottom 
line. 
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LINE FEED-12 (CTRL J) or ( +) I.H"., 
In Page -buffered and Page modes, LINE FEED 
moves the cursor down the screen one line. When 
the cursor is in the bottom line, LINE FEED has 
no effect. If a LINE FEED moves the cursor into 
a protected region, the cursor will move to the 
first character position following the TAB STOP / 
END PROTECT character for that region. 

In Roll mode, LINE FEED moves all the lines of 
data on the display screen up one line. The top 
line of the display screen is lost and the bottom 
line becomes blank. The cursor remains in its 
current position in the bottom line. 

TAB-ll (CTRL I) or TAB III 
In Page -buffered and Page modes, TAB moves the 
cursor to the position following the TAB STOP / 
END PROTECT character encountered on the 
screen, scanning from left to right and downward 
on the screen. If no TAB STOP/END PROTECT 
character is found on the screen between the cur
sor position and the end of the page, the cursor 
moves to the first character position in the top 
line. If this position is in a protected region, TAB 
moves the cursor to the first position following the 
TAB STOP/END PROTECT character for that 
region. 

In Roll mode, TAB has no effect. 

CURSOR UP-17 (CTRL 0) or ( t) III 
In Page-buffered and Page modes, CURSOR UP 
moves the cursor up one line. When the cursor is 
in the top line of the display screen, CURSOR UP 
has no effect. If the command CURSOR UP moves 
the cursor into a protected region, the cursor will 
move to the first character position following the 
TAB STOP/END PROTECT character for that 
region. 

In Roll mode, CURSOR UP has no effect. 

CURSOR RIGHT -30 (CTRL X) or ( - )IIJ 
In Page-buffered and Page modes, CURSOR RIGH1 
moves the cursor one character position to the 
right. When the cursor is in the last character 
position of the line, the cursor will move to the 
first character position in the next line down the 
page. When the cursor is in the last character 
position of the bottom line, CURSOR RIGHT has no 
effect. If the command CURSOR RIGHT moves the 
cursor into a protected region, the cursor will 
move to the first position following the TAB STOP I 
END PROTECT character for that region. 

In Roll mode, CURSOR RIGHT moves the cursor 
one character position to the right. When the cur
sor is in the last character position of the bottom 
line, CURSOR RIGHT has no effect. 

CURSOR LEFT -31 (CTRL Y) or ( -) III 
In Page-buffered and Page modes, CURSOR LEFT 
moves the cursor one character position to the 
left. When the cursor is in the first character 
position of a line, the cursor will move to the last 
character position on the line above it. When the 
cursor is in the first character position of the top 
line, CURSOR LEFT has no effect. If the com
mand CURSOR LEFT moves the cursor into a 
protected region, the cursor moves to the first 
position following the TAB STOP/END PROTECT 
character for that region. 
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In Roll mode, CURSOR LEFT moves the cursor 
one character position to the left. When the cur
sor is in the first character position of the bottom 
line, CURSOR LEFT has no effect. 

CLEAR TO END OF LlNE-13 (CTRL K) or 

(CLEAR EOL) II 
In Page-buffered and Page modes, CLEAR TO 
END OF LINE erases all unprotected data from the 
cursor position to the end of the line, inclusive. 
The cursor does not change position. 

In Roll mode, CLEAR TO END OF LINE erases 
all data from the cursor position to the end of the 
line, inclusive. The cursor does not change 
position. 



CLEAR SCREEN-14 (CTRL L) or (CLEAR) • 

In Page-buffered and Page modes, CLEAR SCREEN 
erases all unprotected data on the display screen. 
The cursor moves to the first character position 
of the top line. If the first position of the top line 
is in a protected region, CLEAR SCREEN moves 
the cursor to the first position following the TAB 
STOP lEND PROTECT character for that region. 

In Roll mode, CLEAR SCREEN erases all data on 
the screen and moves the cursor to the first char
acter position of the bottom line. Data cannot be 
protected in Roll mode. 

FORCE ERASE-34 (CTRL SH L) II 
In Page-buffered and Page mode, FORCE ERASE 
erases all data on the screen, including all pro
tected areas. The cursor moves to the first char
acter position in the first line. 

In Roll mode, FORCE ERASE has no effect. 

BLlNK-37 (CTRL SH 0) .. 

In Page -buffered and Page modes, BLINK causes 
any character, or characters, between two BLINK 
characters to flicker on the display screen. If a 
single BLINK character is entered on the page, all 
characters from that position to the end of the page 
will flicker. BLINK characters are displayed as 
spaces and are transmitted as underscores. The 
cursor moves one character position to the right. 
In Roll mode, BLINK has no effect. 

TRANSMIT BUFFER-16 (CTRL N) III 
In all modes, TRANSMIT BUFFER sends to the 
processor the contents of the terminal's memory, 
character by character, from the cursor position 
to the end of the page. Any protected regions en
countered will not be transmitted. The data on the 
display screen will not be disturbed. TRANSMIT 
BUFFER moves the cursor to the last character 
position of the last line. If this position is pro
tected' the cursor moves to the first unprotected 
position on the page. Transmission can be halted 
at any point by having the program issue a HOME 
command. 

CONTROL KEYS 

XMIT III 
XMIT allows the operator to transmit a message 
to the processor while the terminal is in Page
buffered mode. The message is sent by holding 
down the XMIT key while typing characters on the 
keyboard. If the terminal is operating in full
duplex and the program does not echo the char
acters back to the terminal, the data on the 
display screen remains undisturbed. If the ter
minal is operating in half-duplex or if the program 
echoes characters, then the message entered will 
overwrite data on the display screen. 

In Page and Roll modes, XMIT has no effect. 

BREAK. 

In all modes, while BREAK is depressed, the 
terminal's transmitter is disabled so that no char
acters are transmitted from either the keyboard 
or the memory. 

REPEAT III 
The REPEAT key provides the continuous trans
mission of any code as long as both the REPEAT 
key and the code's corresponding key(s) are held 
down together. 

SHIFT and CTRL III 
The SHIFT and CTRL keys produce commands or 
alphanumeric codes when they are depressed to
gether with other keys. 
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ESC-33 (ESC) (CTRL SHIFT K) • 

In Page and Roll modes, ESC sends code 33, a pro
tocol char,!-cter. ESC does not work together with 
REPEAT. 

In Page-buffered mode, ESC can be used with the 
XMIT key. 

CTRL RESET II 
CTRL RESET clears the entire display memory, 
initializes the control, and places the cursor in the 
first position of the bottom line. 



PROGRAMMING 

Since the terminal is actually two separate devices, 
input and output are discussed separately. 

Input 

Neither full- nor half-duplex input operations have 
to be initialized by the program. Striking a key in 
either Page or Roll modes automatically transmits 
the corresponding character to the controller. 
After the character is assembled, the Input Busy 
flag is set to 0, the Input Done flag is set to 1 and 
a program interrupt request is initiated. 

The character can then be read by issuing a READ 
CHARACTER BUFFER instruction (DIA). The 
Input Done flag should then be set to 0 with either 
a Start or a Clear command. This allows the next 
character to initiate a program interrupt request 
when it is fully assembled. 

The TRANSMIT BUFFER command transmits the 
contents of the terminal's memory character by 
character to the controller. 

Output 

A character is loaded into the Output Buffer of the 
controller by issuing a LOAD CHARACTER BUFFER 
instruction (DOA). The character can then be 
transmitted to the terminal by issuing a Start com
mand. While the character is being transmitted, 
the Output Busy flag is set to 1. Upon completion 
of the transmission, the Output Busy flag is set to 
o and the Output Done flag is set to 1, thus initiat
ing a program interrupt request. 

Each time a character is to be sent to the terminal, 
the Output Buffer must be reloaded with a LOAD 
CHARACTER BUFFER instruction. A sequence of 
LOAD CHARACTER BUFFER instructions together 
with Start commands is used to transmit a multi
character message. The program must allow each 
character to be transmitted before transmitting the 
next character. 

TIMING 

Input Timing 

After the Input Done flag is set to 1, and before 
another key strike can destroy the character in 
the Input Buffer, the character is available for a 
READ CHARACTER BUFFER instruction for a 
time interval determined by the baud rate. 

Maximum Allowable 
Programmed I/O Latency Baud Rate 

(ms) 

21. 59 110 
15.84 150 

7.92 300 
3.95 600 
1. 97 1200 
1. 31 1800 

.98 2400 

.65 3600 

.49 4800 

Output Timing 

After the Output Done flag is set to 1, the program 
should provide another character within a time 
limit determined by the baud rate to keep the 
transmission line operating at its maximum rate. 

Time Limit Baud Rate 
(ms) 

9.15 110 
6.64 150 
3.32 300 
1. 66 600 

.83 1200 

.55 1800 

.42 2400 

.27 3600 

.21 4800 
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ADDITIONAL NOTES 

The command TRANSMIT BUFFER, which is de
signed to be used primarily in Page -buffered mode, 
can also be issued when the display is in Page or 
Roll modes. 

Input 

The codes received from the terminal can be se
lected' at the terminal, to be 5, 6, 7, or 8 bits 
long with even, odd, or no parity bit. The pro
grammer should determine the code structure used 
in the terminal and make sure that the controller 
is compatible. 

When the terminal is operating in full-duplex, the 
program must "echo" the characters if they are 
to affect the display screen. 

Half-duplex operation requires a protocol to be set 
up between the computer and the terminal. The 
protocol should be formed to resolve any conflicts 
over the use of the transmission line. 

Output 

The codes received by the terminal can be selected, 
at the terminal, to be 5, 6, 7, or 8 bits long. The 
parity bit is ignored in all codes received by the 
terminal. 

When characters are sent to the terminal, all lower 
case characters are displayed as their uppercase 
equivalents. 

Half-duplex operation requires a protocol to be set 
up between the computer and the terminal. The 
protocol should be formed to resolve any conflicts 
over transmission line use. 

When operating in either Page-buffered or Page 
mode, characters will automatically continue to 
the next line when the end of the current line is 
reached. When the last line on the page is filled, 
any other characters received will overwrite the 
last character on the last line. When operating in 
Roll mode, the last character in the bottom line 
will be overwritten by subsequent characters. In 
order to avoid overwriting any line, both a 
CARRIAGE RETURN and a LINE FEED command 
should be issued. 
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SECTION III 

HARDCOPY 

• PAPER TAPE READER 

• PAPER TAPE PUNCH 

• CARD READERS 

• DASHER LP2 PRINTER 

• 4034 SERIES PRINTERS 

• COMMERCIAL I/O SUBSYSTEM 
MODELS 4215-19, 4244-45 

• INCREMENT AL PLOTTERS 





INTRODUCTION TO 
HARD COPY PERIPHERALS 

Hard copy peripherals are devices through which 
data is transferred into and out of the computer 
system. Data is entered into the system through 
input devices which read or sense coded data from 
paper tape or cards, and transferred out of the 
system to output devices which record the data on 
paper tape, line printer paper, or plotting paper. 

Paper tape can be used as either an input or an 
output medium. The medium is a long strip of 
1/2" wide paper or mylar tape. A series of holes 
located across the width of the tape represent a 
frame of information. Each frame contains eight 
bits. The information on the tape may be entered 
into the computer system through either a high 
speed paper tape reader or through a Teletype 
equipped with a paper tape reader. The maximum 
transfer rate for a high speed reader is 400 frames/ 
second while the input rate from an ASR Teletype 
is either 10 or 15 frames/second, depending on the 
particular model used. 

Information may be transferred out of the system 
to either a high speed paper tape punch or to a 
Teletype equipped with a paper tape punch. The 
maximum transfer rate to a high speed punch is 
63.3 frames/second while the rate to an ASR Tele
type is either 10 or 15 frames/second, depending 
on the particular model used. 

Cards for input may be of two types: industry 
standard 12-row 80-column punched cards or 12-

row variable-format mark-sense cards. A series 
of 12 locations across the width of a card repre
sents a column of information which is coded as 
holes in the appropriate locations on a punched 
card or as pencil marks in the appropriate loca
tions on mark sense cards. The information 
transfer rate depends on the particular model of 
the card reader used and the format of the card. 
The range is from 150 to 1000 cards/minute. 

Line printers provide high speed hard copy output 
for alphanumeric information. The paper is 
generally sprocket-fed, fan-fold and of widths 
ranging from 4 to 19 7/8 inches. Alphanumeric 
information is sent to a line printer in either 64 
or 96 character subsets of ASCII code. Depending 
on the particular model used, information can be 
transferred at a rate of up to 900 136-character 
lines/minute. 

Graphical output in the form of charts and drawings 
is provided by the incremental plotters. Several 
variations allow plotting on either a single sheet, 
a roll, or a fanfold stack of paper. All plotters 
allow the selection of 8 possible line segments 
which can be generated in each incremental step. 
The length of the basic step size may be specified 
upon ordering to be either metric (.05 - .25mm) or 
english (.002 - .010 inch). Depending on the model 
used, the plotter draws at either 200 or 300 steps/ 
second. 
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PAPER TAPE READER 

INTRODUCTION 

Paper tape readers provide data input from stan
dard fanfold eight-channel paper or mylar tapes at 
speeds of up to 300 or 400 frames/second (4011B 
and 6013 readers, respectively). The reader con
sists of a supply bin, a read station, and a receiv
ing bin. Tape is moved from the supply bin through 
the read station, where each frame is read, to the 
receiving bin where it may be removed. 

READ STATION 
AND BRAKE MECHANISM 

1~ 
J 

The tape format is shown below. The eight chan
nels across the width of the tape comprise a frame. 
The sprocket hole is used as a timing strobe for 
each frame as it enters the read station. Both the 
code structure used for data and the interpretation 
of the input is determined by conventions decided 
upon by the programmer. Conventional ASCII 
paper tape code may be found in Appendix C. 

TAPE 
CHANNEL AC 

# BIT " ,-;---------"~, -=-8 " 15 / 
2 @ ,'";' 14 
3 • ...... 13 _" .. .,~ •. ". 

<> ~ ........... ID .................. \)" .. " '" Ill: "': .. "' .. ~,,~,~ e e .... ~.<> ~~·12" .~~~,..):.!~ SPROCKET 

~ ~ "',> . 1~ HOLES 
7 & '. 9 
8 * 8 

OG-00449 <}-- DIRECTION OF TAPE MOVEMENT 

III-3 

,.....------SUMMARy------..... 

MNEMONIC (FIRST CONTROLLER) ..•.• PTR 

DEVICE CODE (FIRST CONTROLLER) .•..• 128 

MNEMONIC (SECOND CONTROLLER) .. PTR1 

DEVICE CODE (SECOND CONTROLLER). •. 528 

PRIORITY MASK BIT •. . . . • • . • . . . . • • . . . .. 11 

BITS/FRAME........................... 8 

FRAMES/INCH. 0 • • • • • • • • • • • • • • • • • • • • • • •• 10 

CAPACITY OF HOPPER (FEET) •.••• 100-150 

MAXIMUM DATA TRANSFER RATE 
(FRAMES/SECOND) ..•••.••.•. 300 or 400 

ACCUMULATOR FORMAT 

READ FRAME ................•.•..... (DIA) 

S 

C 

P 

S, C AND P FUNCTIONS 

Set the Busy flag to 1, the Done flag to 
0, and load the Frame Buffer with the 
contents of the frame. 

Set the Busy and Done flags to 0 without 
affecting the contents of the Frame 
Buffer. 

No effect. 



INSTRUCTIONS 

The tape reader is driven by a controller which 
contains an eight -bit Frame Buffer. If a hole is 
punched in a channel of a frame on a tape, a 1 will 
be loaded into the data bit corresponding to that 
channel when the frame is loaded into the Frame 
Buffer. The sprocket hole is not loaded into the 
Frame Buffer, but signals the controller when a 
frame enters the read station. 

One I/O instruction is used to program the tape 
reader. This instruction loads the contents of the 
Frame Buffer into an accumulator. 

The tape reader controller's Busy and Done flags 
are controlled by the flag commands as follows: 

f= S Set the Bus y flag to 1, the Done flag to 
0, and load the Frame Buffer with the 
contents of the next frame on the tape. 

f= C Set both the Busy and Done flags to 0 
without affecting the contents of the 
Frame Buffer. 

f= P No effect. 

READ FRAME 

DIA <1> ac, PTR 

I 0 I I I I AC I 0 0 I I ~ I 0 I 0 I I 0 I I I 0 I 
o I I 2 3 I 4 5 I 6 I 7 8 9 10 II 12 I 13 14 15 

The contents of the Frame Buffer are loaded into 
bits 8-15 of the specified AC. Bits 0-7 are set to 
O. After the data transfer, the controller's Busy 
and Done flags are set according to the function 
specified by F. The format of the specified AC is 
as follows: 

o I 2 3 4 5 6 7 8 9 10 II 12 13 14 15 

Bits Name Contents 

0-7 ---- Reserved for future use. 

8 channel 8 

9 channel 7 

10 channel 6 A hole in the corresponding 

11 channel 5 
channel(s) of the frame 
read places a 1 in the cor-

12 channel 4 responding accumulator 

13 channel 3 
position(s) . 

14 channel 2 

15 channell 

PROGRAMMING 

Once the operator has loaded the tape into the 
reader and placed the reader on line, the program 
may read the tape. A Start command (NIOS) issued 
to the reader will load the Frame Buffer with the 
contents of the next frame on the tape. While the 
buffer is being loaded, the Busy flag is 1, and the 
Done flag is O. When the buffer has been loaded, 
the Busy flag is set to 0, and the Done flag is set 
to 1, thus initiating a program interrupt request. 
The program may then read the contents of the 
buffer by issuing a READ FRAME instruction (DIA). 
The READ FRAME instruction loads the contents 
of the Frame Buffer into the specified accumulator. 
The program may continue reading frames by is
suing a series of Start commands and READ 
FRAME instructions. 
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TIMING 

The paper tape reader is capable of reading at 
speeds of up to 300 (4011B) or 400 (6013) frames 
per second. When operating at this speed, the 
reader takes 2.5 milliseconds to fill the Frame 
Buffer with the next frame on the tape. In order to 
keep the tape in continuous motion, the program 
must retrieve the data, and set Busy to 1 within 
100 microseconds after the Done flag is set to 1. 
Waiting longer than this time forces the reader to 
stop and restart the tape. The programmer should 
not attempt to operate the reader in this manner at 
speeds in excess of 150 frames per second. Faster 
stop/start rates produce chatter and may lead to 
unreliable reader operation. 

ADDITIONAL NOTE 

Usually, the tape has a leader which is composed 
on a series of null frames. Since the contents of 
the Frame Buffer are indeterminate when the com
puter is first turned on, the frames on the leader 
may be used to set the contents of the Frame Buf
fer to O. The leader may be ignored by checking 
each frame, as it is read into the buffer, for non
zero contents. Processing of the information field 
may begin when the program finds a non-zero 
frame. The program usually recognizes the end 
of the information field on the tape by some pre
determined contents of a frame or group of frames 
which signify the end of tape. A second method 
for determing the end of tape is by counting the 
total number of frames in the information field on 
the tape. 



PROGRAMMING EXAMPLES 

To program the paper tape reader, all that is re
quired are four instructions. An example of this, 
inserted in a program would be the following: 

NIOS 
SKF'DN 
JMF' 
DIAC 

PH, 
PTR 

;START READER 
;FRAME BUFFER LOADED YET? 
;NO . -1 

1,PTR ;READ THE FRAME AND CLEAR THE DONE FLAG 

But many times, more than one character may 
need to be read, and four simple instructions are 
not enough. In addition, there may be a leader 
(a number of blank frames at the beginning of the 
tape) which the programmer may want to ignore. 
The following subroutine reads a specified number 
of frames, ignoring the leader, and stores them, 
sequentially, starting at the address contained in 
AC2. When the subroutine is called, AC1 contains 
the number of characters to be read. Upon return 
to the main program, ACO is untouched, AC1 con
tains the starting address of the data storage, and 
AC2 contains an address which is one more than 
the final address of the data. The subroutine is 
called with a JUMP TO SUBROUTINE instruction 
(JSR). 

For example, to read 608 frames and store them 
sequentially, starting at location 4120, give: 

LDA 1,SIXTY ;GET NUMBER OF FRAMES TO READ 
LDA 2,ADDR ;GET BEGINNING OF BUFFER 
JSR PTRD ~GO TO READER SUBROUTINE 

SIXTY: 60 
ADDR: 4120 

III-5 



This will call the following routine: 

PAPER TAPE RfADER INPUT SUBROUTINf, INTfRRUPTS DTSABLFD 

CHECK FOR AND IGNORE LfADfR 
F'TRD: STA 1,CNT ; STOF:E COllNTfF: 

srA 2,SAV2 ;SAVE AC2 
f.IGA IN: NIOS PTR ;START READER 

SKPDN PTR ;READY? 
JMP .-1 
DIA 1,PTR ;READ CHARACTER 
MOV~ 1,1,SNR ;NULL CHARACTER? 
"IMP AGAIN ;YfS 
"IMP STORE ;NO, ENTER LOOP 

READ DATA 
LOOP: NIOS PTR ;RESTART READfR 

SKPDN PTR ; READY? 
JMP .-1 
DIA 1,PTR ;READ DATA 

STORE: srA 1,0,2 ;STORE DATA 
INC 2,2 ;INCREMENT STORAGf LOCATION 
DSZ CNT ;DONF? 
JMP LOOP ;NO 
LDA 1,SAV2 ;RELOAD STARTING 
JMP 0,3 ; RETURN 

STORAGE 
CNT: o ;COUNTER 
SAV2 : ° ;AC2 SAVE LOCATION 

Both of these examples are inefficient because 
they must wait in a loop during the 2. 5 milliseconds 
it takes to complete loading in the Frame Buffer. 
If there are other devices that could be serviced 
while waiting, or calculations that could be per
formed, and interrupt service routine may be use
ful. An example of a paper tape reader service 
routine in an interrupt handler can be found in 
example three in Part 1 of this manual. 
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PAPER TAPE PUNCH 

INTRODUCTION 

The paper tape punch provides data output to stand
ard-fanfold eight-channel paper or mylar tapes. 
The punch consists of a supply bin, a punch station, 
and a take-up bin. Tape is moved from the supply 
bin to the punch station, where it is punched, and 
then to the storage bin where it may be removed. 
The punch can operate at speeds of up to 63.3 
frames per second. Some punches are equipped 
with a program controlled ON/OFF switch. 

TO CONTROL 
MECHANISM 

PUNCH 
STATION 

• SUPPLY 
I BIN 

The format of the tape is shown below. The eight 
channels across the width of the tape comprise a 
frame. The sprocket hole is punched to allow the 
tape to be read by standard paper tape readers. 
Both the code structure and interpretation of the 
input is determined by conventions decided upon 
the programmer. Conventional ASCII paper tape 
code is listed in Appendix C. 

TAPE 
CHANNEL 

# 

'10. 

AC 
BIT ,. 

[;6-00625 <)-- DIRECTION DF TAPE MOVEMENT 

SPROCKET 
HOLES 
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SUMMARY 

MNEMONIC (FIRST CONTROLLER) . . . . . .. PTP 

DEVICE CODE (FIRST CONTROLLER) ....... 138 

MNEMONIC (SECOND CONTROLLER) . . .. PTPI 

DEVIC E CODE (SECOND CONTROLLER). . . .. 538 

PRIORITY MASK BIT . . . . . . . . . . . . . . . . . . . . .. 13 

BITS/FRAME. . . . . . . . . . . . . . . . . . . . . . . . . . . .. 8 

FRAMES/INCH........................... 10 

MAXIMUM TAPE LENGTH 
IN STORAGE HOPPER (FEET) ........... 300 

MAXIMUM DATA TRANSFER RATE 
(FRAMES/SECOND) ................... 63.3 

ACCUMULATOR FORMAT 

LOAD FRAME BUFFER ................ (OOA) 

o 2 3 4 5 6 7 8 9 10 II 12 13 14 15 

S, C AND P FUNCTIONS 

S Set the Busy flag to 1, the Done flag to 0, 
punch the character in the Frame Buffer 
and advance the tape 1 frame. 

C Set the Busy and Done flags to 0 without 
affecting the contents of the Frame Buffer. 

P No effect. 



INSTRUCTIONS 

The tape punch is driven by a controller contain
ing an eight-bit Frame Buffer. If a hole is to be 
punched in a channel of a frame on the tape, a 1 
should be loaded into the Frame Buffer position 
corresponding to that channel when the buffer 
is loaded. The sprocket hole is not loaded into 
the Frame Buffer, but is punched automatically. 

One I/O instruction is used to program the paper 
tape punch. This instruction loads the contents 
of an accumulator into the Frame Buffer of the 
controller. 

The paper tape punch controller's Busy and Done 
flags are set according to the device flag com
mands as follows: 
f=S Set the Busy flag to 1, the Done flag to 0, 

and punch the contents of the Frame Buffer 
on the tape. If the automatic ON/OFF option 
is installed, and the power switch is off, 
a Start command also turns on the punch. 
It will not affect the contents of the Frame 
Buffer. 

f=C Set both the Busy and Done flags to ° with
out affecting the contents of the Frame Buf
fer. 

f=P No effect. 

LOAD FRAME BUFFER 

DOA<f> ac, PTP 

10 I,ll AC 10, 01 
0

1
123 1 456 1 7 

F 10 0 I 0 I I I 
8 I 9 10 I II I 12 I 13 I 14 I 15 

Bits 8-15 of the specified AC are loaded into the 
Frame Buffer. Bits 0-7 are ignoredo After the 
data transfer, the punch controller's Busy and 
Done flags are set according to the function speci
fied by F. The contents of the specified AC remain 
unchanged. The format of the specified AC is as 
follows: 

o 2 3 4 5 6 7 8 9 10 II 12 13 14 15 

Bits Name Contents 

0-7 ---- Reserved for future use. 

8 channel 8 "'I 

9 channel 7 

10 channel 6 

11 channel 5 A 1 is placed in the bit 

12 channel 4 position(s) corresponding 
to the tape channel(s) in 

13 channel 3 which a hole is to be punched 

14 channel 2 

15 channel 1 

PROGRAMMING 

Once the operator has loaded tape into the punch, 
and placed the punch on-line, the program may 
punch the tape. Since the contents of the Frame 
Buffer are indeterminate when the computer is 
first turned on, the program should load the Frame 
Buffer using a LOAD FRAME BUFFER instruction 
(DOA), before issuing a Start command. Once the 
FRAME BUFFER has been loaded, a Start command 
should be issued to punch the frame. A Start com
mand sets the Busy flag to 1, the Done flag to 0, 
and then punches the contents of the Frame Buffer. 
Once the frame has been punched, the tape is 
advanced, the Busy flag is set to 0, and the Done 
flag is set to 1, thus initiating a program interrupt 
request. To continue punching data, a series of 
LOAD FRAME BUFFER instructions and Start 
commands should be issued. 

TIMING 

The paper tape punch operates on a mechanically 
determined cycle time of 15.8ms and is capable 
of punching up to 63.3 frames/second. The first 
Start command issued will take effect at the point 
11.3ms after the cycle has started. If the cycle 
has already passed this point, the punch will wait 
until the next cycle. Once the punch has been 
started, the Done flag will be set to 1 at the begin
ning of the next cycle, thus initiating a program 
interrupt request. In order to operate at the maxi
mum speed, the program must issue another Start 
command within 11.3ms after the Done flag has 
been set to 1, otherwise, the punch must wait 
another cycle. 

The program controlled ON/OFF option requires 
approximately a I-second delay before punching 
may begin. If the Busy flag remains ° for more 
than 5 seconds, the punch will be turned off auto
matically. 
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ADDITIONAL NOTES 

To make loading the reader and unloading the punch 
easier, tapes are usually punched with leaders and 
trailers made up of a series of blank frames. In 
order to do this, the Frame Buffer should be loaded 
with all zeroes, and a series of Start commands 
issued. A Start command does not destroy the con
tents of the Frame Buffer, so a series of Start 
commands may be used to repeat any character. 

Many times a predetermined frame of group of 
frames is also punched with the leader or trailer 
to signify the length of the record, or the end of 
data, for the program reading it later. 

If the punch runs out of tape, the punching opera
tion continues and no indication is given to the 
program. Therefore, the operator should verify 



that sufficient tape is present for the data he 
intends to punch. 

The standard punch must be left on all the time 
that it might be used as it otherwise will not 
respond to the program. With the automatic 
power ON/OFF option, the punch can be left off. 
Then if the Busy flag is set to 1 when the motor is 
off, punching is automatically delayed about 1 
second while the motor gets up to speed. It can 
be assumed that the motor will remain on through
out any normal punching run, but if the Busy flag 
remains 0 for more than 5 seconds, the motor is 
turned off. 

PROGRAMMING EXAMPLES 

In order to punch a frame on paper tape, only three 
instructions are required. An example of punch
ing a frame during a program would be: 

SKPBZ 
JMP 
DOAS 

PTP 
. -1 
1, PTP 

It is often necessary to punch a block of frames. 
A subroutine to do this, including the punching of 
leaders and trailers would be similar to the follow
ing program. Upon calling the subroutine, AC1 
contains the number of frames to be punched and 
AC2 contains the starting location where the data 
is stored sequentially, one character per word. 
Upon return to the main program, AC2 will con
tain an address one greater than the address of 
the last frame punched. For example, to punch 
408 frames, stored sequentially, starting at loca
tion 1000, the following series of instructions may 
be used: 

LDA 1, FORTY 
LDA 2, ADDR 
JSR PUNCH 

FORTY: 40 
ADDR: 1000 

These instructions would call the following sub
routine: 

PAPER TAPE PUNCH OUTPUT SUBROUTINE" 

PUNCH: 

LOOP: 

OUT: 

LEADER: 

RET: 
SAV3: 
eNT: 
CNTR: 

STA 3 ,f~ET 
JSR LEADER 
NEG 1,1 
LDA 3,0,2 
SKPBZ PTP 
JMP .-1 
DOAS 3,PTP 
INC 'I . .., 

.:..,"-

INC 1,1,SZR 
JMP LOOP 
,JSR LEADER 
NIOC PTP 
JMP @RET 

PUNCH SERIES OF 
STA 
UtA 
STA 
SUB 
SKPBZ 
JMP 
DOAS 
DSZ 
JMP 
JMP 

STORAGE 

° o 

3,SAV3 
3,CNT 
3,CNTR 
3,3 
PTP 
. -1 
3,PTP 
CNTR 
.-4 
@SAV3 

;SAVE RETURN ADDRFSS 
;PUNCH lEADER 
;NEGATE COUNTER 
;LOAD DATA 
;PTF' RfADY? 
;NO 
;YES, PUNCH FRAME 
;INCRFMENT POINTER 
; INCREMENT COUNTER,SKIP IF 7FRO 
;PUNCH AGAIN 
;PRINT TRAILER 
;CLE":lR PUNCH 
;GET OUT 

Bl.ANK FRAMES 

;LOAIt COUNTER FOR BLANKS 
;STORE IT FOR USE 
;ZERO AC3 
;READY? 
;NO, THEN WAIT 
;OUTPUT NUll CHARACTER 
;ItECREMENT COUNTER 
;LOOP BACK 
; F:ETURN 

240 ;16 INCHES WORTH OF FRAMES 
o 

Both of these programs must wait in loops for the 
entire cycle time of the punch. In many cases, an 
interrupt driven paper tape punch might be desirable. 
An example of an interrupt driven punch may be 
found in the examples in part 1 of this manual. 
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CARD READERS 

INTRODUCTION 

Card readers provide data input from standard 
12-row cards at rates up to 150-1000 cards per 
minute. There are two types of card readers 
available, one which reads standard 80-column 
punched cards, the other which reads optically 
sensed mark cards and punched cards in various 
12-row formats. This second type of reader is 
also capable of reading inter-mixed card types, 
one card type at a time. The following table lists 
various specifications of the card readers sold by 
Data General Corporation. 

DATA CARD TIME 
DGC TRANSFER CYCLE BETWEEN 

MODEL CARD RATE TIME CHARACTERS 
NUMBER TYPE (CARDS/MIN) (ms) (ms) 

4016C Punch 150 400 2.01 

4016D Punch 285 200 2.0 

4016E Punch 400 150 .87 

4016F Punch 600 100 .87 

4016G Punch 1000 60 .48 

4016H Mark 150 400 161* 
Sense 

40161 Mark 285 210 161* 
Sense 

4016J Mark 400 150 69* 
Sense 

4016K Mark 600 100 69* 
Sense 

4016L Mark 1000 60 40* 
Sense 

*Divide this number by the number of columns/card to 
obtain intercharacter times. 

..... ------ SUMMARY ------__. 
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MNEMONIC (FIRST CONTROLLER) . . . . .. CDR 

DEVICE CODE (FIRST CONTROLLER) ...... 168 

MNEMONIC (SECOND CONTROLLER) .... CDR1 

DEVICE CODE (SECOND CONTROLLER) .... 568 

PRIORITY MASK BIT .. . . . . . . . . . . . . . . . . . .. 10 

BITS/COLUMN. . . . . . . . . . . . . . . . . . . . . . . . . . 12 

COLUMNS/CARD ....... PUNCHED ......... 80 

MARK SENSE ... 20-160 

MAXIMUM DATA TRANSFER RATE 
(CARDS/MINUTE) ................. 150-1000 

ACCUMULATOR FORMATS 

READ COLUMN ........................ (DIA) 

READ STATUS ••••.••..•••••.•••••••••. (DIB) 

S, C AND P FUNCTIONS 

S Set the Busy flag to 1, the Done flag to 0, 
and pick the next card. 

C Set both the Busy and Done flags to O. 

P Set the Done flag to 0 without affecting 
the Busy flag. 



The reader is comprised of a card supply hopper, 
a read station, and a card stacker. A card is 
selected from the hopper by a mechanical pick, 
and is moved into the read station. Here it is 
read, one column at a time. Once the card has 
been read, it is moved to the card stacker where 
it may be stored temporarily, before being re
moved. 

OG-00911 

The formats of the cards are shown below. The 
twelve rows across the width of the card comprise 
a column. Cards are either standard 80-column, 
punched or variable format mark sense cards. 
Both the code structure used and the interpretation 
of data is determined by the programmer. The 
conventional Hollerith punched code is listed in 
Appendix C. 

ROW 12 

II 111111111 1111111 

o 11111111 "(, 11I~~~Of" ~~,J~'C,~ 

II. 1.11,llll ill' il,il: ;,,11 : 11,1. ,I I ,I. ,1 

2 111'il,· .. 1::11,,1: :.1 

4 .H~H~I';l!: ~'l ::1:" : I '~I!~'~ "',~!,I!,! ~:!lj':;:!I~~H~:!!H!J(!. 

5 S~\S~)i\I:):~' li~).)llli: 5:';551:5)\)51 :S;il\5S\a~);i:)i\ 

1/,';:,111:11;;11/1 '"";1 ,"II; ,i;iil:u ',:/,"/II'!; 1111)1111:1;111171/11 

ij38',~';~:;I~~·8'a~'~6~~".I< .- .• Ii JI,.~~'\IIIIII:!IIIIIIBIIIIIIIII1I8n~e8 

9 

Standard 80 Column Punched Card Format 

06-02/9/ 
-N~~~~~m~Q=~~~~~~~~2N~~~~~~~~~~~~~~~~=~~ 
J 
o 
U 

ROW 12 n a a ~ ~ a a a a a a a a a a a ~ u a u a u u a u u u nun u n U D C U U a ~ u 
II U U U U U U U u n ~ a a u a a a u a u u a n a u u a u u a u D D n J [ U ~ U U U 
o n n r, a r a u a u u a u u u 0 U 0 a GUn a 0 u a G u U U a ~ J ~ 1 0 ~ Jon U 
I D' ~,!, G' !'n "~"n "~"~'n "~'~'o'~'o '~"ij 'o'nTn'u'o"o"n']Trn'~'~ '~"j'n'o T 
2 i a u 0 U U U U a J ~ il U 0 0 U U U una n a U U a U U a uno D 0 U D a u U a U 
3 i U una u 0 G non ann n J U U 0 a U a U a aUG a U [ U a a a aGO 0 a U n 
4 \ ~ a U U a a a U a a U a n 0 U a n a U 0 U 0 a U U 0 0 0 [ 0 a U a U D 0 ~ U 0 0 

o ~ n U 0 0 U 0 0 uno a 0 a 0 a 0 0 a 0 0 U D 0 0 a 0 0 0 uno 0 0 U 0 0 U U 
6 U 0 0 Goa a 0 D a U DODO 0 0 0 0 U 0 U il 0 U 0 U 0 0 U a ~ il 0 U D 0 U U a 
7 U 0 a " 0 U a uno n n nun a U ann n n n nun n n Lan c n n J J nan n 
8 u n l n nun n n n n n n n n n n n n ~ nan n n n n nun nun n n n G n n n 
9 n n nun n n nne n il 0 n n il n nan n n n nan n n n nan U a J n n n n n 

06-02/92 Mark Sense Card Format 

INSTRUCTIONS 

The card reader is driven by a controller which 
contains a 12-bit Data Register and a 5-bit Status 
Register. 

Two I/O instructions are used to program the 
card reader; the first reads a column on the 
card, and the second allows the program to deter
mine, in detail, the status of the card reader. 

The card reader controller's Busy and Done flags 
are set according to the three device flag com
mands as follows: 

f=S Set the Busy flag to 1, the Done flag to 0, 
and bring a card from the hopper into the 
read station. 

f=C Set both the Busy and Done flags to O. If 
a card is in the reader, it will continue to 
move through the reader, but no program 
interrupt requests will be generated as 
the columns pass through the read station. 

f=P Set the Done flag to 0 without affecting the 
Busy flag. 

READ COLUMN 

o 
o I 2 

I AC 1 0 
I 

3 1 4 5 6 

I 

7 8 9 10 II 121 13 14 15 

The contents of the controller's Data Register are 
loaded into bits 4-15 of the specified accumulator. 
Bits 0-3 are set to O. After the data transfer, the 
controller's Busy and Done flags are set accord
ing to the function specified by F. The format of 
the specified AC is as follows: 

o 2 3 4 5 6 7 8 9 10 II 12 13 14 15 

Bits Name Contents 

0-3 ---- Reserved for future use. 
4 Row 12 
5 Row 11 
6 Row 0 
7 Row 1 
8 Row 2 
9 Row 3 If the row on the card is 

10 Row 4 punched or marked, the 
11 Row 5 corresponding bit is set 
12 Row 6 to 1. 
13 Row 7 
14 Row 8 
15 Row 9 
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READ STATUS 

DIB<f> ac, CDR 

o I I I I AC I 0 I 0 I I F I 0 0 I I 0 I 
o I I 2 3 I 4 5 6 I 7 8 I 9 10 I II I 12 I 13 14 15 

The contents of the controller's Status Register 
are loaded into bits 11-15 of the specified ac
cumulator. Bits 0-10 are set to 0. After the 
data transfer, the controller's Busy and Done 
flags are set according to the function specified 
by F. The format of the specified AC is as 
follows: 

I:·:::.:::j::::::::::!::::::::::::.:::::.}::::::::::::::::::::i::::::::::::::::::::;:·:::::.:~:::::::::i::::':::::1 "X I i~~t IERRORIREADY~ 
o I 2 3 4 5 6 7 8 9 10 II 12 13 14 15 

Bits Name Meaning When Set to 1 

0-10 --- Reserved for future use. 

11 Hopper The input hoppe r has run 
Empty/ out of cards or the output 
Stacker stacker is full. 
Full 

12 Pick The card did not move from 
Failure the input hopper into the 

card reader. 

13 Trouble A card is jammed in the 
reader or there is an elec-
tronic failure. 

14 Ready The reader is ready to take 
another card from the input 
hopper. 

15 Card In A card is passing through 
Reader the read station. 

PROGRAMMING 

When the card reader is on-line, and ready to 
transmit data, the program may issue a Start 
command to the controller. A Start command 
sets the Busy flag to 1, the Done flag to 0, and 
picks a card from the hopper. Once the first 
column enters the read station, the Done flag is 
set to 1, thus initiating a program interrupt re
quest. The Busy flag remains set to 1 as long as 
the card remains in the reader. 

The column may then be read by a READ COLUMN 
instruction (DIA). A READ COL UMN instruction 
loads the specified accumulator with a one in 
those bits corresponding to punched or marked 
rows in a column. A Pulse command should then 
be issued to set the Done flag to ° without affect
ing the Busy flag. This will allow the next column 
on the card to set the Done flag to 1 when it enters 
the read station, thus initiating a program inter
rupt request. Usually the READ COLUMN instruc
tion and Pulse commands are combined in a DIAP 
instruction. 

Consecutive columns may be read by a series of 
DIAP instructions, waiting between each for the 
Done flag to be set to 1. 

When the final column has been read, the card 
passes out of the read station, the Busy flag is 
set to 0, and the Done flag is set to 1, thus initiat
ing a program interrupt request. Another card 
may then be loaded into the reader. Note that the 
Done flag serves two purposes. When combined 
with the Busy flag being 1, the setting of the Done 
flag to 1 signifies a column is ready to be read. 
When combined with the Busy flag being 0, the 
setting of the Done flag to 1 signifies the end of a 
card. 

The controller'S Status Register can be checked at 
any time by means of a READ STATUS instruction 
(DIB). Before a Start command is issued, the 
Status Register should be checked for the Ready 
flag being 1, and after the Start command is is
sued, it should be checked for a possible pick 
failure. Note that if a pick failure occurs, the 
Done flag is not set to 1, but remains set to 0. 
Thus a program interrupt request will not occur. 
Status should also be checked after each column 
is read to determine any possible errors while 
reading. See the section entitled Error Conditions 
for a more detailed discussion concerning the use 
of the Status Register. 
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TIMING 

The following table contains all the relevant timing 
information for the various card readers available 
from Data General Corporation. The term "card 
cycle time" refers to the time it takes an entire 
card to be loaded, processed, and put into the 

DATA CARD TIME 
DGC TRANSFER CYCLE BETWEEN 

stacker. The term "maximum allowable pro
grammed I/O latency" refers to the amount of time 
the program has after the Done flag is set to 1 in 
order to issue a READ COLUMN instruction. If 
the program waits longer than this time, the data 
from that column is lost. 

LAST MAXIMUM 
START EDGE OF START COLUMN ALLOWABLE 

TO EDGE CARD TO TO FIRST TO END PROGRAMMED 
MODEL CARD RATE TIME CHARACTERS OF CARD FIRST COL. COLUMN OF CARD 1.'0 LATENCY 

NUMBER TYPE (CARDS/MIN) (ms) (ms) (ms) (A) (ms) (B) (ms) (A&B) (ms) (ms) 

4016C Punch 150 400 2.01 53 6.25 59.3 170. 1. 31 
, 

4016D Punch 285 200 2.0 24 6.25 30.2 8.05 1. 31 

4016E Punch 400 150 .87 24 2.6 26.6 53.5 .43 

4016F Punch 600 100 .87 24 2.6 26.6 3.48 .43 

4016G Pun-::h 1000 60 .48 15 1. 86 16.9 1. 91 .24 

4016H Mark 150 400 161. • 53 43.06** Note 1 43.06**' .60 
Sense 

40161 Mark 285 210 161. • 24 43.06** Note 1 43.06**' .60 
Sense 

4016J Mark 400 150 69. • 24 100.67** Note 1 100.67** .23 
Sense 

4016K Mark 600 100 69. • 24 100.67' Note 1 100.67** .23 
Sense 

4016L Mark 1000 60 40 • 15 175.38** Note 1 175.38** .13 
Sense 

*Divide this number by the number of columns/card to obtain intercharacter times. 
**Divide the distance, in inches, from the edge of the card to the second clock mark's leading edge by this factor to obtain the 

time interval. 
***Divide the distance, in inches, from the last column timing mark to the end of the card by this factor to obtain the time 

interval. 

Note 1 - Add the time calculated in column B to the time calculated in column A to obtain this time. 
OG-01460 

ERROR CONDITIONS 

The card reader's Status register is used in deter
mining when errors have been encountered during 
operation. These errors may cause erroneous 
data, or make it impossible to read data. Three 
status flags: Hopper Empty/Stacker Full, 
Trouble, and Pick Failure are available in the 
Status Register to signal any malfunctions in the 
reader. These flags will cause the reader motor 
to shut off and require operator intervention for 
correction. Two other flags: Ready, and Card-in
Reader signal the state of the reader. 

If Hopper Empty/Stacker Full is set to 1, the 
reader will not attempt to pick another card when 
a Start command is issued. The Hopper Empty / 
Stacker Full flag indicates that either all the cards 
were read (Hopper Empty) or the card stacker can 
hold no more cards (Stacker Full). In order to 
continue reading cards, the operator must either 
load a new deck of cards, empty the card stacker, 
or both. 

The Trouble flag indicates several types of mal
functions, such as a card jammed in the reader or 
a failure in the reader's electronic sensors. The 
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reader will continue to attempt to read the card 
currently in the reader, but any data read from 
that card is questionable. 

The Pick Failure flag is set to 1 if a Start com
mand fails to bring a card into the read station 
from the hopper. Note that if a Pick Failure oc
curs, the Done flag is never set to 1, and the 
Busy flag remains set to 1. Therefore, the only 
means of determining a bad pick is through the 
Pick Failure flag. Even though a Pick Failure 
may occur, the controller will continue trying 
to pick the card until either a Clear command 
or an I/O RESET instruction (IORST) is issued. 
If continued attempts to read the card fail, in
cluding manual reloading by the operator, the 
card is probably defective and should be replaced. 
The Ready flag is set to 1 if the reader is ready 
to receive a Start command from the controller. 
Ready will not be 1 if any other Status flags are 1. 

The Card-in-Reader flag is set to 1 if there is a 
card in the read station. 



PROGRAMMING EXAMPLES the card reader, checking for errors. It is called 
by a JUMP TO SUBROUTINE instruction (JSR) 

The card reader may be programmed in a manner 
similar to the Teletype input if one does not wish 
to check for errors in the reader. This is not 
recommended, as a malfunction in the reader 
may result in erroneous data. The following sub
routine is one of many ways to read a card from 

to RDCRD. When the JSR instruction is executed, 
AC2 should contain the address where the data 
will be stored sequentially. Upon return, AC2 
will contain an address one greater than the final 
address of the data storage. The other ACs re
main unchanged. The subroutine is as follows: 

F:\!C~:[I: ~:;T{i 

:~.; r f; 
t. Di~ 
VIB 
,'IN 0':' 
--.li'iF" 
NIOS 
l. Dt, 

CI··IE:C~:.: [I III 

(1(JIJf;::, 
-..ii'1F' 
~:l i'.{:O~; 

--.li'·iF" 
. ..IdF" 

L DCIF' : :::;t<P ON 
')(1F" 

::;U"BN 
JHF' 

FDC: 

II I f:IP 
'3Tt. 
INC 
. ...IHF' 

NIOC 
LDrCl 
1.11 f.: 
~~\NO::; 

--.Ii'll" 

0, ~;'~Il.)O ; STOPE M::CIJi'iU1.J,TOf;::::; 
"2., B(-il~J!.. 
3,PFA[lY ;LOAII PEADY MASK 

E~:F:OF;: INO 
CDP ; PI U:.: f~ Cf'V;:n 
3,PIKFI :LOAD PICK FAll MASK 
;), CDF: ; F:F f.ll) ~;T,o, TUf; 
0,0,S7C ;eAPD IN PEADER? 
L 001" : IF:::;, (iO TO f;:FtID CCiLlIi'iN I o elF' 
3.;),SNR ;PICK FAIL? 

COP :PEADY TO PEAD? 
.-.J ;NOT YFT 
c: 0 F;: 
EOC 

. '. 
L.OOP 

I NO, FNn OF (JIPD 
:READ nATA AND SET DONE TO ° 
: STOPE D,YU~, 

:INCPFMENT POINTER 
;WAIT FOP NEXT COlUdN 

CDF: ;CLFAR CDF: 
3,TPBLF ILOAII TROUBLE MASK 
(), CDF: ; f<EriD ~·;T(,-,TU:::; 

3,0,S7P :TF:OUBLE? 

LDA O.SAl.)O :RESrOF:E ACO 
--.ldP @SAV3 :F:ETURN 

:NORMALLY SEN\! MESSAGE TO OPEF:ATCiR 

I:d:: (, D Y :c, 

F' I ~;: F I... : 1. () 
TF:BLE: 'i 

But this program wastes time waiting for the card 
to be picked, and then waits for each column to be 
brought into the read station. The following pro
gram uses the interrupt facility to accomplish the 
same results with a minimum of wasted time. 
It is called in the same manner as the first routine, 
but does not return any data in the accumulators. 

If time is a prime concern, the pick fail check may 
be eliminated, releasing about 62 microseconds 
for other programming. But if the pick check 
is eliminated and a pick fail occurs, an interrupt 
request will never be received from the card 
reader. 
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CARD READER SERVICE. USING INTERRUPTS 

.LOC 1. 
INTPP 

DUMMY INTEPRUPT HANDLER 
INTRP: SKPDZ CDR ;CDR INTERRUPT? 

-ii'iF' 
Htil ... T 

;YES, GO TO CDR SERVICE ROUTJNE 
;NOPMALLY WOtlLfi CHFCK FOR OTHfR INTEPF;~tIPT:~; 

SUBROUTINE TO READ A CARD - JSR'ED TO BY MAIN PPOGPAM 

FUiCF~D: ~:;I<PBZ CDR ;READfP ALPEADY RUSY? 
J~.iF' 

ST.~ 

::::;T."'< 
STf~' 
LIM 
inB 
AND,:, 
Jr-IP 
N IO~::; 

.-1 iYES, WAIT TILL JT'S FREE 
O,SAVO ;STORE ACCUMULATORS 
3, t:','-I!.J3 
2.PNTR ;STORE POINTEP 
3,READY ;LOAD REAfiV MASK 
O,CDR 
:5,0, SNF: ; F:F('olW~) 
ERfWF: ;NO 
CDR ;PICK A CARD 

PICK FAILURE CHfCI<, MAY BE OMITTED JF WAITJNG TJME CAN'T Bf SPARFD 
LDA 3,PII<FL ;LOAD PICI< FAIL MASI< 

CHECI<: DIB O.CDR ;RFAD STATUS 
MOVRO O,O.SZC ;CARD IN READER? 
-iMP LEAVE ;YES. CARD HAS BEEN PJCKFD SUCCESSFULLY 
ANDO 3.0,SNR ;PICI< FAIL? 
JMP CHECK iNO, CHECK AGAIN 
,.I M P U;: F: 0 \;: ; n::: ~:; 

LE.~~.IE: LD,'1 O,SAVO ;RESTORE ACO 
JMF' @SAV3 ;RETUPN 10 MAIN PROGPAM 

CDP INTERRUPT SFF:!.JICE ROUTINE ... ,IMP'FD TO .~y M(llN JNTFRRtlPT HtlNfil FF: 

CDR 91:;.:: ~;T iel 

~:;Trl 

~:;I<PBN 

Ji'IF' 
DIAP 
STf~ 

EDC: 

FiIT : 

SAV3: 
r;:EA II '(: 
PIKFl..: 
TRBl..E: 
F'N·H:: 

..JMP 
NIDC 
l..DA 
DIB 
AND'~ 

JMP 
LDA 
LIM 
INTEN 
J~iP 

STOF:AGE 

° 

° ') .... 
10 
4 
o 

O,SAVO ;STORE ACCUMULATORS 
3, S,;l.) 3 
CDP ; BUSY·~) 
EOC ;NO,END OE CARD 
O,CDR ;READ DATA AND SFT DONE TO ° 
O,~PNTR ;STORE DATA 
PNTR ;INCPEMENT POINTER 
FiIT ;GFT OUT 
CDR ;CLEAR CDR 
3,TRBl..E ;LOAD TPOUBLF MASK 
O.CDR ;READ STATUS 
3.0,SlR ;TROUBLE? 
EPF:OI;: ; YFS 
O,SAVO ;RESTORE ACCUMULATORS 
3, Stil)3 

;ENABLF INTEPRUPTS 
c·o ; F~ETur;~N TO I NTFF~RUF'TFj) f"F:OGPMi 

;NORMALLY WOULD SFND THF OPFRATOP A MESSAGE 
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DASHER LP2 PRINTER 

INTRODUCTION 
All DASHER LP2 printers are capable of printing at 
speeds up to 180 characters per second. Printing is 
bidirectional and incorporates a "logic seeking" 
algorithm. This algorithm determines the shortest 
route to a character, reducing the time spent 
performing carriage returns. 

The printer is interfaced to an ECLIPSE or NOV A 
computer by one of two controllers, either the 
Programmed I/O Line Printer Controller or the Data 
Channel Line Printer Controller. The instructions 
used to pass data to the printer via these two types of 
controllers are summarized below. The instruction 
sets appear at the end of this section. 

PROGRAMMED 1/0 CONTROLLER 

Mnemonic (First Controller) 
Device Code (First Controller) 
Mnemonic (Second Controller) 

Load Character Buffer 

<OOA) 

PROGRAMMING SUMMARY ----------, 

LPT 
17 B 

LPT1 

Device Code (Second Controller) 
Prioriry Mask Bit 
Maximum Characters/Line 
Lines/Inch 

ACCUMULATOR FORMATS 

Read Status 

(DIA) 

S, C AND P FUNCTIONS 

57 B 

12 
132 
6/8 

S Set the Busy flag to 1, the Done flag to 0, and load 
the contents of the Character Buffer into the 
printer. 

C Set both the Busy and Done flags to 0 without 
affecting the contents of the Character Buffer. 

p No effect. 
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DATA CHANNEL LINE PRINTER 
CONTROLLER 

,.---------- PROGRAMMING SUMMARY ----------, 

Mnemonic 
Device Code 
Priority Mask Bit 
Maximum Allowable Data Channel Latency 

DCLP 
17 
12 
(infinity) 

ACCUMULATOR FORMATS 

Format Disable 

(DOA) 

Load Memory Address Counter 

(DOB) 

01 1 

Load Byte Counter 

(DOC) 

Read Status 

(DIA) 

Read Memory Address Counter 

(DIB) 

Read Byte Counter 

(DIC) 

S, C AND P FUNCTIONS 

5 Set the Busy flag to 1, the Done flag to 0 and 
initiate operation. 

C Set the Busy, Done, and Status flags to 0 and stop 
operation. 

p No effect. 
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CODE RECEPTION 
Your DASHER LP2 printer receives information from 
a computer. This information is represented by 7-bit 
ASCll codes. The 128 characters in the standard 
ASCII set consist of 96 upper and lower case 
alphanumeric, punctuation, and graphic characters as 
well as 32 control codes. If your printer receives an 
alphanumeric code, it prints the corresponding 
character. If it receives a valid control code, it 
performs the specific function defined by the code. If, 
however, your printer receives one of the control 
codes it does not use, it ignores that code. 

Your printer can store up to 3000 characters in its 
buffer. Characters enter the buffer from a parallel 
interface which can signal the computer that the 
buffer is full. 

The parallel interface controls a special hardware 
signal which tells the computer system when there is 
room in the buffer for a character. This is consistent 
with most line printer interfaces. As a result, the 
programmer need not worry about overflowing the 
buffer when programming 9, DASHER LP2 printer. 

While receiving codes, the printer scans those codes 
already in the buffer to determine the fastest way to 
print each line. If the buffer becomes filled, the printer 
stops accepting codes. As soon as the buffer is half 
empty, the printer can accept additional codes. 

Your printer responds to three types of information: 

• Printing Character Codes - which result in a 
character being printed. 

• Control Codes - single codes which control 
special functions. 

• Escape Sequences sequences of codes 
(beginning with an escape) which control 
certain functions. 

Printing Character Codes 
The printing characters include all the upper and 
lower case alphanumeric characters as well as 
graphic, punctuation, and space characters. Up to 132 
characters may be printed on each line. If more than 
132 characters are received without a line terminator, 
the additional characters are not printed. Newlines 
<0128 ), Vertical Tabs (013 8 ), Form Feeds <0148 ), 
and Carriage Returns (015 8 ) are all considered line 
terminators. 
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Control Codes 
Your printer recognizes a number of control codes it 
recei ves as commands to perform specific operations. 
The control codes and their effects are listed in the 
accompanying table. 

DASHER lP2 PRINTER CONTROL CODES 

Name Mnemonic 
Control Code Effect 

(Octal) 

(Codes received) 

BELL BEL 007 Sounds audible tone. 

BACK SPACE BS 010 Print head moves back one character position. (Only when online) 

HORIZONTAL HT 011 Print head moves to next horizontal tab stop. If no tab is set, the 
TAB command is ignored. 

NEWLINE NL 012 Terminates the present line, advances the paper one line, and either: 
(LINE FEED) 

a) determines the fastest way to print the next line (if it is 
complete). or 

b) performs a carriage return and prints any characters from left to 
right. 

VERTICAL TAB VT 013 Paper advances to next tab stop. If no tab is set, the command is ignored 

FORM FEED FF 014 Paper advances to the top of the next form. If the automatic form feed 
option is not installed, the command is ignored. 

CARRIAGE CR 015 Carriage returns to the left-hand margin. 
RETURN 

SHIFT OUT SO 016 Selects alternate character set. (Model 1192 Option) 

SHIFT IN SI 017 Selects standard character set. 

ESCAPE ESC 033 Denotes the beginning of a command sequence. 
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Escape Sequences 
A number of functions on your printer may be 
controlled by special sequences of codes called escape 
sequences. 

• Horizontal and vertical tabbing 

• Elongated characters 

• Underscoring 

• Plotting 

• Resetting the printer 

• Compressed printing (option) 

• Down line loading a eharacter set 

An Escape code (033 8 ), if enabled, defines the 
beginning of these sequences while subsequent codes 
define the particular function to be performed. If no 
valid code follows the Escape code (or an option is not 
installed), the Escape code is ignored and subsequent 
codes produce the standard effect. If the Escape 
disable switch on the secondary control panel is in the 
disable position, all escape codes are ignored and 
subsequent codes are printed. 

Horizontal Tabs 

You may set a horizontal tab anywhere from the 
second to the last (132nd) character position. The 
printhead advances to the next horizontal tab stop 
following the reception of a Horizontal Tab (CTRL-D 
control code (011 8 ) and at least one printing 
character code. If you haven't set any horizontal tabs 
and CTRL-I is received, the command has no effect. 
The following escape sequences set and clear 
horizontal tabs: 

Escape Sequence 
<Octal Codes) 

ESC 1 
(033061) 

ESC 2 
(033062) 

ESC E # # ... NULL 
(033 105 # ... 000) 

ESC ENULL 
(033 105 000) 

Effect on Printer 

Sets a horizontal tab at the current print head 
position. 

Clears a horizontal tab from the current 
printhead position. 

Sets horizontal tabs at each character 
position specified by an octal number (#). A 
tab may be set anywhere from the second 
character position (# = 002 8 ) to the last 
character position (# = 132 8 ). All previously 
set horizontal tabs are cleared. 

Clears all horizontal tabs. 

Note: If your computer or communications system only supplies 7 
data bits to the printer, you should use the ESC 1 sequence to set 
horizontal tabs. The ESC sequence will only be able to set tabs to the 
128th column position. 

Vertical Tabs (Option on S Models) 

The automatic form feed option (if installed in your 
printer) provides vertical tabbing. You may set a 
vertical tab anywhere from one line after the top of a 
form to the line preceding the top of the next form. 
The automatic form feed option keeps track of the 
number of lines per form and your present line 
position. However, if you have Perforation Skip-over 
enabled (see Operator's Manual, DASHER LP2 and 
TP2 Printers, DGC No. 014-000093), you must 
remember that you have, in effect, fewer lines per 
form. 

When a printer equipped with the automatic form 
feed option receives a Vertical Tab (CTRL-K) control 
code (013 8 ), it advances the paper to the beginning of 
the next line on which a vertical tab is set. If no 
vertical tab is set between the current line position 
and the top of the next form, the Vertical Tab code 
has no effect on your printer. The escape sequences 
described below set and clear vertical tabs. Vertical 
tabs may only be set or cleared immediately after a 
line terminator - i.e., Newline (0128 ), Vertical Tab 
<013 8 ), Form Feed (014 8 ), or Carriage Return 
(0158) . 

Escape Sequence 
Effect on Printer 

<Octal Code) 

ESC 5 Sets a vertical tab at the current line position. 
(033065) 
ESC 6 Clears a vertical tab from the current line 
(033066) position. 

ESC F # # ... NULL Sets a vertical tab at the positions specified 
(033106 # # ... 000) by the octal numbers (#). These numbers 

may be anywhere from 1 to the maximum 
line length of the form you are using (no form 
can be more than 99 lines long). All previously 
set vertical tabs are cleared. 

ESC F NULL Clears all vertical tabs. 
(033 106000) 
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Elongated Printing 

You can print elongated (double width) characters in 
either the normal mode or the compressed mode. 
Elongated characters may be selected anywhere 
within a line. However, they are printed at a slower 
speed (24 cps). You should note that only 66 elongated 
characters will fit on a regular 132-character line. You 
can mix normal and elongated characters in a single 
line, but you must keep in mind that elongated 
characters are twice the width of normal characters. 
The escape sequences which control this feature are 
given below: 

Escape Sequence 
Effect on Printer 

(Octal Code) 

ESC < Selects elongated printing for subsequent 
{033074} characters. 

ESC = Deselects elongated printing. 
{033075} 

Underscoring 

You may underscore characters, words, or complete 
lines by turning the und.erscore feature on and off. 
The underscore is printed at the same time as the 
character. Normal width and elongated characters 
may be underscored in both the Normal and the 
Compressed printing modes. You select and disable 
underscoring as follows: 

Escape Sequence Effect on Printer 
(Octal Code) 

ESC a Starts underscoring. Subsequent print 
{033141} positions are underscored until the command 

sequence turning off the feature is received. 

ESC b Stops underscoring. Subsequent print 
{033142} positions are not underscored. 

Plotting 

See "Plotting", below. 

Resetting the Printer (Master Reset) 

A software Master Reset allows you to reset and 
reinitialize your printer according to the settings of 
the secondary control panel. In addition, it clears the 
character buffer, clears any horizontal or vertical 
tabs, turns off underscoring and turns off elongated 
printing. 

Compressed Printing (Option) 

If your printer is equipped with the compressed 
printing option, you can print either normal or 
compressed width characters. While in normal mode, 
your device can print 132 normal width characters on 
regular 132-column paper. In compressed mode, you 
can print 132 compressed characters on 80-column 
paper. However, you may issue the escape sequences 
to change the print mode only after a line terminator, 
i.e., Newline <0128 ), Vertical Tab <013 8 ), Form Feed 
<0148 ), or Carriage Return <015 8 ). Both escape 
sequences are ignored unless they are issued at the 
proper time. These escape sequences are given below: 

Escape Sequence Effect on Printer 
(Octal Code) 

ESC> Switches the printer from normal printing to 
{033 076) the compressed printing mode. 

ESC? Switches the printer back from the 
{033 077) compressed printing mode to normal mode. 

Down Line Loaded Character Set 

See "Down Line Loading A Character Set", below. 

III-22 



PLOTTING 
Plotting is a standard feature on all model printers. In 
plot mode, 7 of the printhead's 9 firing wires, (the 
bottom 7 wires) are under the user's direct control. 
The seven wires print in vertical columns. Each 
column is printed separately. Your printer plots from 
left to right at 216 columns per second. You may plot 
up to 1128 columns per line. 

To plot, you enter plot mode and send a 7-bit code 
(from 0-177) to your printer. Instead of interpreting 
these 7-bits as an ASCII code and printing the 
corresponding 7-column character, the printer 
interprets the code as a command to print one 
column. Each bit of the code determines if a particular 
wire will be fired. The relationship between a seven 
bit code and the printhead wires which are fired is 
shown if the accompanying illustration. A "1" in a bit 
position fires the corresponding print-wire. 

You enter plot mode by issuing a line terminator, i.e., 
Newline <0128 ), Vertical Tab <013 8 ), Form Feed 
<0148 ), or Carriage Return (015 8 ), followed by 
ESCape d<033 8 1448 ). This escape sequence must be 

HIGH ORDER BIT LOW ORDER BIT 

issued after a line terminator; otherwise it will be 
ignored. After entering plot mode, you issue the series 
of 7-bit codes which define the columns you wish to 
plot. These columns WILL NOT be plotted until after 
you terminate the current line. To terminate a line, 
you must deselect plot mode (issue an ESC d: 033 8 , 
1448 ) and issue a line terminator. To plot another 
line, enter plot mode, issue the codes to be plotted, exit 
plot mode, and issue a line terminator. 

You may plot any code except the ASCII code for 
ESCape <033 8 ). This code can only be used in the 
sequence which deselects plot mode. Do not issue any 
other escape sequences while the printer is in plot 
mode. 

If you are in normal mode when you enter plot mode, 
the printer plots with the same spacing between 
columns as normal width characters. However, if you 
are compressed mode, the printer plots with the same 
spacing as compressed characters. 

WIRE 1 
WIRE 2 
WIRE 3 
WIRE 4 
WIRE 5 
WIRE 6 
WIRE 7 
WIRES 
WIRE 9 

"1"= PRINT 
"0" '" DON'T PRINT 

X '" DON'T CARE 

~ ...... ----.,,/ 
1 BYTE 

DC-04770 
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An Example 

Suppose you wanted to plot a 14 by 14 dot matrix 
square at the left hand margin. You must determine 
the codes you need and the order in which to send 
them. The codes for the square we want to make are 
shown below. 

FIRST 
LINE 

SECOND 
LINE 

DG-04771 

Rev. 01 

r 

COLUMNS 1 & 14 

(11111112 = 1778 ) 

COLUMNS 2-13 

(10000002 = 1008 ) 

t 
A 

" 
-+ -+ -t -+ -+ -+ -+ -+ -+ -+ -+ -+ 
-+ + -++ + + + -+ ++ + -+ 
t -+ -+ -+ -+ -+ + -+ t -+ + -+ 
-++ -++ +-+ + -+ + + + -+ 
-+ -+ -+ -+ -+-+ + + -+ -+ -+ -+ 
-+ -t +-+ -+ + + t -+ t -+ -+ 
++ ++ ++ -+ -+ -+ -+ -+ + 
++++ -+ + -+ + -+-+-+-+ 
+ -+ + -+ -+ -+ -+ -+ -+ + -+ -+ 
-+ -+ 
++ 
-+ t 

"--

-+ -+ +-+ + -+ + + -+ -+ 
-+ -+ +-+ -+ -+ -+ -+ + t 
-+ -+ -+ t -++ ++-+-+ 

T 
COLUMNS 2-13 

(00000012 = 001 8 ) 

COLUMNS 1 & 14 
(1111111 2 = 1778) 

./ 

The sequence you would use to plot this square is: 

Octal Code Effect 

012 NEWLINE 

033 ENTER PLOT 
144 MODE 

177 PRINTS COLUMN 1, FIRST LINE 

100(12 times) PRINTS COLUMNS 2-13, FIRST LINE 

177 PRINTS COLUMN 14, FIRST LINE 

033 EXIT 
145 PLOT MODE 

012 NEWLINE 

033 ENTER 
144 PLOT MODE 

177 PRINTS COLUMN 1, SECOND LINE 

001 (12 times) PRINTS COLUMNS 2-13, SECOND LINE 

177 PRINTS COLUMN 14, SECOND LINE 

033 EXIT PLOT 
145 MODE 

012 NEWLINE 

The image which results from this plot sequence is 
more of a rectangle than a square because successive 
horizontal print positions overlap. 
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DOWN-LiNE-LOADING A 
CHARACTER SET 

Your DASHER LP2 printer allows you to define your 
own character set. You can define a character set 
which prints up to 119 7 x 9 dot matrix characters. 
Once you have defined each character in your 
character set, you load the set into a printer's memory 
via an escape sequence. Two additional escape 
sequences allow you to select and deselect the 
character set. 

The Down-Line-Load Character Set feature is very 
handy if you want to design your own character set or 
if you must be able to print in a number of different 
character fonts. When the printer is powered down or 
a Master Reset is performed, a down-line-loaded 
character set must be reloaded. 

NOTE Your computer or communications 
system must be set up to transmit 8 data bits at 
a time in order to down line load and select a 
character set. 

Character Sets 
Your printer accepts up to 128 different 7 bit 
character codes. By convention, the first 32 codes 
<0-40 8 } are control codes which do not print any 
characters. The remaining 95 characters (40 8 -176 8 ) 

are printing characters. 

When you down line load a character set, you may 
define any printing character except for control codes 
which perform specific functions on LP2 printers. 
These codes include 10 8 - 17 8 , and 33 8 , The functions 
of these codes are summarized in the table "DASHER 
LP2 Printer Control Codes" (see above). Therefore, a 
down line loaded character set can define 119 
individual characters. The codes for which characters 
may be defined include 0-7 8 , 20 8 - 32 8 , and 34 8 -

177 8 • 

Defining A Character Set 
Each character in a character set is defined using a 7 x 
9 dot matrix. The following diagram shows the 
relative print-wire locations and column positions 
available to form one character. 

DG-05697 

#7 COLUMN 
COLUMN 

WIRE #1 "l 
~( WIRE #2 

~\ 

---c 
-( 
-( 

WIRE #3 

WIRE #4 

WIRE #5 

WIRE #6 

WIRE #7 

WIRE #8 

WIRE#9/ 

) 
) 

) 

). 

!) 

"tI( .-

PRINTHEAD 
MOVEMENT 
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You select the dots to be printed via the seven 9-bit 
firing codes. A "1" in the firing code indicates that the 
corresponding wire will be fired when that column is 
printed. A "0" in the firing code indicates that the 
corresponding wire will not be fired. The one 
restriction in selecting firing codes is that no print 
wire may be fired twice in a row. i.e., the same bit may 
not be a "1" in two successive firing codes. 

Once the firing codes for a character are determined, 
they must be put into a format which allows them to 
be loaded into the printer. The printer uses eight 
memory locations to store one character. The first 
memory location MUST contain all zeros. The 
following seven memory locations each contain one 
9-bit firing code that determines which of the 9 wires 
in the printhead will fire to form one column of a 
character. A character's firing codes are ordered in 
memory with the first column in the lowest memory 
location and the seventh column seven locations above 
the first. For example, the firing codes for the 
character "B" would be organized as shown in the 
following diagram: 

ALL ZEROS 0 

Since each character requires eight memory locations, 
the total amount of memory space used in the printer 
is equal to eight times the number of characters in 
your character set. A character set can be anywhere 
from one character to 128 characters long. However, 
remember that 9 of these codes cannot be printed. 

Loading A Character Set 
Your printer contains a 2,000 16-bit word memory. 
The memory locations in which a character set may 
be loaded range from 2000 8 - 3777 8 . The locations 
specified by this range can store exactly 128 
characters. If you are loading a full 128 characters, you 
must start loading the character set at the lower 
limit. If you are loading a smaller number of 
characters, then they may be loaded anywhere within 
the range of available memory. The fifteen bit address 
of the location in the printer's memory where a 
character set will begin loading is called the Starting 
Word Address. A character set is loaded into a 
printer's memory, sequentially, from the Starting 
Word Address as shown in the following diagram: 

FIRING CODE 

= OOOs o o 0 , o 

1st COLUMN o 0\0\0\01 0 01 o , 0 , 0 , 0 , 0 , 1 , 0 , 0 I = 404s 

2nd COLUMN 00 00010 010, 1 1 1 1 1 0 ,0 , 0 = 370s , , , , , 

3rd COLUMN o \1 0 0 ,0 0 0 0 0 = 404s , , , , o 0 0 0 0\0 

4th COLUMN o \ 0 ,0 ,0 , 1 0 0 0 0 0 = 040s , , o 0 0 0 0\0 

5th COLUMN 0\ 1 0 0 0 0 0 0 0 = 404 s , , , 010 0 0 010 

6th COLUMN 0\0,0 0 0 0 0 0 0 = 040s , 101010 0 0\0 

7th COLUMN 

• { 
• 

0\0,1 0 0 0 ,0 I = 330s , 

16 BIT WORD .\ 
10 \0\001 0 \0 

• 
• • • I 

.\.).. I 

DG-05698 
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DG-05695 

STARTING WORD ADDRESS: 

(N + l)th 
CHARACTER 

ALL ZEROS 

COLUMN 1 

• • • 
ALL ZEROS 

COLUMN 1 

COLUMN 2 

COLUMN 3 

COLUMN 4 

COLUMN 5 

COLUMN 6 

COLUMN 7 

ALL ZEROS 

COLUMN 1 

COLUMN 2 

• • • 
COLUMN 7 

• • • 

"1" = FIRE PRINT WIRE 
"0" = DON'T FIRE PRINT WIRE 

/1 
TOP WIRE 

III-27 

] FIRST CHARACTER 

Nth CHARACTER 

FIRING CODE (PRINT WIRES) 

2 3 4 5 6 7 8 

BOTTOM WIRE 
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You load a character set into a DASHER LP2 printer 
via an escape sequence. In addition to the data 
containing the character set's firing codes, the escape 
sequence transfers the following information: 

• Byte Count - specifying the number of bytes that 
are being transferred. The Byte Count is twice 
the number of words needed to store the 
character set. 
Byte Count = Number of x 8 words per x 2 bytes 

Characters character per word 

• Starting Byte Address - specifying the location 
in the printer's memory where the first 
character in the character set will start loading. 
The Starting Byte Address is twice the Starting 
Word Address (16-bit address) where loading 
begins. 

• Negated Checksum - a number used by the 
printer at the end of the load sequence to 
determine if any data errors occurred during the 
load. 

The one byte Negated Checksum is obtained by 
summing all the data bytes, ignoring any carry, and 
taking the 2's complement of that sum. This sum does 
not include the Byte Count or the Starting Byte 
Address, just the bytes containing the firing codes. 

You must transmit data to a printer one byte (8 bits) 
at a time. The following table gives the escape 
sequence for loading a character set into an LP2 
printer. 

CHARACTER SET LOADING ESCAPE SEQUENCE 

Escape Octal Number 
Sequence Value Of Bytes 

ESCape 033 1 BYTE 

Y 131 1 BYTE 

BYTE COUNT --- 2 BYTES 
---

STARTING BYTE --- 2 BYTES 
ADDRESS ---

DATA --- 2 BYTES 

DATA --- 2 BYTES 

DATA --- 2 BYTES 

NEGATED --- 1 BYTE 
CHECKSUM 

Since the printer can receive only 8 bits at a time, the 
firing codes, the byte count, and the starting byte 
address (which are in a 16-bit format) must be divided 
into bytes before they are transmitted to the pritner. 
A left-hand byte is always transmitted before a 
right-hand byte. 

An Example 

Suppose you want to load a printer with a character 
set consisting of one character, the character "B" 
Proceed as follows: 

l)Determine a starting address for the load. We will 
use 2000 s. 

Starting Word Address = 2000 s 

2)Calculate the Starting Byte Address. 

Starting Byte Address = 2 x Starting Word Address 

=2x20oos 

= 4000 s right byte 
~ 

= 0 000 010 000 000 000 2 

'---v--' 
left byte 

Divide this into two bytes, left hand byte first: 010 s 

Ooos 
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3) Calculate the Byte Count. 

Byte Count = Number of x 8 words per x 2 bytes 
Characters character per word 

=1x8x2 
= 1610 

= 20 8 right byte 

- 0 000 000 000 oto 000\ 
~ 

left byte 

Divide this into two by tes, left-hand byte first: 000 8 

020 8 

4) Determine the data bytes and the Negated 
Checksum. 

From the illustration "Firing Codes for the Character 
B" we know the 16-bit firing codes. These are broken 
into bytes, left-hand byte first. The 2's complement of 
the sum of these bytes forms the checksum byte. 

16-bit 8-bit 
code code byte 
(octal) (octal) sum 

00000 000 000 

00404 

000~+001 

001 001 
004 • +004 

00370 000 005 
370 .. +370 

00404 001_____. 375 

004~+OO1 
00040 000 376 

040 +004 

00404 

00040 000 442 

00330 ~~~:: 
330~: 

+040 

507 
+330 

sum = 1037 

sum (8 bits) = 037 
Negated Checksum (2's complement) = 341 
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Therefore, the Down-Line-Load sequence for the 
character set is: 

033 Escape Sequence for Down-line-Load initiation 
131 

000 Byte Count 
020 

010 Starting Byte Address 
000 

000 Firing Codes for a "B" 
000 
001 
004 
000 
370 
001 
004 
000 
040 

001 
004 
000 
040 
000 
330 

341 Negated Checksum 

Selecting Your Character Set 

A down-line-loaded character set is selected and 
deselected via escape sequences. These escape 
sequences are given below: 

DOWN-LiNE-LOAD CHARACTER SET 
SELECT/DESELECT 

Escape Sequence Function 
(Octall 

ESC N SCSA Selects a down-line-loaded 
(033 116 --- ---I character set given a Starting 

Character Set Address (SCSA). The 
SCSA is a 1 5-bit or two-byte 
address. 

ESC 0 Deselects a down-line-loaded 
(033 117) character set. 



I 
The value used for the Starting Character Set Address 
(SCSA) depends on how you have defined your 
character set. If you have defined a character set which 
begins with a character for 08, then the Starting 
Character Set is equal to the Starting Word Address 
previously described. However, if you have loaded a 
subset of a possible 128 characters (119 printing 
characters) where the first character is not 08, then the 
SCSA must be adjusted. In this case, the SCSA may be 
calculated in decimal as follows: 

Starting Starting First 
Character = Word Character x 10 8 

Set Address Address Code Loaded 

Example 

In order to select the character set containing the 
character "B" (previously described), you must 
determine which character code should cause the 
printer to respond with a "B". If 000 8 should generate 
a "B", then the Starting Character Set Address would 
be calculated as follows: 

Starting 
Character 
Set Address 

Starting 
Word 
Address 

First 
- Character 

Code Loaded 

= 2000 8 - (000 8 x 8) 

= 2000 8 right byte 
~ 

= 0 000 010 000 000 000 2 

~ 
left byte 

X8 

Divide this into two bytes, left-hand byte first: 002 8 

000 8 

Therefore, you would use the following escape 
sequence (octaD to select the character set; 

033 Down-Line-Load 
116 Character Set Select 

002 Starting Character 
000 Set Address 

However, if a 040 8 code issued to the printer should 
generate a "b", then you calculate the Starting 
Character Set Address as follows: 

Starting 
Character 
Set Address 

Starting 
Word 
Address 

First 
Character X 10 8 

Code Loaded 

= 2000 8 - (40 8 x 10 8 ) 

= 2000 8 - 400 8 

= 1400 8 right byte 

~ 
= 0 000 001 100 000 000 
~ 

left byte 

Divide this into two bytes, left-hand byte first: 003 8 

000 8 

In this case, you would use the following escape 
sequence to select the character set: 

033 Down-Line-Load 
116 Character Set Select 

003 Starting Character 
000 Set Address 

SUMMARY OF ESCAPE SEQUENCES 
The following escape sequences may be issued 
anywhere within a line: 

• Horizontal tab set or clear at current printhead 
position 

• Underscore on or off 

• Elongated character<s) select or deselect 

• Alternate character set select or deselect (if 
installed). 

The following escape sequences may only be issued 
after a line terminator (Newline, Vertical Tab, Form 
Feed, or Carriage Return): 

• Horizontal setting and clearing of multiple tabs. 

• Vertical tab set or clear 

• Plot mode enter 

• Compressed print select or deselect 

• Down line character set load and select 

The number of normal width characters plus twice 
the number of elongated characters within a line must 
not exceed 132. 
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INSTRUCTIONS FOR PROGRAMMED 
1/0 CONTROLLER 

This controller contains an 8-bit Character Buffer and 
a 1-bit Status Register. 

Two I/O instructions are used to program the line 
printer. The first of these is used to transmit 
characters to the printer and the second is used to 
determine the status of the printer. 

The line printer controller's Busy and Done flags are 
controlled by the device flag commands as follows: 

f= s Sets the Busy flag to 1 and the Done flag to 
O. Transfers the contents of the Character 
Buffer in the controller to the printer. 

f= c Sets the Busy and Done flags to 0 without 
affecting the contents of the Character 
Buffer. 

f= p No effect. 

Load Character Buffer 

DOA [fl ac, LPT 

Loads bits 8-15 of the specified AC into the 
controller's Character Buffer. Bits 0-7 are ignored. 
Sets the controller's Busy and Done flags according to 
the function specified by F. The contents of the 
specified AC remain unchanged. The format of the 
specified AC is as follows: 

Bits Name CONTENTS 

0-7 ---- Reserved for future use. 

8-15 Character The ASCII code for the character to be 
transmitted. 

Read Status 

DIA [fl ac, LPT 

The contents of the controller's Status Register places 
into bit 15 of the specified AC. Sets bits 0-14 to O. After 
the data transfer, sets the controller's Busy and Done 
flags according to the function specified by F. The 
format of the specified AC is as follows: 

Bits Name CONTENTS 

0-14 --- Reserved for future only. 

15 READY The line printer is on line with no faults and ready to 

receive a character. 
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INSTRUCTIONS FOR DATA CHANNEL 
LINE PRINTER CONTROLLER 

The line printer controller contains four program 
accessible registers: a 16-bit Memory Address Counter 
and Byte Pointer, a 16-bit Byte Counter, a 4-bit Status 
Register, and a 1-bit Format Disable flag. The 
Memory Address Counter is self-incrementing and 
contains the memory location of the next word (pair 
of bytes) to be sent to the subsystem and an indicator 
for the starting byte (either high or low order) to be 
used in the operation. The Byte Counter contains the 
two's complement of the number of bytes to be sent to 
the subsystem. The Status Register contains all the 
information flags for the line printer. The Format 
Disable flag allows programmer control over the 
formatting capabilities of the subsystem. 

Six instructions are used to program data channel 
transfers to the controller. Three of these instructions 
supply the controller with all the necessary 
information for any print operation. The remaining 
three instructions allow the program to determine, in 
detail, the current state of the subsystem. 

The line printer controller's Busy and Done flags are 
controlled using two of the device flag commands as 
follows: 

f= s Sets the Busy flag to one and the Done flag to 
zero. Initiates data channel block transfer. 

f= c Sets the Busy, Done, and Status Change flags to 
O. Stops operation. 

f= p No effect. 

IORST Performs the same functions as the Clear (C) 
Command and sets the Format Disable flag to 1. 
Zeroes the Byte Counter, the Memory Address 
Counter and the Byte Pointer. 

Format Disable 

DOA [f] ac, DCLP 

Loads bit 0 of the specified AC into the controller's 
Format Disable flag. Ignores bits 1-15. After the data 
transfer, sets the controller's Busy and Done flags 
according to the function specified by F. The format of 
the specified accumulator is as follows. 

NOTE Bit 0 must always be set to one when 
programming an LP2 printer. 

Bits Name MEANING WHEN 1 

0 Format Disable formatting features. 
Disable 

1-15 --- Reserved for future use. 

Load Memory Address Counter 

DOB [f] ac, DCLP 

Loads bit 0-15 of the specified AC into the controller's 
Memory Address Counter. After the data transfer, 
sets the controller's Busy and Done flags according to 
the function specified by F. The contents of the 
specified AC remain unchanged. The format of the 
specified AC is as follows: 

Bits Name CONTENTS 

0-14 Memory Location of the first word in memory to be 
Address used for data channel transfer. 

15 Byte Indicator for first byte to be used in the 
Pointer operation. When zero, the operation begins 

with high order byte. When one, the operation 
begins with low order byte. 
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Load Byte Counter 

DOC {fl ac, DCLP 

Loads bits 0-15 of the specified AC into the 
controller's Byte Counter. After the data transfer, sets 
the controller's Busy and Done flags according to the 
function specified by F. The contents of the specified 
AC remain unchanged. The format of the specified AC 
is as follows: 

I - BYTE COUNT 
o 1 1 I 2 I 3 1 4 I 5 I 6 I 7 I 8 I 9 1 10 I 11 I 121 13 I 14 I 15 

Bits Name CONTENTS 

0-15 -Byte Two's complement of the number of bytes to 
Count be transferred. 

Read Status 

DIA {fl ac, DCLP 

Places the contents of the controller's Status Register 
in bits 12-15 of the specified AC. Set bits 0-11 to O. 
After the data transfer, sets the controller's Busy and 
Done flags according to the function specified by F. 
The format of the specified accumulator is as follows: 

:0\:\\ :;:1· :3{}:i:\::j:::d:V\::a:::r::9:{:10T\1\:1}!~; I R~:V£I 
Bits Name Meaning When 1 

0-12 --- Reserved for future use. 

13 Status The printer READY has changed state. 

Change 
The printer is on line with no faults and is 14 Ready 
ready to receive a character. 

15 --- Reserved for future use. 

Read Memory Address Counter 

DIB {fl ac, DCLP 

Places the contents of the controller's Memory 
Address Counter in bits 1-15 and the current Byte 
Pointer in bit 0 of the specified AC. After the data 
transfer, sets the controller's Busy and Done flags 
according to the function specified by F. The format of 
the specified AC is as follows: 

Bits Name CONTENTS 

0 Byte Pointer Indicator for byte to be acted on next. When 
zero - high order byte; when one - low order 
byte. 

1-15 Memory Location of the next word in memory to be 
Address used for a data channel transfer. 

Read Byte Counter 

DIC {fl ac, DCLP 

Places the contents of the controller's Byte Counter in 
bits 0-15 of the specified AC. After the data transfer, 
sets the controller's Busy and Done flags according to 
the function specified by F. The format of the specified 
AC is as follows: 

- BYTE COUNT 
o 1 1 I 2 I 3 1 4 I 5 I 6 I 7 I 8 I 9 1 10 I 11 I 121 13 I 14 I 15 

Bits Name CONTENTS 

0-15 -Byte Two's complement of the current byte count. 
Count 
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CONTROLLER PROGRAMMING 
The controller obtains data from the processor's 
memory and transfers it to the printer. Data consists 
of characters to be printed, parameters of data 
transfers, control characters, tab information, and 
vertical format information. 

Data Transfers 
The controller obtains data a block at a time from the 
processor's memory via the data channel, with two 
bytes packed into each word. The size of the block 
transferred is determined by the user program. A 
maximum of 65,536 bytes (32,768 words) can be 
transferred in one operation. 

Before a block transfer is initiated, the user program 
supplies the controller with the size and the location 
in memory of the block. The DOB instruction sends the 
starting memory address and the DOC instruction 
sends the starting core address. The sequence in 
which these instructions are issued is not important. 

The transfer begins when the Start command is 
issued. Once the transfer is initiated, the controller 
unpacks the bytes in a left-to-right sequence and 
strobes them out to the printer individually. The 
high-order byte (bits 0-7 of the data word) is sent 
first. 

When all the bytes in the specified block have been 
transferred to the controller, the controller requests a 
data-ehannel interrupt. 

Rev. 01 

Byte Indicator 
In addition to supplying the controller with the 
starting memory address, the DOB instruction supplies 
the controller with an indicator for which byte (i.e., 
left or right) in the first word the transfer is to begin 
with. This bit is called a byte indicator. If the byte 
indicator is a zero, the transfer begins with the 
high-order byte (data bits 0-7). If the byte indicator is 
a one, the transfer begins with the low-order byte 
(data bits 8-15). 

When the transfer begins with the low-order byte, the 
high -order byte of the first word is not considered to 
be part of the block and only the low order byte is 
transferred. The transfer continues with the high 
order byte of the second word. 

When the byte indicator is set to zero (i.e., high-order 
byte first) for a block transfer containing an odd 
number of bytes, only the high order byte is 
transferred from the last word. The same is true when 
the byte pointer is set to one (i.e., low-order byte first) 
for a block transfer containing an even number of 
bytes. 

Status Change Monitor 
The controller monitors the printer's status line, READY, 
while the subsystem is powered on. Should this line 
change state, an error flag is set and a program interrupt 
is initiated. The status change flag is bit 13 of the 
accumulator specified for the D1A instruction. 
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Formatting 
The formatting unit should always be turned off. 
Formatting is accomplished by the printer via control 
codes and escape sequence. 



4034 SERIES PRINTERS 

INTRODUCTION 

The following section covers the 4034 series 
printers. Model 4034C, D printers use serial 
dot matrix technology while model 4034A, B, G, 
and H printers use the higher speed character 
drum technology. All these printers can receive 
and print one of the 64 or 96 character subsets 
of ASCII code shown in Appendix C. 

To operate more efficiently, each line printer 
simultaneously prints a group of characters. In 
order to accomplish this, the line is divided into 
one or more" zones" for printing. As characters 
are sent to the line printer, they are stored in an 
area known as the" Zone Buffer". When the Zone 
Buffer has been filled, or the proper control char
acter has been given, the contents of the Zone 
Buffer are printed in the present zone. In this 
manner, fewer mechanical cycles are necessary 
to print each line. When printing has been com
pleted' the Zone Buffer is zeroed, and a "Zone 

ZONE #1 ZONE #2 ZONE#3 ZONE#4 
----~~~ 

o I I I I I 0 

o ~20~ I 1 0 

o I CHARACTERS I I b~LNJ I ~ 
o I 1 I (TYP) I 0 

o I I' I 0 o 0 
o 0 

~ I I ~ 
o I I 0 

o 1 I 0 

~ : I 0 

o 1 I 0 

o 1 I ~ 
~ : I ~ 
o I I 0 

~ 1 I ~ 
o : I 0 

~ 1 WHEN TH~ ZONE BUFF~R IS I ~ 
I FULL, THE CONTENTS ARE 

SENT TO THE SELECTED ZONE. 

BUFFER U.:f~ (SELECTS ZONE #) 

f:J3/J pJl~~lR 

06-00'10 
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SUMMARY 

Mnemonic (First Controller) ............ LPT 

Device Code (First Controller) ............ 178 

Mnemonic (Second Controller) .......... LPT1 

Device Code (Second Controller) ........... 578 

Priority Mask Bit. ....................... 12 

Maximum Characters/Line ........ 80/132/136 

Lines/Inch ............................. 6/8 

ACCUMULATOR FORMATS 

Load Character Buffer ................. (DOA) 

It:t:::::tw:ttt::::r::tw:t:::it:tnmUVFul CHARACTER OR COMMAND 
I ' ! I ! 

0123456789 10 II 12 13 14 15 

Read Status ............................ (DIA) 

1:::::::::1:::::::::[:::::::::[:::::::::;:::::::::)::::::::~::::::::i::::::::::)::::::::::::::::::i:::::::::,::::::::::::::::::)::::::::::::::::::1 RDY 1 
o 1 2 3 4 5 6 7 8 9 10 II 12 13 14 15 

S, C AND P FUNCTIONS 

S Sets the Busy flag to 1, the Done flag to 
0, and loads the contents of the Character 
Buffer into the printer's Zone Buffer. 

C Sets both the Busy and Done flags to 0 
without affecting the contents of the 
Character Buffer. 

P No effect. 
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Pointer" is automatically set to point to the next 
zone. The Zone Pointer determines the zone to be 
printed next. If the zone printed was the last zone 
on the line, or the proper control character had 
been given, then the Zone Pointer returns to the 
first zone on the line. The program may again 
load the Zone Buffer for printing. 

The printers are all programmed in a similar 
manner and incorporate the following control 
characters: carriage return, line feed, and 
form feed. Paper widths may range from 4 to 
J9 7/8 inches. depending upon the printer. The 
table below lists the general parameters for the 
4034 serie s line printers offered by Data 
General Corporation. 
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Model 

4034A 

4034B 

4034C 

40340 

4034G 

4034H 

lJ(j-009'2a 

Line Printer Specifications 

Paper Full Line Full 
Width Print Line 

Type (inches) Rate Length 

Character 4 to 256 80 
Drum 197/8 Lines/Min 

Character 4 to 245 132 
Drum 197/8 Lines/Min 

Serial-Dot 4 to 165 132 
Matrix 14 7/8 Characters/ 
5x7 Sec 

Serial-Dot 4 to 165 132 
Matrix 147/8 Characters/ 
7x9 Sec 

Character 4 to 300 136 
Drum 163/4 Lines/Min 

Character 4 to 240 136 
Drum 16 3/4 Lines/Min 
(Upper+Lawer 
Case) 

Number 
Zone of 
Size Zones 

20 4 

24 5 1/2 

132 1 

132 1 

136 1 

136 1 



INSTRUCTIONS LOAD CHARACTER BUFFER 

DOA<f> aC,LPT The line printer is driven by a controller contain
ing a 7 -bit Character Buffer and a I-bit status 
Register. 

1
0 

0
1 

I 
1 I I AC 

3 ' 4 

101 I 01 
F J ~Ol ~ 1 12' 

1 

' 7 Two I/O instructions are used to program the line 
printer. The first of these is used to transmit 
characters to the printer and the second is used to 
determine the status of the printer. 

The line printer controller's Busy and Done flags 
are controlled by the device flag commands as 
follows: 

f=S Sets the Busy flag to 1 and the Done flag 
to O. Transfers the contents of the Char
acter Buffer in the controller to the Zone 
Buffer of the printer. If a Start command 
is issued when the Zone Buffer is one char
acter short of being full, or the last code 
loaded into the Zone Buffer is a control char
acter which initiates printing, the Zone 
Buffer will be printed. On models 4034G 
and H, only a control character will 
initiate printing. 

f= C Sets the Busy and Done flags to 0 without 
affecting the contents of either the Char
acter Buffer or the Zone Buffer. 

f= P No effect. 
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1 2 5 6 8 13 14 15 

Loads bits 9-15 of the specified AC into the 
controller's Character Buffer. On serial-dot
matrix printers, also loads bit 8 for vertical 
formatting. Ignores bits 0-7. Sets the control-
1er's Busy and Done flags according to the func
tion specified by F. The contents of the spec
ified AC remain unchanged. The format of the 
specified AC is as follows: 

CHARACTER OR COMMAND 
I 1 I 1 

02345678 9 10 II 12 13 14 15 

Bits Name Contents 

0-7 ---- Reserved for future use. 

8 Vertical On serial-dot matrix print-
Format ers will cause vertical tab-

bing when set to 1. 

9-15 Character The ASCII code for the 
character to be transmitted. 

READ STATUS 

DIA<f> ac,LPT 

I 0 I 1 I I AC I 0 1 0 I I F I 0 0 I 
o 1 I 2 3' 4 5 6' 7 8 1 9 10 1 II 1 12' 13 14 15 

Places the contents of the controller's Status 
Register into bit 15 of the specified AC. Sets 
bits 0-14 to O. After the data transfer, sets 
the controller's Busy and Done flags accord
ing to the function specified by F. The format 
of the specified AC is as follows: 

Bits Name Contents 

0-14 ---- Reserved for future use. 

15 Ready The line printer is on 
line with no faults and 
is ready to receive 
a character. 

Rev. 01 



PROGRAMMING 

Line printers are output-only devices vith the 
capability of sending status information to the 
program. They are programmed similarly to 
Teletype output in that output is one character 
at a time. The difference lies in the fact that 
line printers contain a Zone Buffer in which all 
characters are stored before printing. 

Output is done through a Character Buffer in the 
controller. A Load Character Buffer instruction 
(DOA) loads the contents of an accumulator into 
the Character Buffer of the controller. A Start 
command loads the contents of the Character 
Buffer into the Zone Buffer of the line printer. 
When a Start command is issued, the Busy flag is 
set to 1, and the Done flag is set to 0 while the 
contents of the character Buffer are being trans
ferred to the Zone Buffer. Upon completion of the 
transfer, the Busy flag is set to 0, while the Done 
flag remains O. 

The contents of the Zone Buffer will be printed 
under the following conditions: 

Model 4034A and B - The last character trans
ferred to the Zone Buffer 
either filled the zone or was 
one of the control charac
ters: Carriage Return, 
Line Feed, or Form Feed. 

Model 4034C and D - The last character trans
ferred to the Zone Buffer 
either filled the Zone Buf
fer or was a Carriage 
Return. 

Model 4034G and H - The last character trans
ferred to the Zone Buffer 
was one of the control char
acters: Carriage Return, 
Line Feed, or Form Feed. 

While printing, the Busy flag is set to 1 and the 
Done flag is set to O. Upon completion of the print 
cycle, the Busy flag is set to 0 and the Done flag 

is set to 1, thus initiating a program interrupt re
quest. If the zone printed was the last zone on the 
line, a Carriage Return is automatically executed, 
except on models 4034G and H. 

If a Carriage Return is executed either automat
ically or by a command received from the program, 
the line will be overwritten by the next line printed, 
unless the Line Feed command is issued. Line 
overprinting may be desired in order to obtain 
special characters, e. g. ~ is obtained by over
printing a slash and an equal sign. 

Formatting of the output is accomplished as follows: 

Horizontal tabbing for both types of printers 
is done by loading the Character Buffer with 
a space and issuing a Start command for 
every column to be spaced. 

Vertical tabbing operations are accomplished 
by loading the Character Buffer with a Line 
Feed command, and then issuing a Start 
command for every line to be spaced. Upon 
completion of the operation, the Busy flag is 
set to 0 and the Done flag is set to 1, thus 
initiating a program interrupt request. The 
serial-dot matrix printers can also perform 
vertical tabbing operations under the control 
of a vertical format tape. Tabs are placed 
at intervals along the tape by punching holes 
in the tape. Vertical formatting is initiated 
when the Character Buffer contains a 1 in 
bit 8 and is loaded into the Zone Buffer. 

The serial-dot matrix printers also have a Delete 
command which clears all the characters previously 
entered into the Zone Buffer. 

The line printer has a 1-bit Status Register which 
may be checked to determine if the printer is 
ready to receive data. In order to accomplish 
this, a Read Status instruction (DIA) is used. A 
Read Status instruction loads the contents of the 
Status Register into the specified accumulator. 
Status should be checked before attempting to 
opera te the printer. 
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CONTROL CHARACTERS 

Three Control Character Functions are available 
for all the line printers; Carriage Return, Line 
Feed, and Form Feed. The actual effects of these 
commands are as follows: 

Carriage Return <0158 > 
The present contents of the Zone Buffer 
are printed; when the next printable char
acter is received, it will be placed in the 
leftmost position of the first zone. 

Line Feed <0128 > 
a) Character Drum Printers 

The present contents of the Zone Buffer 
are printed, and the paper is spaced one 
line. When the next printable character 
is received, it will be placed in the left
most position of the first zone. 

b) Serial-Dot Matrix Printers 

The paper is spaced one line. The Zone 
Buffer is not printed and the contents re
main untouched. The next printable 
character received will be placed in the 
next position in the Zone Buffer. 

Form Feed <0148 > 
a) Character Drum Printers 

The present contents of the Zone Buffer 
are printed, and the paper is spaced to 
the top of the next form. When the next 
printable character is received, it will be 
placed in the leftmost position of the first 
zone. 

b) Serial-Dot Matrix Printers 

The paper is advanced to the top of the 
next form. The contents of the Zone Buf
fer are left untouched. When the next 
printable character is received, it is 
placed in the next position in the Zone 
Buffer. 
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The following four control character functions are 
available on the Serial-Dot Matrix Printers in ad
dition to the three commands listed above: 

Vertical Tab <2xx8 > 
Moves the paper until the next hole is reached 
on the paper control ribbon. The Zone Buf
fer is also loaded with the character denoted 
by xx. The contents of the Zone Buffer re
main unchanged. 

Delete < 1778 > 
All characters present in the Zone Buffer are 
deleted. The next suitable character re
ceived will be placed in the leftmost position 
of the present zone. 

Expanded Characters <0168 > 
Prints the characters double size in the 
horizontal axis so that instead of printing 
132 characters per line, only 66 characters 
may be printed on a line. This function may 
be selected at any time prior to the Carriage 
Return in any line. If more than 66 char
acters have been entered, the excess char
acters are deleted. 

Bell <0078 > 
Generates a 2 second audible tone in the 
speaker at the rear of the printer. The con
tents of the Zone Buffer remain unchanged. 

The following two commands are implemented on 
the model 4034D Serial-Dot Matrix Printer. 

Select <021 8 > 
Allows the printer to receive data. This is 
the same as activating the printer select 
switch. 

De-Select <0238 > 
Places the printer off-line; this is the same 
as deactivating the select switch. 



TIMING 

There are two timing cycles for the programmer 
to be concerned with when outputting to the line 
printer. These are character cycle time and print 
cycle time. The character cycle time is the time 
it takes to load a character into the Zone Buffer. 
This time is either 2, 6, or 12 microseconds, de
pending upon the type of printer. Print cycle time 
is the time it takes to print a zone. Print cycle 
times vary from printer to printer, and depend 
upon the number of characters being printed. But, 
print cycle times are long enough to warrant the 
use of an interrupt handler for the line printer. 

In an interrupt routine, characters should be out
put to the Zone Buffer successively. When the 
Zone Buffer is printing, the routine should return 
control to the main program. To test for the zone 
being printed, the program should wait the char
acter cycle time, after the output, and then test 
for Busy being 1. If the Busy flag is 1, then the 
printer has entered the print cycle, and the routine 
should return control to the main program awaiting 
an interrupt. 

To print at the maximum rate, the line printer's 
Zone Buffer should be completely loaded within 
200 microseconds after the end of a print cycle. 
For timing characteristics of the various mod
els" see the table of line printer specifications. 
below. 

Line Printer SpeCifications 

Paper Full Line Full Number Character Print Line Carriage 
Width Print Line Zone of Cycle Time Cycle Feed Return Slew 

Model Type (inches) Rate Length Size Zones (Il s) Time (ms) (ms) Speed 

4034A Character 4 to 256 80 20 4 6 34 20 4 20 
Drum 197/8 Lines/Min ms/Zone ms/Line 

4034B Character 4 to 245 132 24 5 1/2 6 34 20 4 20 
Drum 197/8 Lines/Min ms/Zone ms/Line 

4034C Serial-Dot 4 to 165 132 132 1 12 5.5 70 2.75 70 
Matrix 14 7/8 Characters/ ms/Character ms/Line 
5x7 Sec 

4034D Serial-Dot 4 to 165 132 132 1 12 5.5 70 2.75 70 
Matrix 147/8 Characters/ ms/Character ms/Line 
7x9 Sec 

4034G Character 4 to 300 136 136 1 2 50 50 -- 8.3 
Drum 163/4 Lines/Min ms/Zone ms/Line 

4034H Character 4 to 240 136 136 1 2 50 50 -- 8.3 
Drum 163/4 Lines/Min mS/Zone ms/Line 
(Upper+Lower 
Case) 

06-00972 
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PROGRAMMING EXAMPLE 

The line printer may be programmed efficiently 
only through the use of an interrupt service rou
tine. If interrupts are disabled, then the program 
must wait the entire print cycle time before it may 
continue processing. The following routine de
monstrates a procedure for programming the line 
printer using interrupts. 

The routine loads the Zone Buffer, character by 
character, and when the zone begins to print, it 
returns to the main program. It tests for the 
beginning of the print cycle by waiting for one 
character cycle time in a timing loop after each 
character is loaded in the Zone Buffer, and then 
testing the Busy flag; If the Busy flag is 1, the 
print cycle has begun and the routine returns con
trol to the main program. 

To initiate printing, a Jump to Subroutine instr
uction (JSR) to PRINT is used, where ACO con
tains the starting location of the data in the form 
of a byte pointer (format below). 

Data is packed two characters per word, left to 
right, and the end of data is signified by a null 
character (0008), The routine sets the byte pointer 
to 0 when done to signify that it is not in use, and 
may be called by another JSR to PRINT. 

o I I 2 

Bits 

0-14 

15 

3 I 4 5 

Name 

Address 

Pointer 

II 12 13 14 15 

ADDRESS 

6 I 7 I 8 I 9 I 10 
I
POIN°I 

I I I IER 0 

Contents 

Address of first word 
of output data. 

Left or right byte of word 
o = left, 1 = right 

If this routine is called again before it has printed 
the entire file, the program waits until the file is 
completed. 

LINE PRINTER SERVICE, USING INTERRUPTS 

.LOC 
INTRP 

DUMMY INTERRUPT HANDLER 
INTRP: SKPDZ LPT ;LPT INTERRUPT? 

JMP LPTSR ;YES, GO TO SERVICE ROUTINE 
HALT ;NORHALLY WOULD CHECK FOR OTHER INTERRUPTS 

.LOC 300 

SUBROUTINE TO PRINT A STRING OF BYTES- JSR'ED TO BY MAIN PROGRAM 

PRINT: STA 
LDA 
MOV~ 

.IMP 
LDA 
STA 
,JMP 

SAVEl: ° 

I,SAVEI ;SAUE ACI 
1,BPTR ;LOAD BYTE POINTER 
I,I,SIR ;IF BYTE POINTER IS NOT 0, lPT IS IN USE, SO 
.-2 ;WAIT TILL DONE 
I,SAVEI ;RESTORE ACI 
O,BPTR ;INITJALI?E BYTE POINTER 
LPTDR ;ENTER DRIVER SUBROUTINE 

LPT INTERRUPT SERVICE ROUTINF-JMP'FD TO BY MAIN INTERRUPT HANDIER 
LPTSR: STA 3,SAVE3 ;SAVE AC3 

JSR LPTDR ;CALL DRIVER SUBROUTINE 
LOA 3,SAVE3 ;RESTORE AC3 
INTEN 
JMP ~O ;RETURN TO INTERRUPTED PROGRAM 

SAVE~~: ° 
(CONTINUED) 
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LPT DRIVER SUBROUTINE-ENTERED FROM EITHER PRINT OR lPTSR,RETURNS VIA AC3 
LPTDF:: STli O,SAVO ;SAVE ACO 

1,SAVl ;SAVE ACl 

LOOP: 

[lONE: 

ZONE: 

S·U~ 

ST(~ 

MOVL 
STA 
LDA 
DIA 
MO\j~ 

-.IMP 
LDA 
MO\jZR 

MOV~ 

MOVS 
; NO·-·OF'S 
NIO 
NIO 
NIO 
JMP 
SKPBZ 
,IMP 
AND~ 

JMF' 
DOAS 
INC 
JMP 

NIOC 
SUB 
STA 
LDA 
l..I)A 
LDA 
LDA 
MOVZR 
,IMP 

2,SAV2 
3,3 
3,SAV3C 
0, BPH: 
1, LPT 
1,1,SNR 
Ef~FWF: 

::,,(:37/ 
0,2 
1,0,2 
O,O,SNC 

;SAVE AC2 
;SAVE AC3 WITH CARRY 

;LOAD BYTE POINTER 
;REMI STATUS 
;STATUS O.K." 
;NO,THEN ERROR 
;MASK TO CHECK FOR END OF DATA 
;CHANGE BYTE POINTER TO WORD POINTER 
H OAD DATA 
;LEFT OR RIGHT BYTE? 

1,1 ;LEFT, THEN SWAP 
FOR DELAY-CHECK PRINTER AND PROCESSOR TIMING 
o 
o 
o 
• + 1 
LF'T 
ZONE 
3,1,SNR 
[lONE 
1,U'T 
0,0 
LOOP 

LPT 
0,0 
O,BPTR 
0, SiWO 
1,SAVl 
2,S,'W2 
3, SA1nC 
3,3 
0,3 

HPT STl U BUSY? 
;YES, THEN PRINTING 70NE 
;NULl.. BYTE? 
;YES, THEN DONF 
;NO, THEN PRINT 
;INCREMENT BYTE POINTER 
;GET NEXT DATA 

; CLEAr.;: l F'T 
;SET ACO TO 0 
; STORE (.ICO 
;RESTORE ACCUMULATORS AND CARRY 

;RETURN 

DUMMY ERROR ROUTINE 
ERROR: HALT ;NORMALLY WOULD INDICATE LPT NOT READY 

SAVO: 
S,;Vl : 
SAV2 : 
~>AV3C: 

C377: 
BPTR: 

STORAGE 
o 
o 
o 
o 
377 
o 

AREA 
;STORE ACO 
;STORE ACl 
;STORE AC2 
;STORE AC3 WITH CARRY 
;RIGHT BYTE MASK 
;BYTE POINTER-O INDICATES 
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COMMERCIAL 1/0 SUBSYSTEM 
MODELS 4215-19, 4244-45 

.------------ PROGRAMMING SUMMARY ----------, 

Mnemonic 
Device Code 
Priority Mask Bit 

DCLP 
17 

Maximum Allowable Data Channel Latency 
12 
(infinity) 

Format Disable 

(OOA) 

Load Memory Address Counter 

(008) 

Load Byte Counter 

(DOC) 

ACCUMULATOR FORMATS 

Read Status 

(OIA) 

Read Memory Address Counter 

(018) 

Read Byte Counter 

(DlC) 

S, C AND P FUNCTIONS 

S Sets the Busy flag to 1, the Done flag to 0 and C Sets the Busy, Done, Tab Runaway, and Status 
initiates operation. flags to 0 and stops operation. 

P No effect. 

I1I-4:) 
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INTRODUCTION 
Data General's commercial I/O subsystem line 
printers receive their output via the data channel. 
This reduces the amount of programming overhead 
required, since the subsystem controller accesses the 
computer's memory directly for printing data. 
Additional features such as horizontal tabbing and a 
direct access vertical formatting unit provide for 
format changes controlled by the system's program. 

Six different printers are available in commercial I/O 
subsystems: 

Model 4215-64 character (upper case) 
Model 4216-96 character (upper and lower case) 
Model 4218-64 character (upper case) 
Model 4219-96 character (upper and lower case) 
Model 4244-64 character (upper case) 
Model 4245-96 character (upper and lower case) 

600 lines/min. 
436 lines/min. 
300 lines/min. 
240 lines/min. 
900 lines/min. 
720 lines/min. 

The printers require standard, edge-punched, fanfold 
paper with 11 inches between folds. The paper may be 
from 4 to 16.75 inches wide. At the wideset paper size, 
up to 136 columns per line are available for printing. 
In addition, each printer can print 6 or 8 lines per 
inch, according to the operator's selection. 

The printer subsystem receives the control and 
format commands and the data to be printed from the 
computer's memory via the data channel. Data and 
control information may be intermixed in the same 
block. The largest block of data and control 
information which can be transferred to the 
subsystem in one operation is 32,768 bytes. 

An optional programmable interval timer (PIT) also 
resides on the subsystem controller board. 
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INSTRUCTIONS 
The line printer controller contains four program 
accessible registers: 116-bit Memory Address Counter 
and Byte Pointer, a 16-bit Byte Counter, a 4-bit Status 
Register, and a 1-bit Format Disable flag. The 
Memory Address Counter is self-incrementing and 
contains the memory location of the next word (pair 
of bytes) to be sent to the subsystem and an indicator 
for the starting byte (either high or low order) to be 
used in the operation. The Byte Counter contains the 
two's complement of the number of bytes to be sent to 
the subsystem. The Status Register contains all the 
information flags for the line printer. The Format 
Disable flag allows programmer control over the 
formatting capabilities of the subsystem. 

Six instructions are used to program data channel 
transfers to the controller. Three of these instructions 
supply the controller with all the necessary 
information for any print operation. The remaining 
three instructions allow the program to determine, in 
detail, the current state of the subsystem. 

The line printer controller's Busy and Done flags are 
controlled using two of the device flag commands as 
follows: 

f= S Sets the Busy flag to one and the Done flag to 
zero. Initiates data channel block transfer. 

f= c Sets the Busy, Done, Tab Runaway, and Status 
Change flags to O. Stops operation. 

f= p No effect. 

IORST Performs the same functions as the Clear (C) 
command and sets the Format Disable flag to 1. 
Zeroes the Byte Counter, the Memory Address 
Counter and the Byte Pointer. Clears Tab and 
Vertical Format memory selection. 



Format Disable 

DOA lfl ac, DCLP 

Loads bit 0 of the specified AC into the controller's 
Format Disable flag. Ignores bits 1-15. Mter the data 
transfer, sets the controller's Busy and Done flags 
according to the function specified by F. The format of 
the specified accumulator is as follows. 

I F ~ '···,·I··· 2.'·.·3·1.·4 1.·.5\···6:{.7. ,·:·8: 1·91,;·I··,,·1 'ii:r:1~',: .,4 1 •• ,51 

Bits Name CONTENTS 

0 Format A ~ enables formatting features. 
Enable 

1-15 --- Reserved for future use. 

Load Memory Address Counter 

DOB [f] ac, DCLP 

Loads bits 0-15 of the specified AC into the 
controller's Memory Addreses Counter. Mter the data 
transfer, sets the controller's Busy and Done flags 
according to the function specified by F. The contents 
of the specified AC remain unchanged. The format of 
the specified AC is as follows: 

Bits Name CONTENTS 

0-14 Memory Location of the first word in memory to be 
Address used for the data channel transfer. 

15 Byte Indicator for first byte to be used in the 
Pointer operation. 

When zero - high order byte. 
When one - low order byte. 

Load Byte Counter 

DOC [f] ac, DCLP 

Loads bits 0-15 of the specified AC into the 
controller's Byte Counter. Mter the data transfer, sets 
the controller's Busy and Done flags according to the 
function specified by F. The contents of the specified 
AC remain unchanged. The format of the specified AC 
is as follows: 

-BYTE COUNT ° I , , 2 , 3 1 4 , 5 , 6 I 7 , 8 , 9 I 10 I " , ,21 '3 , '4 I '5 

Bits Name CONTENTS 

0-15 -Byte Two's complement of the number of bytes to 
Count be transferred. 

Read Status 

DIA [f] ac, DCLP 

Places the contents of the controller's Status Register 
in bits 12-15 of the specified AC. Sets bits 0-11 to O. 
After the data transfer, sets the controller's Busy and 
Done flags according to the function specified by F. 
The format of the specified accumulator is as follows: 

I·························· ................................................. \ I \ I 1 
'.' ......... '.' . . .. .......... 6.:"'I·:::.·7:::>'<:8</·9:::.:f::.:,.o:.:.':<':.,:. T,R2 S'C

3 
R,04Y 0,N5 '::~'r\i::~r 3T~r51 . . 1 - • " • • . • 

Bits Name Meaning When 1 

0-11 "-- Reserved for future use. 

12 Tab A tab operation has been specified, but no tab 
Runaway stops were found. 

13 Status One or both of the printer status lines (READY 
Change or ONLINE) have changed state. 

14 Ready The printer is ready. 

15 On Line The line printer is on line to the processor. 
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Read Memory Address Counter 

DIB [f] ac, DCLP 

Places the contents of the controller's Memory 
Address Counter in bits 1-15 and the current Byte 
Pointer in bit 0 of the specified AC. After the data 
transfer, sets the controller's Busy and Done flags 
according to the function specified by F. The format of 
the specified AC is as follows: 

Bits Name CONTENTS 

0 Byte Pointer Indicator for byte to be acted on next. 
When zero - high order byte, 
When one - low order byte. 

1-15 Memory Location of the next word in memory to be 
Address used for a data channel transfer. 

Read Byte Counter 

DIC [fJ ac, DCLP 

Places the contents of the controller's Byte Counter in 
bits 0-15 of the specified AC. After the data transfer, 
sets the controller's Busy and Done flags according to 
the function specified by F. The format of the specified 
AC is as follows: 

-BYTE COUNT 
o 1 1 I 2 I 3 1 4 I 5 I 6 I 7 I 8 I 9 1 10 I 11 I 121 13 I 14 I 15 

Bits Name CONTENTS 

0-15 -Byte Two's complement of the current byte count. 
Count 
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PROGRAMMING OVERVIEW 
The controller obtains data from the processor's 
memory and transfers it to the printer. Data consists 
of characters to be printed, parameters of data 
transfers, control characters, tab information, and 
vertical format information. 

Data Transfers 
The controller obtains data a block at a time from the 
processor's memory via the data channel, with two 
bytes packed into each word. The size of the block 
transferred is determined by the user program. A 
maximum of 65,536 bytes (32,768 words) can be 
transferred in one operation. 

Before a block transfer is initiated, the user program 
supplies the controller with the size and the location 
in memory of the block. The DOB instruction sends the 
starting memory address and the DOC instruction 
sends the starting core address. These instructions 
can be issued in any order. 

The transfer begins when the Start command is 
issued. Once the transfer is initiated, the controller 
unpacks the bytes in a left-to-right sequence and 
strobes them out to the printer individually. The 
high-order byte (bits 0-7 of the data word) is sent 
first. 

When all the bytes in the specified block have been 
transferred to the controller, the controller requests a 
data channel interrupt. 

Byte Indicator 

In addition to supplying the controller with the 
starting memory address, the DOB instruction supplies 
the controller with an indicator for which byte (i.e., 
left or right) in the first word the transfer is to begin 
with. This bit is called a byte indicator. If the byte 
indicator is a zero, the transfer begins with the high 
order byte, (data bits 0-7), If the byte indicator is a 
one, the transfer begins with the low-order byte (data 
bits 8-15), 

When the transfer begins with the low-order byte, the 
high -order byte of the first word is not considered to 
be part of the block. The transfer continues with the 
high-order byte of the second word. 



WORD 1 

WORD 2 

WORD 3 

WORDN 

WORD 1 

WORD 2 

WORD 3 

WORDN 

HIGH ORDER BYTE - LOW ORDER BYTE 

o 1 2 3 4 5 6 7 89101112131415 

BYTE 1 (FIRST BYTEI BYTE 2 

BYTE 3 BYTE 4 

BYTE 5 BYTE 6 

- -r - -
BYTE 2N-1 (LAST BYTEI IGNORED 

BYTE INDICATOR = 0 
ODD NUMBER OF BYTES 

IGNORED BYTE 1 (FIRST BYTEI 

BYTE 2 BYTE 3 

BYTE 4 BYTE 5 

-r- - , 
BYTE 2N-2 BYTE 2N-1 (LAST BYTEI 

O(;rOS5J'3 

BYTE INDICATOR = 1 
ODD NUMBER OF BYTES 

Status Change Monitor 

I 

The controller monitors the printer's status lines, 
READY and ON LINE, while the subsystem is 
powered on. Should either of these two lines change 
state, an error flag is set and a program interrupt is 
initiated. The status change flag is reflected in bits 
13-15 of the accumulator specified for the DIA 
instruction. 

Formatting 
This subsystem features facilities for both horizontal 
and vertical tabbing. In order to use these facilities, 
the user program must enable formatting by issuing 
the DOA instruction with bit zero of the specified 
accumulator set to zero. The reason for this is that the 
IORST instruction disables formatting. 

Both of these features use special memories which are 
loaded with data block transfers. After these 
memories are loaded, the user program must issue the 
DOA instruction with bit zero of the specified 
accumulator set to one to preserve the contents of 
these memories. 
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HORIZONTAL T ADDING 
The controller features a special memory which 
provides a means of setting and clearing horizontal tab 
stops in any of 135 columns. You cannot set a horizontal 
tab stop in column O. Loading the memory and 
specifying a tab operation are both accomplished by 
data block transfers to the controller. 

The memory contains 25610 l-bit locations, each of 
which must be set or cleared individually. If the tab 
feature is used, the tab memory must be loaded each 
time the controller is powered up, since the tab 
memory is volatile. 

Setting and Clearing Tab Stops 
The tab memory starts loading when a DLE character 
(20 8 ) is encountered in the serial byte stream. After 
the controller receives this charcter, it loads the least 
significant bit of the next 256 bytes (bits 7 and 15 of 
each word) into successive locations in the tab 
memory beginning with column one. A one bit sets a 
tab stop and a zero bit clears a tab stop. A DCl 
character (21 8 ) encountered in the byte stream 
terminates the tab memory load. 

Each bit in the tab memory represents one column on 
the printer. Although there are only 136 printing 
columns, all 256 locations in the tab memory must be 
loaded. All columns after 136 must be set to zero to 
avoid erroneous printout. 

NOTE The tab memory is addressed serially. 
and therefore all locations must be set or 
cleared individually. 

The tab memory is addressed by a column counter, 
which always points to the NEXT column to be 
printed. Because of this, the first column, column zero, 
cannot be addressed and tab stops must be set one 
column prior to the one in which printing is to begin 
after a tab stop. For example, if a tab stop is set in 
column 20, printing begins in column 21 after a 
tabbing operation is specified. 

After the tab memory has been loaded, the column 
counter must be cleared so that it addresses column 
one. This is accomplished by sending a carriage 
return, form feed, or line feed character. It may also be 
accomplished by sending a vertical format command 
after the vertical format unit's memory has been 
loaded. 

Tabbing Operation 
A tabbing operation is performed by the printer when 
the controller encounters an HT character (11 8 ) in 
the serial byte stream. During a tab operation, the 
controller scans the tab memory and outputs space 
characters until a one bit is detected. Printing 
continues with the first column following the tab stop. 
Should a tab operation be specified and the tab 
memory not loaded, an error flag is raised in the 
controller, which sets the DONE flag and initiates an 
interrupt request. This error flag is reflected in bit 12 
ofthe accumulator specified in a DIA instruction. 
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VERTICAL TARRING 
The user program directs paper advancement on this 
subsystem by sending either a line feed character, 
form feed character, or a vertical format command to 
the controller. Depending on which of these types of 
information is transmitted, the paper may advance 
from one to 143 lines in one operation. 

Line Feed and Form Feed 

The line feed and form feed characters may be 
transferred to the printer along with characters to be 
printed. Receipt of the line feed character causes the 
printer to advance one line. Receipt of the form feed 
character causes the printer to advance to the top line 
of the next 11 inch form (at 6 lines per inch). 
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Vertical Format Commands 

Vertical format commands are of two types: a 
command to skip a specific number of lines (up to 
fifteen), or a command to skip lines until a "one" bit is 
detected in a specified location in the vertical format 
memory. The latter type is a Channel Select 
command. To use it, the program must pre-load the 
vertical format memory via a data block transfer. 

Vertical format commands are 8-bit codes and must 
be preceded in the byte stream by a DC2 character 
(22 8 ). A typical byte sequence for vertical format 
command specification is shown below. 

HIGH-ORDER BYTE LOW ORDER BYTE -

o 1 23456 7 89101112131415 

WORDN DATA BYTE DC2 (VFN BYTE NEXT) 

N+1 VFNCOMMAND DATA 

N+2 DATA DATA 

NOTE: De2 could have been a high·order byte 

DG-05982 

Step Count Line Advance Command 

Within the command code, data bit 3 or 11 distinguishes 
between the two types of vertical format commands. If 
this bit is a one, the printer interprets the command as 
a "Stop Count Line Advance". This command causes 
the paper to advance from one to fifteen lines, 
depending upon the code received. The possible codes 
are shown in the following table. 



Left Byte 0 
Right Byte 8 

1 

1 

1 

1 
1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

VERTICAL FORMAT CONTROL CODES FOR STEP COUNT LINE ADVANCE 

Data Bits 
1 2 3 4 5 6 7 Step Count 
9 10 11 

X X 1 

X X 1 

X X 1 

X X 1 
X X 1 

X X 1 

X X 1 

X X 1 

X X 1 

X X 1 

X X 1 

X X 1 

X X 1 

X X 1 

X X 1 

X X 1 

12 13 14 15 

0 0 0 0 

0 0 0 1 

0 0 1 0 

0 0 1 1 
0 1 0 0 

0 1 0 1 

0 1 1 0 

0 1 1 1 

1 0 0 0 

1 0 0 1 

1 0 1 0 

1 0 1 1 

1 1 0 0 

1 1 0 1 

1 1 1 0 

1 1 1 1 

\~--------~r--------~/ V 
Step Count 

The programmer does not set the ldtmost bit; it is set to 1 by the 
controller of any byte following a DC2 character in the byte stream. 
The next two bits from the left arc irrelevant. 

If the number of lines to be skipped is greater than the number of lines 
remaining on the page, the paper advances to the top of the next form 
and then advances the number of lines specified. 
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Channel Select Command 

If data bit 3 or 11 (the fourth bit from the left) is a zero, 
the printer interprets the code as a Channel Select 
command. When this command is received, the paper 
advances until a "one" bit is detected in a specified 
location in the vertical format unit's memory. Before 
this command can be used, the unit's memory must be 
pre-loaded as described below. 

Loading the Vertical Format Unit Memory - The 
vertical format memory on this printer is electronic 
but it simulates the common paper-tape type of 
vertical format unit. Such a unit consists of a paper 
tape loop that feeds, via sprocket holes running down 
the center of the tape through a paper tape reader 
located inside the printer. When the paper tape 
advances one sprocket hole, the page being printed 
advances one line. 

The paper tape is divided into vertical columns called 
channels. A hole punched in a channel indicates a 
vertical tab stop. Vertical tabbing is controlled by the 
user program. When a command is issued to select a 
specific channel, the paper advances, along with the 
paper tape loop until a hole is detected in the channel 
specified. When a hole is detected by the reader, the 
paper stops advancing and printing resumes until the 
next paper advancement command is received. 

SPROCKET 
HOLE 

VERTICAL TAB 
HOLES 

The vertical format unit on this printer is a 
circulating electronic memory. This memory has 143 
12-bit locations, each of which represents one line of 
paper. Thus this unit can format forms up to 23.9 
inches at 6 lines per inch or 17.9 inches at 8 lines per 
inch. Each location in the memory contains 12 
channels. Each of these channels is represented by one 
bit of a data word. The following table illustrates the 
correspondence between the 12 channels and the bits 
of a data word. 

Data Bit Number Data Bits 

/0 "'8 X 

1 9 1 

2 10 Channel 6 
FIRST BYTE 3 FIRST BYTE 11 

I (High Order) < 4 (Low Order) 12 

5 13 

6 14 

7 15 
8 0 Channel 1 
9 1 X 
10 2 1 

SECOND BYTE < 11 SECOND BYTE 3 Channel 12 
(Low Order) 12 (High Order) 4 

I 13 5 
14 6 
15 " 7 

Channel 7 

Bits 1 ,md 9 must alwavs 1)(' Sl't to 1. Bits 0 and il arc irrdcvant. 
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A data bit set to 1 indicates a vertical tab stop for the 
channel that it represents. When a channel select 
command is received, the memory circulates, 
advancing one line per memory location until a "one" 
bit is detected in the channel specified. 

The vertical format memory begins loading whenever 
a DC3 character (238) is detected in the byte stream. 
The first two bytes received after the DC3 character 
are interpreted by the printer as format information 
for the first line of the paper, the second two bytes are 
used for the second line, and so on, up to a maximum of 
286]() bytes, which represents 143 lines. The memory 
terminates loading when a DC4 character (248) is 
detected. The DC4 character must always follow the 
second byte of information for a line. The vertical 
format memory does not store incomplete data. It must 
have an even number of data bytes. 

The entire 143-line memory does not have to be 
loaded. However, when it is, the DC4 character must 
follow the 286th byte of information; otherwise an 
error indication is returned to the controller from the 
printer. 

Each odd-numbered byte following the DC3 character 
(i.e., first byte, third byte, fifth byte, etc.) is used to 
load the first six channels into the vertical format 
memory. Each even numbered byte (i.e., second byte, 
fourth byte, etc.) is used to load the second six 
channels of the memory. The illustration below shows 
a typical data block set-up that is used for loading the 
vertical format memory. 

NOTE After a valid memory load operation 
has been completed, the first line loaded into 
the memory is assigned to the line on the paper 
presently at the print station. For this reason, it 
is convenient to provide the top-of-form 
indication in the first line of the memory. The 
vertical format unit regards any bit set to one 
in channell (channell is the Ime-order bit of 
the first byte after a DC3) as a top-of-form 
indicator. 

NOTE Sending a second DC4 character, after 
the memory load operation has been completed, 
recirculates the memory and thereby reorients 
the top-of-form and other channel stops with 
the proper place on the paper. 

,..----- MEMORY MAP IN THE COMPUTER FOR LOADING THE VFU FOR M-N LINES/PAGE ----, 

WORDN 

WORD N+1 

WORDM 

HIGH-ORDER BYTE LOW-ORDER BYTE 

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 

DC3 (VFU LOAD START) X 1 
VFU LINE 1 

CH6 1 CH5 J CH4 I CH3j CH2 I CH1 

X 1 
VFU LINE 1 

X 1 
VFU LINE 2 

CH121cH111cH101 CH91 CH81 CH7 CH6 I CH5 I CH4 I CH3 I CH2 I CH1 _ ..... -
X 1 

VFU LAST LINE DC4 (VFU LOAD STOP) 
CH121cH111cH101cH91 CH8 I CH7 

NOTE. The DC3 code could have been In the low-order byte of the word N. If so. 
the DC4 code would be in the high-order byte of word M+ 1 

DG-05985 
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Selecting A Channel - Again, all vertical format 
command codes must be preceded in the byte stream 
by a DC2 character. The command codes that select a 
specific channel are shown in the following table. 

Data Bits (Controller) 

0 1 2 3 4 
8 9 10 11 12 

1 1 X 0 0 

1 1 X 0 0 

1 1 X 0 0 

1 1 X 0 0 

1 1 X 0 0 

1 1 X 0 0 

1 1 X 0 0 

1 1 X 0 0 

1 1 X 0 1 

1 1 X 0 1 

1 1 X 0 1 

1 1 X 0 1 

5 6 
13 14 

0 0 

0 0 

0 1 

0 1 

1 0 

1 0 

1 1 

1 1 

0 0 

0 0 

0 1 

0 1 

On models 4216 and 4219. channels 6 and 12 are not defined as in the 
above table. If a "hole" is desired in either of these channels. a zero 
must be loaded. Channels 1 through 5 and 7 through 11 are loaded 
with a one for a desired "hole". 
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7 Right BY,~ Ch~nel 
15 Left Byte Selected 

0 1 

1 2 

0 3 

1 4 

0 5 

1 6 

0 7 

1 8 

0 9 

1 10 

0 11 

1 12 



Perforation Skipover 
Another feature of the vertical format unit on this 
printer is called perforation skipover, which provides 
for paper advancement after the bottom-of-form 
indicator has been detected by the printer. This 
feature is most often used to skip perforations 
separating forms; it may be used with or without a 
pre-loaded vertical format memory. 

Default Setting 

If the perforation skipover is used without pre-loading 
the vertical format memory, a default setting provides 
63 printed lines at 6 lines per inch followed by a 3 line 
skipover. 

Memory Setting 

If this feature is used with a pre-loaded vertical 
format memory, channel one must be set to one for a 
Top-of-Form indicator and channel twelve must be 
set to one for a Bottom-of-Form indicator. Both of 
these indicators should be set only once per form. The 
skipover may be set for any number of lines (within 
the limits of the size of the vertical format memory) 
by pre-loading with null bits the lines that are to be 
skipped after the Bottom-of-Form indicator has been 
reached (see illustration below). 

Vertical Tabbing Summary 
The accompanying illustration shows a typical byte 
sequence for paper advancement using both the 
Channel Select and Step Count Line Advance vertical 
format commands and the perforation skipover 
feature. 
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----VERTiCAL FORMAT EXAMPLE -----. 

WORDN 

N+2 

N+20 

N+21 

N+40 

HIGH-ORDER BYTE LOW -ORDER BYTE 

o 1 234 5 6 7 B 9101112131415 

DC3 IVFU LOAD START) 
000 1 001 1 

SELECT UNE 1 AS TOP OF FORM 
X 1 0000011X1000000 

X 1 o 0 0 0 0 0 X 1 000 000 

-l 

SET VERTICAL TAB STOP IN CHANNEL 10 AND 11 
X 1 0 0 0 0 0 0 X 1 o 1 1 000 

X 1 0 0 0 0 0 0 X 1 0 0 0 0 0 0 

SET LINE 40 AS BOTTOM OF FORM 
X 1 00000 0 X 1 1 00000 

DC4 IVFU LOAD STOP) DO A FORM FEED 
000 1 0 1 0 0 o 0 0 0 1 100 

DATA 1 DATA 2 

DATAK 
DC2 IVFU BYTE NEXT) 
o 0 0 0 1 010 

'1B ~O 1UN
; 2g I~H~N~E\ 1,1 DATA 

DATA DATA 

DC21VFU BYTE NEXTI SKIP 5 LINES 
o 0 001 010 X X X 1 0 1 0 1 

DATA DATA 

LINE 1 

UNE 2 

LINES 3-M 
REPEAT UNE 2 

LINE 20 

UNE 21 

LINES 22-39 
REPEAT UNE 21 

LINE 40 

} 

LESS THAN 20 LINES 
OF DATA 

} 

SEVERAL LINES 
OF DATA 

IF DATA GOES 

=j 
BEYOND LINE 40. 

E AUTOMATIC FORM 
DATA DATA FEED TO LINE 1 OF 

L-_____ --.J'--_____ --.J NEXT PAGE. 

......... 

x = IRRELEVANT 

This sets top of form at line 1 and bottom of form at line 40. line 20 has a 
vertical tab stop in channels 10 and 1 1 Once the VFU is loaded.. 8 form feed 
brings line 1 Into pnnt POSition and the data fdlows. We perform 8 vertIcal tab to 
line 20 and print several more lines of data. We then skip 5 lines and prtnt 
additional data. If thiS data goes past line 40, an automatic perforation sklpover 
occurs and pnntlng continues on hne 1 (top of form) on the 08l1t page 



PROGRAMMABLE 
INTERVAL TIMER 

The model 4217 Programmable Interval Timer (PIT) 
is a general purpose timer which may be used to 
generate an interrupt after a programmed interval. 
Four jumper selectable frequencies drive a 16-bit 
counter which is loaded with the two's complement of 
the desired count. When the counter overflows, the 
PIT initiates a program interrupt request. 

Intervals in the range of one microsecond to 65.536 
seconds are possible. The specific intervals for each 
selectable frequency are as follows: 

Selected Time Interval 

Frequency Maximum Minimum 

1 MHZ 1 MSEC 65536 MSEC 
100KHZ 10MSEC 655.36 MSEC 
10 KHZ 100 MSEC 6.5536 SEC 
1 KHZ 1 MSEC 65.536 SEC 
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PROGRAMMABLE INTERVAL TIMER 
PROGRAMMING SUMMARY---. 

Mnemonic 
Device Code 
Priority Mask Bit 
Max. Allow.lnt. Lat. 

PIT 
43 

6 
See Timing 

ACCUMULATOR FORMATS 

Select Time Delay 

(DOA) 

Read Time Count Register 

(DIA) 

S, C, AND P FUNCTIONS 

S 

Sets the Busy flag to 1, the Done flag to 0, and 
begins time delay. 

C 

Sets the Busy and Done flags to 0 and stops the 
operation. 

p 

Pulse timing circuit. (Diagnostic use only.) 



INSTRUCTIONS 
The PIT contains one program accessible register -
the 1S-bit Time Count register. This register holds the 
two's complement of the desired number of clock 
pulses necessary for the selected time delay. Clock 
pulses are jumper selectable for 1 microsecond, 1 
hundredth of a millisecond, 1 tenth of a millisecond, 
and 1 millisecond. 

Two instructions program data transfers to and from 
the device. One of these instructions supplies the 
controller with the desired time interval (or count); 
the other allows the program to determine the time 
remaining in the interval. 

The Programmable Interval Timer controller's Busy 
and Done flags are controlled by the device flag 
commands as follows: 

f= s Sets the Busy flag to 1 and the Done flag to O. 
Begins the selected time delay. 

f= c Sets both the Busy and Done flags to O. Selects 
the longest time interval by setting the Time 
Count Register to O. (If in diagnostic mode, 
returns to normal mode.) 

f= P Places the Commercial I/O Subsystem in 
diagnostic mode. Each subsequent 110 Pulse 
clocks the entire subsystem. (See note below.) 

IORST Performs the same functions as the Clear (C) 

command. 

NOTE When an I/O pulse is issued to the PIT, 
the 10 MHZ crystal clock is deselected and all 
subsequent I/O pulses become the clock for the 
commercial I/O board. While in this "pulse 
clock" mode, the line printer controller is not 
operative. 

Select Time Delay 

DOA [f] ac, PIT 

Loads bits 0-15 of the specified AC into the 
controller's 1S-bit Time Count register. After the data 
transfer, sets the controller's Busy and Done flags 
according to the function specified by F. The contents 
of the specified AC remain unchanged. The format of 
the specified AC is as follows: 

Bits Name CONTENTS 

0-15 -Time Two's complement of desired number of 
Interval microseconds, hundredths of milliseconds, 

tenths of milliseconds, or milliseconds as 
selected by the interval selection jumpers. 

Read Time Count Register 

DIA [f] ac, PIT 

Places the contents of the controller's 1S-bit Time 
Count register in bits 0-15 of the specified AC. After 
the data transfer, sets the controller's Busy and Done 
flags according to the function specified by F. The 
format of the specified AC is as follows: 

Bits Name CONTENTS 

0-15 -Time Two's complement of the number of 
Remaining microseconds, hundredths of milliseconds, 

tenths of milliseconds, or seconds remaining in 
the time interval. 
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Programming 
The Time Count register is loaded with the two's 
complement of the desired count with a Select Time 
Delay instruction (DOA). Loading zero yields a 
maximum delay for the selected frequency. The time 
interval begins when a Start pulse is issued. 

Once the Time Count register overflows (indicating 
the end of the time interval), the controller sets the 
Busy flag to 0 and the Done flag to 1 thus initiating a 
program interrupt request. 

The time remaining in an interval may be determined 
by issuing a Read Time Count Register instruction 
(DlA). The number of counts remaining in the interval, 
expressed in two's complement form, is loaded into 
the specified AC. However, each time this instruction 
is issued during a programmed time delay, the count 
may be offset by plus or minus one count. 

The counters are set to 0 and the operation is 
terminated whenever a Clear flag command or an 
IORST instruction is issued. 

Diagnostic Mode 
Issuing an VO Pulse flag command to the PIT places 
the entire commercial I/O subsystem in diagnostic 
mode. When in this mode, the 10 MHZ master clock 
controlling both the PIT and the line printer is turned 
off. Each VO Pulse flag command issued by the 
processor to any device is used to supply a clock pulse 
to the subsystem. 

The subsystem can be returned to normal mode by 
issuing either a Clear flag command to the PIT or an 
IORST instruction. 
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Programming Example 

The following program illustrates the use of the PIT 
in a stand-alone system. When you use the PIT to 
measure short intervals with high accuracy, we 
recommend the coding below, since you will not lose 
the time it takes to go through an interrupt handler. 
When the intervals are of much longer duration or a 
high degree of precision is not needed, the short delay 
caused by going through an interrupt service routine 
is not significant. The code shown below may be easily 
adapted to utilize the interrupt system. 

DepEmding on which time interval range is selected by 
the jumpers, this program measures an interval of 55 
microseconds, 55 hundredths of a millisecond, 55 
ten ths of a millisecond, or 55 milliseconds. 

INTDS 
NIOC 
LDA 
DOAS 
SKPDN 
JMP 
JMP 

PIT 
O,FVFV 
O,PIT 
PIT 
.-1 

TIMOUT 

;DISABLE INTERRUPTS 
;SET COUNTERS TO 0 
;GET NEGATIVE OF COUNT 
; SELECT TIME DELAY AND START INTERVAL 
;INTERVAL FINISHED? 
;NO, KEEP WAITING 
;YES, PERFORM APPROPRIATE ACTION. SHOULD CLEAR 
;DONE FLAG AND ENABLE INTERRUPTS. 

FVFV: 177710 



INCREMENTAL PLOTTERS 

INTRODUCTION 

Incremental plotters provide hard-copy graphical 
output from computer-supplied data. The plotters 
have three independent functions which allow ten 
distinct pen and/or paper movements. The three 
functions are x-axis movement, y-axis movement, 
and raise/lower pen. Eight pen and/or paper 
movements are possible by combining x- and 
y-axis commands as shown in the figure below. 

TAKE-UP 
REEL 

FLAT-BED 
FAN-FOLD 
TYPE 

DRUM 
TYPE 

FLAT-BED 
SHEET 
TYPE 

.-------- SUMMARY ------_ 
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MNEMONIC (FIRST CONTROLLER) ...... PLT 

DEVICE CODE (FIRST CONTROLLER) ..... 158 

MNEMONIC (SECOND CONTROLLER) ... PLTI 

DEVICE CODE (SECOND CONTROLLER) ... 558 
PRIORITY MASK BIT ..................... 12 

MAXIMUM PLOT SIZE 
(INCHES)* ........ 31x34; 30x1440; llx1734 

STEP SIZE* (INCHES) ............. .002-.01 
(MM) . . . . . . . . . . . . . . . . . . . . . . . .. . 05-.25 

MAXIMUM RA TE* 

(STEPS/SECOND) ................ 200,300 

ACCUMULATOR FORMAT 

LOAD COMMAND BUFFER ............. (DOA) 

H::tHt:ttttt:::f:::m::::H::tiff{U::tU::IR:i~EIL~~~RI-Y I +Y I-x I +l I 
o I 2 3 4 5 6 7 8 9 10 II 12 13 14 15 

S 

C 

S, C AND P FUNCTIONS 

Set the Busy flag to 1, the Done flag to 
0, and initiate the command. 

Set both the Busy and Done flags to 0 
without affecting the contents of the 
Command Buffer. 

P No effect. 

*See plotter specification. 



The combination of an x- and y-axis movement 
generates a line 1. 414 times the length of the 
plotter's basic step size. The pen may also be 
raised or lowered, providing two more commands. 
Each x- or y-axis command generates one step 
when sent to the plotter. Any directional move
ment which is not included in the eight basic 
directions must be approximated by sequential 
combinations of the basic steps. The table below 
contains information on the basic step sizes and 
stepping rates for the various types of plotters 
available from Data General Corporation. 

Plotter Specifications 

Paper 
Size 

Plotter Type (inches) Step Size* 

4017A Drum 12x1440 .01" . 005" 
Roll 

4017C Drum 30x1440 .01" 
Roll or 

.01mm 
4017D Flat- 31x34 .01" .005" 

bed Sheet . 002" 
or 

.05mm .10mm 
4017E Flat- llx1734 . 01" .005" 

bed Fan- . 25mm .1Omm 
fold 

* Each plotter must be ordered with a 
designated step size. 

Step/ 
Sec 

300 

300 

300 

Two major types of plotters are available: flat
bed and drum. Flat-bed plotters use either one 
rectangular sheet of paper or a fanfold stack of 
paper for plotting. The flat-bed plotter that uses 
one sheet generates lines on the x-axis by moving 
the entire carriage rod. On the flat-bed plotter of 
the fanfold type, lines along the x-axis are gen
erated by moving the paper past the pen carriage. 

Both types generate lines along the y-axis by 
moving the pen carriage along the carriage rod. 
Drum plotters use a roll of paper which unrolls 
from a supply reel and rolls onto a take-up reel 
where it may be removed. Movement along the 
x-axis is accomplished by moving the paper past 
the pen carriage, along the drum. Y-axis move
ment is accomplished by moving the pen carriage 
along the carriage rod. 

INSTRUCTIONS 

The plotter is driven by a controller which con
tains a 6-bit Command Buffer, two bits for each 
axis of movement. 

Onl~ r/o instruction is used in programming the 
plotter. This instruction loads the controller's 
Command Buffer with the desired pen movement 
command. 

The plotter controller's Busy and Done flags are 
controlled by the device flag commands as follows: 

f=S Set the Busy flag to 1, the Done flag to 0, 
and initiate the pen movement command 
contained in the Command Buffer. 

f=C Set both the Busy and Done flags to 0 without 
affecting the contents of the Command Buffer 

f=1> No effect. 

LOAD COMMAND BUFFER 

DOA<1> g£, PLT 

[0" I I I I AC I 0 I I 0 I F I 0 0 I 0 
o I I 2 3 I 4 5 6 I 7 8 I 9 10 I II' 121 13 I 14 15 

Bits 10-15 of the specified AC are loaded into the 
controller's Command Buffer. Bits 0-9 are ig
nored. After the data transfer, the controller's 
Busy and Done flags are set according to the func
tion specified by F. The contents of the specified 
AC remain unchanged. The format of the specifiec 
AC is as follows: 

WI +x 
>j :::::: ~ ·:-:«f««l 1· :1 I ::j 

0 2 3 4 5 6 7 8 9 I 5 

Bits Name Command If Set To 1 

0-9 --- Reserved for future use. 

10 Raise Pen Raise the pen off the 
paper. 

11 Lower Pen Lower the pen to the 
paper. 

12 -Y Move 1 step in the minus 
Y direction. 

13 +Y Move 1 step in the plus 
Y direction. 

1.4 -x Move 1 step in the minus 
X direction. 

15 +X Move 1 step in the plus X 
direction. 
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SUBROUTINE TO DRAW A LINE 
DRAW: STA 3,SAV3 ;STORE AC3 

STA O,CNT ;STORE COUNTER 
AGAIN: JSR TEST ;READY? 

DOAS 1,PLT ;DRAW INCREMENT 
[ISZ CNT ;DONE? 
JMP AGAIN ;NO, DRAW AGAIN 
JMP (!SAV3 ;YES, RETURN 

THIS ROUTINE LOWERS THE PEN 
LPEN: STA 3,SAV3 ;SAVE AC3 

LDA 2,DOWN ;LOAD AC2 WITH LOWER-PEN COMMAND 
,JSR TEST ;READY? 
DOAS 2,PLT ;LOWFR PEN 
JMP (!SAV3 ; RETURN 

THIS ROUTINE RAISES THE PEN 
RPEN: STA 3,SAV3 ;STORE AC3 

LDA 2,UP ;LOAD AC2 WITH RAJSE-PEN COMMAND 
JSR TEST ;READY? 
DOAS 2,PLT ;RAISE PEN 
JMP (!SAV3 ;RETURN 

TEST FOR PLOTTER READY 
TEST: SKPBZ PLT iREADY? 

JMP .-1 ;NO 
,JMP 0,3 ;YES 

;STORAGE AREA 
CNT: ° ;STORAGE LOCATION FOR SUBROUTINE COUNTER 
CNT1: 600 ;LENGTH OF FIRST 3 LINES 
CNT2: 10 ;LENGTH OF DASHES 
CNT3: 14 ;t OF LOOPS FOR DASHED LINE 
XLINE: 01 ;DRAW LINE + X 
YLI NE: 10 ;DRAW LINE - Y 
ANGLE: 06 ;DRAW LINE -X,+Y 

DOWN: 20 ;LOWER PEN 
UP: 40 ;RAISE PEN 
DSH[I: 0"· ,J ;DRAW LINE +X,+Y 
SAV3: 0 
DSHCT: 0 ;COUNTFR FOf~ DASHED LINE 

.END START 

III-59 



PROGRAMMING 

When the plotter has been placed on-line and the 
operator has positioned the paper, the pen and/or 
paper may be moved by the combination of a LOAD 
COMMAND BUFFER instruction (OOA) and a Start 
command. A LOAD COMMAND BUFFER instruc
tion will load bits 10-15 of the specified accumula
tor into the controller's Command Buffer, ignoring 
the other bits. Once loaded, a Start command may 
be issued to move one step in the direction speci
fied by the contents of the Command Buffer. A 
Start command sets the Busy flag to 1, the Done 
flag to 0, and sends the command to the plotter. 
When the plotter has completed the command, the 
Busy flag is set to 0, and the Done flag is set to 1, 
thus initiating a program interrupt request. Since 
a Start command does not alter the contents of the 
Command Buffer, a series of Start commands may 
be issued to repeat any step. 

TIMING 

The time required for a plotter to execute a com
mand depends upon the plotting speed of the par
ticular plotter being used. The following time 
intervals are measured from the time the Start 
command is issued to the time the Done flag is 
set to 1. If the plotting speed is 200 steps/second, 
the time required to execute any x-axis, y-axis 
or combination of x- and y-axis movement is 5ms. 
If the plotting speed is 300 steps/second, this 
time interval is 3. 3ms. All pen-raising and 
pen-lowering commands in all plotters require 
lOOms for execution. 

ADDITIONAL NOTES 

Before the plotter is placed on-line, the operator 
should position the pen at a starting position which 
is determined by the greatest negative value of 
both x and y used by the plotting routine. An al
lo\\ance should be made to provide for margins. 
After the plot is completed, the pen should always 
be raised to prevent damaging the plot, either by 
blots on the paper, or when the plot is removed. 
Dotted lines may be generated by issuing a pen
raising or pen-lowering command with either an 
x-axis or a y-axis movement. The result of this 
type of command will be a line segment which is 
shorter than the basic step size. If a dotted line 
or if a line segment which is less than the step 
size is not wanted, the program should avoid 
issuing such a command. 

If the program loads the Command Buffer with 
contradictory commands such as a plus x and a 
minus x together, the pen will not move along that 
axis. However, if a third command is specified 
without a contradiction, the plotter will execute 
that third command. 

PROGRAMMING EXAMPLE 

The following program illustrates the use of the 
incremental plotter as a stand-alone operation. 
The routine draws an isosceles right triangle 
with a dotted line dividing it in two. 

PROGRAM TO DRAW AN ISOSCELES TRIANGLE ON PLOTTER 

.LOC 400 

MAIN PROGRAM 
START: LDA 1,XLINE 

LDA O,CNTi 
JSR LF'EN 
JSR DRAW 
UtA 1,ANGLE 
JSR DRAW 
LDA 1,YLINE 
JSR DRAW 
LDA O,CNT2 
LDA 2,CNT3 
STA 2,DSHCT 
UtA 1,DSHD 

[Ill NE: JSR LPEN 
JSR DRAW 
JSR RPEN 
JSR DRAW 
[lSl DSHCT 
JMP DLlNE 
HALT 
JMP START 

;LOAD DATA FOR +X LINE 
;LOAD • OF INCREMENTS 
;LOWER PEN 
;DRAW FIRST LINE" 
;LOAD DATA FOR HYPOTFNUSE 
;DRAW IT 
;LOA[I DATA FOR Y LEG 
;[tRAW IT 
;LOAD NEXT • OF INCREMENTS 
;LOA[I AC7 WITH. OF LOOPS 
; STORE IT 
;LOAD DATA FOR DASHED LINE 
;LOWER PEN 
;DRAW IT 
;RAISE PEN 
; DRAW IT 
;END OF DASHED LINt? 
;GO BACK 

;PRESS CONTINUE TO RFPEAT PROGRAM 

(CONTINUED) 

I1I-60 



SECTION IV 

MAGNETIC TAPE 

• MAGNETIC TAPE TRANSPORTS 
SERIES 4030,4196, 6020 

• MAGNETIC TAPE TRANSPORTS SERIES 6026 

• DGC CASSETIE SUBSYSTEM 





INTRODUCTION TO 
MAGNETIC TAPES 

Data General offers two different types of mag
netic tape storage sUbsystems: tape transport 
subsystems and cassette subsystems. 

TAPE TRANSPORT SUBSYSTEMS 

Tape transports are popular for storing large 
quantities of information which the system can 
afford to have serially accessible. They are 
"industry compatible", because they conform 
to an industry standard. These drives are 
therefore an invaluable tool for passing inform
ation among normally incompatible computer 
systems. 

The basic recording medium is a magnetic mat
eria 1 coated on one side of a long 1/2 inch strip 
of tape, usually made of mylar. The tape is 
held on large interchangeable reels (up to 2400 
feet per reel) which are mounted on the supply 
hub of any conforming transport. When the tran
sport is recording or reading information, the 
tape is moved from the supply reel past read/ 
write heads to a take-up reel. As it moves, the 
heads define parallel data tracks along the sur
face of the tape. There are either seven or nine 
tracks on the tape, each track having both a 
read head and a write head. 

Two systems are used for recording data on 
tape: Non Return to Zero for ones (NRZI) and 
Phase Encoded (PEL These systems format 
the tape and record data bits differently. A tape 
written on a transport using one system cannot 
be read on a transport using the other system. 
In general, PE recording allows greater data 
density on the tape (higher bpi) than NRZI re
cording. 

Data Formats 

Bits 

Data is stored as a "magnetic event" on the 
tape by the write head in the transport. As the 

tape moves past the write head, a sequence of 
data bits is written along the length of the tape. 
The number of data bits per inch (bpi) deter-
mines the data density for that transport. Some 
transports can be selected to operate at two densities. 

Industry compatible tape transports contain either 
7 or 9 write heads, allowing simultaneous record
ing of a number of parallel tracks along the length 
of the tape. The data bits written simultaneously 
by a number of heads, one bit in each track, de
fine a character on the tape. Each character, 
therefore, appears across the width of the tape. 

Characters and Bytes 

A character is generally composed of a number of 
data bits and one parity bit. The data bits in a 
character are collectively called a byte. Seven
track magnetic tape contains a 6 -bit byte of data 
and a parity bit in each character; a 9-track tape 
contains an 8-bit byte of data and a parity bit. 

9-TRACK 7-TRACK 

t-------!---------i I 

f- ",q,. -~ f----- <.",q,. 
------' 

~I~~TA _ f- f----- v" 
f-

(BYTE) = f-- q,."" 
\- ~"" v 

t= f- ~I~~TA _ 
r- Q:-""v f- (BYTE) -

~"" v 
PARITY BIT r PARITY BIT 
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Since DGC computers utilize a 16-bit word 
length, two bytes from the tape form one com
puter word as shown be low. With a 9-track 
tape, the two 8-bit bytes fill one computer word. 
However, 7-track tapes provide only 12 data 
bits for each computer word. The remaining 
four bits are ignored when writing data on tape. 
This means that all the 16-bit computer words 
have to be reformatted when writing a 7-track 
tape to avoid losing the contents of those four 
bits. 

9-TRACK WORD IN MEMORY 7-TRACK WORD IN MEMORY 

L,---BYTE--l..---I B-----I
m 

, Iii "'" ~I en" I 
o 7 8 15 o I 2 7 8 9 10 15 

DG-00976 

IV-l of 34 



Records 

Because the amount of data stored on magnetic 
tape usually contains several related computer 
words, the pairs of bytes on the tape for each word 
are grouped together to form records. A record 
consists of a number of words (pairs of bytes) 
which are separated from other records by gaps 
on the tape. The tape transport can only stop the 
tape in one of these inter-record gaps (IRG). The 
record is the smallest possible unit of information 
addressable on the tape. 

B 
Y 
T 
E 

'-----,v~--------' 

RECORD N 
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Files 

IRG 

B B 
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E E 

RECORD N + I 

IRG 

B 
Y 
T 
E 

Records can be grouped together in files. A file 
consists of related records and is separated from 
other files by delimiters called End Of File (EOF) 
marks. 

~RECpRD1RE~ORD 

FIRST FILE 
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6 RECORD 
F I 

RI:CORD RECORD RECORD 
2 3 4 

SECOND FILE 

Beginning and End Of Tape Markers 

6 RECORD} 
F I 

'--v---
THIRD FILE 

The primary reference point on a magnetic tape is 
the Beginning Of Tape (BOT) marker. This indi
cator is a reflective tab, placed along one edge of 
the tape, which provides an absolute reference 
point for all tape operations. When an operator 
loads a tape on a transport, the transport positions 
the tape at the BOT mark. Since this placement 
occurs automatically on loading, the BOT position 
is sometimes referred to as the Load Point. 

A similar reflective marker is used near the end 
of a tape. This indicator, called End Of Tape 
(EaT), is placed along the opposite edge of the 
tape from the BOT marker. The function of the 
EaT marker is to provide a warning to the pro
grammer that the tape should not be moved for
ward lest it come off the supply reel. 

Error Checking 

NRZI 

The tape passes the read heads immediately after 
it passes the write heads. This arrangement al
lows a read-after-write system of error checking 
which operates as follows for NRZI systems. 

As each byte is received from the computer, the 
controller adds the correct parity bit and the re
sulting character is written on the tape. The 
character is then read by the read heads and a 

parity check is performed by the controller. If 
the parity is incorrect, an error flag is set to 1. 
In addition to this lateral parity checking, a 
parity bit is written for each track on the tape 
when all the characters in the record have been 
written. This logitudinal parity check character 
(LPCC), which is separated from data by an End 
Of Record (EaR) gap, is also checked by the 
controller in the read-after-write check system. 
This combination of lateral and longitudinal 
parity checks is also performed every time a 
record is read. 

Nine -track tapes also have a cyclic redundancy 
check character (CRCC) written after the record 
to provide industry compatible tape formats. 

B C 
y EOR R 
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PE 

L 
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'---------y-

RECORD 

Phase Encoded transports perform a similar 
read-after-write error check system. If a char
acter in the record contains any errors, as 
determined by the lateral parity, an error flag 
is set to 1. When a record is read, the PE 
transports can both detect and correct a bad 
track in the record. This error correction sys
tem operates as follows. 

When one of the tracks on the tape stops supply
ing data bits, that track is ignored for the reat 
of the record and the data bits for that track 
are reconstructed from the parity information. 
Thus, the failure of a single track on the tape 
does not mean a loss of data. If more than one 
track fails in a record, the data is lost. The 
preamble and postamble surrounding a record 
are used to synchronize the error correction 
system. They are transparent to the programmer. 
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EfJ PREAMBLE I REC~RD I POSTAMBLE 

II 
EOR PREAMBLE REC 
GAP (I 

LATERAL PARITY TRACK 
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DGC CASSETTE TAPE TRANSPORTS 

The DGC cassette tape subsystem is offered for 
applications where large amounts of data storage 
are not needed but a paper tape subsystem appears 
unwieldy. The data is stored on a single track of 
magnetic tape which is contained in a removable 
cassette. Each cassette contains the supply reel 
of tape as well as the take -up reel. When the 
transport is recording or reading information, the 
tape is moved from the supply reel past read/write 
heads, to a take-up reel. As it moves, the heads 
define a single data track along its length. There 
is only one track which has a separate read and 
write head. 



Data Formats 

Bits and Words 

Since a DGC cassette transport records data on a 
single track along a length of magnetic tape, each 
bit of a 16-bit word is written sequentially along 
that track. Words are written consecutively with 
no gaps between them. 

( B B 
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Records 

IRG 
B 

t~ I 
T 
0 

'---v---
RECORD 

Related words. forming a record. are grouped 
together and each record is sera rated from the 
adjacent records by gaps on the tape called 
inter-record (IRG) gaps. 

The record is the smallest addressable unit 
of information on a DGC cassette. 

()~:r::r> ~[LJJ 
L __ WOIRD --.+.i-- WORD -+LAST J r--- I 2 WORD --, 
\ • 

RECORD 
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Files 

Records can be grouped together in files. A file 
usually consists of related records and is separated 
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from other files by delimiters called End Of File 
(EOF) marks. 

Beginning and End Of Tape Markers 

Each cassette tape has a reflective leader and 
tra"Her which delimit the end of its tape. Since 
the cassette can be removed from the trans
port when the tape is positioned in any inter
record gap. each time a cassette is placed on 
a transport. the programmer should ascertain 
that the tape is at the BOT position before 
a ttempting any operations. 

Error Checking 
The read head is positioned so that the tape passes 
under it just after it passes the write head. This 
allows a read-after-write error check system 
which operates as follows: 

As the individual bits are written on the tape, 
the eontroller uses the bits to calculate a cyclic 
redundancy checkword (CRC). Once all the words 
in a record have been written, and an End Of 
Record (EOR) gap is inserted, this checkword 
is written. 

While the record is being written, the read 
portion of the transport reads the data from 
the tape and the controller independently cal
culates another checkword and compares it to 
the original checkword read from the tape at 
the end of the record. If these two checkwords 
differ, an error flag is set to 1. A similar 
chec:k is performed each time a record is read. 



Subsystem Controller 

NRZI 
(MAXIMUM OF 4030 
8 TRANSPORTS) 

6027 

NRZIIPE (MAX. 6026 
OF 8 TRANSPORTS) 

PE (MAX. OF 4196 
4 TRANSPORTS) 

CASSETTE 
(MAXOF8 4076 

TRANSPORTS) 

SUMMARY OF SPECIFICATIONS 
The table below summarizes the specifications for all 
the magnetic tape transport and cassette subsystems 
offered by Data General Corporation. 

Number Tape Transfer Rate 

Adapter Transport of Density Speed (Words/Sec) 

Tracks (bpj) (ips) 556 800 1600 
bpi bpi bpi 

40301/P 7 556 OR 45 12,600 18,000 ---
800 

4030J/R 9 800 45 --- 18,000 ---

P 
4030K/S 7 556 OR 12.5 3,480 5,000 ---

R 
800 

0 
4030UT 9 800 12.5 5,000 V --- ---

I 
D 4030M/U 7 556 OR 75 21,000 30,000 ---
E 800 

D 
4030N/W 9 800 75 --- 30,000 ---

6020/6022 7 556 OR 75 21,000 30,000 ---
6024 800 

6021/6023 9 556 OR 75 21,000 30,000 ---
6025 800 

PROVIDED 6021/6023 9 800 75 --- 30,000 ---

PROVIDED 6026 9 800 OR 75 --- 30,000 60,000 
1600 

PROVIDED 4196A/B 9 1600 45 36,000 WITH 4196A --- ---
ONLY 

4080,4081 430 30 
PROVIDED 4084,4087 1 (AVERAGE) (AVERAGE) 750 

4088,4089 
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Storage 
Capacity/Unit 
(Million Words) 

556 800 160( 
bpi bpi bpi 

7.5 11 ---

--- 11 ---

7.5 11 ---

--- 11 ---

7.5 11 ---

--- 11 ---

7.5 11 ---

7.5 11 ---

--- 11 ---

--- 11 18 

--- --- 22 

.067 



MAGNETIC TAPE TRANSPORTS 
SERIES 4030, 4096,6020 

SUMMARY 

MNEMONIC (FIRST CONTROLLER) ....... MTA 

DEVICE CODE (FIRST CONTROLLER) ...... 228 

MNEMONIC (SECOND CONTROLLER) .... MTA1 

DEVICE CODE (SECOND CONTROLLER) .... 628 

PRIORITY MASK BIT ...................... 10 

MAXIMUM REEL SIZE (INCHES) 10 1/2 

WORDS/RECORD ................. 2 to 65,536 

MAXIMUM STORAGE CAPACITY 
(WORDS) .......... 7, 500,000 to 22,000,000 

MAXIMUM TRANSFER RATE 
(WORDS/SEC) ............. 3,480 to 36,000 

MAXIMUM ALLOWABLE DATA 
CHANNEL LATENCY (j.lSEC) .... 432 to 13.8 

DATA FORMATS 

SEVEN TRACK 

b~\?(J 2 ' 3 I B;T~ 15 1 6 7 L8",···~··I, 0 LII 1 ~~T~ I~ I I;:J 
NINE TRACK 

ACCUMULATOR FORMATS 

SPECIFY COMMAND AND UNIT ......... (DOA) 

000 
001 
010 
011 

.. 

:':':':1 :-:.:<.:-: -:<1 
5 6 1 7 8 

COMMANDS 

Read 100 
Rewind 101 
Reserved 110 
Space Forward 111 

Space Reverse 
Write 
Write EOF 
Erase 

READ STATUS .......................... (DIA) 

LOAD MEMORY ADDRESS COUNTER .... (DOB) 

IMAINT I MEMORY AOORESS . I 
o I 1 '2 1 3 I 4 15 1 6 I 7 1 8 9 110 II ' 12 i 13 1 14 I 15 

READ MEMORY ADDRESS COUNTER ..... (DIB) 

I ~ .. l I 1 ~O~YA~OR~S~,. 1 1 I .. LJ 7 1 2 3 4 5 6 1 7 8 9 1 10 II 12 i 13 14 15 

LOAD WORD COUNTER ................. (DOC) 

OPTIONAL FOR I 
PE TAPES 

o I 1 ' 2 ' 3 1 4 I 5 ' 6 I 7 

- WORD COUN T I 
8 . 9 \ 10' II 112113' 14 1 15 

S, C AND P FUNCTIONS 

S Sets Busy to 1. Done to 0 and start the 
command. 

C Sets all error flags to 0, selects unit 0 as 
the addressed transport and Read 
command. 

P No effect. 
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NINE TRACK NRZI TAPE FORMAT 

I BYTE 1 I BYTE 2 I WORO IN MEMORY 

FORWARD 7 8 
-TAPE ~ / MOTION EOR GAP EOR GAP IRG EOR GAP EOR GAP IRG 

~~ 81
8
1
8 8 

~~ I ~ 
8 1 I 1 1 1 1 

.6 ~]cHES 
8 8 n B 

I 1 1 I 1 1 JltJ y y y y y y y y 
T T T T T I I 8 I I 8 T T T I I 8 I 1 8 

E E E E E 3 BYTES Y 3 BYTES Y 
E E E 3 BYTES Y 3 BYTES Y 

T T T T 
1 2 1 2 2 1 1 E I I E 1 2 2 I I E I 1 E 

PARtTY TRACK J 
I 1 I I I I I 1 

WORD I WORD 
1 2 I.W~RD I ~RC~ ~PCCJ ~ LLPC(J 

, , \ --' 
FIRST RECORD SECOND RECORD 

I 
FIRST FILE 

IRG EOR GAP EOR GAP IRG EOF GAP EOR GAP IRG ACTUAL "4 

OL ~Iun ~! 
1 1 

} I "~l"" 
1 1 

,,~E]U 
6 

I 1 I 1 I 1 CHANNEL 0 
I 1 8 I 1 8 B I I 8 ORDER I 

3 BYTES Y 3 BYTES Y Y 3 BYTES Y 2 
1 1 

T 
I 1 

T T 
I I 

T P E E E E 
I 1 1 1 1 I 3 

7 

~RC~ ~LPC~ ~M3 ~PC~ 
2. 

, 
DG-OOl'l'J LAST RECORD IN LAST FILE 

SEVEN TRACK NRZI TAPE FORMAT 
NOTE 

Ixxl BYTE 1 IXXI BYTE 2 I WORD IN MEMORY 

-TAPE 

BITS 0,1, 8 AND 9 ARE NOT 
TRANSFERRED TO THE TAPE 
DURING A WRITE. DURING A 
READ THESE BITS ARE SET 

TO ° FORWARD ~l 2 7 8 9/0 15 

MOTION IRG EOF GAP EOR GAP IRG 

~~ !1!"l,ltl", ,i:r--r~~'1~~~--r-'--r70--'r--'~~~~7~~--.--r-.~~-r7-5-"1\;'·1 ,~rCH-E-s-r'~-r-3':8-Y~Trr-s'-~~: r7-5'1l""lj~ 

06-0077'4 

IRG 

( 
6 INCHES 

< 

06-009/2 

WORD 
1 I WONRD I ~PCC~ ~J2~~ ~~ ACTUAL rnp~~2 

l __________________ ~----------------- J CHANNEL 
FIRST RECORD SECOND RECORD ORDER 

1 1 1 I , , , , 
PREAMBLE 

41 BYTES LONG 
; , 1 , 
1 1 , 1 

Abbre\"iation 

DOT 

CRC 

EOR 

EOT 

ID l3ellST 

lRG 

LPCC 

... 

I 
FIRST FILE 

NINE TRACK PE TAPE FORMAT 

I 
~ IRG IRG 

6 ,~Ls 
1 I 1 1 8 

~ I ~ ( ~ I + 1+ 
1 1 1 1 

61NCHE1 

Y 1 1 , 1 T T T 
, , I , 

41 PBRAAE~BC6NG ••• E E E E E 4IPg{i~~~6~G ••• 

z< 1 1 1 , 1 2 , 1 2 I I 1 1 
1 I 1 1 1 1 1 1 

L~ I WONRD I 
r---

FIRST RECORD SECOND RECORD 
IRG EOF GAP IRG 

B 18 ~( ~ I ~ ~ 1 , 1 1 

'.)1" I "t!" 
1 1 1 1 J~ 1 1 1 1 [Ju y y 

T T T J T T 1 , 1 1 1 1 I I I I I I 
E E E E E POSTAMBLE ••• . .. 40 BYTES LONG .. . 

6 1Nf,HES 1 2 , '2 
41 BYTES LONG , 1 , 1 1 1 1 1 \ \ I 1 1 1 

~ 1 1 1 1 1 1 I I I I 1 , 

I WO,RD I I W~RD I 

Name 

BEGINNING OF TAPE 

CYCLIC REDUNDANCY 
CHECK CHARACTER 

END OF RECORD GAP 

E:-lD OF TAPE 

IDENTIFICATION 
I3URST 

INTER-RECORD GAP 

PREAMBLE 

POSTA"lBLE 

LONGITUDINAL PARITY 
CHECK CHARACTER 

~~_MARK I 

Description 

A reflective marker at the beginning of the tape. 

A checksum calculated from and used to validate all the data in the 
preceding record on 9-track tapes. 

A blank section of tape written by the controller to indicate either 
the end of the data in a record or the end of the CRC. 

A reflective marker at the end of the tape. 

A code written by the controller on phase encoded tapes to identify 
them as such. 

A blank section of tape written by the controller after the postamble 
when the tape transport stops and restarts for the next record. 

A forty-one byte field used on phase encoded tapes to synchronize the 
controller. It is written by the controller before each record. 

A forty-one byte field used in phase encoded tapes to signify the end 
of the record. It is written by the controller. 

A ('haracter \vhich provides the correct longitudinal parity for each 
track on the tape. 
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INTRODUCTION 

Data General supplies two types of industry com
patible tape subsystems, NRZI and PE. NRZI tape 
drives are available in both 7 - and 9-track format; 
at 556 and 800 bits per inch (bpi); and in even or 
odd parity. The PE tape drive operates at 1600bpi 
in 9 -track format. Depending on the particular 
transport, the data transfer rate ranges from 
3,480 words/second to 36,000 words/second. 

The controller used in the NRZI subsystem can si
multaneously accommodate up to eight transports 
in any combination. The controller used in the PE 
subsystem can accommodate up to 4 transports. In 
either type of subsystem, only one transport can be 
reading, writing or spacing at anyone time, but 
any number of transports can be rewinding simul
taneously. 

Records on the tape are composed of groups of 
words ranging in length from 2 to 65,536 words per 
record, depending on the subsystem. Files are 
composed of groups of records. The format of the 
record and file structure is shown on the opposite 
page. The number of files which can be placed on 
a ree I of tape is dependent on the length of the tape, 
the information density, the number of words per 
record and the number of records per file. A full 
10 1/2 inch reel of 1.5 mil tape can store more than 
11 million 16-bit words in an NRZI subsystem or 
more than 22 million 16-bit words in a PE subsystem. 

Data is verified during Write operations by a com
bination of lateral and longitudinal parity checks 
in a read -after -write error checking system. The 
same system is used when the tape is read. 

INSTRUCTIONS 

The tape transport controller contains four regis
ters: a 15-bit Memory Address Counter, a 16-bit 
Status Register, a 12- or 16-bit Word Counter, and 
a 6 - or 7 -bit combined Command/Transport Select 
Register. The Memory Address Counter is self
incrementing and contains the memory location of 
the next word to be either read from or written on 
the tape. The Status Register contains all the in
formation flags for the controller and the selected 
transport. The Word Counter contains the two's 
complement of the number of words to be read from 
or written on the tape or the two's complement of 
the number of records to be skipped in a spacing 
operation. The combined Command/Transport 
Select Register contains the last command issued 
to the tape subsystem and the unit number of the 
transport currently selected. 

Five instructions are used to program data channel 
transfers to and from the tape subsystem. Three 
of these instructions are used to supply all of the 
necessary data to the controller for any tape oper
ation. The remaining two instructions allow the 
program to determine, in detail, the current state 
of the selected tape transport. 

The tape subsystem controller's Busy and Done 
flags are controlled using two of the device flag 
commands as follows: 

Sets the Busy flag to 1, the Done flag to 0 
and sets the transport in operation for the 
command contained in the Command Reg
ister. Providing the Illegal flag is set to 
0, sets all error flags in the Status Register 
to O. 

f= C Sets the Busy flag, the Done flag, and all 
error flags in the Status Register to O. 
(The error flags are: Data Late, Illegal, 
Parity Error, Bad Tape, End Of File, and 
Odd Character. ) After a Clear command is 
issued, the selected transport is unit 0 
and the specified command is Read. 

f= P No effect. 
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SPECIFY COMMAND AND UNIT 

DOA<f> aC,MTA 

° 10 I,ll AC 1 0,1 018~910 
o 'I 2 3 '4 5 6 I 7 10 II 

o 0, 

12 ' 13 14 15 

Loads bits 9- J 5 of the specified AC into the 
combined Command/Transport Select Reg
ister. Ignores bits 0-8. After the data trans
fer. sets the controller's Busy and Done flags 
according to the function specified by F. The 
contents of the specified AC remain unchanged. 
The format of the specified AC is as follows: 

... : •... ) .••• : .... / I PARITY I COMMAND I UNIT 

:f >j :-{ I :J :): NRZI 

0 I 2 3 4 5 6 7 8 9 I I 0 I I I 2 I I 3 I 4 

Bits Name Function 

0-8 ---- Reserved for future use. 

9 Parity For NRZI, 0 selects odd 

15 

(NRZI) parity; 1 selects even par-
ity. If even parity is se-
lected' a series of null 
bytes in a record could be 
interpreted as an inter-
record gap, resulting in an 
error condition. This bit is 
ignored by the Phase En-
coded controller. 

10-12 Command Select the command for the 
selected transport as 
follows: 

000 Read 
001 Rewind 
010 Reserved for future use 

13-15 Unit 

READ STATUS 

DlA<!> aC,MTA 

10 'II/AC/OIO 

011 Space forward 
100 Space reverse 
101 Write 
110 Write End Of File 
111 Erase 

Select transport 0-7 for 
NRZI or 0-3 for PE. 

F 
1 

o 0/ 
0'123'456'7 8 9 10 II 

o 0 
12' 13 14 15 

Places the contents of the Status Register in 
bits 0-]5 of the specified AC. After the data 
transfer, sets the controller's Busy and Done 
flags according to the function specified by F. 
The format of the specified AC is as follows: 
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Bits 

o 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

Name 

Error 

Data Late 

Meaning When 1 

One or more of the bits 1, 3, 5, 
6, 7, 8, 10 and 14 is 1. 

The data channel failed to re
spond in time to a data chan
nel request. 

Rewinding The selected transport is 
currently rewinding. 

Illegal A Start command was issued 
to the selected transport 
when one of the following 
conditions existed: 

High 
Density 

Parity 
Error 

End Of 
Tape 

End Of 
File 

Begin Of 
Tape 

9-Track 

Bad Tape 

Send Clock 

First 
Character 

Write 
Lock 

Odd 
Character 

Unit 
Ready 

1. The transport was not 
ready. 

2. The command was Space 
Reverse and the tape was 
at the beginning of tape 
leader. 

3. The command was Write, 
Write End Of File or 
Erase when the tape was 
write -protected. 

The selected NRZI transport 
is set to Read or Write at 
800bpi. This bit is always 1 
for PE transports (1600bpi). 

One or more bytes in the re
cord did not have the correct 
parity. or (in NRZI) the char
acter read by the LPCC from 
the tape after the record did 
not match the character cal
culated by the controller. 

The transport has reached or 
passed the End Of Tape mark. 
Executing either a Space Re
verse or a Rewind operation 
will set this bit to O. 

The transport has encountered 
an End Of File mark in read
ing, spac ing or after writing 
an EOF mark. 

The tape is at the beginning 
of tape mark. 

The selected transport is set 
to Read or Write a 9-track 
tape. This bit is always 1 
for PE transports. 

The section of tape just pro
cessed is of poor quality. 

Used for maintenance. 

Used for maintenance. 

The tape on the selected 
transport is write -protected. 

The record just read or writ
ten contains an odd number of 
bytes. 

The selected transport is 
ready. 



LOAD MEMORY ADDRESS COUNTER 

DOB<f> ac,MTA 

1 0 I I I I AC II , 0 0 I ~ 1 0 I I , 0 0 , 0 

o I I 2 3 1 4 5 6 1 7 8 9 10 II 12 1 13 14 15 

Loads bits 0-15 of the specified AC into the 
Memory Address Counter. After the data trans
fer, sets the controller's Busy and Done flags 
according to the function specified by F. The con
tents of the specified AC remain unchanged. The 
format of the specified AC is as follows: 

[fAA'NTI MEMORY ADDRESS 

o I ' 2 ' 3 I 4 I 5 I 6 I 7 ' 8 ' 9 I 10 I II 
I I ' , [ 

12 13 14 15 

Bits Name Function 

0 Maintenance When set to 1, this bit 
places the NRZI subsys-
tem in the maintenance 
mode of operation. This 
mode allows the cyclic 
redundancy check char-
acter used on 9-track 
NRZI tapes to be read in-
to the memory location 
following the last data 
word in memory for the 
record. 

1-15 Memory Location of the next word 
Address in memory to be used for 

a data channel transfer 

LOAD WORD COUNTER 

DOC<f> ac,MTA 

1 0 I I I I A C II I I 0 I 
0

1
123

1
456

1
7 " 12 13 14 15 

Loads bits 4-15 of the specified AC into the 
controller's Word Counter. Ignores bits 0-3. 
After the data transfer, sets the controller's 
Busy and Done flags according to the function 
specified by F. The contents of the specified 
AC remain unchanged. The specified AC must 
contain the two's complement of the number of 
words to be transferred with the stipulation 
that the minimum number of words to be trans
ferred is 2 and the maximum is 4096 (NRZI) or 
65. 536 (PE). 

Duri ng a spacing operation. the Word Counter 
acts as a record counter. The specified AC 
must contain the two's complement of the num
ber of records to be skipped with the stipulation 
that the minimum number of records to be 
skipped is 1 and the maximum is 4096 (NRZI) 
or 65.536 (PE). The format of the specified 
AC is as follows: 

-WORD COUNT I OPTIONAL FOR I 
. PE TAPES . 

0 1 "2'34'5'6 1 7'8 9 I 10 ' II ' 12 1 '3 ',4 I 15 

Bits Name Function 

0-3 ---- Reserved for future use in 
NRZI controller. 

4-15 -Word Two's complement of 
or Count number of words to be 
0-15 transferred or records to 

be skipped. 

READ MEMORY ADDRESS COUNTER 

DIB <f> ac, MTA 

1 0 I I I I AC 1 0 I I 
0 1 123 1 456 1 7 

F [0 I 0 0 101 
8 I 9 10 I II I 12 I 13 I 14 15 

Places the contents of the Memory Address 
Counter in bits 0-] 5 of the specified AC. After 
the data transfer. sets the controller's Busy 
and Done flags according to the function spec
ified by F. When the Memory Address Counter 
is read after a Read or a Write operation, the 
contents point to a memory location one greater 
than the location of the last word transferred. 
The format of the specified AC is as follew s: 

ME MORY ADORES S 

2 3 I 4 5 6 i 7 8 9 I 10 ' II 12 I 13 I 14 I 15 

Bits Name Function 

0-15 Memory Location of the next word 
Address in memory to be used for 

a data channel transfer. 
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PROGRAMMING 
The preparation of a tape transport subsystem for a 
data channel transfer can be divided into three 
phases: 

1. Initializing the transport. 

2. Positioning the tape. 

3. Specifying a read or write operation and the 
parameters of the transfer. 

Once the first two phases are completed, the program 
can repeatedly execute the third phase. At the end of 
each phase, check for errors before going on. 

Phase 1: Initializing the Transport 
Examine the Status Register via a Read Status 
instruction (DIAL This will tell you: 

• If the tape is 7-track or 9-track - i.e., if the data 
needs to be reformatted. 

• If the density is high (800 bpi) or low (556 bpi) -
i.e., how long the data transfer will take. 

• If the transport is in the ready state - i.e., 
available to the program. 

If the tape is not located at the Beginning Of Tape 
mark, issue a Rewind command with a Specify 
Command and Unit instruction (DOA). This 
instruction also selects the transport. The transport 
must be ready and the megal flag set to 0 before the 
Rewind command can be executed. (A Clear command 
will set the megal flag to 0.) A Start command 
initiates the operation. 

The Start command sets the Rewinding flag in the 
Status Register to 1 but does not set either the Busy 
flag or the Done flag to 1. 

The controller does not initiate a program interrupt 
request when the rewinding operation is complete. 
However, the Rewinding flag will be set to 0 upon 
completion of the program. 

When the tape has been rewound and no error 
conditions are indicated in the Status Register, the 
program may proceed to phase 2. 
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ILLEGAL 
? 

YES 

NO 

DATA WILL 
HAVE TO BE 

REFORMATTED 

TIME REQUIRED 
FOR READ/WRITE 
WILL BE LONGER 

SEND CLEAR PULSE 
TO SYSTEM AND 
CORRECT CAUSE 
OF ILLEGAL FLAG 

A 
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Phase 2: Positioning the Tape 
To access a record for a Read or Write operation, you 
must space the tape to the position immediately 
preceding that record. During the spacing operation, 
the Word Counter increments once for each record 
skipped. The spacing operation terminates when the 
Word Counter overflows or when an End Of File mark 
is encountered. The minimum number of records that 
can be skipped in one operation is one and the 
maximum is 4096 (NRZD or 65,536 (PE). 

To space forward, load the Space Forward command 
into the Command Register with a Specify Command 
and Unit instruction (OOA). Load the two's 
complement of the number of records to be skipped 
into the word counter with a Load Word Counter 
instruction (DOc>. To initiate the operation, append a 
Start command to the last of these instructions issued. 

During the spacing operation the Busy flag is set to 1 
and the Done flag is set to O. When the operation is 
complete, the Busy flag is set to 0 and the Done flag is 
set to 1, thus initiating a program interrupt request. 

You must issue a Space Forward command at least 
once for each file to be skipped. When a file is to be 
skipped, load the Word Counter with the two's 
complement of a count greater than or equal to the 
number of records contained in that file. Since a file 
may contain more than the maximum number of 
records that can be skipped in one operation, you may 
have to execute the Space Forward command several 
times (reloading the Word Counter each time) to skip 
one file. 

Every time an End Of File mark is encountered in a 
spacing operation, the operation stops, both the End 
Of File and the Error flags in the Status Register are 
set to 1, the Busy flag is set to 0, the Done flag is set to 
1, and a program interrupt request is initiated. 

NOTE Do not issue 
command when the End 
Status Register is set to 1. 

a Space Forward 
of Tape nag in the 

The Space Reverse command operates just like the 
Space Forward command. When a file is skipped, 
following a Space Reverse command, the tape is 
positioned immediately after the last record in the 
preceding file. 

When the tape is in position for a Read or Write 
operation and no errors are indicated in the Status 
Register, the program may proceed to phase 3. 

06-00776 
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YES DO NOT ISSUE 

SPACE FORWARD 

NO 

BOT? 
YES DO NOT ISSUE 

SPACE REVERSE 
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Phase 3: Read 

To perform a Read operation: 

1. Specify the storage location in memory for the first 
word to be read from the tape with a Load Memory 
Address Counter instruction (008), 

2. Specify the two's complement of the number of 
words to be read with a Load Word Counter 
instruction (DOC>. If you don't know the length of 
the record to be read, specify the two's complement 
of the longest possible record - i.e., O. This assures 
that the entire record will be read. 

3. Select the transport and load the Read command 
into the Command Register with a Specify 
Command and Unit instruction (DOA). Append a 
Start command to initiate the Read operation. 

Once the Read operation is initiated, the tape moves 
past the heads, and the first two bytes in the record 
are assembled into one word. This word is written 
into memory via the data channel, and the Word 
Counter is incremented by one. 

The Read operation continues until the Word Counter 
overflows or the transport encounters an End Of 
Record gap. If you don't know the length of the record 
that was read, you can find it by issuing a Read 
Memory Address Counter instruction (Dl8) and 
subtracting from the address returned the starting 
memory location. 

NOTE Whenever the End Of Tape flag is set to 
1, be careful not to let the tape come off the 
supply reel. 

OG-00775 
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Phase 3: Write 
There are three write operations: Write, Write End Of 
File, and Erase. 

Write 

1. Specify the storage location in memory of the first 
word to be written on tape with a Load Memory 
Address Counter instruction (DOB). 

2. Specify the two's complement of the number of 
words to be written with a Load Word Counter 
instruction <ooc>. 

3. Select the transport and load the Write command 
into the command register with a Specify 
Command and Unit instruction (DO A). Append a 
Start command to initiate the Write operation. 

Once the Write operation is initiated, a word is read 
from memory, the tape moves past the heads, and the 
two bytes ofthe word are written on the tape. 

Each time the controller receives a word from 
memory, the Word Counter is incremented. When the 
Word Counter overflows, the controller adds one of 
the following: 

• The cyclic redundancy check character and the 
LPCC character (NRZI, 9-track tapes). 

• The LPCC character (NRZI, 7-track tapes). 

• The post amble (PE). 

Then the Busy flag is set to 0, the Done flag is set to 1, 
and a program interrupt request is initiated. 

Write End Of File 

Select the transport and load the Write End Of File 
command into the command register with a Specify 
Command and Unit instruction (DOA). Append a Start 
command to initiate the operation. 

Once the operation is initiated, 3 inches of tape are 
erased and an End Of File mark is written on the tape 
after the inter-record gap. Then, the Busy flag is set to 
0, the Done flag is set to 1, and a program interrupt 
request is initiated. Also, since the transports perform 
a read-after-write error check, both the End Of File 
and the Error flags in the Status Register are set to 1. 

NOTE On a 7-track NRZI tape, an End Of File 
mark must be written in even parity. 

Erase 

The Erase command can be used to skip bad sections 
of tape. To use it, select the transport and load the 
Erase command into the Command Register with a 
Specify Command and Unit instruction. Append a 
Start command to initiate the operation. 

Once the operation is initiated, approximately 2 112 
inches of tape are erased. Then the Busy flag is set to 
0, the Done flag is set to 1,. and a program interrupt 
request is initiated. 
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TIMING 
The timing specifications and the controller's data 
channel rates and latencies for the various trans
ports are listed below. All the timing considera
tions for the NRZI transports are identical for both 
the 7- and 9-track units; the differences appear 
when comparing 556 and 800bpi data densities. 
The start delays are measured from the time a 
start command is issued to the time the transport 

begins reading or writing a record. The stop time 
is divided into three segments: last character to 
stop, delay time, and settle time. Last character 
to stop is the time from the last character in the 
record to the beginning of the stop delay. The de
lay time allows the record to move completely past 
the read/write heads. The settle time allows the 
tape to stabilize in the rest position. The sum of 
these three times is the total stop time. 

Magnetic Tape Transport Specifications 
Maximum Last Character 

Transfer Tlme Allowable Start Tllne To Stop Stop Dela;. Total Stop Tl!11e 
Tape Rate Word Data Channel (ms\ (ms) (111s1 Settle (illS) 

No. of Speed Den~:ilty (Kwords "sec) (1 sec) Latency (Ii S) Read 
Model Tracks (in/sec) (bpi) 556 800 556 800 556 BOO 556 BOO 

40301/P 45 556/800 12.6 IB 80 56 120 84 22.5 15.0 

4030J/R 45 800 IB ... 56 B4 ... 15.0 

4030K/S 12.5 556/BOO 3.48 5 288 200 432 28B 90 

1

60 

4030L/T 12.5 BOO ._. 200 288 _.- 60 

4030MjU 75 556/800 21 30 4B 33.3 72 50 20.3 14.0 

4030N/W 75 BOO 30 33.3 50 14.0 

6020/6022 75 556/800 21 30 4B 33.3 72 50 20.3 14.0 
6024 I 
6021/6023 75 556,BOO 21 30 4B 33.3 72 I 50 20.3 14.0 
6025 I 
4196A/B 45 1600 36 27.8 13. B 12.9 

ERROR CONDITIONS 

During Initializing 

If a Start command is given when the selected 
unit is not ready to carry out a command, both 
the Illegal flag and the Done flag will be set to 
1. The Illegal flag can be set to 0 only with a 
Clear command or an I/O Reset instruction. 
The Clear command sets all the error flags in 
the Status Register to 0 and sets the Command/ 
Transport Select Register to O. Therefore, unit 
o is the selected transport and Read is the spec
ified command after a Clear command or an I/O 
Reset instruction is issued. The Status flags 
read by a Read Status instructi on (DIA) pertain 
to unit 0 until another transport is selected. 

During Positioning 

Both the Illegal flag and the Error flag are set to 1 
in the Status Register when a Spacing command is 
issued to a transport which is not ready or if a 
Space Reverse command is issued when the tape is 
at the BOT mark. The Busy flag is set to 0, the 
Done flag is set to 1, and a program interrupt re
quest is initiated. 

During Reading 

If the data channel does not respond in time to a 
data channel request, both the Data Late flag and 
the Error flag will be set to 1 in the controller's 
Status Register, but the Read operation will con
tinue until either the Word Counter overflows or 
the transport encounters an End Of Record gap on 
the tape. The Data Late flag indicates that at least 
one word on the tape was not correctly transferred 
to memory. If the transport encounters an End Of 
File mark, the Error flag, together with the End 
of File flag, is set to 1 in the controller's Status 
Register. Busy is set to 0, Done is set to 1 and a 
program interrupt request is initiated. 

Write Read Write Read Write TIme Read Wnte--

556 1800 556 BOO 556 800 556 BOO 556lBOO (ms) 556 BOO 556 BOO 

15 ! 10. 0 .111 .07 3.5 3,5 5.0 I 3.3 2.5 1.7 13.0 15.6 14.8 21.5 19. R 

... 110 . 0 I .07 3.5 ._. 1.7 -- - I 3.3 13.0 14.8 -_. 19.8 

I 5~. ! 37 4.5 3. a 12.5 12.5 8.5 5.7 IB 30.0 ! 12 43.0 38.7 60.5 54.5 

! 37 3.0 12.5 ._- 5.7 112 30.0 ... 38.7 --- S4. :) 

9.6 6.4 .OB .05 2.0 2.0 1.5 1.0 9.6 6.4 10.0 11.58 11.05 21. 6 18.4 

6.4 .05 2.0 1.0 --- 6.4 10.0 11. 05 --- 18.4 

9.6 6.4 .08 . 05 2.0 2.0 1.5 1.0 9.6 6.4 10.0 11.58 11.05 21. 6 18.4 

9.6 6.4 .OB .05 2.0 2.0 1.5 1.0 9.6 6.4 10.0 11.58 1 1.05 21.6 1B.4 

10.6 0.6 3.9 I.B 3.5 14.0 16.4 21. 4 

If any character in the record has incorrect parity, 
both the Error and Parity Error flags are set to 1, 
and the reading of the record will continue. 

Once the transport encounters the end of the data 
in a record or the Word Counter overflows, the 
NRZI controller reads the LPCC and if the LPCC 
does not match the LPCC calculated by the control
ler, the Parity Error flag is set to 1 in the Status 
Register. The correct LPCC for the entire record 
will be read even if the program reads only a por
tion of the record. 

During Writing 

If the selected transport is not ready to receive 
a command, or if the tape mounted on the select
ed transport is write-protected and a Write op
eration is specified, the Start command sets 
the Error flag, the Illegal flag and the approp
riate error condition flag in the controller's 
Status Register to 1. Busy is set to 0, Done is 
set to 1 and a program interrupt request is 
initiated. 

If the data channel does not respond in time to 
a data channel request both the Data Late flag 
and the Error flag are set to 1 in the Status 
Register. On PE drives, the Write operation 
continues until the Word Counter overflows. On 
NRZI drives, the record ends after the next 
full word, and then the normal EOR gaps, check 
characters and IRG are written. 

If the End Of File mark contains an error, the 
controller will interpret the mark as a short data 
record and a Parity Error will occur on every 
subsequent Read operation of that section of tape. 
A defective End Of File mar~ will also be inter
preted as a data record during spacing operations. 
The EOF mark must be written in even parity on 
7-track NRZI tapes. 
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MAGNETIC TAPE TRANSPORTS 
SERIES 6026 

,----------- PROGRAMMING SUMMARy----------, 

s 

c 

MNEMONIC (First controller) 
MNEMONIC (Second controller) 
DEVICE CODE 

PRIORITY MASK BIT 
RECORD SIZE (bytes) 

MTA 
MTA1 
Switch select; 
standard are: 

10 

22 a (primary) 
62 a (secondary 

4 bytes (min) 
32.766 bytes (max) 

MAXIMUM REEL SIZE 
MAXIMUM STORAGE (2400ft tape) 

MAXIMUM OAT A TRANSFER RATE 

MAXIMUM DATA CHANNEL 
LATENCY 

10.5 in 
36Mby (PE) 
20Mby (NRZI) 
120Kby/s (PE) 
60Kby/s (NRZI) 
60us (PE) 
250us (NRZI) 

ACCUMULATOR FORMATS 

SPECIFY COMMAND AND DRIVE DOA READ STATUS REGISTER 1 (DIA) 

COMMANDS: 
OxOOO Read lxOOO Read Non-Stop 
OxOOl Rewind lxOOl Unload 
OxOl0 Cntrl Mode lxOl0 Drive Mode 
OxOll Space Fwd lxOll Reserved 
Oxl00 Spece Rev lxl00 Reserved 
Oxl0l Write lxl0l Reserved LOAD MEMORY ADDRESS REGISTER (DOB) 

Oxll0 Write EOF lxll0 Raserved 
Oxlll Erase 1xlll Reserved MEMORY ADDRESS I 

o \ 1 I 2 I 3 \ 4 I 5 I 6 \ 7 I a I 9 I 10 I 11 \ 12\ 13 \ 14 \ 15 

LOAD WORD COUNT REGISTER (DOC) 
READ MEMORY ADDRESS REGISTER (DIB) 

Device Flag Commands 

Sets Busy to 1 (except on Rewind), Sets Done 
to 0, and starts the command. 

Sets command, status, and address registers to 
o and terminates execution of command in 
progress. 

P No function 

IORST Same as Clear, except that the Auto Retry and 
Erase Before Retry disable flags are also set to 
0; that is, those two features are enabled. Also 
disables status check mode. 
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INTRODUCTION 

Data General's model 6026 magnetic tape controller 
interfaces a NOV A or ECLIPSE line computer to as 
many as 8 magnetic tape drives. The controller 
accommodates dual mode transports in which the 
data format is selected by software or by a switch on 
the drive. Series 6020 tape transports (models 6020 
thru 6025, 800bpi, NRZI only) are compatible with the 
6026 series subsystem; in a mixed subsystem all drives 
must be 9 track, 75ips units. 

The dual mode controller is a 15" square printed 
circuit board which installs in the mainframe of the 
computer. It is upward compatible with other Data 
General tape controllers, and includes such advanced 
features as: 

• New commands including Set Drive Mode 
(NRZIIPE) and Unload 

• Hardware retry up to 7 times on read or write 
errors, with automatic threshold switching 

• Error correction logic including 32 status flags to 
help identify and analyze errors 

• Status check mode in which the controller watches 
for a change of status on any drive 

• Non-stop read operation for efficiently 
transferring large amounts of data 

This section describes the hardware features an-d 
programming techniques for the model 6026 controller. 
See Introduction to Magnetic Tapes (the introduction 
to this section) for more general information. 

CONTROLLER REGISTERS 

The dual mode tape controller contains five 16-bit 
registers. Their functions are described below. 

Command/unit select register - specifies the operation to 
be performed and the tape drive that will perform it. 

Status register 1 - contains flags that permit software to 
determine the operating state of each drive. 

Status register 2 - contains flags that permit software to 
examine any error conditions that occur. 

Rev. 01 

Memory address register - holds the address of the next 
word in memory to be transferred to or from the 
controller. This register is incremented after each 
word is transferred. 

Word count register - holds the two's complement of the 
number of words to be transferred to or from the tape. 
During spacing operations, holds the number of 
records to skip. Increments after each word is 
transferred, or after each record is skipped. 

INSTRUCTIONS 

Six instructions program data channel transfers to 
and from the tape subsystem. Three specify data 
transfers; the other three examine subsystem status 
and analyze error conditions. 

The device flag commands control the subsystem 
Busy and Done flags as follows: 

f=s Sets Busy to 1 (except on a Rewind), sets 
Done to 0, and starts the current command. 

f=c Terminates any command in progress; sets 
the command/unit, status, and memory 
address registers to 0; and initializes the 
controller logic. 

f=p Reserved for future use. 

10RST Performs same function as Clear; also sets to 0 
the Auto Retry Di8able flag and the Era8e Before 
Retry Di8able flag (enabling both features), and 
disables status check mode. 

Instruction Coding Conventions 

In the descriptions that follow, we use certain coding 
conventions to help you properly write the 
instructions for Data General's assembler (see 
Appendix E). 

IV-16 



Specify<:ommand and Drive 

DOA {fl ac,MT A 

Loads the contents of the specified accumulator into 
the controller's command register. Accumulator bits 
13-15 select the tape drive; the other bits specify a 
command and other functions as detailed below. The 
contents of the specified accumulator are unchanged. 
Some accumulator bits have more than one function 
depending on the particular command being 
specified. 

This instruction sends a command to the controller 
but does not actually start execution of the command. 
To start execution, issue an I/O Start command, 
typically by appending an s to the instruction 
mnemonic. No Start command is required when using 
this instruction to clear a status check interrupt 
<accumulator bit 0>. 

The format of the specified accumulator for various 
commands are as follows: 

NOTE: Issue the Set Drive Mode command only 
when the specified drive is at BOT. 

Format 1, Set control mode only 

Format 2, Set drive (encoding) mode only 

Format 3, All other commands 
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BITS NAME FUNCTION 

0 CLEAR Set status check interrupt flag to O. 
STATUS 
INTERRUPT 

1-4 --- Reserved; must be O. 

5' ENABLE When 1, enables subsystem to 
POLLING request a program interrupt 

if any drive's status changes. 

6' DISABLE When 0, the controller issues 
ERASE ON an Erase command before it 
RETRY auto-retries a write failure. 

7' DISABLE When 0, the controller will 
AUTO- retry up to 7 times any Read or 
RETRY Write operation that fails. 

72 DRIVE Specifies PE/NRZI encoding: 
MODE o = 800bpi (NRZI) 
(CODING) 1 = 1600bpi (PE) 

8-12 COMMAND OxOOO Read 
(Bit 9 is OxOOl Rewind 
ignored) OxOl0 Set Control Mode 

OxOll Space Forward 
Ox 1 00 Space Reverse 
Oxl0l Write 
Ox 11 0 Write EOF 
Oxlll Erase 

1 xOOO Read Non-Stop 
1 xOO 1 Unload 
1 xOl 0 Set Drive Mode (Encoding) 
1 xOll Reserved 
1 xl 00 Reserved 
1x 1 01 Reserved 
1xll0 Reserved 
1x 111 Reserved 

13-15 UNIT Selects transport 0 - 7. 

1 Applies only when command field (bits 8-12) is Ox0102 
specifying a Set Control Mode function. See Format 2. 

2 Applies only when command field (bits 8-12) is 1x0102 
specifying a Set Drive Mode (encoding) runction. See format 3. 

NOTE If you use this instruction to clear a 
status check interrupt (bit 0 = 1), when a 
command is in progress you must make sure 
that all other bits in the accumulator are 
identical to those specified for the last 
command. Otherwise, the controller will 
attempt to change commands in mid-operation, 
producing undefined results. 



Read Status Register 1 

DIAlfl ac,MTA 

Loads the contents of the controller's status register 1 
into the specified accumulator. The format of the 
specified accumulator is shown below. 

NOTE When the controller is in Status Check 
mode, issue this instruction only in response to 
an interrupt. Otherwise, the data returned is 
invalid. 

BITS NAME CONTENTS or FUNCTION 

0 ERROR At least one of these bits is 1 : 
1,3,5,6,7,8,10,14 

1 DATA Data channel did not respond in time 
LATE 

2 REWINDING Selected transport is 
rewinding to BOT ._---

3 ILLEGAL Command cannot be executed 
because of drive condition 
or because command is reserved 

4 HIGH Always 1 for 6026 drives; 
DENSITY For 6020 drives, density switch is 

in wrong position if this bit is O. 

5 DATA Parity error or other condition not 
ERROR correctable by controller 

6 EOT End of tape marker detected 

7 EOF End of file code detected on Read 
or successfully written by 
Write EOF command 

8 BOT Taoe is at the load Doint 

9 9 TRACK Must be 1; if 0, the drive is not 
compatible with this controller 

10 BAD Excessive signal loss, noisy gap, 
TAPE tape format error, or runaway tape 

11 --- Reserved for future use 

12 STATUS Status change detected for a drive 
CHANGED 

13 WRITE No write enable ring on tape 
LOCK 

14 ODD Record just read contained an 
CHARACTER odd number of bytes; ignore 

bits 8-1 5 of the last word read 

15 UNIT Transport is on line and 

L READY is not performing a command 

Read Status Register 2 

Die lfl ac,MT A 

Loads the contents of the controller's status register 2 
into the specified accumulator. The format of the 
specified accumulator is as follows: 

NOTE: When the controller is in status check 
mode, the status read by this instruction is 
invalid except after an interrupt. 

BITS NAME CONTENTS or FUNCTION 

0 ERROR At least one of these bits is 1: 
2, 4, 9, 10, 11, 12, or 13 

1 RUNAWAY While reading, writing, or spacing, 

TAPE no end of record detected for three 
seconds (18.75ft) 

2 FALSE Temporary loss of signal on all tracks 
GAP during any read or read-after-write, or 

extraneous signal detected 
within inter-record gap 

3 --- Reserved for future use 

4 CORRECTED Data late encountered and corrected 
DATA during an auto-retry 
LATE 

5-7 RETRY If no status check interrupt 

COUNT/ occurred, this is the number of 
DRIVE retries attempted. If a status check 
CHANGED interrupt occurred, this is the unit 

num.ber of the drive that changed status 

8 WORD Record length exceeded word count 
COUNT 
OVERFLOW 

9 BAD If in PE mode, indicates a multiple 
SIGNAL track failure. If in NRZI mode, signal 

written below threshold level 

10 OVERSKEW Excessive tape skew during write 

11 CHECK Vertical parity, LRC, or CRC error 
ERROR 

12 SINGLE (PE mode only) correctable single track 
TRACK failure encountered and correction 
ERROR attempted 

13 FALSE In PE mode, the postamble was not 
POST AMBLE/ properly recognized; in NRZI mode, the 
CRC ONLY CRC checkword did not match the data 

14 FORMAT Bad 10 burst (PE only). or encoding 
ERROR mode of drive different from tape 

15 PE Mode Drive switched to PE mode 
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Load Memory Address Register 

DOBff] ac,MTA 

Loads the contents of the specified accumulator into 
the controller's memory address register. The 
accumulator should contain the address of the first 
word to be transferred to/from main memory. The 
format of the specified accumulator is as follows: 

BITS I NAME 

0-1 5 I ADDRESS 

I CONTENTS or FUNCTION 

I Main memory address of 
first word to transfer. 

Read Memory Address Register 

DlB[f] ac,MTA 

Loads the contents of the controller's memory 
address register into the specified accumulator. After 
the subsystem has completed a Read or Write 
operation, the contents of this register are one 
greater than the address of the last word transferred. 
The format of the specified accumulator is as follows: 

BITS NAME CONTENTS or FUNCTION 

0-15 ADDRESS Contents of the memory address 
register; after a tranfer, this 
is 1 greater than the address of 
last word moved to/from memory 

Load Word Count Register 

DOC ff] ac,MT A 

Loads the contents of the specified accumulator into 
the controller's word count register. When the 
controller executes a Read or Write command, this 
register should contain the two's complement (i.e., 
the negative) of the number of words to be 
transferred to or from memory. When the controller 
executes a Space Forward or Space Reverse 
command, the register should contain the two's 
complement of the number of records to be skipped. 
The format of the specified accumulator is shown 
below. 

NOTE: Since the logical address space is 32,768 
(i.e., 215) words, there is no need for bit 0 of this 
register during reading or writing in most 
applications. It is possible, however, for a large 
tape to contain more than 32,768 records. Since 
it is convenient to locate the end of a file by 
issuing a spacing command with a very large 
word count, the value in bit 1 of the accumulator 
is "sign-extended" or copied into bit 0 of the 
controller's register. 

BITS NAME CONTENTS or FUNCTION 

0 --- See note, above 
1-15 COUNT The two's complement of either 

the number of words to transfer 
or the number of records to skip. 

IV-19 



DG-04802 

INITIALIZE -------, PROGRAMMING 

Programming the tape subsystem consists of selecting 
and initializing a drive, positioning the tape, and 
reading or writing the data. These procedures, as 
well as the use of status check mode, are detailed in 
the following sections. The flowcharts accompanying 
this section show typical routines for use with the 
subsystem. 

Initialization 

To initialize the controller logic, issue an I/O Clear 
command to it. This terminates any command in 
progress and clears all error flags. If you wish to use 
status check mode, (see below), you may then enter 
this mode with the Specify command and drive 
instruction. 

If you do not intend to use status check mode at this 
time, select a particular drive with the Specify 
command and drive instruction, and check the drive's 
status with a Read status register 1 instruction. 
Examine the status flags to be sure that the drive is 
on line and ready to accept a command. If the status 
word indicates that the tape is not positioned at 
BOT, rewind the tape by specifying a Rewind 
operation with the Specify command and drive 
instruction, and issue an I/O Start command. If you 
are in status check mode, an interrupt will occur 
when the Rewind is complete. Alternatively, you may 
repeatedly execute the Read status register 1 
instruction until the Rewinding flag becomes O. Note 
that a Rewind may take over two minutes to 
complete. 

Once the tape is rewound and no error conditions 
exist, the subsystem is ready for positioning and I/O 
operations. 

Status Check Mode 

The controller supports a status check mode in which 
all drives are scanned continuously for a change in 
status. The specific status flags that are monitored 
are Ready, Rewinding, High Density, BOT, Write 
Lock, and PE Mode. An interrupt is generated 
whenever one of these flags changes state. Use the 
Read status register 1 and Read status register 2 
instructions to determine which drive caused the 
interrupt and why. 

When the controller enters status check mode, it 
expects that all of the flags for all drives will be O. 
Therefore an interrupt will be generated for each 
drive that has any flag set to 1. Note also that an 
interrupt will be generated by the successful 
completion of the Specify command and drive 
instruction which places the controller in status 
check mode. 
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Use the Specify command and drive instruction to 
clear a status check interrupt. No Start command is 
required to clear the interrupt. This means that the 
interrupt may be cleared while the controller's Busy 
flag is 1, i.e., while an operation is in progress. In this 
case you must be sure that the contents of the specified 
accumulator do not change the contents of the 
command register; therefore bits 1-15 of the 
accumulator must be the same as they were for the 
last command. 

Tape Positioning 

Tape positioning or spacing commands are used to 
access a particular record of a particular file on a 
tape. During spacing operations, the word count 
register is used to hold the number of records to be 
skipped. 

To perform a spacing operation, select the drive and 
specify either Space Forward or Space Reverse with 
the Specify command and drive instruction. Use the 
Load word count register instruction to specify the 
number of records to be skipped. Start the drive by 
issuing an S flag command. 

Positioning operations will not space past an End of 
File (EOF) mark. If an EOF mark is encountered 
during a spacing operation, the operation stops, and 
the End of File and Error flags in the stat us word are 
set to 1. The Done flag is also set to 1, causing an 
interrupt. 

SPACE FORWARD/REVERSE -----, 
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In order to access a record in any file other than the 
current one, you must issue one spacing command for 
each intervening EOF mark. An easy way to skip 
over an entire file is to issue a spacing command with 
o in the word count register. The controller, using 
two's comrlement representation, interprets this as 
65,536 (21 ), which is greater than the maximum 
number of records that can fit on a tape. Thus the 
drive will always space to the next EOF mark. 

The physical EOT and BOT markers terminate a 
spacing operation in the same fashion as an EOF 
mark. They set their respective flags in the status 
word, instead of the End of File flag. 

Upon termination of the spacing operation, the 
controller sets its Done flag to 1, causing an interrupt. 
The program may issue a Read status register 
instruction to determine if any errors occurred. 

Rewind and Unload 

The Rewind command causes the tape to be wound at 
high speed back to the load point (BOT). The 
Rewinding flag in the status word is set to 1 while the 
operation is in progress, but the controller's Busy flag 
is not set to 1. No interrupt is generated when the 
operation completes, unless the controller has been 
placed in status check mode. 

The Unload operation is identical to Rewind except 
that the drive is switched omine and, once the tape is 
at BOT, the drive is disabled for further operations. 
This assures a user that no accidental operations will 
be performed by any program, since the only way to 
return the drive to Ready status is to press the LOiId 
switch on the console. 

Read 

After the tape has been positioned so that the desired 
record is about to pass the heads, three instructions 
are required to read a record from a tape. Use the 
Specify command and drive instruction to select the 
drive and operation. Use Load word count register to 
specify the length of the record, and use Load memory 
address register to specify the address into which the 
first word of the record is to be read. The instructions 
may be executed in any order. The last instruction to 
be executed should specify an I/O Start command to 
begin the operation. 

The drive reads two bytes from the tape, assembles 
them into a 16-bit word, and transfers the word to 
memory via the data channel. After each transfer, 
the word count and memory address registers are 
incremented. Reading continues until either the word 
count register becomes 0 or an inter-record gap is 
detected on the tape. 

All preambles, parity, CRC, and other format
dependent data are checked automatically by the 
controller. If any errors are detected and auto-retry 
mode is enabled, the controller will back up and try 
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the operation up to 7 more times before reporting an 
error. 

When the read is completed, the controller sets its 
Done flag to 1, causing an interrupt. Use the Read 
status register 1 and Read status register 2 
instructions to make sure that no errors occurred. 
Also check the Odd Byte flag: if it is 1, the record just 
read contained an odd number of bytes, and therefore 
bits 8-15 of the last word read are meaningless and 
should be ignored. Note that the model 6026 
controller cannot write an odd number of bytes; this 
flag is included for compatibility with non-DGC tape 
subsystems. 

READ--------------~ 

ANY NO 
ERROR FLAGS ~=------, , 

YES 

ANY 
ERRORS , 

YES 

NO 
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You may wish to verify the number of words read 
from the tape. If the record was longer than the 
specified word count, the Word Count Overflow flag in 
the extended status register will be set to 1. This flag 
may be examined via the Read status register 2 
instruction. 

If the record was shorter than the specified word 
count, no explicit error is indicated. The Read 
memory address register instruction will return a 
number that is one greater than the address into 
which the last word was written. You may subtract 
this from the address you originally specified to 
obtain the number of words read. 

Read Non-stop 

The Read Non-stop operation is identical to a normal 
Read, except that the controller sets its Done flag to 1 
as soon as the last word is read from the tape, instead 
of waiting for the drive to come to a full stop. This 
allows the tape to remain in motion when a number 
of records are to be read in succession, which saves 
about 10ms per record. When the operation completes 
and the Done flag is set to 1, the Unit Ready flag from 
the tape drive will still be O. You may issue another 
command in spite of this condition. 

Write 

Writing a record on a tape takes three instructions, 
after the tape has been positioned. Use the Specify 
command and drive instruction to select the drive 
and to specify a Write operation. Use Load memory 
address register to specify the address of the first 
word in memory to be written, and use Load word 
count register to specify the number of words to 
write. The instructions may be executed in any order. 
Append an 5 flag command to the last of the three 
instructions to begin the operation. 

The controller fetches the first word from memory 
and writes it as two bytes on the tape; then, after the 
transfer, it increments the word count and memory 
address registers. The controller automatically writes 
Preambles, CRC check words, and other 
format-dependent data. Writing continues until the 
word count register becomes O. 

The controller reads all data immediately after 
writing, and checks for errors. If any occur and Auto 
Retry is enabled, the controller will back the tape up 
and try again up to 7 times before it reports the error. 
If Erase Before Retry is enabled, the controller will 
execute an Erase operation before rewriting the 
record. This causes the section of tape which caused 
the error to be skipped. 



When the operation terminates, the controller sets its 
Done flag to 1, causing an interrupt. Use the Read 
status register 1 and Read status register 2 
instructions to determine if the operation was 
successful. 

Write End of File 

A single instruction writes an EOF mark on the tape. 
Use Specify command and drive with an s flag 
command to select and perform the operation. When 
the operation is complete, the controller sets its Done 
flag to 1, causing an interrupt. The End of File flag in 
the status word is set to 1. This causes the Error flag 
to be 1 also, even though the operation was successful. 

...----------WRITE---------. 

Erase 

The Erase function is performed by a single 
instruction. Use Specify command and drive with an S 
flag to perform this function. The controller erases 
about 3 inches of tape. When the operation is 
complete, the controller sets its Done flag to 1, 
causing an interrupt. This command is used to erase 
old data, and also to skip over bad sections of tape. 

Record Size 

In many programming applications, you will need to 
use a specific record size to insure compatibility with 
existing tapes. However, you should be aware of the 
tradeoffs involved in choosing a record size. 

The contents of a tape consist primarily of records 
and gaps. Since the gaps contain no useful data, it is 
desirable to minimize the number of gaps on a tape. 
Using a large record size means that there will be a 
smaller number of gaps for a given amount of data. 
The model 6026 controller can read and write records 
of up to 16,384 words. 

The use of very large records, however, introduces 
some problems. Almost any tape in other than brand 
new condition will have a certain number of bad 
spots where the magnetic coating is too worn to hold 
data reliably. The controller automatically retries 
any Read or Write which produces an error. Each 
retry requires rewriting the entire record, and 
therefore the time spent on retries is considerably 
greater when long records are used. 

The recommended maximum size for data records is 
about 8192 bytes. This amounts to less than three 
inches of tape, which is the amount that the 
controller erases before a Write retry when the Erase 
Before Auto Retry feature is on. Thus the controller 
performs only one retry to skip over a bad spot on the 
tape. With larger record sizes, several retries might 
be needed to skip over a single bad spot near the end 
of the record. 
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TIMING 

The timing specifications for the model 6026 tape 
subsystem are summarized in the table below. All 
specifications are the same for PE and NRZI mode, 
except as indicated. The total stop time is the sum of 
last-character-to-stop time, stop delay, and settle 
time. 

TAPE SPEED 75 ips 

DENSITY 1600 bpi (PE) 
800 bpi (NRZI) 

DATA TRANSFER RATE 120K bytes/sec. (PE) 
60K bytes/sec. (NRZI) 

TIME PER WORD 16.7 usec. (PE) 
33.3 usec. (NRZI) 

MAXIMUM ALLOWABLE DATA 60 usec. (PE) 
CHANNEL LATENCY 250 usec. (NRZI) 

START TIME 6.0 msec. (read) 
6.6 msec. (write) 

LAST -CHARACTER-TO-STOP 0.6 msec. (PE read) 
0.36 msec. (NRZI read) 

TIME 2.5 msec. (write) 

STOP DELAY 1.0 msec. (read) 
2.0 msec. (write) 

SETTLE TIME 10.0 msec. 

TOTAL STOP TIME 11.5 msec. (read) 
14.5 msec. (write) 

ERROR CONDITIONS 

If an I/O Start command is issued for any operation 
when the selected drive is not on line, the megal and 
Error flags are set to 1. They are also set to 1 if: 

• Either the High Density or 9-Track flag in the 
status word is set to 0, 

• The program attempts to change the density of a 
non-dual mode drive, 

• The program attempts to change density when the 
tape is not at BOT, 

• The program issues a reserved command. 

The megal flag can be set to 0 by an I/O Clear 
command or 10RST. A Start command will clear 
megal if the condition which caused the error has 
been corrected. 

Status Register 2 

The controller's status register 2 contains 16 flags 
that provide information concerning number of 
retries, correctable errors, and other conditions 
which, although not severe enough to cause a data 
error, might still indicate poor tape, dirty heads, or 
other marginal conditions. If an error is encountered 
but is corrected by a retry, the appropriate extended 
status flags will be set to 1 even though the Error flag 
in the status register is O. This information may be 
recorded by the controlling program to aid in the 
diagnosis of recurring problems. 
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Bad Tape 

The controlling program should give special attention 
to any errors which set the Bad Tape flag in the 
status word. This flag indicates that the error which 
occurred was so severe that the controller has lost 
track of where the tape is positioned. The program 
should respond to a Bad Tape error by spacing back 
to a file mark or BOT to insure reliable operation. 

Positioning Errors 

The Illegal and Error flags are set to 1 if the program 
issues a Space Reverse command when the tape is at 
BOT. The Error and EOT flags are set to 1 when the 
drive passes the physical EOT mark; however, the 
drive is still able to perform I/O. This enables the 
program to take appropriate action, e.g., writing an 
end-of-volume label for a multiple-reel file. 

Reading Errors 

The controller's auto-retry feature, if enabled, allows 
the controller to re-attempt a Read operation which 
produced a parity, data late, or other error. Up to 7 
retries will be performed. If the error is corrected by a 
retry, the Error flag is not set to 1; however, the 
program may use the Read status register 2 
instruction to determine that an error was corrected, 
as well as the type of error and the number of retries 
performed. 

The Data Late and Error flags will be 1 if the data 
channel does not respond in time to a request from 
the controller. The Read operation will continue until 
the word count becomes 0 or the end of the record is 
reached; however, the Data Late flag indicates that 
at least one word is missing from the record in 
memory. 

Writing Errors 

If the controller attempts to write to a tape which is 
write-locked (no write enable ring on the tape reel), 
the Illegal and Error flags are set to 1. This will also 
result from a Write EOF Mark or Erase command. 

The controller automatically reads back all data from 
the tape as it is written, and checks for error 
conditions. The controller's auto-retry feature, if 
enabled, allows the controller to re-attempt (up to 7 
times> a Write operation which produced a parity, 
data late, or other error. If the Erase Before Retry flag 
is set to 1, the controller will perform an Erase 
operation before rewriting. This will cause the 
offending section of tape to be skipped. 

The Data Late and Error flags are set to 1 if the data 
channel does not respond in time to a request from 
the controller. The operation continues until the 
word counter becomes 0, but at least one word will be 
missing from the record on tape. 



DGC CASSETTE SUBSYSTEM 

INTRODUCTION 

Each DGC cassette has a maximum storage capac
ity of 67,000 words (134,000 eight-bit bytes). The 
actual capacity of a DGC cassette is determined by 
the record and file structure used. Differences in 
capacity are due to the amount of tape used for 
inter -record gaps and End Of File marks. Reduc
ing the number of these gaps and marks allows 
more data to be stored on a DGC cassette. The 
following table gives the capacities for several 
schemes of storing data on a DGC cassette. 

Words/ Records/ Files/DGC Total Words/ 
Record File cassette DGC cassette 

16 16 64 16K 
64 16 32 36K 

128 16 22 44K 
4096 14 1 56K 

_--- RECORD & FILE FORMATS ----. 

y 

RECORD 
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FILE 

The data stored on a DGC cassette is verified by 
the calculation of a cyclic redundancy checkword 
(CRC) in a read-after-write checking system. The 
same system is used when a record is read. 

SUMM RY A 

MNEMONIC (FIRST CONTROLLER) •••• 0 CAS 
DEVICE CODE (FIRST CONTROLLER) ... 348 
MNEMONIC (SECOND CONTROLLER) ... CAS1 

DEVICE CODE (SECOND CONTROLLER) ... 748 
PRIORITY MASK BIT ......... 0 ••••••••••• 10 

LENGTH OF TAPE (FEET) .............. 200 

RECORDS/FILE ....... 0 •• o •••••••• 1 to 4096 

WORDS/RECORD ...•............•. 2 to 4096 
MAXIMUM TRANSFER RATE 

(WORDS/SEC) .............. " ...... 750 

MAXIMUM STORAGE CAPACITY 
(WORDS/CASSETTE) ........ o. 67,000 

MAXIMUM ALLOWABLE DATA 
CHANNEL LATENCY ({lSEC) ••••• 28 

ACCUMULATOR FORMATS 
SPECIFY COMMAND AND UNIT ........ (DOA) 

1:::):~:U::t:::t{t:::~::):::~::::)m::t:q::::<::::tt)::I CO~MA~D I UNIT 
I , 

0123456789 10 II 12 13 14 15 

000 READ 100 SPACE REVERSE 
001 REWIND 101 WRITE 
010 RESERVED 110 WRITE EOF 
011 SPACE FORWARD 111 ERASE 

READ STATUS ....... 0 ••••••••••••• 0." (DIA) 

ERRORI~ATA: 1~~NO_IILLEj LATE ING GAL I ITY OF OF NING JR-tOrOJr:t ERROR TAPE FILE rIa I If RITE I ° I ° IfRIT(E I ° I~NIT,y I FAIL LOCK READY 

0 I 2 3 4 5 6 7 8 9 10 II 12 13 14 15 

LOAD WORD COUNTER ................ (DOC) 

I:>::::i:::}::~::::::::)::::::::l I - WORD COUNT 
I 1 I I 

9
1 I I 

12 1 
I I 

o I 2 3 4 5 6 7 8 10 II 13 14 15 

LOAD MEMORY ADDRESS COUNTER ... (DOB) 

r·········1 MEMORY ADDRESS ...... I I 
3 1 

I I 
6 1 

I I 
9

1 I I 
12 1 

I I 
0 I 2 4 5 7 8 10 II 13 14 15 

READ MEMORY ADDRESS COUNTER ... (DIB) 

1
0

1 
MEMORY ADDRESS 

I I 
3 1 

I I 
6 1 

I I 
9

1 I I 
121 

I I 
0 I 2 4 5 7 8 10 II 13 14 15 

S Sets Busy to 1, Done to 0, all error indi-
cating flags to 0 and starts the command. 
If Illegal is set to 1, S has no effect. 

C Sets Busy, Done and all error indicating 
flags to O. selects unit 0 as the addressed 
transport. and specifies a Read command. 

P No effect. 
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INSTRUCTIONS 

The DGC cassette controller contains four registers: 
a 15-bit Memory Address Counter, a 16-bit Status 
Register, a 12-bit Word Counter, and a 6-bit com
bined Command/Transport Select Register. The 
Memory Address Counter is self-incrementing and 
contains the memory location of the next word to be 
either read from or written on the tape. The Status 
Register contains all the information flags for the 
controller and the selected transport. The Word 
Counter contains the two's complement of the num
ber of words to be read from or written on the 
DGC cassette or the two's complement of the num
ber of records to be skipped in a spacing operation. 
The combined Command/Transport Select Register 
contains the last command issued to the DGC cas
sette subsystem and the unit number of the transport 
currently selected. 

Five instructions are used to program data channel 
transfers to and from the DGC cassette subsystem. 
Three of these instructions are used to supply all 
of the necessary data to the controller for any DGC 
cassette operation. The remaining two instructions 
allow the program to determine, in detail, the 
current state of the selected DGC cassette trans
port. 

The DGC cassette subsystem controller's Busy 
and Done flags are controlled using two of the 
device flag commands as follows: 

f=S Sets the Busy flag to 1, and the Done flag to O. 
If the Illegal flag is 0, all other error indicat
ing flags are set to 0, and the transport 
initiates the operation specified in the Com
mand Register. If the Illegal flag is 1, the 
Busy flag is set to 0, the Done flag is set to 1, 
and a program interrupt request is initiated. 

f=C Sets the Busy flag, the Done flag, and all err 
indicating flags in the Status Register to O. 
The error indicating flags are: Error, Data 
Late, Illegal, Checkword Error, Write Fail~ 
and End Of File. After a Clear command 
is issued, the selected transport is unit 0 and 
the specified command is Read. 

f=P No effect. 

SPECIFY COMMAND AND UNIT 

DOA<~> a.c, CAS 

1 0 I I I I I AC 1 0 
I 0 I ~ I 0 , I I I I 1

0 , 0 1 
o I 2 3 I 4 5 6 I 7 8 9 10 II 12 13 14 15 

Loads bits 10-15 of the specified AC into the 
combined Command/Transport Select Register. 
Ignores bits 0-9. After the data transfer, sets 
the controller's Busy and Done flags according 
to the function specified by F. The contents 
of the specified AC remain unchanged. The for
mat of the specified AC is as follows: 

UNIT , 
o I 2 3 4 5 6 7 8 9 10 II 12 13 14 15 

Bits Name Function 

0-9 ---- Reserved for future use. 

10-12 Command Select the command for 
the selected transport as 
follows: 

000 Read 
001 Rewind 
010 Reserved for 

future use 
011 Space Forward 
100 Space Reverse 
101 Write 
110 Write End Of File 
111 Erase 

13-15 Unit Select transport 0-7 
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READ STATUS 

DIA<!> ac, CAS 

10 ','I AC 10,0, 
0

1
123'4567 

~ 10 , ' , " ,0 ,0 
8 9 10 II 12 13 14 15 

Places the contents of the Status Register in bits 
0-15 of the specfied AC. After the da ta transfer, 
sets the controlle r's Busy and Done flags acc
ording to the function specified by F. The for
mat of the specified AC is as follows: 

Bits Name Meaning When 1 

0 Error One or more of the bits 
1, 3, 5, 6, 7, 8 or 10 
are 1. 

1 Data Late The data channel failed 
to respond in time to a 
data channel request. 

2 Rewinding The selected transport 
is currently rewinding. 

3 Illegal A Start command was 
issued to the selected 
transport when one of 
the following conditions 
existed: 

• The transport was 
not ready. 

• The command was 
Space Reverse and 
the tape was at the 
beginning of tape 
leader. 

• The command was 
Write, Write End Of 
File, or Erase when 
the tape was write-
protected. 

4 ---- Reserved for future use. 

5 Parity Error The cyclic checkword 
read from the tape 
after the record did not 
match the checkword 
calculated by the con-
troller. 

6 End Of Tape The transport has reached 
the end of tape mark. 
Executing either a Space 
Reverse or a Rewind 
operation sets this bit to 

I o. 

7 End Of File The transport has en-
countered an End Of File 
mark in reading or spac-
ing or has just written 
an EOF mark. 

8 Begin Of Tape The tape is at the begin-
ning of tape mark. 

9 ---- Reserved for future use. 

10 Write Fail The last record written 
has caused a failure in 
the transports write 
electronics. 

11 ---- Reserved for future use. 

12 ---- Reserved for future use. 

13 Write Lock The DGC cassette on the 
selected transport is 
write protected. 

14 ---- Reserved for future use. 

15 Cassette The selected transport 
Unit Ready and cartridge is ready 

for use. 
-

LOAD MEMORY ADDRESS COUNTER 

DOB<,t> i!C, CAS 

\0 '1'\ AC \'1°,°\ 
0'1 23'4567 

F 10 " ° ° I 
8 I 9 10 I II I 12 ' 13 I 14 I 15 

Loads bits 1-15 of the specified AC into the Mem
ory Address Counter. Ignores bit O. After the 
data transfer, sets the controller's Busy and 
Done flags according to the function specified 
by F. The contents of the specified AC remain 
unchanged. The format of the specified AC is 
as follows: 

MEMORY ADDRESS 
I , I I , I I , I 

2 3 4 5 6 7 8 9 10 II 12' 13 14 15 

Bits Name Function 

0 ---- Reserved for future use. 

1-15 Memory Location of the next word 
Address in memory to be used for 

a data channel transfer. 
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LOAD WORD COUNTER 

DOC<~> ac, CAS 

I 0 I I I I I A IC I I I I I 0 I ~ I 0 I I I I I I 0 I 0 I 
o I 2 3 4 5 6 7 8 9 10 II 12 I 13 14 15 

Loads bits 4-15 of the specified AC into the con
troller's Word Counter. Ignores bits 0-3. After 
the data transfer, sets the controller's Busy and 
Done flags according to the function specified 
by F. The contents of the specified AC remain 
unchanged. The specified AC must contain the 
two's complement of the number of words to be 
transferred with the stipulation that the minimum 
number of words to be transferred is 2 and the 
maximum is 4096. 

During a spacing operation, the Word Counter acts 
as a record counter. The specified AC must con
tain the two's complement of the number of records 
to be skipped with the stipulation that the minimum 
number of records to be skipped is 1 and the maxi
mum is 4096. The format of the specified AC is as 
follows: 

- WORD COUNT 

o I 234 5 6 I 7 8 9 1 10 I II I 12 1 13 I 14 I 15 

. Bits Name Function 

0-3 ---- Reserved for future use. 

4-15 Word Count Two's complement of 
number of words to be 
transferred or records 
to be skipped. 

READ MEMORY ADDRESS COUNTER 

DIB<l> ac,CAS 

1 0 1 I I I I A C 1 0 I I I I 
0123

1
456

1
7 8 9 10 II 12 13 14 15 

Places the contents of the Memory Address Cou
nter in bits 1-15 of the specified AC. Sets AC 
bit 0 to O. After the data transfer, sets the con
troller's Busy and Done flags according to the 
function specified by F. When the Memory Add
ress Counter is read after a Read or a Write op
eration, the contents point to a memory location 
one greater than the location of the last ward 
transferred. The format of the specified AC is 
as follows: 

I ::::1 MEMORY ADDRESS 
:......... I I I I I 1 I I 1 I I I I 

o I 2 3 4 5 6 7 8 9 10 II 12
1

13 14 15 

Bits Name Function 

0 ---- Reserved for future use. 

1-15 Memory Location of the next word 
Address in memory to be used for 

I 
a data channel transfer. 
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PROGRAMMING 
The preparation of a DGC cassette subsystem for a 
data channel transfer can be divided into three 
phases: 

1. Initializing the transport. 

2. Positioning the tape. 

3. Specifying the parameters of the transfer. 

Once the first two phases are completed, the program 
can repeatedly execute the third phase. At the end of 
each phase, check for errors before going on. 

Phase 1: Initializing the Transport 
Examine the Status Register via a Read Status 
instruction (DIAl. This will tell you: 

• If the tape is positioned at the Beginning Of 
Tape mark 

• If the illegal flag is set to 1 

• If the transport is in the ready state. 

If the tape is not located at the Beginning Of Tape 
mark, issue a Rewind command via a Specify 
Command and unit instruction (OOAl. This instruction 
also selects the transport. The transport must be 
ready and the illegal flag set to 0 before the Rewind 
command can be executed. (A Clear command will set 
the Illegal flag to OJ A Start command initiates the 
operation. 

The Start command sets the Rewinding flag to 1 and 
the Unit Ready flag to 0 but does not set the Busy and 
Done flags to 1. While the unit is rewinding, the 
program can issue instructions to any other transport 
in the ready state. The controller does not initiate a 
program interrupt request when the rewinding 
operation is complete. However, the Rewinding flag 
will be set to 0 and the Unit Ready flag to 1 upon 
completion ofthe operation. 

When the tape has been rewound and no error 
conditions are indicated in the Status Register, the 
program may proceed to phase 2. 
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Phase 2: Positioning the Tape 
To access a record for a Read or Write operation, you 
must space the tape to the position immediately 
preceding that record. During the spacing operation, 
the Word Counter increments once for each record 
skipped. The spacing operation terminates when the 
Word Counter overflows or when an End Of File mark 
is encountered. The minimum number of records that 
can be skipped in one operation is one and the 
maximum is 4096. 

To space forward, load the Space Forward command 
into the Command Register with a Specify Command 
and Unit instruction (OOAl. Load the two's 
complement of the number of records to be skipped 
into the word counter with a Load Word Counter 
instruction (DOC). To initiate the operation, append a 
Start command to the last of these instructions issued. 

During the spacing operation the Busy flag is set to 1 
and the Done flag is set to O. When the operation is 
complete, the Busy flag is set to 0 and the Done flag is 
set to 1, thus initiating a program interrupt request. 

You must issue a Space Forward command at least 
once for each file to be skipped. When a file is to be 
skipped, load the Word Counter with the two's 
complement of a count greater than or equal to the 
number of records contained in that file. Since a file 
may contain more than 4096 records, you may have to 
execute the Space Forward command several times 
<reloading the Word Counter each time) to skip one 
file. 

Every time an End Of File mark is encountered in a 
spacing operation, the operation stops, both the End 
Of File and the Error flags in the Status Register are 
set to 1, the Busy flag is set to 0, the Done flag is set to 
1, and a program interrupt request is initiated. 

NOTE Do not issue a Space Forward 
command when the End Of Tape flag in the 
Status Register is set to 1. 

The Space Reverse command operates just like the 
Space Forward command. When a file is skipped, 
following a Space Reverse command, the tape is 
positioned immediately after the last record in the 
preceding file. 

When the tape is in position for a Read or Write 
operation and no errors are indicated in the Status 
Register <other than the End Of File, Error 
combination}, the program may proceed to phase 3. 
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Phase 3: Read 
To perform a Read operation: 

1. Specify the storage location in memory for the first 
word to be read from the tape with a Load Memory 
Address Counter instruction (D08). 

2. Specify the two's complement of the number of 
words to be read with a Load Word Counter 
instruction (DOC). If you don't know the length of 
the record to be read, specify the two's complement 
of the longest possible record - i.e., 0. This assures 
that the entire record will be read. 

3. Select the transport and load the Read command 
into the Command Register with a Specify 
Command and Unit instruction (DOM. Append a 
Start command to initiate the Read operation. 

Once the Read operation is initiated, the Busy flag is 
set to 1, the Done flag is set to 0, the tape moves past 
the heads, and the first 16 bits in the record are 
assembled into one word. This word is written into 
memory via the data channel, and the Word Counter 
is incremented by one. 

The Read operation continues until the Word Counter 
overflows or the transport encounters an End Of 
Record gap. When the operation is complete, the Busy 
flag is set to 0, the Done flag is set to 1, and a program 
interrupt request is initiated. 

If you don't know the length of the record that was 
read, you can find it by issuing a Read Memory 
Address Counter instruction (D18) and subtracting 
from the address returned the starting memory 
location. 

NOTE Whenever the End Of Tape flag is set to 
1, be careful not to issue any command that will 
move the tape forward. 

r--------- READ ---------, 
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Phase 3: Write 

There are three write operations: Write, Write End Of 
File, and Erase. 

Write 

1. Specify the storage location in memory of the first 
word to be written on tape with a Load Memory 
Address Counter instruction (DOB). 

2. Specify the two's complement of the number of 
words to be written with a Load Word Counter 
instruction (DOC). 

3. Select the transport and load the Write command 
into the command register with a Specify 
Command and Unit instruction (DOM. Append a 
Start command to initiate the Write operation. 

Once the Write operation is initiated, the Busy flag is 
set to 1, the Done flag is set to 0, a word is read from 
memory, the tape moves past the heads, and the 16 
bits of the word are written on the tape. 

Each time the controller receives a word from 
memory, the Word Counter is incremented. When the 
Word Counter overflows, the controller writes the 
cyclic redundancy checkword. Then the Busy flag is 
set to 0, the Done flag is set to 1, and a program 
interrupt request is initiated. 

Write End Of File 

Select the transport and load the Write End of File 
command into the command register with a Specify 
Command and Unit instruction (DOA). Append a Start 
command to set the Busy flag to 1, the Done flag to 0, 
and to initiate the operation. 

Once the operation is initiated, 2 1/2 inches of tape are 
erased and an End Of File mark is written on the tape 
after the inter-record gap. Then, the Busy flag is set to 
0, the Done flag is set to 1, and a program interrupt 
request is initiated. Also, since the transports perform 
a read-after-write error check, both the End Of File 
and the Error flags in the Status Register are set to 1 
each time a correct End of File mark is written. 

Erase 

The Erase command can be used to erase or skip bad 
sections of tape. To use it, select the transport and 
load the Erase command into the Command register 
with a Specify Command and Unit instruction. 
Append a Start command to set the Busy flag to 1, the 
Done flag to 0, and to initiate the operation. 

Once the operation is initiated, approximately 2 1/2 
inches of tape are erased. Then the Busy flag is set to 
0, the Done flag is set to 1, and a program interrupt 
request is initiated. 

~------- WRITE -------__. 
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TIMING 

The DGC cassette transfers one 16-bit word via 
the data channel every 1. 34 milliseconds when 
performing a read or a write operation. Since 
the DGC cassette is a single buffered device, the 
data channel has only 28 microseconds to respond 
to a data channel request. If the data channel does 
not respond within this time, the Data Late and the 
Error flags are set to 1. When the Data Late flag 
is set to 1, the processing of the record continues 
until its normal completion. However, one or 
more of the words transferred contains an error. 

Since the tape does not move at a constant speed 
because of the recording technique used for the 
DGC cassette transport, all references to tape 
speed, inter-record gaps, erased areas of tape, 
and information density, pertain to the average 
values along the length of the DGC cassette's tape. 
On the average, the tape moves past the heads at 
30 inches per second when reading, writing, re
winding and spacing. The average bit density on 
the tape is 430 bits per inch. 

The start and stop times for the basic DGC cassette 
operations are given in the table below. 

Read Write Space Rewind 

Start Delay . 22ms 35ms 1. 3ms 2sec 

Last Word 136ms 136ms 120ms 2sec 
To Stop 

ERROR CONDITIONS 

During Initializing 

If a Start command is given when the selected 
unit is not ready to carry out a command, both 
the Iilegal flag and the Done flag are set to 1 and 
a program interrupt request is initiated. The 
Illegal flag can be set to 0 only with a Clear 
command or an I/O Reset instruction. The Clear 
command sets all the error indicating flags in 
the Status Register to 0 and sets the Command/ 
Transport Select Register to O. Therefore, unit 
o is the selected transport and Read is the spec
ified command after a Clear command or an I/O 
Reset instruction is issued. The Status flags 
read by a Read Status instruction pertain to unit 
o until another transport is selected. 

During Positioning 

Both the Illegal flag and the Error flag are set to 1 
in the Status Register when a Spacing command is 
issued to a transport which is not ready or if a 
Space Reverse command is issued when the tape is 
at the BOT mark. The Busy flag is set to 0, the 
Done flag is set to 1, and a program interrupt re
quest is initiated. 

If a Space Forward command is issued and the tape 
is at the End Of Tape mark, the spacing operation 
continues until a Clear command is issued. 

During Reading 

If the data channel does not respond in time for a 
data channel request, both the Data Late flag and 
the Error flag will be set to 1 in the controller's 
Status Register, but the Read operation will con
tinue until either the Word Counter overflows or 
the transport encounters an End Of Record gap on 
the tape. The Data Late flag indicates that at least 
one word on the tape was not correctly transferred 
to memory. 

If the transport encounters an End Of File mark, 
the Error flag, together with the End Of File flag, 
is set to 1 in the controller's status register. Busy 
is set to 0, Done is set to 1 and a program inter
rupt request is initiated. 

Once the transport encounters the end of the data 
in a record or the word counter overflows, the con
troller reads the checkword and if the checkword 
does not match that calculated by the controller, 
the Checkword Error flag is set to 1 in the Status 
Register. The correct checkword for the entire 
record will be read even if the program reads only 
a portion of the record. 

During Writing 

If the selected transport is not ready to receive 
a command or if the DGC cassette mounted on the 
selected transport is write-protected, the Start 
command will set the Error flag, the Illegal flag 
and the appropriate error condition flag in the 
Status Register to 1. Busy will be set to 0, Done 
will be set to 1 and a program interrupt request 
is initiated. 

If the data channel does not respond in time for a 
data channel request, both the Data Late flag and 
the Error flag will be set to 1 in the Status Register 
but the Write operation will continue until the Word 
Counter overflows. The Data Late flag indicates 
that at least one word was not properly written. 

If the End Of File mark contains an error, the con
troller will interpret the mark as a short data record 
and a Checkword Error will occur on every sub
sequent Read operation of that section of tape. A 
defective End Of File mark will also be interpreted 
as a data record during spacing operation. 

Since the DGC cassette performs a read-after-write 
error check, the Checkword Error flag is set to 1 
if the record just written contains an error. 
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SECTION V 

DISCS 

• FIXED HEAD DISC SUBSYSTEM 

• 4047 A & 4047B DISC CARTRIDGE SUBSYSTEMS 

• 4048A DISC PACK SUBSYSTEM 

• 4057 A DISC PACK SUBSYSTEM 

• 4231A DISC PACK SUBSYSTEM 

• 6045 & 6050/6051 

CARTRIDGE DG/DISC SUBSYSTEM 

• 6030 SERIES DG/DISKETIE SUBSYSTEM 

• 4234 SERIES 10MB CARTRIDGE DISC SUBSYSTEM 

• 6060 SERIES DG/DISC STORAGE SUBSYSTEM 

• 6063/6065 FIXED HEAD DG/DISC SUBSYSTEM 

• 6070 SERIES CARTRIDGE DG/DISC SUBSYSTEM 





INTRODUCTION TO DGC DISCS 

Disc drives are popular for storing large quantities 
of information which must be directly accessed. 
The basic recording medium is a magnetic material 
coated on a platter. Platters come either singly or 
in a stack. The information on the platters is re
corded or read by heads suspended near their sur
faces. As the platters rotate, the heads define 
concentric circles of data called tracks around the 
surfaces of the platters. Heads can be either fixed 
or moving. Fixed-head discs assign one head to 
each and every operating track, while moving-head 
discs use one head for each surface so each head 
moves back and forth to cover all tracks. 

Heads are mounted on arms to extend them out over 
the recording surfaces. The read/write heads to
gether with their arms form an assembly called the 
access mechanism. The access mechanism on a 
multi-surface moving-arm disc consists of a num-

Moving Head Disc Drive 

ber of arms mounted on a single post and extended 
like a comb between the platters. This entire 
mechanism moves in and out as single unit when 
the heads are being positioned. 

The access mechanism on a multi-surface fixed
head disc also consists of a number of arms 
mounted on a post but the assembly does not move 
during routine operation of the disc. Each arm 
usually has many heads attached to it; each head is 
located over its respective track. Several posts 
can be located around the peripheral of the stack 
of platters; each post then carries its own com
plement of arms and heads. 

The platters on some types of disc drives can be 
removed and exchanged. Removable single platters 
are called disc cartridges, removable stacks are 
called disc packs. 

Fixed Head Disc Drive 
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DATA FORMATS ON DGC DISCS 

Data General stores data on all its disc drives in 
a standard formaL Data is recorded serially, bit 
by bit, on one track at a time. Sixteen bits form 
a word, and 256 contiguous words form a data 
storage fie ld called a sector. A sector is the 
smallest addressable unit of information. The 
number of sectors which are recorded on each 
track is dependent on the particular disc drive 
used. 

In addition to the data contained in each sector. a 
16- or 32-bit cyclical checkword is recorded at the 
end of the data field. This checkword is calculated as 
the individual bits of the sector are passed from 
the controller to the drive, to be written on the 
disc. Once the 256 words (4096 bits) in the record 
have been written, this checkword is written. Sub
sequently, when that sector is read, the controller 
again calculates a checkword from the individual 
bits read from the disc. This new checkword is 
then compared to the original checkword as it is 
read from the disc at the end of the sector. If the 
two checkwords differ, an error flag is set to 1, 
indicating that the data in the sector just read may 
contain errors. 

On some discs, each sector also contains an iden
tification field which precedes the data field. This 
identification field is used to verify the location of 
the sector before any read or write operation is 
performed and, in some cases, to indicate that the 
sector should not be used because the recording 
surface is defective. 

The process of writing these identification fields is 
called formatting. All discs must be proper-
ly formatted with special programs provided by 
Data General before they can be used. The part 
numbers for these programs are given in the sec
tion dealing with the programming for each disc. 

ACCESSING 

The data stored in any particular sector of a fixed
head disc is accessed by first selecting the read/ 
write head which is assigned to the track in which 
the sector is located and then waiting until the de
sired sector passes under that head. Maximum 
access time is therefore the sum of the times re-
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quired for head selection, (on the order of 1 milli
second) and the maximum time the head must wait 
until the beginning of the desired sector appears, 
i. e .. one complete revolution of the platter (=-17 
milliseconds @ 3600rpm). 

The data stored in any particular sector of a mov
ing-head disc is accessed by first moving the 
access mechanism to the track which contains the 
sector, selecting the head for the proper track, 
and then waiting until the desired sector passes 
under that head. Maximum access time is there
fore the sum of the time required to move the 
access mechanism (this is called a Seek operation 
and requires from 6 to 135 milliseconds) plus the 
time required to select the head (this time can 
overlap the time required for head positioning) plus 
the maximum time the head must wait until the 
beginning of the desired sector to appear (this time 
could be up to one or two complete revolutions of 
the platter, depending on the particular unit! s syn
chronizing mechanism. The range is from 17 to 
48 milliseconds.) 

However, the average access time for a set of 
sectors on a moving-arm disc can be reduced be
cause the access mechanism positions all the heads 
simultaneously. Once the access mechanism is 
locked in place, each head can access one complete 
track without being repositioned. This set of 
accessible tracks is called a "cylinder". In other 
words, there are as many cylinders in a disc as 
there are discrete positions (tracks) of the access 
mechanism over the surface and as many tracks in 
each cylinder as there are recording surfaces. 

4048A DISC DRIVE (203 CYLINDERS) --... 
00 TRACKS 202 
,------=-~-~-~====~~--~ 
I 
I 

PLATTERS 

TRACK 



DGC DISC SUBSYSTEMS 

Data General offers eight distinct moving-head 
disc subsystems most of which require their own 
particular drive units. (With the exception of the 
6030 diskette subsystem and the 4234 or 6045 
cartridge subsystem, the drive units from any 

subsystem may not be intermixed with those of 
any other subsystem; 6030 Series may be inter
mixed with drive units from either 6045 or 4234 
Series subsystems.) The following table lists the 
specifications, equipment requirements and maxi
mum sizes of the various disc sUbsystems. 

Specifications for DGC Disc Subsystems 

Number of Number Number Capacity/ Transfer Maximum 
Tracks or of of Unit Rate Number of 

Subsystem Controller Adapter Drive Unit Type Cylinders Surfaces Sectors/Track (Words) (Words/Sec) Units/Subsystem 

6001/6005 1 Post 64 Tracks 8 131 072 
1024 Tracks Fixed-head 4019 None 6002/6006 1 Post 128 Tracks 8(1) 8 262 144 

122,700 In Any (obsolete) Required 6003 6007 2 Post 256 Tracks 8 524 288 
Combination 6004/6008 3 Post 384 Tracks 8 786,432 

4047A 4049 4047A Cartridge 203 2 12 1,247,232 4 
and 4046 

Cartridge and 
90,000 

4047B 4047 4047B 
Nonremovable 203+203 2+2 12 2,494,464 2 

4048A 4046 4048 4048A Pack 203 10 6 3,118,080 78,000 4 

4057A 4046 4057 4057A Pack 203 20 12 12,472,320 156,000 4 

4231A 
first drive 

4231A 4231 (comes with 4231A 
Pack 411 19 23 45,979,392 403,000 4 

first drive) second-fourth drive 
4231B 

6051 6050 Disc Cartridge 
6030, 6031 and non-

6045 Included None diskette units may removable; 408 4 12 5,013,504 156,250 4 
with 6045 Required be included in dr diskette (see 
subsystem subsystem 6030) 

first drive - 4234 
Included second or fourth 

Disc Car-
4234 (2) 

with first None drive - 4235 
tridge or 

drive third drive - 4236 408 4 12 5,013,504 156,250 4 
model 

Required 
6030B, 6031B Flexible 

Diskette (see 
4234 diskette type units 

6030) 
may be included in 
subsystem 

first drive - 6030 
Included or 6031 

Flexible with Included in second-fourth drive 1 (for 
6030 (2) model the unit en- 6030A or 6031A Diskette or 

77 Cartridge 8 157,696 15,625 4 
6030 or closure 4234F type car-

Cartridge Drives, 
Drive (see 

6031 drive tridge units may be 4234) 
see 4234) 

included in subsys-
tern 
First single density 

Included Included drive-6060 
with 6060 with 6060 Additional single or 6061 or 6061 
drive drive 

density drive-6060A 411 47,978,496 
6060 Pack Or 19 24 or 403,200 4 

Second Dual access 
First double density 815 95,139,840 

controller included 
drive-6061 

included with 6062 Additional double 
with 6062 density drive-6061A 

First half capacity 
6063 Included None drive - 6063 Integral 
and with 6063 Required Additional half Disc Head 64 2 (1) 32 524. 288 450.450 4 

6063A and 6064 caplcity drive - module 
6063A 

First full capacity 
6064 Included l:one drive - 6064 ~ntegra 1 
and with 6063 Hequired Additional full Disc Bead 128 2 (1) 32 1.048. 576 450. 4;;0 4 

6064A and 6064 capl city drive - module 
6064A 

Rigid drive 

Non-removable Rigid Rigid Rigid Rigid between 
609~ Included None N/A disc and drive drive drive drive controller 
and with Required One unit removable 3~4 2 32 6,491,456 and drive -

6099 6098 per system diskette/4 Flexible Flexible Flexible Flexible 455,270.5 I 
and (609~) drive drive drive drive Between CPU 
6099 Non- remova ble 77 2 16 630, 784 and controller 

disc (6099) Processor 
dependent 
Flexible 
drive 
31,250 

()S--m754 

(I) The number of surfaces in a fixed head disc is transparent to the programmer. 

(2) Cannot be shared by two processors; for the 6030 this is true only of early models. 
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SHARED DISC CONSIDERATIONS 

Almost all * Data General disc subsystems may be 
shared by two CPU's. In such a configuration, access 
to all or part of the subsystem is given to one proces
sor or the other on a demand basis. The following 
text describes shared disc protocols for the models 
6001, 4047, 4048, 4057, and 4231 series SUbsystems. 
Details of dual processor operation for other disc 
subsystems are described in the appropriate chapter. 

In the case of the Fixed Head Disc Subsystems, no 
change in either the instructions themselves or the 
order in which they are issued is required. Access 
to the drive is alternated between the two CPU's if 
there is a conflict. As a result of sharing the sub
system, the time for accessing consecutively 
numbered sectors by one CPU is extended to 10. 5 
milliseconds/sector (average). 

In the case of a Moving Head Disc Subsystem, the 
adapter performs certain functions which are no 
longer transparent to the programmer. These 
functions force a different instruction sequence for 
programming a data channel transfer. Each sub
system adapter alternates access between the two 
CPU's. When one of the CPU's starts an operation 
(seeking, reading or writing), the adapter locks 
out the second CPU until either the Read/Write 
Done flag is set to 1 for the first CPU or six sec-
0nds elapse. When a CPU is locked out by the 
adapter, that CPU can neither select a drive unit 
nor read a valid status word for any drive. 

The six second lock out procedure insures that one 
CPU cannot seize the disc subsystem to the exclu
sion of the second CPU. This prevents a malfunc
tioning CPU from interferring with the operation 
of the second CPU for more than six seconds. 

In addition, since either CPU can position the heads 
on any drive, the position of the heads in the se-
1ected drive is unknown to a CPU when it gains 
access to that drive. Therefore, each data trans
fer operation should be preceded by a Seek opera
tion to the desired cylinder on the selected drive. 
If the adapter is in use when this Seek operation is 
initiated, the operation commences as soon as the 
adapter becomes free, and the other CPU is then 
locked ouL When the Seek Done flag for the se-
1ected drive is set to 1 and a program interrupt 
request is initiated, the program can read a valid 
status word and perform a Read or a Write opera
tion. As soon as the Read/Write Done flag is set 
to 1, the adapte r is free to se rvice any requests 
from either CPU. 

Although the adapter might transfer control to the 
other CPU once the Read/Write Done flag is set to 
1, the error indicating flags in the status register 
of the first computer are valid for the operation 
just completed. These flags are: Error, Data 
Late, Check Error, Address Error, End Error 
and the Sector Error, Head Error, and Bad Sector. 
flags, where applicable. 

One situation which can be encountered in a shared 
disc environment is that of losing control of the 
adapter during an operation due to the 6 second 
time out provision. The six second time interval 
is measured from the start of the Seek operation 
in the drive itself. If the program does not initiate 
the data transfer operation so that is has sufficient 
time to be completed before 6 seconds elapse, the 
operation will not be completed. This situation 
could exist if a seek error occurs and the drive is 
recalibrated several times before a Seek operation 
is successful. Then, a data transfer operation 
might not have enough time to be completed before 
the 6 seconds elapses. 

A second situation could exist in that a drive might 
be performing a Seek or Recalibrate operation, 
after a seek error, when the six seconds elapse. 
The computer that was locked out could initiate 
its own Seek operation with the same drive. This 
condition could cause damage to the access 
mechanism of the drive unit. 

In order to avoid data loss or damage to a drive, 
the program should recalibrate the drive unit after 
a seek error and perform a "dummy" Read opera
tion. This dummy read should read one 256 word 
sector from cylinder 0 into a scratch buffer. 
Once the operation is completed, the adapter is 
free. The program can then attempt a second 
Seek operation to the desired cylinder and have 
6 seconds to complete the data transfer. 

If, after several attempts to recalibrate the drive, 
seek errors still occur, the drive unit should be 
considered inoperative. No attempts should be 
made to access that drive until it is repaired. 

*4234 Series disc cartridge units and early 6030 series diskette units cannot share CPU's. 
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FIXED HEAD DISC SUBSYSTEM 

SUMMARY 

MNEMONIC (FIRST CONTROLLER) ....... DSK ACCUMULATOR FORMATS 

DEVICE CODE (FIRST CONTROLLER) .....• 208 
SPECIFY DISC TRACK AND SECTOR ... (DOA) 

MNEMONIC (SECOND CONTROLLER) ...• DSK1 

DEVICE CODE (SECOND CONTROLLER) .... 608 t:::::::::(:::::::~::::::::1 TR ACK 
, I 

SECTOR I I I I I I I I I I I I 

PRIORITY MASK BIT ..................•... 9 
0 I 2 3 4 5 6 7 8 9 10 II 12 13 14 15 

READ STATUS ........................ (DIA) 
TRACKS ....................•...... 64-1024 

SECTORS/TRACK .........•.......•.•...•. 8 I ~~~/iU\:::y/~}}}:tm<}it))}lr~~! If~~_T It~~~N'~RITE IWRIT~ I~ATA I~o KI;HEC:I I ~I STER FE R F"ER DATA LOCI( LATE ~~ ERROR ERROR 
BiT a F:J~L F"ULl . 

WORDS/SECTOR ..•............•........ 256 
0 I 2 3 4 5 6 7 8 9 10 II 12 13 14 15 

LOAD MEMORY ADDRESS COUNTER ... (DOB) 
TOTAL STORAGE CAPACITY 

MIN/MAX (WORDS) ...... 131,072/2,097,152 I DIAGI 
MEMORY ADDRESS I I I I I I I I I I I I I I I 

MAXIMUM TRANSFER RATE 0 I 2 3 4 5 6 7 8 9 10 II 12 13 14 15 

(WORDS/SEC) .................... 122, 700 READ MEMORY ADDRESS COUNTER .... (DIB) 

MAXIMUM ALLOW ABLE DATA 
I CHANNEL LATENCY (J1SEC) ........... 14 In:?! MEMORY ADDRESS 

I I I I I I I I I I I I I I 

SECTOR ACCESS TIME 
0 I 2 3 4 5 6 7 8 9 10 II 12 13 14 15 

MAX/MIN (MSEC) .................... 18/1 DIAGNOSTIC ......................... (DIC) 

C, UN DE FINED I I I I I I I I I I I I I I 

0 I 2 3 4 5 6 7 8 9 10 II 12 13 14 15 

S, C AND P FUNCTIONS 

S Set Busy to 1, Done and all status flags to 0 C Set Busy, Done, Data Late and Check 
and start a Read operation. Error flags to 0 and stop all operations. 

P Set Busy to 1, Done and all status flags 
to 0 and start a Write operation. 

INTRODUCTION 

The 6001-6008 drive units are used in the fixed 
head disc subsystem. These differ only in storage 
capacity (number of tracks). The minimum num
ber of tracks in a subsystem is 64 (0-778) while 
the maximum is 1024 (0-17778)' Each track con
tains 8 (0-7) sectors; each of which stores 256 
(4008) 16-bit words together with a checkword for 
the sector. The data storage capacity is 2048 
words/track. Therefore, a fixed head disc sub
system can store between 131,072 words (for the 
smallest configuration) and 2,097, 152 words (for 
the largest configuration). 

The average access time for any sector in the sub
system is 8.5 milliseconds. Once the sector is 
found, all data transfers to and from the subsys
tem occur at a rate of 122,700 words/second. 
Each transfer operation moves one 256 word sector. 

Data, stored in the subsystem, can be protected 
from accidental overwrite by means of an operator 
controlled write-protection feature. This allows 
the operator to write-protect groups of 16 (208) 
tracks. 
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INSTRUCTIONS 

The disc drive controller contains three program 
accessible registers: a 15-bit Memory Address 
Counter, a 9-bit Status Register and a 13-bit 
combined Track/Sector Select Register. The 
Memory Address Counter is self-incrementing and 
contains the memory location of the next 16-bit 
word to be read from or written on the disc. The 
Status Register contains all the information flags 
for the disc drive. The combined Track/Sector 
Select Register contains the number of the desired 
track on the disc and the number of the desired sec
tor which is to be read or written. There is no 
Word Counter available to the programmer since 
the data is always transferred in 256 word blocks. 

Four instructions are used to program data chan
nel transfers to and from the fixed head disc 
subsystem. Two of these instructions are used 
to supply all of the necessary data to the controller 
for any disc operation. The remaining two in
structions allow the program to determine, in 
detail, the current state of the subsystem. A 
fifth instruction is used for maintenance purposes. 

The disc controller's Busy and Done flags are con
trolled using all three of the device flag commands 
as follows: 

f = S Set the Busy flag to 1, the Done flag 
and all the status flags to 0, and 
initiate a Read operation. 

f=C Set the Busy flag, the Done flag, the 
Check Error and Data Late flags to 
0, and terminate any Read or Write 
operation in progress. 

f = P Set the Busy flag to 1, the Done flag 
and all status flags to 0, and initiate 
a Write operation. 

SPECIFY TRACK AND SECTOR 

DOA<f> ac, DSK 

I 0 I! I I AC I 0 ! 0 I ~ I 0 I I I 0 0 I 0 I 0 I 
o I I 2 3 I 4 5 6 I 7 8 9 10 II 12 I 13 14 15 

Bits 3-15 of the specified AC are loaded into the 
disc controller's Track;Sector Select Register. 
Bits 0-2 are ignored. After the data transfer, 
the controller's Busy and Done flags are set ac
cording to the function specified by F. The 
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contents of the specified AC remain unchanged. 
The format of the specified AC is as follows: 

H H TRACK 

I 
SECTOR 

«I ::::::::{::: I I 

0 2 3 4 5 6 7 8 9 10 II 12 13 14 

Bits Name Function 

15 

0-2 ---- Reserved for future use. 

3-12 Track Specify the track number 
0-17778· 

13-15 Sector Select the sector number 
0-78 for a Read or a 
Write operation. 

LOAD MEMORY ADDRESS COUNTER 

DOB<f> ac, DSK 

I 0 I I I I AC I I I 0 0 I ~ I 0 I 0 0 0 0 I 
o I I 2 3 I 4 5 6 I 7 8 9 10 I II I 12 I 13 I 14 I 15 

Bits 0-15 of the specified AC are loaded into the 
disc controller's Memory Address Counter. If 
AC bit is 1, the controller is put into the diagnostic 
mode of operation. After the data transfer, the 
controller's Busy and Done flags are set accord
ing to the function specified by F. The contents 
of the specified AC remain unchanged. The for
mat of the specified AC is as follows: 

ME MO RY ADORE SS 

o 2 3 4 5 6 7 8 9 10 II 12 13 14 15 

Bits Name Function 

° Diag Places the controller in the 
diagnostic mode of opera-
tion. 

1-15 Memory Location of the next word in 
Address memory to be used for a 

data channel transfer. 



READ STATUS 

DIA<f> ac, DSK 

1011 J II AIC 1°,0 II ~ 1°,1 J O 0JoJol 
o I 2 3 4 5 6 I 7 8 9 10 II 12 I 13 14 15 

The contents of the status Register are placed in 
bits 7-15 of the specified AC. Bits 0-6 are set to 
O. After the data transfer, the controller's Busy 
and Done flags are set according to the function 
specified by F. The format of the specified AC is 
as follows: 

9 10 II 12 13 14 15 

Bits Name Meaning When 1 

0-6 ---- Reserved for future use. 

7 Shift Regis- Used for maintenance. 
ter Bit 0 

8 First Buf- Used for maintenance. 
fer Full 

9 Second Buf- Used for maintenance. 
fer Full 

10 Write Data Used for maintenance. 

11 Write Lock The Write operation speci-
fied a track which was 
Write - Protected. 

12 Data Late The data channel failed 
to respond in time to a 
data channel request. 

13 No Such The track specified by the 
Track program is not connected 

to the controller. 

14 Check The checkword read from 
Error the disc does not match 

the checkword calculated 
by the controller. 

15 Error One or more of the bits 
11-14 is set to 1. 

READ MEMORY ADDRESS COUNTER 

DIB<!> ac, DSK 

10 I I I I AC 10 I I 
0 1 123 1 456 1

7 
~ 1°111° °1°1°1 

8 9 10 II 12 1 13 14 15 

The contents of the Memory Address Counter are 
placed in bits 1-15 of the specified AC. Bit 0 is 
set to O. After the data transfer, the controller's 
Busy and Done flags are set according to the 
function specified by F. When the Memory Ad-

V-7 

dress Counter is read after a Write operation, the 
contents point to a memory location two greater 
than the location of the last word written on the 
disc. The format of the specified AC is as follows: 

1····1 
..... 

MEMORY ADDRESS 

I I I 

o 2 3 4 5 6 7 8 9 10 II 12 13 14 15 

Bits Name Function 

0 ---- Reserved for future use. 

1-15 Memory Location of the next word 
Address in memory to be used for 

a data channel transfer. 

DIAGNOSTIC 

DIC<f> ac, DSK 

10 I; I I AC II , ° 
0 1 123 1 456 1

7 

F 10 110 0,0,01 
8 I 9 10 ' II 12 1 13 14 15 

When the controller has been placed in the main
tenance mode of operation by a 1 in bit 0 of the 
specified AC in a LOAD MEMORY ADDRESS 
COUNTER instruction, a DIAGNOSTIC instruc
tion will supply a single clock pulse to the con
troller's logic. After the clock pulse is supplied, 
the controller's Busy and Done flags are set ac
cording to the function specified by F. Examples 
of the use of this instruction can be found in the 
Fixed Head Disc Diagnostic Program Listing 
(DGC #097-000012). 

PROGRAMMING 

The preparation of the fixed head disc subsystem 
for a data channel transfer is divided into two 
distinct phases: I, specifying the parameters of 
the transfer; and II, initiating the data transfer. 
The results of issuing instructions in Phase I 
should be checked for errors before proceeding to 
Phase II. 

Phase I: Specify the Parameters of the Transfer 

Phase I consists of issuing two instructions. They 
can be executed in any order. Issuing a SPECIFY 
TRACK AND SECTOR (OOA) instruction to the 
controller selects the desired track and sector to 
be processed. A LOAD MEMORY ADDRESS 
COUNTER (DOB) is then issued to specify the first 
location in memory to be used in the data channel 
transfer. Bit 0 of the specified AC must be 0 in 
this instruction if the subsystem is to perform a 
Read or Write operation. 



When the program is executing successive read 
operations into contiguous areas of memory, the 
Memory Address Counter does not have to be up
dated after each sector is read. However, if 
contiguous areas of memory are to be written on 
the disc, the Memory Address Counter must be 
updated after each Write operation. This is neces
sary since the Memory Address Counter points to 
a location in memory which is two greater than 
the memory location of the last word written on the 
disc. 

Once the track is specified, the status must be 
checked to determine if the subsystem is ready 
to proceed. The status is checked by examining 
the Busy flag of the subsystem. If the Busy flag 
is 0, the program can proceed to Phase II. 

Phase II: Initiate the Transfer 

Phase II consists of issuing either a Read or a 
Write command to the disc subsystem. The Read 
command transfers a sector (block) of data, con
sisting of 256 words, from the disc to the com
puter's memory via the data channel. A Write 
command transfers a block of data from the 
computer's memory via the data channel, and 
stores the data on the disc. Each of these com
mands is initiated by issuing one of the device 
flag commands. A start command initiates a 
Read operation while a P command initiates a 
Write operation. Either of these two commands 
can be appended to the last of the two instructions 
issued in Phase I. 

Read 

When a Read command is issued, the Busy flag is 
set to 1 and the Done flag is set to 0. The con
troller selects the specified track and then waits 
until the desired sector is encountered. As the 
sector passes under the head, the sequential bits 
are read. When a word is fully assembled, the 
controller transfers the word to the computer's 
memory via the data channel. Each time a word 
is transferred to memory, the Memory Address 
Counter is automatically incremented. 

Once the 256 words have been read, the controller 
reads the checkword at the end of the sector and 
compares it to the checkword it had calculated 
during the read operation. If the two checkwords 
differ, both the Error flag and the Checkword 
Error flag are set to 1. The Busy flag is set to 
0, the Done flag is set to 1 and a program inter
rupt request is initiated. 

Write 

When a Write command is issued, the Busy flag is 
set to 1 and the Done flag is set to 0. The con
troller reads three words from the computer's 
memory, via the data channel, and then waits for 

the desired sector to pass under the head. Each 
time the controller reads a word from the com
puter's memory, the Memory Address Counter is 
automatically incremented. 

Once the desired sector is encountered, the bits of 
each word are sequentially written. When the 256 
words of the sector have been written, the con
troller writes the checkword it calculated from the 
data during the Write operation. The Busy flag is 
set to 0, the Done flag is set to 1 and a program 
interrupt request is initiated. 

The last two words requested from the computer's 
memory are not written. This means that the 
Memory Address Counter points to a memory 
location which is two greater than the address of 
the last word written on the disc when the Write 
operation is concluded. 

,..----- TRANSFER ONE SECTOR ----

D.\ !.\ L \ II ' ,?------, 

Vl IHAC" I"; ">,()! 1'\ 
llhC ;;, Slr:>.1 DEelD] ()~ 

A \ ·\LlD I HAC ..... 
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TIMING 

The disc rotates at a speed of 3540rpm. There
fore, the time for a complete revolution is 16.95 
milliseconds. Since there are eight sectors on a 
track, the time for one sector to pass under the 
Read/Write head is 2.12 milliseconds. If the Read 
or the Write command is given at the same time as 
the SPECIFY TRACK AND SECTOR instruction, a 
minimum of 1 millisecond elapses before the data 
transfer can begin. This allows the head selection 
logic to settle down. The maximum time for a 
sector search is 17.95 milliseconds so the average 
sector access time is 9.5 milliseconds. 

The data segment of a sector passes under the head 
in 2. 08 milliseconds which means the data channel 
requests occur every 8. 15 microseconds. Since the 
fixed head disc system is double buffered, the maxi
mum allowable data channel latency is 14 micro
seconds. If the data channel does not respond 
within this time, the Data Late flag will be set to 1. 
When the Data Late flag is set to 1, one or more 
words are lost but the processing of the sector con
tinues and when the Done flag is set to 1, a pro
gram interrupt request is initiated. 

when the program is processing consecutively 
numbered sectors, the program has 1. 12 milli
seconds after the Done flag is set to 1 to issue a 
SPECIFY TRACK AND SECTOR instruction to 
select the next sector, except when the sector just 
processed is sector 3. The program then has a 
3. 24 milliseconds to select sector 4 because both 
sectors 7 and 0 lie between sectors 3 and 4 on the 
disc surface. (See DISC FORMAT section. ) 

DISC FORMAT 

The controller cannot process physically adjacent 
sectors on the disc surface consecutively. In 
order to minimize waiting time, the sectors on a 
track are not numbered consecutively but are inter
leaved in the manner shown below. For example, 
when the drive finishes processing sector 0 on a 
track, sector 4 starts passing under the Read/ 
Write head for that track. During the interval 
that sector 4 is under the head, the program has 
sufficient time to issue the instructions necessary 
to process sector 1 which will pass under the head 

immediately after sector 4. The interleaving of 
sectors is continued from one track to the next so 
that having completed processing sector 7 on one 
track, sector 0 on the next track can be processed 
with a minimum of time required for sector search. 
This numbering system is continued over all the 
tracks in the disc system. Eight possible con
figurations are under the heads at any time. These 
configurations of sector numbering repeat for every 
eight tracks. The particular arrangement is deter
mined by the least significant octal digit in the 
track address. 

ORIGiN 
GAP 

, .0" --3S--I----

A. SECTOR LOCATIONS ON THE DISK 

ORIGIN 
GAP 

TRACK - SECTORS -

~fI I~i_:~;~~~'-~~~~i~~~'-~!~~!~I--~~~I~ 
~ ~ ~ {I---""~ ___ ...!: 51 ___ ...:; Z5;__~ e2;------';~;_-';3;-___,7l:__~O;__\ 

SEC CTR :'. I 2 3 4 !I e 7 

B. TRACK - SECTOR LOCATIONS RELATIVE 

TO THE SECTOR COUNTER 
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ERROR CONDITIONS 

During Specification of the Parameters of the 
Transfer 

If the track selected in the SPECIFY TRACK AND 
SECTOR instruction does not exist in the subsys
tem, no indication is given until the program at
tempts to perform a Read or a Write operation. 
When the program attempts to read or write a 
non-existent track, the controller terminates the 
operation. The Error and the No Such Track flags 
are set to 1; the Busy flag is set to 0, the Done 
flag is set to 1 and a program interrupt request is 
initiated. The No Such Track flag is set to ° when 
the program completes a Read or a Write opera
tion on a valid track. 

During a Read Operation 

After the 256 words of the sector have been read, 
the checkword is read and compared with the 
checkword calculated by the controller from the 
data during the Read operation. If the checkwords 
differ, both the Error and the Check Error flags 
are set to 1. The Busy flag is set to 0, the Done 
flag is set to 1 and a program interrupt request is 
initiated. The Check Error flag indicates that at 
least one of the words read contains an error. 

If the data channel fails to respond to a data chan
nel request in the time allowed, both the Error 
and the Data Late flags are set to 1. The Read 

operation continues until the end of the sector; the 
Busy flag is then set to 0, the Done flag is set to 1 
and a program interrupt request is initiated. The 
Data Late flag indicates that at least one word in 
the sector was not properly transferred to the 
computer. 

During a Write Operation 

If the track specified in Phase I is write-protected, 
the sector selected to receive the data is not 
altered. However, the controller performs all 
the tasks necessary for a Write operation. Words 
are read from memory and the Memory Address 
Counter is incremented as in a valid Write opera
tion. Once the attempt to write the sector has 
concluded, the Busy flag is set to 0, the Error 
and the Write Lock flags are set to 1, the Done 
flag is set to 1 and a program interrupt request is 
initiated. The Write Lock flag is set to ° when the 
program completes a Read or a Write operation 
on a valid track. 

If the data channel fails to respond to a data chan
nel request in the time allowed, both the Error and 
the Data Late flags are set to 1. The Write opera
tion continues until the end of the sector; the Busy 
flag is then set to 0, the Done flag is set to 1 and 
a program interrupt request is initiated. The 
Data Late flag indicates that at least one word in 
the sector was not properly written. 
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THE 4047A AND 4047B 

DISC CARTRIDGE SUBSYSTEMS 

SUMMARY 

MNEMONIC (FIRST CONTROLLER) ...... DKP 

DEVICE CODE (FIRST CONTROLLER) ....• 33
8 

MNEMONIC (SECOND CONTROLLER) •.. DKP1 

DEVICE CODE (SECOND CONTROLLER) .•. 73
8 

PRIORITY MASK BIT . . . . • . . . . . . . . . . . . . . .. 7 

SURFACE /UNIT •........................ 2 

TRACKS/SURFACE (CYLINDERS)........ 203 

SECTORS/TRACK....................... 12 

WORDS/SECTOR. . . . . • . • • • . . . . . . . . . . . .. 256 

TOTAL STORAGE CAPACITY/UNIT 
(WORDS) . • . . . • . . . . . . . . . . . . . .. 1,247,232 

MAXIMUM TRANSFER RATE 
(WORDS/SEC) ................... 90,000 

MAXIMUM ALLOWABLE DATA 
CHANNEL LATENCY (IlSEC) •••••••• 22.2 

SEEK TIME MAX/MIN (mSEC)........ 135/15 

SECTOR ACCESS TIME MAX/MIN 
(mSEC) ........................ 40.5/.5 

ACCUMULATOR FORMATS 

SPECIFY DISC ADDRESS AND 
SECTOR COUNT .................. (DOC) 

SECTOR 

I 

-SECTOR COUNT 

. I I , 

0123456789 10 II 12 13 14 15 

READ DISC ADDRESS ................. (DIC) 

. :.:.:-:':- :-:-:1 SUR-I 

-:.:.>(: «1 »>:, i:) ~ACE 
5 ECTCR 1 -SECTCR CCUNT 

I ' ! 

o I 2 3 4 5 6 7 8 9 10 II 12 13 14 i5 

INTRODUCTION 

The 4047 disc cartridge subsystem drives are 
available in two configurations: the 4047A consists 
of a single drive unit with a removable cartridge 
while the 4047B has two drives in the same package. 
One of the drives in the package has a removable 
cartridge; the other drive contains a permanently 
mounted disc. 
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SPECIFY COMMAND AND CYLINDER ... (DOA) 

CYLINDER 

o 2 3 4 5 6 7 8 9. 10 II 12 13 14 15 

COMMANDS 

00 Read 
01 Write 

10 Seek 
11 Recalibrate 

READ STATUS ........................ (DIA) 

o 2 3 4 5 6 7 8 9 10 II 12 13 14 15 

LOAD MEMORY ADDRESS COUNTER ... (DOB) 

1·········1 .... 
MEMORY ADDRESS 

I I I 

o 2 3 4 5 6 7 8 9 10 II 12 13 14 15 

READ MEMORY ADDRESS COUNTER .... (DIB) 

r MEMORY ADDRESS 

LI~I~L--L~~L-~I~+--LI ~I I I 
o 2 3 4 5 6 7 8 9 10 II 12 13 14 15 

S 

C 

P 

S, C AND P FUNCTIONS 

Set Busy to one, Done to zero and start 
a Read or a Write operation. ' 

Set Busy to zero, Done to zero and stop 
all operations . 

Set Done to zero and start a Seek or a 
Recalibrate operation. 

Each drive unit contains a single disc with two sur
faces, 0 and 1. Thus a cylinder contains two 
tracks. There are 203 (3128) cylinders on a disc. 
Each of the two tracks in a cylinder contains 12 
(0-138) sectors each of which stores 256 (4008) 



16 -bit words and contains a checkword. The data 
storage capacity is 3072 words/track, 6144 words/ 
cylinder or 1,247,232 words/cartridge. Words 
are transferred to and from the subsystem via the 
data channel at a rate of 90,000 words per second. 
Up to 16 sectors containing 4096 (lOOOOS) words 
can be transferred in one operation. 

The controller for a disc cartridge subsystem, 
when coupled to the adapter, can direct the activ
ities of up to four drive units. Any number of 
these units can be performing Seek operations 
simultaneously, but only one drive unit can be 
reading or writing at anyone time. 

INSTRUCTIONS 

Initiate a Read, Write, Seek or Recalibrate 
operation, depending on the contents of the 
Command Register. Set the Busy flag to 1, 
the Done flag and all error indicating flags 
to O. The error indicating flags are the 
Seek Error, the End Error, the Unsafe, 
the Check Error, the Data Late and the 
Error flags. Note that it is usually 
undesirable to initiate a Seek or Recalibrate 
with this command as the controller will 
remain busy until the operation is 
completed. 

Set the Busy, the Done and all error in
dicating flags to 0 and stop all positioning 
and data transferring operations. 

f= P Initiate either a Seek or a Recalibrate 
operation, depending on the contents of 
the Command Register. 

SPECIFY DISC ADDRESS AND SECTOR COUNT 

DOC <f> ac, DKP 

The disc drive controller contains four program 
accessible registers: a 15-bit Memory Address 
Counter, a 16-bit Status Register, a 16-bit com
bined Command/Cylinder Select Register and a 
combined disc Address/Sector Counter Register. 
The Memory Address Counter is self-incrementing 
and contains the memory location of the next 16-bit 
word to be either read from or written on the disc. 
The Status Register contains all the information 
flags for the controller and the selected drive and 
the seek status of the remaining three drives. 

I 0 I I I I AC I I I I 0 I F I () 
o I I 2 3 I 4 5 6 I 7 8 I 9 10 I II 12 13 14 15 

Five of the flags in the Status Register are able to 
initiate a program interrupt request when they are 
set to 1. These are the Read/Write Done flag, 
and the 4 Seek Done flags for the drive units 0-3 

. ' respectIvely. The combined Command/Cylinder 
Select Register contains the command last issued 
to the subsystem and the number of the desired 
cylinder on the disc surface. The combined Disc 
Address/Sector Counter contains the surface and 
sector location of the active head and the two's 
complement of the number of sectors to be either 
read from or written on the disc. The Sector 
Counter is self-incrementing after each sector is 
read or written. 

Six instructions are used to program data channel 
transfers to and from the disc pack. Three of 
these instructions are used to supply all of the 
necessary data to the controller for any disc opera
tion. The remaining three instructions allow the 
program to determine, in detail, the current state 
of the disc pack subsystem. 

The disc controller's Busy and Done flags are con
trolled using all three of the device flag commands 
as follows: 
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Bits 0 -15 of the specified AC are loaded into the 
Disc Address Register. Bits 3-6 are ignored. 
After the data transfer, the controller's Busy and 
Done flags are set according to the function speci
fied by F. The contents of the specified AC re
main unchanged. The format of the specified AC 
is as follows: 

- SECTOR COUNT I 
I I I 

o 2 3 4 5 6 7 8 9 10 II 12 13 14 15 

Bits Name Function 

0-1 Drive Select the drive number, 0, 
1, 2 or 3. 

2 Format If 1, place the drive in 
format mode. This mode 
should not be used for the 
4047A and 4047B subsystem. 

3-6 --- Reserved for future use. 

7 Surface Select the surface number, 
o or 1, for the start of a 
Read/Write operation. 

S-l1 Sector Select the starting sector 
number, 0-13 S' for a Read 
or Write operation. 

12-15 -Sector Specify the two's comple-
Count ment of the number of sec-

tors to be processed 
(maximum of 16). 



SPECIFY COMMAND AND CYLINDER 

DOA<f> ac,DKP 

10 I,I1 AC 10,101 
0

1
123'456'7 

I I 0 

II I 12 ' 13 I 141 15 

Bits 0-15 of the specified AC are loaded into the 
Command/Cylinder Select Register. Bit 5 is ig
nored. After the data transfer, the controller's 
Busy and Done flags are set according to the func
tion spec ified by F. The contents of the specified 
AC remain unchanged. The format of the specified 
AC is as follows: 

CLE"AR DONl FLAGS 

SEEK SEE"K SEEK CYLINDER 
I 2 3 

o 2 3 4 5 6 7 8 9 10 II 12 13 14 15 

Bits Name Function if Set to One 

0 Clear Read/ Set the Read/Write Done 
Write Done flag, the Check Error, the 

EOC, the Unsafe, and the 
Seek Error flags to O. 

1-4 Clear Seek Set the Seek Done flags to 
Done o for the drives 0-3, re-

specti vely . 

5 --- Reserved for future use. 

6-7 Command Select the command for the 
selected drive as follows: 
00 Read with Start com-

mand. 
01 Write with Start com-

mand. 
10 Seek for the cylinder 

specified in bits 8 -15 
of this instruction with 
a Pulse command. 

11 Recalibrate by forcing 
the heads to cylinder 0 
on the selected drive 
with a Pulse command. 

8-15 Cylinder Specify cylinder number 
0-3128 for the selected 
drive. 

LOAD MEMORY ADDRESS COUNTER 

DOB <f> ac, DKP 

I 0 I I I I AC I I I 0 0 I 
0 1 123'456'7 

I 0 1 I I I I 
12' 13 14 15 
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Bits 0-15 of the specified AC are loaded into the 
controller's Memory Address Counter. Bit 0 must 
be O. After the data transfer, the controller's 
Busy and Done flags are set according to the func
tion specified by F. The contents of the specified 
AC remain unchanged. The format of the specified 
AC is as follows: 

Loll I 2 I 3 ' 4 

MEMORY ADDRESS 
. I I I I I I I I 

Bits Name Contents 

0 --- Reserved for future use. 

1-15 Memory Location of the next word 
Address in memory to be used in a 

data channel transfer. 



READ STATUS 

DIA <f> ac, DKP 

I 0 I I I I AC I 0 I 0 I I 
0

1
123

1
456

1
7 

F 10 I I 0 
8 I 9 10 I II I 12 1 13 I 14 15 

The contents of the Status Register are placed in 
bits 0-15 of the specified AC. After the data trans
fer, the controller's Busy and Done flags are set 
according to the function specified by F. The for
mat of the specified AC is as follows: 

COMMAND DONE 

~~~~: ::'~[K SE1EK 5E~_K SE3EK 

SEEK INC ON DRIVE 

o 2 3 4 5 6 7 8 9 10 II 12 13 14 15 

Bits Name Meaning When Set to 1 

0 Read/Write The selected drive has com-
Done pleted a Read or a Write 

operation. 

1-4 Seek Done Drive unit 0 -3, respectively, 
has completed a Seek or 
Recalibrate operation. 

5-8 Seeking on Drive unit 0 -3, respectively, 
Drive is currently performing a 

Seek or Recalibrate opera-
tion. 

g Drive The selected drive is ready 
Ready to carry out a command. 

10 Seek Error The selected drive did not 
successfully carry out the 
Seek or Recalibrate or-
dered. 

11 End Error The selected drive attempted 
to continue a Read or a 
Write operation which began 
at a valid address but ex-
tended beyond the last sur-
face of the disc cartridge. 

12 Unsafe A malfunction exists in the 
selected drive. 

13 Check The checkword on the disc 
Error does not match the check-

word calculated by the con-
troller. 

14 Data Late The data channel failed to 
respond in time to a data 
channel request. 

15 Error One or more of the bits 
10 -14 is set to 1. 

R{,;:; 1>~tN> E +- '>~t. tL d;loN a... ~. ~ ~ \ 
Do~f" P/F 

READ DISC ADDRESS 

DIC < f> ac, DKP 

10 I I I I AC II 1 0 

0'123
1
456

1
7 

I 0 
1 I I 

12 13 14 15 

The contents of the Disc Address Register and the 
Sector Counter are placed in bits 0-15 of the speci
fied AC. After the data transfer takes place, the 
controller's Busy and Done flags are set according 
to the function specified by F. The format of the 
specified AC is as follows: 

SECTOR -5ECTQR COUNT 

o 2 3 4 5 6 7 8 9 10 II 12 13 14 15 

Bits Name Contents 

0-1 Drive Number of the drive se-
lected. 

2 Format The selected drive is in the 
format mode. This mode 
should not be used. 

3-6 --- Reserved for future use. 
If these bits were loaded 
with a SPECIFY DISC AD-
DRESS AND SECTOR 
COUNT instruction, they 
will be read into the speci-
fied AC when a READ DISC 
ADDRESS instruction is 
issued. 

7 Surface The surface number of the 
active head on the drive. 

8-11 Sector The sector number of the 
sector immediately follow-
ing the last sector pro-
cessed. If the last sector 
read or written was 138 , 
this number will be 148 
even though there is no such 
sector. If the operation is 
still in progress, this is the 
sector currently being read 
or written. 

12-15 -Sector The two's complement of 
Count the number of sectors left 

to be processed. 
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READ MEMORY ADDRESS COUNTER 

DIB<f> ac, DKP 

1 0 I! I I AC 1 0 I I I I 

0 1 123 1 456 1 7 

F 10 I I 0 
8 I 9 10 I " I 12 I 13 I 14 15 

The contents of the Memory Address Counter are 
placed in bits 1-15 of the specified AC. Bit 0 is 
set to O. After the data transfer, the controller's 
Busy and Done flags are set according to the func
tion specified by F. When the Memory Address 
Counter is read after a Write operation, the con
tents point to a memory location two greater than 
the location of the last word written on the disc 
cartridge. The format of the specified AC is as 
follows: 

I I I I I 
MEMORY ADDRESS 

5 I 6 I 7 I 8 I 9 I 10 I II 12 I 13 14 15 o I 2 3 4 

Bits Name Contents 

0-15 Memory Location of the next word in 
Address memory to be used for a 

data channel transfer. 

If bit 0 is 1, the Read or the 
Write operation exceeded 
the capacity of a 32K ma-
chine and the excess words 
were transferred either to 
(in a read) or from (in a 
write) low core. 
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PROGRAMMING 

The preparation of a moving-head disc pack for 
data channel transfers is divided into three dis
tinct phases: I, selecting the drive unit, the sur
face, the sector and the number of sectors; II, 
positioning the Read/Write heads over the correct 
cylinder; and III, starting the Read or Write opera
tion. The results of issuing commands in each 
phase should be checked for errors before proceed
ing to the next phase. 

Phase I: Select the Drive, Surface, Sector and 
Number of Sectors 

The initial selection of a disc drive is performed 
as follows: a SPECIFY DISC ADDRESS AND 
SECTOR COUNT instruction (DOC) is issued to the 
controller to select the drive unit, the surface of 
the cartridge, the first sector to be read or written, 
and the two's complement of the number of sectors 
to be transferred in the operation. The drive units 
are numbered 0-3; the surfaces are numbered 0 and 
1; the sectors are numbered 0-138; the maximum 
number of sectors which can be transferred in one 
operation is sixteen. Care should be taken to in
sure that the parameters specified in this initial 
selection do not exceed the capacity of the disc 
cartridge. 

Once the drive unit is chosen, the status of that 
drive must be checked to determine if the drive 
is ready to proceed. The status is checked by 
issuing a READ STATUS instruction (DIA) and 
examining the Drive Ready flag. If the Drive 
Ready flag is set to 1, the program can proceed 
to Phase II. If it is set to 0, the program should 
not issue any commands to that drive unit until 
it is in the ready state. 



Phase II: Position the Heads 

The heads are positioned over the desired cylinder 
as follows: a SPECIFY COMMAND AND CYLINDER 
instruction (DOA) is issued to the controller. This 
instruction should contain the number of the cylin
der desired and the Seek command. The cylinders 
are numbered from 0-3128. The instruction should 
also set both the Read/Write Done flag and the Seek 
Done flag for the selected drive to O. The Seek 
operation is initiated by a Pulse command. While 
the drive is seeking, the Seeking On Drive flag for 
that drive is set to 1. When the heads have finished 
moving to the specified cylinder, the Seeking On 
Drive flag for the selected unit is set to 0 and the 
Seek Done flag for that drive unit is set to 1, thus 
initiating a program interrupt request. 

The program should then check the Status Register 
to determine if a seek error has occurred as a 
result of a faulty Seek operation. If no errors have 
occurred, the program can proceed to Phase III. 

The heads of the selected drive unit can be forced 
to cylinder 0 by the Recalibrate operation. A 
Recalibrate operation is performed as follows: 
a SPECIFY COMMAND AND CYLINDER instruction 
is issued to the controller. This instruction should 
contain the Recalibrate command and should also 
set both the Read/Write Done and the Seek Done 
flags for the selected drive unit to O. The opera
tion is initiated by a Pulse command. While the 
drive is being recalibrated, the Seeking On Drive 
flag for the selected drive is set to 1. Once the 
Recalibrate operation is completed, the Seeking 
On Drive flag is set to 0, the Seek Done flag for 
the selected drive is set to 1 and a program inter
rupt request is initiated. 

When the program places a drive in the seek mode 
of operation, the controller is free to accept com
mands to the other drives under its direction. 
Therefore, once one or more drives are perform
ing Seek operations, one of the other drives can 
perform a Read or a Write operation. If the pro
gram is simultaneouRly managing several drives 
with one controller, the error indicating flags in 
the Status Register apply only to the most recently 
selected drive unit, i. e., the unit specified in the 
last SPECIFY DISC ADDRESS AND SECTOR COUNT 
instruction issued. 

..-____ INITIAL SELECTION AND ____ -, 
HEAD POSITIONING 

YES 

NO 

NOTE:- THE U)\;IT READY FLAG IS ONL Y 
VALID AT THIS POINT IF IT IS 
NOT l~ A SHARED DISC ENVIRON
MENT OF MORE THAN ONE PRO
CESSOR. IN A SHARED DISC 
ENVIRONMENT. THE UNIT READY 
FLAG IS VALID AFTER THE INITIAL 
SEEK IS COMPLETED. 
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Phase III: Read or Write 

A Read operation transfers blocks of data from the 
disc to the computer's memory, via the data chan
nel. A block of data contains 256 words. Up to 
16 blocks may be transferred in one Read opera
tion. A Write operation transfers blocks of data 
from the computer's memory, via the data chan
nel, to the disc. Again, up to 16 blocks of data 
may be transferred in one operation. 

Read or Write operations are performed in a series 
of steps which are virtually identical. The para
meters of the data transfer must be specified and 
finally the operation is initiated. 

A Read operation is performed as follows: the 
storage location in memory for the first word to 
be read from the disc is specified with a LOAD 
MEMORY ADDRESS COUNTER instruction (DOB). 
The number of sectors to be read and the starting 
sector were specified in Phase I. 

The Read command is then loaded into the Com
mand Register with a SPECIFY COMMAND AND 
CYLINDER instruction (DOA). It is not necessary 
to load the cylinder number again, but it is good 
practice since other disc subsystems may require 
this information. The Read operation is initiated 
with a Start command. The Busy flag is set to 1 
and the Done flag is set to 0. 

Once the Read operation is begun, the drive unit 
waits until the desired sector passes under the 
head and then starts reading the sequential bits 
of the first word in the sector. When a word is 
fully assembled, the controller transfers the word 
to the computer's memory via the data channel. 
Each time a word is transferred to memory, the 
Memory Address Counter is automatically in
cremented. 

When the 256 words from the sector have been 
read, and the checkword at the end of the sector 
verified, the sector counter is incremented by one. 

If the sector counter does not overflow, the next 
sector is read. This process continues until either 
the sector counter overflows or the last sector on 
the surface is read. In the case where the last 
sector on surface ° is read, the sector counter has 
not overflowed, the drive will automatically con
tinue the operation by reading the first sector on 
surface 1 in the same cylinder. 

The Read operation then continues until the sector 
counter indicates, by overflowing, that the speci
fied number of sectors have been read. Upon com
pletion of the Read operation, the Busy flag is set 
to 0, the Done flag is set to 1 and a program inter
rupt request is initiated. 
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LATE 

NO 

READ 

CYLINDER= CYLINDEH 
SURFACE=SURFACE 
SECTOR=SECTOR-I 
DRIVE = DRIVE 
SECTOR COUNTER= 
ECT R COUNTEH-I 

MEMORY ADDRESS IS 
CALCULATED FROM 
ORIGINAL MEMORY AD
DRESS +256 TIMES THE 
~UMBER OF SECTOHS 
SUCCESSFULLY THAl\S
FERRED 

GO TO INITIAL SELEC
TION AND HEAD POSI
TIONING FOR SEEKING 
TO A NEW CYLINDER 

NOTE.. Possible hardware error In head coun(er. 



Write 

A Write operation is performed as follows: the 
storage location in memory of the first word to be 
written on the disc is specified with a LOAD MEM
ORY ADDRESS COUNTER instruction (DOB). The 
number of sectors to be written and the number of 
the starting sector were specified in Phase I. The 
Write command is then loaded into the Command 
Register with a SPECIFY COMMAND AND CYL
INDER instruction (DOA). It is not necessary to 
load the cylinder number again, but it is good 
practice since other disc drives may require this 
information. The Write operation is initiated with 
a Start command. The Busy flag is set to 1 and 
the Done flag is set to O. 

Once the Write operation is initiated, the control
ler reads two words from the computer's memory, 
via the data channel and then waits for the desired 
sector to pass under the head. Each time the con
troller reads a word from the computer's memory, 
the Memory Address Counter is incremented. 
Once the desired sector is encountered, the bits 
of each word are sequentially written. When the 
256 words in the sector have been written, the 
controller writes the checkword it calculated from 
the data during the Write operation. The sector 
counter is then incremented by one. 

If the sector counter does not overflow, the next 
sector is written. This process continues until 
either the sector counter overflows or the last 
sector on the surface is written. In the case when 
the last sector on surface 0 is written, and the 
sector counter has not overflowed, the drive will 
automatically continue the operation by writing the 
first sector on surface 1 in the same cylinder. 

The Write operation then continues until the sector 
counter indicates, by overflowing, that the speci
fied number of sectors have been written. Upon 
completion of the Write operation, the Busy flag is 
set to 0, the Done flag is set to 1 and a program 
interrupt is initiated. 
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06-009r4 

WRITE 

CYLINDER= CYLINDER 
SURFACE=SURFACE 
SECTOR=SECTOR-l 
DRIVE= DRIVE 
SECTOR CQUNTER= 
SECTOR COUNTER-I 

MEMORY ADDRESS IS 
CALCULATED FROM 
ORIGIr',AL MEMORY AD
DRESS .. 2'56 TIMES THE 
NUMBER OF SECTORS 
SUCCESSFULI.Y TRANS
FERRED 

NOTE" Possible hardware error In head counter. 



TIMING 

The disc cartridge rotates at a speed of 1500 rpm; 
a complete revolution requires 40 milliseconds. 
A register, containing the identification number of 
the sector currently passing under the head, is 
used to reduce the sector accessing time. This 
feature allows the subsystem to carry out a Read 
or a Write operation the first time the desired 
sector passes under the head without waiting for 
a track address check. 

Since each data record in a sector is preceded by 
a 0.5 millisecond gap, used for synchronization, 
the minimum sector access time is 0.5 milliseconds. 
The maximum is 40.5 milliseconds so the average 
is 20.5 milliseconds. 

The time required to position the heads (the seek 
time) is dependent on the number of cylinders the 
heads must move past in a Seek operation. A 
maximum of 15 milliseconds is required to move 
the heads from one cylinder to the adjacent cyl
inder. The time required to move from cylinder 0 
to cylinder 3128' or vice versa, is 135 milliseconds, 
maximum. 

Any time a Seek or Recalibrate operation is initiated 
by a Pulse command, the controller requires 50 
microseconds to respond to the command. There
fore, the program must wait 50 microseconds after 
initiating a head movement operation before any 
other disc command can be issued. 

A sector passes under the head in 3.33 milliseconds 
while the data block in the sector passes under the 
head in 2.84 milliseconds. Since there are 256 data 
words in a sector, a data channel request occurs 
every 11.1 microseconds. This corresponds to a 
data transfer rate of 90,000 words/second. Since 
the controller is doubled buffered, the maximum 
allowable data channel latency is 22.2 microseconds. 
If the data channel does not respond within this 
time, both the Data Late and the Error flags are 
set to 1. Once this error occurs, the processing 
of the current sector is completed and the com
mand is terminated, even if the operation was 
scheduled to transfer additional sectors. The Busy 
flag is set to 0, the Done flag is set to 1 and a pro
gram interrupt request is initiated. 
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ERROR CONDITIONS 

During Initial Selection 

If the program specifies a non-existent sector 
(>138) no indication of this error is given. If 
the subsystem then attempts a Read or a Write 
operation, the drive unit will search forever for 
that non-existent sector. The subsystem can be 
released from this search by having the program 
issue an I/O RESET instruction (IORST). 

During Head Positioning 

If the program issues a SPECIFY COMMAND AND 
CYLINDER instruction which specifies a non
existent cylinder (> 3128) and then places the drive 
unit in the seek mode, the Seek operation is ter
minated. Both the Seek Error and the Seek Done 
flags for that unit are set to 1. When the Seek 
Done flag is set to 1, a program interrupt request 
is initiated. 

If any Seek operation to a valid cylinder number 
results in a Seek Error, the drive unit should be 
recalibrated. 

During Reading 

As mentioned above, specifying a non-existent 
sector will cause the drive unit to search forever 
for that sector once a Read operation is initiated. 

An error can occur when the subsystem is reading 
a series of sectors in one operation if the Read 
operation exceeds the number of sectors available. 
When the last sector on surface 1 is read and the 
drive unit attempts to advance automatically to the 
next surface, since the sector counter has not over
flowed, both the Error and the End Error flags are 
set to 1. The sector counter is incremented and the 
sector address is set to 0. The Busy flag is set to 
0, the Done flag is set to 1 and a program interrupt 
request is initiated. 

If the checkword read at the end of a sector differs 
from that calculated by the controller, both the 
Error and the Check Error flags are set to 1. The 
Read operation is terminated, even if more sectors 
were supposed to be read; the Busy flag is set to 0, 
the Done flag is set to 1 and a program interrupt 
request is initiated. The Check Error indicates that 
at least one word in the last sector read contains an 
error. 

If the data channel does not respond in time to a data 
channel request, both the Error and the Data Late 
flags are set to 1. The reading of the current sec
tor continues, but once that sector has been read, 
the Read operation is terminated. The Busy flag 
is set to 0, the Done flag is set to 1 and a program 
interrupt request is initiated. The Data Late flag 
indicates that at least one word from the last sector 
read was not correctly transferred to memory. 

During Writing 

As mentioned above, specifying a non-existent 
sector will cause the drive unit to search forever 
for that sector once a Write operation is initiated. 

An error can occur when the subsystem is writing 
a series of sectors in one operation if the Write 
operation exceeds the number of sectors available. 
When the last sector on surface 1 is written and the 
drive unit attempts to advance automatically to the 
next surface, since the sector counter has not over
flowed, both the Error and the End Error flags are 
set to 1. The sector counter is incremented and 
the sector address is set to sector 0. The Busy 
flag is set to 0, the Done flag is set to 1 and a 
program interrupt request is initiated. 

If the data channel does not respond in time to a 
data channel request, both the Error and the Data 
Late flags are set to 1. The writing of the current 
sector continues, but once that sector has been 
written, the Write operation is terminated. The 
Busy flag is set to 0, the Done flag is set to 1 and 
a program interrupt request is initiated. The Data 
Late flag indicates that at least one word in the 
sector was not written properly. 
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THE 4048A DISC PACK 
SUBSYSTEM 

_----------------- SUMMARY -----------------_ 

MNEMONIC (FIRST CONTROLLER) . . . . .. DKP 

DEVICE CODE (FIRST CONTROLLER) ..... 338 

MNEMONIC (SECOND CONTROLLER) . .. DKPI 

DEVICE CODE (SECOND CONTROLLER) .... 738 

PRIORITY MASK BIT . . . . . . . . . . . . . . . . . . . .. 7 

SURFACES/UNIT ........................ 10 

TRACKS/SURFACE (CYLINDERS) ......... 203 

SECTORS/TRACK. . . . . . . . . . . . . . . . . . . . . . .. 6 

WORDS/SECTOR ....................... 256 

TOTAL STORAGE CAPACITY 
(WORDS) ...................... 3,118,080 

MAXIMUM TRANSFER RATE 
(WORDS/SEC) .................... 78,000 

MAXIMUM ALLOWABLE DATA 
CHANNEL LATENCY (IlSEC) ......... 25.6 

SEEK TIME MAX/MIN (mSEC) .......... 60/10 

SECTOR ACC ESS TIME MAX/MIN 
(mSEC) ........................... 46. 3/0 

ACCUMULATOR FORMATS 

SPECIFY DISC ADDRESS AND 
SECTOR COUNT ................... (DOC) 

SURFACE 

5 6 7 8 9 10 II 12 13 14 15 

o 2 3 4 5 6 7 8 9 10 II 12 13 14 15 

INTRODUCTION 

The 4048A disc pack subsystem utilizes a remov
able disc pack containing 10 (0-118) program 
accessible surfaces. There are 203 (0-3128) 
cylinders on the disc pack. Each of the pre
formatted tracks in a cylinder contains 6 (0-5) 
sectors, each of which stores 256 (4008) 16-bit 
words and contains a checkword. The data stor
age capacity is 1,536 words/track, 15,360 words/ 
cylinder or 3,118,080 words/pack. Words are 

SPECIFY COMMAND AND CYLINDER ... (DOA) 

CYllND~R 

~4-~--~~~~~+-~.~' I 
o 

o 

2 3 4 5 6 7 8 9 10 II 12 13 14 15 

00 Read 
01 Write 

COMMANDS 

10 Seek 
11 Recalibrate 

READ STATUS ......................... (DIA) 

2 5 6 7 8 

LOAD MEMORY ADDRESS COUNTER ... (DOB) 

1

·««·1 MEMORY ADDRESS J 
~·~··4·· __ ~_L_4--L--'~·_+__L~+I--~~~1 ~ 

o 2 3 4 5 6 7 8 9 10 II 12 13 14 15 

READ MEMORY ADDRESS COUNTER .... (DIB) 

c MEMORY ADDRESS 

I ,=:J 
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o 

S 

2 3 4 5 6 7 8 9 10 II 12 13 14 15 

S, C AND P FUNCTIONS 

Set Busy to one, Done to zero and 
start a Read or a Write operation. 

C Set Busy to zero, Done to zero and 
stop all operations. 

P Start a Seek or a Recalibrate operation. 

transferred to and from the subsystem via the 
data channel at a rate of 78,000 words per second. 
Up to 16 sectors containing 4096 (100008) words 
can be transferred in one operation. 

The controller for the subsystem, when coupled 
to the adapter, can direct the activities of up to 
four drive units. Any number of these units can 
be performing Seek operations simultaneously, 
but only one drive can be reading or writing at 
anyone time. 



INSTRUCTIONS SPECIFY DISC ADDRESS AND SECTOR COUNT 

The disc drive controller contains four program 
accessible registers: a 15-bit Memory Address 
Counter, a 16-bit Status Register, a 16-bit com
bined Command/Cylinder Select Register and a 
combined disc Address/Sector Counter Register. 
The Memory Address Counter is self-incrementing 
and contains the memory location of the next 16-bit 
word to be either read from or written on the disc. 
The Status Register contains all the information 
flags for the controller and the selected drive as 
well as 8 flags which indicate when any drive com
pletes a Seek or a Recalibrate operation. Any of 
the 4 Seek Done flags as well as the Read/Write 
Done flag are able to initiate a program interrupt 
request when they are set to 1. The combined 
Command/Cylinder Select Register contains the 
command last issued to the subsystem and the 
number of the desired cylinder on the disc sur
face. The combined Disc Address/Sector Counter 
contains the surface and sector location of the 
active head and the two's complement of the num
ber of sectors to be either read from or written on 
the disc. The Sector Counter is self-incrementing 
after each sector is read or written. 

I 0 I I I I AC I 0 I 0 I F I 0 
o I I 2 3 I 4 5 6 I 7 8 9 10 I II 

o 
12 I 13! 14 t 15 

Six instructions are used to program data chan-
nel transfers to and from the disc pack. Three of 
these instructions are used to supply all of the 
necessary data to the controller for any disc opera
tion. The remaining three instructions allow the 
program to determine, in detail, the current state 
of the disc pack subsystem. 

The disc controller's Busy and Done flags are con
trolled using all three of the device flag commands 
as follows: 

f=S Initiate a Read, Write, Seek or Recalibrate 
operation, depending on the contents of the 
Command Register. Set the Busy flag to 1, 
the Done flag and all error indicating flags 
to o. The error indicating flags are the 
Seek Error, the End Error, the Address 
Error or Unsafe, the Check Error, the 
Data Late and the Error flags. Note that 
it is usually undesirable to initiate a Seek 
or Recalibrate with this command as the 
controller will remain busy until the 
operation is completed. 

f = C Set the Busy, Done and all error indicat
ing flags to 0 and stop all positioning and 
data transferring operations. 

f = P Initiate either a Seek or a Recalibrate 
operation, depending on the contents of 
the Command Register. 

I 
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Bits 0-15 of the specified AC are loaded into the 
controller's combined Address Register/Sector 
Counter. Bits 3 and 8 are ignored. After the 
data transfer, the controller's Busy and Done 
flags are set according to the function specified 
by F. The contents of the specified AC remain 
unchanged. The format of the specified AC is 
as follows: 

DRIVE I FORI-:-:-:-:-j SURFACE r:-:-:-I SECTOR I -SECTOR COUNT 

I ..... ..... I I I I 

0 I 2 3 4 5 6 7 8 9 10 II 12 13 14 

Bits Name Function 

0-1 Drive Select the drive 0, 1, 2, 
or 3. 

2 Format If 1, place the drive in 
the format mode. 

3 ---- Reserved for future use. 

4-7 Surface Select the surface (head), 
0-118, for the start of a 
Read or Write operation. 

8 ---- Reserved for future use. 

9-11 Sector Select the starting sector, 
0-5, for the start of a 
Read or a Write opera-
tion. 

12-15 -Sector Specify the two's comple-
Count ment of the number of 

sectors to be read or 
written in one operation 
(maximum of 16). 

15 



READ STATUS 

DIA ~L> ac, DKP 

F o o o I I I AC 0 0 

0'1'23
'
4'5'6'7 8 ' 9 ' 10 ' " ' 12 ' 13 ' 14 ' 15 

The contents of the Status Register are placed in 
bits 0-15 of the specified AC. After the data 
transfer, the controller's Busy and Done flags 
are set according to the function specified by F. 
The format of the specified AC is as follows: 

COMMANO FINISHED 
SEEt<ING ON ORIVt: 

~EAO/ SE'::t< SEEK SEEK SEEK 
NRIlE 0 I .. 3 

o 234 5 6 7 8 9 10 II 12 13 14 15 

Bits Name Meaning When 1 

0 Read/Write The subsystem has com-
Done pleted a Read or Write 

operation. 

1-4 Seek Done Drive 0-3, respectively, 
has completed a Seek or 
Recalibrate operation. 
More than one of these 
bits can be set at any 
time. 

5-8 Seeking Drive unit 0-3, respec-
On Drive tively, is currently per-

forming a Seek or Recali-
brate operation. 

9 Disc The selected drive is ready 
Ready to carry out a command. 

10 Seek The selected drive did not 
Error carry out the Seek or 

Recalibrate operation which 
was initiated. 

11 End The selected drive aUempt-
Error ed to continue a Read or 

Write operation which began 
at a valid address but ex-
tended beyond the last 
surface in the disc pack. 

12 Address Either the address read at 
Error or the beginning of the track 
Unsafe did not match the speci-

fied address or a mal-
function exists in the 
selected drive. 

13 Check The checkword read from 
Error the disc at the end of a 

sector does not match the 
checkword calculated by 
the controller. 

14 Data The data channel failed to 
Late respond in time to a data 

channel request. 

15 Error One or more of the bits 
10-14 is 1. 
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SPECIFY COMMAND AND CYLINDER 

OOA<P ac, DKP 

I 0 I I I I AC I 0 ,I 0 I 
0'123

'
456

'
7 

o 
II I 12' 13 ' 14 15 

Bits 0-15 of the specified AC are loaded into the 
controller's combined Command/Cylinder Select 
Register. After the data transfer, the con
troller's Busy and Done flags are set according 
to the function specified by F. The format of 
the specified AC is as follows: 

I I 
[

CLEAR DONE FLAG 

READ! SEEK SEEt< ~E.EK SEEK 
WRITE. 0 I 2 3 

CYLINDER 

o 2 3 4 5 6 7 8 9 10 II 12 13 14 15 

Bits Name Function 

0 Clear Read/ Set the controller's Done 
Write Done flag to 0; set the follow-

ing error indicating flags 
to 0: Seek Error, Ad-
dress Error or Unsafe, 
End Error, and Check 
Error. 

1-4 Clear Seek Set the Seek Done flags to 
Done o for the drives 0-3, 

respectively. 

5 ---- Reserved for future use. 

6-7 Command Specify the command for 
the selected drive as 
follows: 

00 Read with a Start 
command. 

01 Write with a Start 
command. 

10 Seek with a Pulse 
command to the 
cylinder specified 
in bits 8-15 of this 
accumulator. 

11 Recalibrate with a 
Pulse command. 

8-15 Cylinder Specify the cylinder 
0-3128, for a Seek, Read 
or Write operation. 



LOAD MEMORY ADDRESS COUNTER 

DOB<1> ac, DKP 

I 0 I I I I AC I I I 0 0 I ~ I 0 I 0 I 

o J I 2 3 I 4 5 6 I 7 8 9 10 I II I 12 I 13 I 14 15 

Bits 0-15 of the specified AC are loaded into the 
controller's Memory Address Counter. After 
the data transfer, the controller's BUSy and Done 
flags are set according to the function specified 
by F. The format of the specified AC is as 
follows: 

I<::~I MEMORY ADDRESS 
.... ~... I I 2 I 3 I 4 I 5 I 6 I 7 I 8 I 9 I 10 I II I 12 I 13 I 14 I 15 

Bits Name Function 

0 --- Reserved for future use. 

1-15 Memory Location of the next word in 
memory to be used for a 
data channel transfer. Bit 
o is loaded and read back 
but it does not affect the 
data transfe r. 

READ DISC ADDRESS 

DlC <1> ac, DKP 

1 0 I I I I AC II 1 0 

0
1
123

1
456

1
7 

I 0 

12 1 13 I 14 15 

The contents of the disc address register and 
the Sector Counter are placed in bits 0-15 of the 
specified AC. After the data transfer, the con
troller's Busy and Done flags are set according 
to the function specified by F. The format of the 
specified AC is as follows: 

DRIVE I r··:1 SURFACE r:-:-:I SECTOR -SECTOR COUNT 

I 
FOR:::::::~ 

I :-:.:-:.: .... 
0 2 3 4 5 6 7 8 9 10 II 12 13 14 15 
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Bits Name Contents 

0-1 Drive Number of the selected 
drive. 

2 Format The selected drive is in 
the format mode. 

3-7 Surface The surface number of the 
active head on the drive. 
Although bit 3 specifies a 
surface which does not 
exist, if it were loaded 
by a DOC instruction, it 
will be set when read back. 

8-11 Sector The number of the sector 
immediately following 
the last sector read or 
written. Although bit 8 
specifies a sector which 
does not exist, if it were 
loaded by a DOC instruc-
tion, it will be set when 
read back. 

12-16 -Sector The two's complement of 
Count the number of sectors left 

to be read or written. 

READ MEMORY ADDRESS COUNTER 

DlB<J.) ac, DKP 

1 0 I I I I AC 1 0 I I 
0

1
123

1
456

1
7 

~ 1 0 
I I I I 0 I I I I I. 

8 9 10 II 12 1 13 14 15 

The contents of the Memory Address Counter are 
placed in bits 0-15 of the specified AC. After the 
data transfer, the controll's Busy and Done flags 
are set according to the function specified by F. 
The format of the specified AC is as follows: 

I MEMORY ADDRESS 
o I I I 2 13 1 4 15

1
6 1 7 18 19 1 10

1 
11112 1 13

1
14

1
15 

Bits Name Contents 

0-15 Memory Location of the next word in 
Address memory to be used for a 

data channel transfer. 

If bit 0 is 1, the Read or the 
Write operation exceeded 
the capacity of a 32K ma-
chine and the excess words 
were transferred either to 
(in a read) or from (in a 
write) low core. 



PROGRAMMING 

The preparation of a moving head disc pack for 
data channel transfers is divided into three distinct 
phases: I, selecting the drive, the surface and 
the sector; II, positioning the heads over the cor
rect cylinder; and III, starting the Read or the 
Write operation. The results of issuing com
mands in each phase should be checked for errors 
before proceeding to the next phase. 

Phase I: Select the Drive, Surface, Sector and 
Number of Sectors 

The initial selection of a disc drive is performed 
as follows: a SPECIFY DISC ADDRESS AND 
SECTOR COUNT instruction (DOC) is issued to 
the controller to select the drive, the surface of 
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the disc pack, the first sector to be read or 
written, and the two's complement of the number 
of sectors to be transferred in the operation. The 
drives are numbered 0-3; the surfaces are num
bered 0-118; the sectors are numbered 0-58; the 
maximum number of sectors which can be trans
ferred in one operation is 16. Care should be 
taken to insure that the parameters specified in 
this initial selection do not exceed the capacity of 
the disc pack. 

Once the drive unit is chosen, the status of that 
drive must be checked to determine if the drive is 
ready to proceed. The status is checked by issuing 
a READ STATUS instruction (DIA) and examining 
the Ready flag. If the Ready flag is set to 1, the 
program can proceed to Phase II. If it is set to 0, 
the program should not issue any commands to 
that drive unit until it is in the ready state. 



Phase II: Position the Heads 

The heads are positioned over the desired cylinder 
as follows: a SPECIFY COMMAND AND CYL
INDER instruction (DOA) is issued to the con
troller. This instruction should contain the 
number of the cylinder desired and the Seek com
mand. The cylinders are numbered from 0-3128' 
The instruction should also set both the Read/Write 
Done flag and the Seek Done flag for the selected 
drive to O. The Seek operation is initiated by a 
Pulse command. While the drive is seeking the 
Unit Ready flag for that drive is set to 0 and'the 
Seeking On Drive flag for the selected drive is 1. 
When the heads have finished moving to the speci
fied cylinder, the Seeking On Drive flag is set to 0, 
and both the Unit Ready and the Seek Done flags 
for that drive unit are set to 1, thus initiating a 
program interrupt request. 

The program should then check the Status Regis
ter to determine if a seek error has occurred as 
a result of a faulty Seek operation. If no errors 
have occurred, the program can proceed to 
Phase III. 

The heads of the selected drive unit can be forced 
to cylinder 0 by the Recalibrate operation. A 
Recalibrate operation is performed as follows: 
a SPECIFY COMMAND AND CYLINDER instruc
tion is issued to the controller. This instruction 
should contain the Recalibrate command and 
should also set both the Read/Write Done and the 
Seek Done flags for the selected drive unit to O. 
The operation is initiated by a Pulse command. 
While the drive is being recalibrated, the Unit 
Ready flag for the selected drive is set to 0 and 
the Seeking On Drive flag for the selected drive is 
set to 1. Once the Recalibrate operation is com
pleted, the Seeking On Drive flag is set to 0, the 
Unit Ready flag is set to 1, the Seek Done flag for 
the selected drive is set to 1 and a program in
terrupt request is initiated. 

DG-00985 

POSITION THE HEADS -----. 

YES 

NOTE: THE UNIT READY FLAG IS ONLY VALID AT THIS POINT [F IT 
IS NOT IN A SHARED DISC ENVIRONMENT OF MORE THAN 
PROCESSOR. IN A SHARED DISC ENVIRONMENT. THE UNIT 
READY FLAG IS VALID AFTER THE INITIAL SEEK IS COMPLETED. 

When the program places a drive in the seek mode 
of operation, the controller is free to accept com
mands to the other drives under its direction. 
Therefore, once one or more drives are performin 
Seek operations, one of the other drives can per
form a Read or a Write operation. If the program 
is simultaneously managing several drives with onE 
controller, the error indicating flags in the Status 
Register apply only to the most recently selected 
drive unit, i. e., the unit specified in the last 
SPECIFY DISC ADDRESS AND SECTOR COUNT 
instruction issued. 
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Phase III: Read or Write 

A Read operation transfers blocks of data stored 
in the disc subsystem to the computer, via the 
data channel. A block of data contains 256 16-bit 
words. Up to 16 blocks can be transferred in one 
Read operation. A Write operation transfers 
blocks of data from the computer's memory via 
the data channel, and stores the data in the disc 
subsystem. Again, up to 16 blocks of data may 
be transferred in one operation. Read or Write 
operations are performed in a series of steps 
which are virtually identical. The parameters of 
the data transfer must be specified and finally the 
operation is initiated. 

Read 

A Read operation is performed as follows: the 
storage location in memory for the first word to 
be read from the disc is specified with a LOAD 
MEMORY ADDRESS COUNTER instruction (DOB). 
The number of sectors to be read and the starting 
sector were specified in Phase I. 

The Read command is then loaded into the Com
mand Register with a SPECIFY COMMAND CYL
INDER instruction (DOA). It is not necessary to 
load the cylinder number again, but it is good 
practice since other disc drives may require this 
information. The Read operation is initiated with 
a Start command. The Busy flag is set to 1 and the 
Done flag is set to 0. 

Once the Read operation is initiated, the drive 
waits until the address field at the beginning of 
the track passes under the head and performs an 
address check. If the address read is correct, 
the controller waits until the specified sector is 
encountered. The drive then starts reading the 
sequential bits of the first word of the sector. 
When a word is fully assembled, the controller 
transfers the word to the computer's memory 
via the data channel. Each time a word is 
transferred to memory, the Memory Address 
Counter is automatically incremented. 

When the 256 words from the sector have been read, 
and the checkword at the end of the sector verified, 
the sector counter is automatically incremented by 
one. 

If the sector counter does not overflow, the next 
sector is read and this process continues until 
either the sector counter overflows or the last 
sector on the surface is read. In the case where 
the last sector on surface 0-108 is read, and the 
sector counter has not overflowed, the drive will 
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YE::, 

READ 

CYLINDER= CYLINDER 
Sl:RFACE;SL'RFACE 
SECTOR",SECTQR-! 
SECTOR COt;STER 
"SECTOR COUNTER-l 
DRIVE = DRIVE 

~1£:'\10RY ADDRESS IS 
CALCL'LATED FROM 
ORIGINAL \1B1QRY AD
DRESS ~256 TIMES THE 
NU\1BER OF SECTORS 
SUCCESSFl:LLY TRA:-lS
FERRED 

~Ol E 1 GO TO SECTIO:-'; O~ CHECK uumR,S 

:"lOTE 2 TRACK HA!:- I'CORHE,CT ADnHE:;~ CHECKWOIH> 

:-'0-' E:. 3 POSSI!3L!-. HARD\\ \HF. umOR 1'\ Hf .. \D C()!"'\l! II 

automatically continue the operation by reading the 
first sector on the next surface in the same cyl
inder. 

The Read operation then continues until the sector 
counter indicates, by overflowing, that the speci
fied number of sectors have been read. Upon com
pletion of the Read operation, the Busy flag is set 
to 0, the Done flag is set to 1 and a program inter
rupt request is initiated. 



Write 

A Write operation is performed as follows: the 
storage location in memory of the first word to be 
written on the disc is specified with a LOAD MEM
ORY ADDRESS COUNTER instruction (DOB). The 
number of sectors to be written and the number of 
the starting sector were specified in Phase I. 

The Write comrr.and is then loaded into the Com
mand Register with a SPECIFY COMMAND AND 
CYLINDER instruction (DOA). It is not neces
sary to load the cylinder number again, but it is 
good practice since other disc drives may require 
this information. The Write operation is initiated 
with a Start command. The Busy flag is set to 1 
and the Done flag is set to O. 

Once the Write operation is initiated, the con
troller reads two words from the computer's 
memory via the data channel and then waits for 
the address field at the beginning of the track to 
pass under the head. Each time the controller 
reads a word from the computer's memory, the 
Memory Address Counter is automatically in
cremented. Once the address field is encountered, 
the address check is performed automatically. If 
the address read from the disc is correct, the 
controller waits until the specified sector is en
countered. The bits of each word then are se
quentially written. When the 256 words in the 
sector have been written, the controller writes 
the checkword it calculated from the data it wrote 
on the disc. The sector counter is automat-
ically incremented by one. 

If the sector counter does not overflow, the next 
sector is written. This process continues until 
either the sector counter overflows of the last 
sector on the surface is written. In the case when 
the last sector on surface 0-108 is written, and 
the sector counter has not overflowed, the drive 
will automatically continue the operation by writ
ing the first sector on the next surface in the 
same cylinder. 

The Write operation then continues until the sec
tor counter indicates, by overflowing, that the 
specified number of sectors have been written. 
Upon completion of the Write operation, the Busy 
flag is set to 0, the Done flag is set to 1 and a 
program interrupt is initiated. 

__ ------- WRITE ---------. 
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END 
ERROR 

NO 

YES 

CYLINDER", CYL!f',iDl-.H 
SLTRF ACI-.:", SUHF ACE 
SECTOR-,SECTOR-l 
SECTOR COUNTER ~ 
SECTOR COU~TEH -\ 
DRIVE=IHUVE 

MEMORY AimHESS IS 
CALCULATE!) FROM 
OHlGINAL MEMORY AD
DRESS -+256 TIMES THE 
NUMBER OF SF.CTOI-{S 
SUCCESSFULLY TH.A~S
FI::RRED 

A 

(
Go TOtNITlAL SFLEC-

'--- TION AND HEAD pasl 
OG-00987 TIONING FOR SEEKIN(j 

NOTE I GO TO SECTION ON CHECK ERRORS 
TO A NEW CYLINDt-,j{ 

NOTE 2 POSSIBLE HARDWARE ERROR IN HEAD COUNTER 

Format 

A new disc pack is unformatted so a Disc Pack 
Formatter program is available to initialize the 
disc pack with the proper prerequisites for read
ing from or writing on the disc pack. 

This program is the 4048 Disc Pack Formatter 
Program #096-000039 (tape #095-000072). 

A disc pack may also be reformatted when re
peated recalibrations of the heads do not elimi
nate an Address Error occurring during a Read 
or a Write operation. All data is lost when a disc 
pack is reformatted. 



TIMING 

The disc pack rotates at a speed of 2400rpm; a 
complete revolution requires 25 milliseconds. 
Since the controller must wait until the index 
point on the disc passes the head before the search 
for the desired sector can be started, the waiting 
time before starting the sector search can be as 
much as 25 milliseconds (average of 12.5 milli
seconds. Once the search for the correct sector 
begins, the time taken to reach that sector de
pends on which sector is specified: sector 0 is 
reached almost immediately while sector 5 re
quires 21. 3 milliseconds before reading or writ
ing can commence. 

The total sector access time is therefore the time 
required to reach the address field plus the time 
required to reach the desired sector. The maxi
mum is 46.3 milliseconds (25 to reach the ad
dress field plus the 21. 3 milliseconds to reach 
sector 5). 

The time required to position the heads (the seek 
time) is dependent on the number of cylinders the 
heads must move past in a Seek operation. A 
maximum of 10 milliseconds is required to move 
the heads from one cylinder to the adjacent cyl
inder. The time required to move from cylinder 0 
to cylinder 3128, or vice versa, is 60 milli
seconds, maximum. A Recalibrate operation 
requires a maximum of 300 milliseconds. 

If a Seek or a Recalibrate operation is not com
pleted within 1 second, the Seek Error and Error 
flags are set to 1. The Done flag is set to 1 and 
a program interrupt request is initiated. 

A sector passes under the head in 4. 17 milli
seconds while the data block in the sector passes 
under the head in 3. 28 milliseconds. Since there 
are 256 data words in a sector, a data channel 
request occurs every 12. 8 microseconds. This 
corresponds to a data transfer rate of 78,000 
words/second. Since the controller is double 
buffered, the maximum allowable data channel 
latency is 25.6 microseconds. If the data chan
nel does not respond within this time, both the 
Data Late and the Error flags are set to 1. Once 
this error occurs, the processing of the current 
sector is completed and the command is termi
nated, even if the operation was scheduled to 
transfer additional sectors. The Busy flag is set 
to 0, the Done flag is set to 1 and a program in
terrupt request is initiated. 

For the greatest efficiency when processing an en
tire cylinder, the program should be coded to pro
cess two tracks at a time since the head must wait 
for the index point on the surface to pass the head 
before each command can begin. However, after 
completing the processing of these two tracks, 
enough time is available (. 5msec) to prepare the 
disc pack to read or write the next track without 

waiting for a full rotation of the disc to correctly 
position sector zero. This procedure allows the 
head to start processing immediately after a com
mand is issued without having to wait for the drive 
to search for the correct sector before beginning 
the operation. 

ERROR CONDITIONS 

During Initial Selection 

If the program specifies a non-existent sector 
(> 58) no indication of this error is given. If the 
subsystem then attempts a Read or a Write opera
tion, the drive unit will search forever for that 
non-existent sector. The subsystem can be re
leased from this search by having the program 
issue an I/O RESET instruction (IORST). 

During Head Positioning 

If the program issues a SPECIFY COMMAND 
AND CYLINDER instruction which specifies a 
non-existent cylinder (>3128) and then places 
the drive unit in the seek mode, the Seek opera
tion is terminated. Both the Seek Error and the 
Seek Done flags for that unit are set to 1. When 
the Seek Done flag is set to 1, a program inter
rupt request is initiated. 

If any Seek operation to a valid cylinder number 
results in a Seek Error, the drive unit should be 
recalibrated 

During Reading 

As mentioned above, specifying a non-existent 
sector will cause the drive unit to search forever 
for that sector once a Read operation is initiated. 

An error can occur when the subsystem is read
ing a series of sectors in one operation if the 
Read operation exceeds the number of sectors 
available. When the last sector on surface 118 
is read and the drive unit attempts to advance 
automatically to the next surface, since the sector 
counter has not overflowed, both the Error and 
the End Error flags are set to 1. The sector 
counter is incremented and the sector address is 
set to O. The Busy flag is set to 0, the Done flag 
is set to 1 and a program interrupt request is 
initiated. 

If the data channel does not respond in time to a 
data channel request, both the Error and the Data 
Late flags are set to 1. The reading of the current 
sector continues, but once that sector has been 
read, the Read operation is terminated. The Busy 
flag is set to 0, the Done flag is set to 1 and a 
program interrupt request is initiated. The Data 
Late flag indicates that at least one word from the 
sector read was not correctly transferred to mem
ory. 
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During Writing 

As mentioned above, specifying a non-existent sec
tor will cause the drive unit to search forever for 
that sector once a Write operation is initiated. 

An error can occur when the subsystem is writing 
a series of sectors in one operation if the Write 
operation exceeds the number of sectors available. 
When the last sector on surface 118 is written and 
the drive unit attempts to advance automatically 
to the next surface, since the sector counter has 
not overflowed, both the Error and the End Error 
flags are set to 1. The sector counter is in
cremented and the sector address is set to sector 
O. The Busy flag is set to 0, the Done flag is set 
to 1 and a program interrupt request is initiated. 

If the data channel does not respond in time to a 
data channel request, both the Error and the Data 
Late flags are set to 1. The writing of the cur
rent sector continues, but once that sector has 
been written, the Write operation is terminated. 
The Busy flag is set to 0, the Done flag is set to 
1 and a program interrupt request is initiated. 
The Data Late flag indicates that at least one 
word in the sector was not written properly. 

Check Error 

A Check Error flag is set to 1 during a Read 
operation if the 16-bit checkword read after the 
data in the sector being processed does not match 
the checkword calculated by the controller during 
the Read operation. 

The Check Error flag can also be set to 1 if a 
checkword error is detected when verifying the 
home address of a track in either a Read or a 
Write operation. Usually the Address Error flag 
is also set to 1 since an error has been made in 
reading the track address information. However, 
this Checkword Error can also occur without an 
accompanying Address Error when the checkword 
read at the end of the track home address is in
correct. In both of these cases, access to all the 
sectors on that track is denied. 

Since the Check Error flag can be set to 1 without 
an Address Error flag under two circumstances in 
a Read operation, the programmer should verify 
which condition caused the flag to be set to 1. If 
the Check Error flag is posted and the Memory Ad
dress Counter has not changed, the checkword 

CHECK ERROR -------. 

following the track home address is incorrect. In 
addition, if the Read operation does not extend to 
the next surface and data has been transferred, 
then the error is in the last sector processed. 

However, when a Read operation extends beyond 
one surface, and a Check Error occurs after the 
last sector on the first surface is read and before 
the first sector on the second surface is read, the 
error could be in either the last sector on the first 
surface or in the checkword for the home address 
of the track in the second surface. In each of 
these two cases, the Memory Address Counter and 
the Disc Address Register will contain identical 
information. 

These two cases can be differentiated by perform
ing a Read operation on the last sector of the first 
surface. If this Read is successful, the error is 
in the checkword of the home address of the track 
on the second surface. If this is the case, then tha 
track on the second surface is inaccessible. 
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THE 4057 A DISC PACK 
SUBSYSTEM 

~---------------------------------SUMMARY---------------------------------, 
MNEMONIC (FIRST CONTROLLER) ...... DKP 

DEVICE CODE (FIRST CONTROLLER) .... 338 

MNEMONIC (SECOND CONTROLLER) .,. DKP1 

DEVICE CODE (SECOND CONTROLLER) .... 738 

PRIORITY MASK BIT. . . . . . . . . . . . . . . . . . . . . .. 7 

SURFACES/UNIT .......................... 20 

TRACKS/SURFACE (CYLINDERS) ........ , 203 

SECTORS/TRACK ........................ 12 

WORDS/SECTOR 256 

TOTAL STORAGE CAPACITY 
(WORDS) ..................... 12,472,320 

MAXIMUM TRANSFER RATE 
(WORDS/SEC) .................... 156,000 

MAXIMUM ALLOWABLE DATA 
CHANNEL LATENCY (/-LSEC) ......... 12.8 

SEEK TIME MAX/MIN (mSEC) ........... 60/10 

SECTOR ACCESS TIME MAX/MIN 
(mSEC) ......................... 48.2/0.2 

ACC UMULATOR FORMATS 

SPECIFY DISC ADDRESS 
SECTOR COUNT ................... (DOC) 

SURFACE SECTOR 

3 4 5 6 7 8 9 10 II 12 13 14 15 

.................. (DIC) 

SURFACE 

o 2 3 4 5 6 12 13 14 15 

INTRODUCTION 

The 4057A disc pack subsystem utilizes a remov
able disc pack containing 20 (0-238) program ac
cessible surfaces. There are 203 (0-3128) 
cylinders on the disc pack. Each of the prefor
matted 20 tracks in a cylinder contains 12 (0-138) 
sectors, each of which stores 256 (4008) 16-bit 
words and contains a checkword. The data stor
age capacity is 3072 words/track, 61,440 words/ 
cylinder or 12,472,320 words/pack. Words are 
transferred to and from the subsystem via the 
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SPECIFY COMMAND AND CYLINDER ... (DOA) 

CYLINDER 

I ! 

o 2 3 4 5 6 7 8 9 10 II 12 13 14 15 

COMMANDS 

00 Read 
01 Write 

10 Seek 
11 Recalibrate 

READ STATUS ........................ (DIA) 

o 2 3 4 5 6 7 8 9 10 II 12 13 14 15 

LOAD MEMORY ADDRESS COUNTER ... (DOB) 

MEMORY ADDRESS 

! I I ! I I 

o 2 3 4 5 6 7 8 9 10 II 12 13 14 15 

READ MEMORY ADDRESS COUNTER .... (DIB) 

o 

S 

C 

P 

MEMORY ADDRESS 

I! I 

2 3 4 5 6 7 8 9 10 II 12 13 14 15 

S, C AND P FUNCTIONS 

Set Busy to one, Done to zero and start 
a Read or a Write operation. 

Set Busy to zero, Done to zero and stop 
all operation. 

Start a Seek or a Recalibrate operation. 

data channel at a rate of 156,000 words per 
second. Up to 16 sectors containing 4096 
(10,0008) words can be transferred in one opera
tion. 

The controller for the subsystem, when coupled 
to the adapter, can direct the activities of up to 
four drive units. Any number of these units can 
be performing Seek operations simultaneously, 
but only one drive can be reading or writing at 
anyone time. 



INSTRUCTIONS 

The disc drive controller contains four program 
accessible registers: a 15-bit Memory Address 
Counter, a 16-bit Status Register, a 16-bit com
bined Command/Cylinder Select Register and a 
combined disc Address/Sector Counter Register. 
The Memory Address Counter is self-increment
ing and contains the memory location of the next 
16-bit word to be either read from or written on 
the disc. The Status Register contains all the 
information flags for the controller and the se
lected drive as well as 8 flags which indicate the 
Seek status of all the drives in the subsystem. 
Any of the 4 Seek Done flags as well as the Read/ 
Write Done flags are able to initiate a program 
interrupt request when they are set to 1. The 
combined Command/Cylinder Select Register con
tains the command last issued to the subsystem 
and the number of the desired cylinder on the disc 
surface. The combined Disc Address/Sector 
Counter contains the surface and sector location 
of the active head and the two's complement of 
the number of sectors to be either read from or 
written on the disc. The Sector Counter is self
incrementing after each sector is read or written. 

Six instructions are used to program data channel 
transfers to and from the disc pack. Three of 
these instructions are used to supply all of the 
necessary data to the controller for any disc 
operation. The remaining three instructions 
allow the program to determine, in detail, the 
current state of the disc pack subsystem. 

The disc controller's Busy and Done flags are con
trolled using all three of the device flag com
mands as follows: 

f=S Initiate a Read, Write, Seek or Recalibrate 
operation, depending on the contents of the 
Command Register. Set the Busy flag to 1, 
the Done flag and all error indicating flags 
to o. The error indicating flags are the 
Seek Error, the End Error, the Address 
Error or Unsafe, the Check Error, the 
Data Late and the Error flags. Note that 
it is usually undesirable to initiate a Seek 
or Recalibrate with this command as the 
controller will remain busy until the 
operation is completed. 

f=C Set the Busy, Done and all error indicat
ing flags to 0 and stop all positioning and 
data transferring operations. 

f=P Initiate either a Seek or a Recalibrate 
operation, depending on the contents of 
the command register. 

SPECIFY DISC ADDRESS AND SECTOR COUNT 

DOC<P ac, DKP 

1 0 1 I I I I AC II I 0 I 

o I 2 3
1
456

1
7 

I 0 
1 I I 

8 9 10 II 12 13 14 15 

Bits 0-15 of the specified AC are loaded into the 
controller's combined Address Register/Sector 
Counter. After the data transfer, the controller's 
Busy and Done flags are set according to the 
function specified by F. The contents of the speci
fied AC remain unchanged. The format of the 
specified AC is as follows: 

SURFACE SECTOR -SECTOR COUNT 

o 2 3 4 5 6 7 8 9 10 II 12 13 14 15 

Bits Name Function 

0-1 Drive Select the drive 0, 1, 2, 
or 3. 

2 Format If 1, place the drive in the 
format mode of operation. 

3-6 Surface Select the surface (head), 
0-238' for the start of a 
Read or a Write opera-
tion. 

7-11 Sector Select the starting sector, 
0-13 8, for the start of a 
Read or a Write opera-
tion. 

12-15 -Sector Specify the two's com-
Count plement of the number of 

sectors to be read or 
written in one operation 
(maximum of 16). 
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READ STATUS 

DIA~J> ac, DKP 

10 IIII A,C 1°1°,11 
0

1
1234567 8 9 10 II 12 13 14 15 

The contents of the Status Register are placed 
in bits 0-15 of the specified AC. After the data 
transfer, the controller'S Busy and Done flags 
are set according to the function specified by F. 
The format of the specified AC is as follows: 

o 2 3 4 5 6 7 8 9 10 II 12 13 14 15 

Bits Name Meaning When 1 

0 Read/Write The subsystem has com-
Done pleted a Read or a Write 

operation. 

1-4 Seek Drive 0-3, respectively, 
Done has completed a Seek or 

Recalibrate operation. 
More than one of these 
bits can be set at any 
time. 

5-8 Seeking On Drive 0-3, respectively, 
Drive is currently performing 

a Seek or a Recalibrate 
operation. 

9 Drive The selected drive is 
Ready ready to carry out a com-

mand. 

10 Seek The selected drive did not 
Error carry out the Seek or the 

Recalibrate operation 
which was initiated. 

11 End The selected drive at-
Error tempted to continue a 

Read or a Write operation 
beyond the last surface in 
the disc pack. 

12 Address The address read from 
Error or the address field at the 
Unsafe beginning of the track 

does not match the speci-
fied address; or a mal-
function exists in the 
selected drive. 

13 Check The checkword read from 
Error the disc at the end of a 

sector does not match the 
checkword calculated by 
the controller. 

14 Data The data channel failed to 
Late respond in time to a data 

channel request. 

15 Error One or more of the bits 
10-14 is set to 1. 
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SPECIFY COMMAND AND CYLINDER 

OOA<f> ac, DKP 

I ° I I I I AC I ° I I ° I F I ° 
o I I 2 3 I 4 5 6 '7 8 I 9 10 I II 

I ° 
121 13 I 14' 15 

Bits 0-15 of the specified AC are loaded into the 
controller's combined Command/Cylinder Se
lect Register. Bit 5 is ignored. After the data 
transfer, the controller'S Busy and Done flags 
are set according to the function specified by F. 
The format of the specified AC is as follows: 

I 

I I~ 
o 2 3 4 5 6 7 8 9 10 II 12 13 14 15 

Bits Name Function If Set To One 

0 Clear Set the controller's Done 
Read/Write flag to 0; set the following 
Done error indicating flags to 

0: Address Error or Un-
safe, End Error, Check 
Error and Seek Error. 

1-4 Clear Set the Seek Done flags to 
Seek Done o for the drives 0-3, re-

spectively. 

5 --- Reserved for future use. 

6-7 Command Specify the command for 
the selected drive as 
follows: 

00 Read with a Start 
command. 

01 Write with a Start 
command. 

10 Seek with a Pulse 
command to the cylin-
der specified in bits 
8-15 of this accumu-
lator. 

11 Recalibrate with a 
Pulse command. 

8-15 Cylinder Specify the cylinder, 
0-3128, for a Seek, Read 
or a Write operation. 



LOAD MEMORY ADDRESS COUNTER 

OOB<!> ac, DKP 

I 0 I I I I AC I I I 0 0 I ~ I 0 I I I 0 I 

o 'I 2 3' 4 5 6' 7 8 9 10 II I 12' 13 I 14 15 

Bits 0-15 of the specified AC are loaded into the 
controller's Memory Address Counter. After 
the data transfer, the controller's Busy and 
Done flags are set according to the function 
specified by F. The format of the specified AC 
is as follows: 

I 0 I MEMORY ADDRESS 
o I I 2 I 3 1 4 I 5 I 6 1 7 I 8 I 9 1 10 I II I 12' 13 I 14 I 15 

Bits Name Function 

0 ---- Reserved for future use. 

1-15 Memory Location of the next word 
Address in memory to be used 

for a data channel trans-
fer. 

READ DISC ADDRESS 

DlC<P ac, DKP 

I 0 I I I I I AC I I I 0 I I F I 0 
o I 2 3 I 4 5 6 I 7 8 9 10! II 

I 0 
I ! 

12 13 14 15 

The contents of the disc Address Register and 
the Sector Counter are placed in bits 0-15 of 
the specified AC. After the data transfer, the 
controller's Busy and Done flags are set ac
cording to the function specified by F. The 
format of the specified AC is as follows: 

SURFACE 

L-4-~ __ L-~~~~4-~ __ L-~~L-~-+ __ L--L~ 
o 2 3 4 5 6 7 8 9 10 II 12 13 14 15 

Bits Name Contents 

0-1 Drive Number of the selected 
drive. 

2 Format The selected drive is in 
the format mode. 

3-7 Surface The surface number of the 
active head on the drive. 

8-11 Sector The number of the sector 
immediately following the 
last sector read or written. 

12-15 -Sector The two's complement of 
Count the number of sectors left 

to be read or written. 

READ MEMORY ADDRESS COUNTER 

DlB<p ac, DKP 

1 0 I I I I AC 1 0 I I 
0

1
123

1
456

1
7 8 F 91 ~ I II I 12 1 ~3! 14 15 
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The contents of the Memory Address Counter 
are placed in bits 0-15 of the specified AC. 
After the data transfer, the controller's Busy 
and Done flags are set according to the func
tion specified by F. The format of the speci
fied AC is as follows: 

MEMORY ADDRESS 

o ' I 2 3 I 4 
I 1 I I I I 1 I 

5 6 7 8 9 10 II 12 13 14 15 

Bits Name Contents 

0-15 Memory Location of the next word in 
Address memory to be used for a 

data c hanne I transfe r . 

If bit 0 is 1, the Read or the 
Write operation exceeded 
the capacity of a 32K ma-
chine and the excess words 
were transferred either to 
(in a read) or from (in a 
write) low core. 



PROGRAMMING 

The preparation of a moving head disc pack for 
data channel transfers is divided into three distinct 
phases: I, selecting the drive, the surface and the 
sector; II, positioning the heads over the correct 
cylinder, and III, starting the Read or the Write 
operation. The results of issuing commands in 
each phase should be checked for errors before 
proceeding the next phase. 

Phase I: Select the Drive, Surface, Sector and 
Number of Sectors 

The initial selection of a disc drive is performed 
as follows: a SPECIFY DISC ADDRESS AND 
SECTOR COUNT instruction (DOC) is issued to 
the controller to select the drive, the surface of 

the disc pack, the first sector to be read or written, 
and the two's complement of the number of sectors 
to be transferred in the operation. The drives are 
numbered 0-3; the surfaces are numbered 0-238; 
the sectors are numbered 0-138; the maximum 
number of sectors which can be transferred in one 
operation is 16. Care should be taken to insure 
that the parameters specified in this initial se
lection do not exceed the capacity of the disc pack. 

Once the drive unit is chosen, the status of that 
drive must be checked to determine if the drive 
is ready to proceed. The status is checked by 
issuing a READ STATUS instruction (DIA) and 
examining the Ready flag. If the Ready flag is set 
to 1, the program can proceed to Phase II. If it is 
set to 0, the program should not issue any com
mands to that drive unit until it is in the ready 
state. 
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Phase II: Position the Heads 

The heads are positioned over the desired cylinder 
as follows: a SPECIFY COMMAND AND CYL
INDER instruction (DOA) is issued to the con
troller. This instruction should contain the 
number of the cylinder desired and the Seek com
mand. The cylinders are numbered from 0-3128. 
The instruction should also set both the DP Done 
flag and the Seek Done flag for the selected drive 
to O. The Seek operation is initiated by a Pulse 
command. While the drive is seeking, the Unit 
Ready flag for that drive is set to 0 and the Seek
ing On Drive flag is set to 1. When the heads have 
finished moving to the specified cylinder, the Seek
ing On Drive flag is set to 0, the Unit Ready and the 
Seek Done flags for that drive unit are set to 1, 
thus initiating a program interrupt request. 

The program should then check the Status Register 
to determine if a seek error has occurred as a 
result of a faulty Seek operation. If no errors 
have occurred, the program can proceed to Phase 
III. 

The heads of the selected drive unit can be forced 
to cylinder 0 by the Recalibrate operation. A Re
calibrate operation is performed as follows: a 
SPECIFY COMMAND AND CYLINDER instruction 
is issued to the controller. This instruction 
should contain the Recalibrate command and 
should also set both the DP Done and the Seek 
Done flags for the selected drive unit to O. The 
operation is initiated by a Pulse command. While 
the drive is being recalibrated, Unit Ready flag 
for the selected drive is set to 0 and the Seeking 
On Drive flag is set to 1. Once the Recalibrate 
operation is completed, the Seeking On Drive flag 
is set to 0, the Unit Ready flag is set to 1, the 
Seek Done flag for the selected drive is set to 1 
and a program interrupt request is initiated. 

When the program places a drive in the seek mode 
of operation, the controller is free to accept com-

OG-00985 

POSITION THE HEADS 

SEEK YE::i 

NOTE: THE UNIT READy FLAG IS ONLY VALID AT THIS POINT IF IT 
IS NOT IN A SHARED DISC ENVmONMENT OF MORE THAN 
PROCESSOR. IN A SHARED DISC ENvmONMENT. THE UNIT 
READY FLAG IS VALID AFTER THE INITIAL SEEK IS CO~lPLETED. 

mands to the other drives under its direction. 
Therefore, once one or more drives are perform
ing Seek operations, one of the other drives can 
perform a Read or a Write operation. If the pro
gram is simultaneously managing several drives 
with one controller, the error indicating flags in 
the Status Register apply only to the most recently 
selected drive unit, i. e., the most specified in the 
last SPECIFY DISC ADDRESS AND SECTOR 
COUNT instruction issued. 
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Phase III: Read or Write 

A Read operation transfers blocks of data stored 
in the disc subsystem to the computer, via the 
data channel. A block of data contains 256 16-bit 
words. Up to 16 blocks can be transferred in one 
Read operation. A Write operation transfers 
blocks of data from the computer's memory, via 
the data channel, and stores the data in the disc 
subsystem. Again, up to 16 blocks of data may be 
transferred in one operation. 

Read or Write operations are performed in a 
series of steps which are virtually identical. The 
parameters of the data transfer must be specified 
and finally the operation is initiated. 

Read 

A Read operation is performed as follows: the 
storage location in memory for the first word to 
be read from the disc is specified with a LOAD 
MEMORY ADDRESS COUNTER instruction (DOB). 
The number of sectors to be read and the starting 
sector were specified in Phase I. 

The Read command is then loaded into the Com
mand Register with a SPECIFY COMMAND AND 
CYLINDER instruction (OOA). It is not necessary 
to load the cylinder number again, but it is good 
practice since other disc drives may require this 
information. The Read operation is initiated with 
a Start command. The Busy flag is set to 1 and 
the Done flag is set to 0. 

Once the Read operation is initiated, the drive 
waits until the address field for the track passes 
under the head and performs an address check. 
If the address read is correct, the controller 
waits for the starting sector and when it is en
countered, the drive starts reading the sequential 
bits of the first word of the sector. When a word 
is fully assembled, the controller transfers the 
word to the computer's memory via the data chan
nel. Each time a word is transferred to memory, 
the Memory Address Counter is automatically in
cremented. 

When the 256 words from the sector have been 
read, and the checkword at the end of the sector 
verified, the sector counter is automatically in
cremented by one. 

If the sector counter does not overflow, the next 
sector is read and this process continues until 
either the sector counter overflows or the last 
sector on the surface is read. In the case where 
the last sector on surface 0-228 is read, and the 
sector counter has not overflowed, the drive will 
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ERROR 

A 

READ 

CYL!:-<'DER= CYLINDER 
Sl'RF.-\CE = SURFACE 
SECTOH= SECTOR-l 
SECTOR CDeNTER 
=SEC10R COl":-lTER-l 
DRIVE _ DRIVE 

\IDIORY ADDRESS IS 
CALClLATED FRO\l 
QRlGI?->:AL \-lE\1QRY AD
DRESS ~256 TIMES THE 
:\D1Bn~ OF SECTORS 
Sl-CCESSFL'LLY TR .... :-.;S
FEHHFD 

NOTE 1 GO TO SlCT!O:-; 0:-< CHECK ERRORS 

~(HE 2 TRACh. HAS INCORRECT ADDRLSS CIli:::CKV,OIW 

~on. 3 POS~!8LE HARDV,ARF. EnROR 1:"\ HL\D COl"S"! EH 

automatically continue the operation by reading 
the first sector on the next surface in the same 
cylinder. 

The Read operation then continues until the sector 
counter indicates, by overflowing, that the speci
fied number of sectors have been read. Upon com
pletion of the Read operation, the Busy flag is set 
to 0, the Done flag is set to 1 and a program inter
rupt request is initiated. 



Write 

A Write operation is performed as follows: the 
storage location in memory of the first word to be 
written on the disc is specified with a LOAD MEM-
0Ry ADDRESS COUNTER instruction (OOB). The 
number of sectors to be written and the number of 
the starting sector were specified in Phase I. The 
Write command is then loaded into the Command 
Register with a SPECIFY COMMAND AND CYL
INDER instruction (OOA). It is not necessary to 
load the cylinder number again, but it is good 
practice since other disc drives may require this 
information. The Write operation is initiated 
with a Start command. The Busy flag is set to 1 
and the Done flag is set to O. 

Once the Write operation is initiated, the con
troller reads two words from the computer's 
memory via the data channel and then waits for 
the address field for the track to pass under the 
head. Each time the controller reads a word 
from the computer's memory, the Memory Ad
dress Counter is automatically incremented. 
Once the address field is encountered, the ad
dress check is performed automatically. If the 
address read from the disc is correct, the con
troller waits for the starting sector and when it 
is encountered, the bits of each word are sequen
tially written. When the 256 words in the sector 
have been written, the controller writes the check
word it calculated from the data it wrote on the 
disc. The sector counter is then automatically 
incremented by one. 

If the sector counter does not overflow, the next 
sector is written. This process continues until 
either the sector counter overflows or the last 
sector on the surface is written. In the case 
when the last sector on surface 0-228 is written, 
and the sector counter has not overflowed, the 
drive will automatically continue the operation by 
writing the first sector on the next surface in the 
same cylinder. 

The Write operation then continues until the sector 
counter indicates by overflowing, that the speci
fied number of sectors have been written. Upon 
completion of the Write operation, the Busy flag 
is set to 0, the Done flag is set to 1 and a pro
gram interrupt is initiated. 
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06-00981 

END 
ERROR , 

NO 

YES 

NOTE 1 GO TO SECTION ON CHECK ERRORS 

CYLINDER" CYLINDEH 
SURFACE 0 SURFACE 
SECTOR"SECTOR-l 
SECTOR COUNTER = 

SECTOR COUNTER -1 
DRIVE" DRIVE 

MEMORY ADDRESS IS 
CALCULATED FROM 
ORIGINAL MEMORY AD
DRESS -+256 TIMES THE 
NUMBER OF SECTORS 
SUCCESSFULLY TRANS
FERRED 

A 

GO TO INITIAL SELEC
TION AND HEAD POS!
TIONING FOR SEEKING 
TO A NEW CYLINDER 

NOTE 2 POSSIBLE HARDWARE ERROR IN HEAD COUNTER 

Format 

A new disc pack is unformatted so a Disc Pack 
Formatter program is available to initialize the 
disc pack with the proper prerequisites for read
ing from or writing on the disc pack. 

This program is the 4057 Disc Pack Formatter 
Program #096-000038 (tape #095-000071). 

A disc pack may also be reformatted when re
peated recalibrations of the heads do not elimi
nate an Address Error occurring during a Read 
or a Write operation. All data is lost when a disc 
pack is reformatted. 



TIMING 

The disc pack rotates at a speed of 2400rpm; a 
complete revolution requires 25 milliseconds. 
Since the controller must wait until the index point 
on the disc passes the head before the search for 
the desired sector can be started, the waiting 
time before starting the sector search can be as 
much as 25 milliseconds (average of 12.5 milli
seconds. Once the search for the correct sector 
begins, the time taken to reach that sector de
pends on which sector is specified: sector 0 is 
reached almost immediately while sector 138 re
quires 23. 2 milliseconds before reading or writ
ing can commence. 

The total sector access time is therefore the time 
required to reach the address field plus the time 
required to reach the desired sector. The maxi
mum is 48.2 milliseconds (25 to reach the ad
dress field plus the 23. 2 milliseconds to reach 
sector 138)' 

The time required to position the heads (the seek 
time) is dependent on the number of cylinders the 
heads must move past in a Seek operation. A 
maximum of 10 milliseconds is required to move 
the heads from one cylinder to the adjacent cyl
inder. The time required to move from cylinder 0 
to cylinder 3128, or vice versa, is 60 milliseconds, 
maximum. A Recalibrate operation requires a 
maximum of 300 milliseconds. 

If a Seek or a Recalibrate operation is not com
pleted within 1 second, the Seek Error and Error 
flags are set to 1. The Done flag is set to 1 and a 
program interrupt request is initiated. 

A sector passes under the head in 2.08 milli
seconds while the data block in the sector passes 
under the head in 1. 64 milliseconds. Since there 
are 256 data words in a sector, a data channel re
quest occurs every 6. 4 microseconds. This cor
responds to a data transfer rate of 156,000 words/ 
second. Since the controller is double buffered, 
the maximum allowable data channel latency is 
12.8 microseconds. If the data channel does not 
respond within this time, both the Data Late and 
the Error flags are set to 1. Once this error oc
curs, the processing of the current sector is 
completed and the command is terminated, even 
if the operation was scheduled to transfer ad
ditional sectors. The Busy flag is set to 0, the 
Done flag is set to 1 and a program interrupt re
:}uest is initiated. 

For the greatest efficiency when processing an 
entire cylinder, the program should be coded to 
process only one track at a time since the head 
must wait for the index point on the surface to 
~ass the head before each command can begin. 
fIowever, after completing the processing of a 
:rack, enough time is available (. 2msec) to pre-

pare the disc pack to read or write the next track 
without waiting for a full rotation of the disc to 
correctly position sector zero. This procedure 
allows the head to start processing immediately 
after a command is issued without having to wait 
for the drive to search for the correct sector 
before beginning the operation. 

ERROR CONDITIONS 

During Initial Selection 

If the program specifies a non-existent sector 
« 138) no indication of this error is given. If the 
subsystem then attempts a Read or a Write opera
tion, the drive unit will search forever for that 
non-existent sector. The subsystem can be re
leased from this search by having the program 
issue an I/O RESET instruction (IORST). 

During Head Positioning 

If the program issues a SPECIFY COMMAND AND 
CYLINDER instruction which specifies a non
existent cylinder «3128) and then places the 
drive unit in the seek mode, the Seek operation 
is terminated. Both the Seek Error and the Seek 
Done flags for that unit are set to 1. When the 
Seek Done flag is set to 1, a program interrupt 
request is initiated. 

If any Seek operation to a valid cylinder number 
results in a Seek Error, the drive unit should be 
recalibrated. 

During Reading 

As mentioned above, specifying a non-existent sec
tor will cause the drive unit to search forever for 
that sector once a Read operation is initiated. 

An error can occur when the subsystem is read
ing a series of sectors in one operation if the 
Read operation exceeds the number of sectors 
available. When the last sector on surface 238 
is read and the drive unit attempts to advance 
automatically to the next surface, since the sector 
counter has not overflowed, both the Error and 
the End Error flags are set to 1. The sector 
counter is incremented and the sector address 
is set to O. The Busy flag is set to 0, the Done 
flag is set to 1 and a program interrupt request 
is initiated. 

Each track on the disc pack is preceded by an ad
dress field. If the address read before any track 
does not match the contents of the disc address 
registers at that time, both the Error and the 
Address Error flags are set to 1. The Busy flag 
is set to 0, the Done flag is set to 1, and a pro
gram interrupt request is initiated. 
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If the data channel does not respond in time to a 
data channel request, both the Error and the Data 
Late flags are set to 1. The reading of the cur
rent sector continues, but once that sector has 
been read, the Read operation is terminated. The 
Busy flag is set to 0, the Done flag is set to 1 
and a program interrupt request is initiated. The 
Data Late flag indicates that at least one word 
from the last sector read was not correctly trans
ferred to memory. 

During Writing 

As mentioned above, specifying a non-existent 
sector will cause the drive unit to search forever 
for that sector once a Write operation is initiated. 

An error can occur when the subsystem is writing 
a series of sectors in one operation if the Write 
operation exceeds the number of sectors avail
able. When the last sector on surface 238 is 
written and the drive unit attempts to advance 
automatically to the next surface, since the sec-

tor counter has not overflowed, both the Error 
and the End Error flags are set to 1. The sector 
counter is incremented and the sector address is 
set to sector 0. The Busy flag is set to 0, the 
Done flag is set to 1 and a program interrupt re
quest is initiated. 

Each track on the disc pack is preceded by an ad
dress field. If the address read before any track 
does not match the contents of the disc address 
registers at that time, both the Error and the 
Address Error flags are set to 1. The Busy flag 
is set to 0, the Done flag is set to 1, and a pro
gram interrupt request is initiated. 

If the data channel does not respond in time to a 
data channel request, both the Error and the Data 
Late flags are set to 1. The writing of the cur
rent sector continues, but once that sector has 
been written, the Write operation is terminated. 
The Busy flag is set to 0, the Done flag is set to 1 
and a program interrupt request is initiated. The 
Data Late flag indicates that at least one word in 
the sector was not written properly. 
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Check Error 

A Check Error flag is set to 1 during a Read oper
ation if the 16-bit checkword read after the data in 
the sector being processed does not match the 
checkword calculated by the controller during the 
Read operation. 

The Check Error flag can also be set to 1 if a 
checkword error is detected when verifying the 
home address of a track in either a Read or a 
Write operation. Usually the Address Error flag 
is also set to 1 since an error has been made in 
reading the track address information. However, 
this Checkword Error can also occur without an 
accompanying Address Error when the checkword 
read at the end of the track home address is in
correct. In both of these cases, access to all the 
sectors on that track is denied. 

Since the Check Error flag can be set to 1 without 
an Address Error flag under two circumstances in 
a Read operation, the programmer should verify 
which condition caused the flag to be set to 1. If 
the Check Error flag is posted and the Memory Ad
dress Counter has not changed, the checkword 
following the track home address is incorrect. In 
addition, if the Read operation does not extend to 
the next surface and data has been transferred, 
then the error is in the last sector processed. 

However, when a Read operation extends beyond 
one surface, and a Check Error occurs after the 
last sector on the first surface is read and before 
the first sector on the second surface is read, the 
error could be in either the last sector on the 
first surface or in the checkword for the home 
address of the track in the second surface. In 
each of these two cases, the Memory Address 
Counter and the Disc Address Register will con
tain identical information. 

CHECK ERROR 

These two cases can be differentiated by perform
ing a Read operation on the last sector of the first 
surface. If this Read is successful, the error is 
in the checkword of the home address of the track 
on the second surface. If this is the case, then 
that track on the second surface is inaccessible. 
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THE 4231A DISC PACK 

SUBSYSTEM 

~---------------------------------SUMMARY--------------------------------~ 
MNEMONIC (F1RST CONTROLLER) ...... DKP 

DEVICE CODE (F1RST CONTROLLER) ...•• 33
8 

MNEMONIC (SECOND CONTROLLER) ••. DKPI 

DEVICE CODE (SECOND CONTROLLER) . .. 73
8 

PRIORITY MASK BIT. . . . . . . . . • . . . • . . . . . . .• 7 

SURFACES/UNIT 0 ••••••••••••••••••••••• 19 

TRACKS/SURFACE (CYLINDERS) •....... 411 

SECTORS/TRACK .........•..•....•....• 23 

WORDS/SECTOR ....................•.• 256 

TOTAL STORAGE CAPACITY 
(WORDS) •.........•........• 45,979,392 

MAXIMUM TRANSFER RATE 
(WORDS/SEC) . . . . . . . . . . . . . . . . . .• 403,000 

MAXIMUM ALLOWABLE DATA 
CHANNEL LATENCY (J.lSEC) •••••••• 19.8 

SEEK TIME MAX/MIN (mSEC) ......... 55/10 

SECTOR ACCESS TIME MAX/MIN 
(mSEC) .....................•.... 16.7/0 

ACCUMULATOR FORMATS 

SPECIFY DISC ADDRESS AND 
SECTOR COUNT .................. (DOC) 

I DRIVE I I SURFA~E I I I SfCTOR I I-SECTOR I COUrT I 
o 'I 2 3' 4 5 6 7 8 9 I 10 II 12 I 13 14 15 

READ DISC ADDRESS ...........••...•. (DIC) 

I 
DR,IVE I I SURFACE I SECTOR • I-SECTOR COUNT I 

. . . . I I I . I I I I . I I I . 
o I 2 3 4 5 6 7 8 9 10 II 12 13 14 15 

SPECIFY COMMAND AND CYLINDER o. (DOA) 

. CYLINDER. !' !. I 

o 2 3 4 5 6 7 8 9 10 II 12 13 14 15 

00 Read 
01 Write 

COMMANDS 

10 Seek 
11 Recalibrate 

READ STATUS ......................... (DIA) 

o 2 3 4 5 6 7 8 9 10 II 12 13 14 15 

LOAD MEMORY ADDRESS COUNTER .•. (DOB) 

ME\10RY ADDRtSS 

I I ! I !! ! 

7 8 9 10 II 12 13 14 15 

READ MEMORY ADDRESS COUNTER .... (DIB) 

fit \lORY i\JJRES:; 

o I 2 
! I \ I I 

6 3 4 5 7 8 9 10 II 12 13 14 15 

S, C AND P FUNCTIONS 

S Set Busy to one, Done to zero and start 
a Read or a Write operation. 

C Set Busy to zero, Done to zero and stop 
all operations. 

P Start a Seek or a Recalibrate operation. 
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INTRODUCTION 

The 4231A disc pack subsystem utilizes a remov
able disc pack containing 19 (0-228) program 
accessible surfaces. There are 411 (0-6328) cyl
inders on the disc pack. Each of the 19 tracks in 
a cylinder contains 23 (0-268) performatted sectors, 
eac h of whic h stores 256 (4008) 16 -bit words and 
contains a checkword. The data storage capacity 
is 5888 words/track, 111,872 words/cylinder or 
45,979,392 words/pack. Words are transferred 
to and from the subsystem via the data channel at 
a rate of 403,000 words per second. Up to 16 sec
tors containing 4096 (100008) words can be trans
ferred in one operation. 

The controller for the subsystem, when coupled to 
the adapter, can direct the activities of up to four 
drive units. Any number of these units can be 
performing Seek operations simultaneously, but 
only one drive can be reading or writing at anyone 
time. 

INSTRUCTIONS 

The three device flag commands, Start, Clear and 
Pulse, initiate operations in the disk controller. 
They also control the setting and clearing of the 
Busy, DP Done and Error flags. The commands 
are: 

f=S Initiate a Read, Write, Seek or Recalibrate 
operation, depending on the contents of the 
Command Register. The Busy flag is set 
to 1, the DP Done flag is set to 0, and all 
Error flags except the Unsafe flag are set 
to O. Note that it is usually undesirable to 
initiate a Seek or a Recalibrate with this 
command as the controller will remain 
busy until the operation is completed. 

Stop all positioning and data transferring 
operations. Set the Busy flag, the DP Done 
flag, all Error flags except Unsafe, and the 
four Seek Done flags to O. 

Initiate either a Seek or a Recalibrate 
operation, depending on the contents of the 
command register. The DP Done flag and 
all Error flags except Unsafe are set to O. 
The Busy flag is left unchanged. 

NOTE: Occasionally the Unsafe flag for a drive 
can be cleared by issuing a Recalibrate followed 
by a Clear or IORST. If this procedure does not 
work, it may indicate a hardware failure. 

SPECIFY DISC ADDRESS AND SECTOR COUNT 

DOC<1> ac,DKP 

10 I,ll AC 1 1 , 10 1 F 1 0 

o / I 2 3 1 4 5 6 1 7 8 I 9 10 ' II 

I 0 
121 13 I 14 ' 15 

Bits 0-15 of the specified AC are loaded into the 
controller's combined Address Register/Sector 
Counter. After the data transfer, the controller's 
Busy and Done flags are set according to the func
tion specified by F. The contents of the specified 
AC remain unchanged. The format of the specified 
AC is as follows: 

The disc drive controller contains four program 
accessible registers: a 15-bit Memory Address 
Counter, a 16-bit Status Register, a 16-bit com
bined Command/Cylinder Select Register and a 
combined disc Address/Sector Counter Register. 
The Memory Address Counter is self-incrementing 
and contains the memory location of the next 16-bit 
word to be either read from or written on the disc. 
The Status Register contains the information flags 
for the controller and the selected drive as well as 
4 flags which indicate when any drive completes a 
Seek or a Recalibrate operation. Any of these 4 
Seek Done flags as well as Disc Pack Done flag are 
able to initiate a program interrupt request when 
they are set to 1. The combined Command/Cyl
inder Select Register contains the command last 
issued to the subsystem and the number of the de
sired cylinder on the disc surface. The combined 
Disc Address/Sector Counter contains the surface 
and sector location of the active head and the two's 
complement of the number of sectors to be either 
read from or written on the disc. The Sector 
Counter is self-incrementing after each sector is 
read or written. 

I DRIVE I ,SURFAC~ , I SECTOR , 1 - SECTO,R CO~NT I 
o I I 2 3 1 4 5 6 7 8' 9 1 10 II 12 1 13 14 15 

Six instructions are used to program data channel 
transfers to and from the disc pack. Three of 
these instructions are used to supply all of the 
necessary data to the controller for any disc opera
tion. The remaining three instructions allow the 
program to determine, in detail, the current state 
of the disc pack subsystem. 

i 
I 
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Bits 

0-1 

2-6 

7-11 

12-15 

Name 

Drive 

Surface 

. Sector 

-Sector 
Count 

Function 

Select the drive 0, 1, 2, or 
3. 

Select the surface (head) 
0-228, for the start of a 
Read or a Write operation. 

Select the starting sector, 
0-268 for the start of a 
Read or a Write operation. 

Specify the two's comple-
ment of the number of sec-
tors to be read or written 
in one operation (maximum 
of 16). 



READ STATUS 

DIA<£> ac, DKP 

10111iAci010 ~ 10 I 10 
o I I 2 3 I 4 5 6 I 7 8 9 10 I II I 12 I 13 14 I 15 

The contents of the Status Register are placed in 
bits 0-15 of the specified AC. After the data 
transfer, the controller's Busy and Done flags are 
set according to the function spec ified by F. The 
format of the specified AC is as follows: 

o 2 3 4 5 6 7 8 9 10 II 12 13 14 15 

Bits Name Meaniflg When 1 

o DP Done The subsystem has completed 
a Read or a Write operation. 

1-4 Seek Done Drive 0 -3, respectively, has 
completed a Seek or Recali
brate operation. More than 
one of these bits can be set at 
any time. 

5 Dual 
Processor 

6 Sector 
Error 

7 Head 
Error 

8 Address 
Error 

9 Disc 
Ready 

10 Seek 
Error 

11 End 
Error 

12 Unsafe 

13 Check 
Error 

14 Data Late 

15 Error 

The disc subsystem is in a 
dual processor configuration. 

Must appear in combination 
with bit 8, Address Error. 
The sector address portion of 
the address field is incorrect. 

Must appear in combination 
with bit 8, Address Error. 
The head address portion of 
the address field is incorrect. 

The address read from the 
address field at the beginning 
of a sector does not match the 
last address spec ified to the 
disc controller. If this bit is 
1 and bits 6 and 7 are both 0, 
the cylinder address portion 
of the address field is incor
rect. 

The selected drive is not per
forming any head movements 
and is ready to carry out a 
command. 

The selected drive did not 
successfully carry out the 
Seek or Recalibrate operation 
which was initiated. 

The selected drive attempted 
to continue a Read or a Write 
operation beyond the last sur
face in the disc pack. 

The selected drive is in an 
unsafe condition. An IORST 
must be issued. 

The checkword read from the 
disc at the end of a sector 
does not match the checkword 
calculated by the controller. 

The data chann~l failed to re
spond in time to a data chan
nel request. 

One or more of the bits 8, 10, 
11, 12, 13, 14 in this Status 
Register, or the Bad Sector 
flag is set to 1. 

SPECIFY COMMAND AND CYLINDER 

DOA<l> ac, DKP 

1°11111 ACIO I 01 ~ 101 1
1
°1 I 

o I 2 3 I 4 5 6 I 7 8 9 10 II 12 13 14 15 

Bits 0-15 of the specified AC are loaded into the 
controller'S combined Command/Cylinder Select 
Register. After the data transfer, the controller's 
Busy and Done flags are set according to the func
tion specified by F. The contents of the specified 
AC remain unchanged. The format of the specified 
AC is as follows: 

1 I 
012345678 9 10 II 12 13 14 15 

Bits Name Function 

0 Clear DP Set the controller'S Done 
Done flag to 0; set the following 

error indicating flags to 
0: Address Error, End 
Error, Check 
Error, and Bad Sector. 

1-4 Clear Seek Set the Seek Done flags to 
Done o for the drives 0-3, re-

spectively. 

5-6 Command Specify the command for 
the selected drive as 
follows: 
00 Read with a Start com-

mand. 
01 Write with a Start com-

mand. 
10 Seek with a Pulse com-

mand to the cylinder 
specified in bits 7-15 of 
this accumulator. 

11 Recalibrate with a Pulse 
command. 

7-15 Cylinder Specify the cylinder, 
0-6328, for a Seek, Read 
or Write operation. 
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LOAD MEMORY ADDRESS COUNTER 

DOB<1> aC,DKP 

1 0 I I I I AC II 1 0 0 I F 1 0 I I 0 II 
o I I 2 3' 4 5 6' 7 8 I 9 10 I II I 12' 13 I 14 I 15 

Bits 0-15 of the specified AC are loaded into the 
controller's Memory Address Counter. After the 
data transfer, the controller's Busy and Done flags 
are set according to the function specified by F. 
The contents of the specified AC remain unchanged. 
The format of the specified AC is as follows: 

MEtII(';" A;}DRrSS 

1°"'1 
o 2 3 4 5 6 7 8 9 10 II 12 I 13 14 15 

Bits Name Function 

0 Format If 1, place the drive in the 
format mode of operation. 

1-15 Memory Location of the next word in 
Address memory to be used for a 

data channel transfer. 

READ DISC ADDRESS 

DIC<!> ac, DKP 

1 0 I I I I AC II 1 0 I I F 1 0 
o 'I 2 3 '4 5 6 '7 8 I 9 10 I II 

I 0 
12' 13 I 141 15 

The contents of the disc Address Register and the 
Sector Counter are placed in bits 0-15 of the speci
fied AC. After the data transfer, the controller's 
Busy and Done flags are set according to the func
tion specified by F. The format of the spec ified 
AC is as follows: 

I DRIVE I SURFACE 
I I I I I 

7 8 9 10 II 12 13 14 15 0123456 
'--. 

Bits Name Contents 

0-1 Drive Number of the selected 
drive. 

2-6 Surface The surface number of the 
active head on the drive. 

7-11 Sector The number of the sector 
immediately following the 
last sector read or written. 

12-15 -Sector The two's complement of 
Count the number of sectors left 

to be read or written. 

READ MEMORY ADDRESS COUNTER 

DIB<1> ac, DKP 

10 I I I I AC lo! I 
0'123

1
456'7 

F 10 I I 0 I 
8 ! 9 10 I II I 12 ' 13 ! 14 I 15 

The contents of the Memory Address Counter are 
placed in bits 1-15 of the specified AC. A Bad 
Sector indicator flag is placed in bit o. After the 
data transfer, the controller's Busy and Done flags 
are set according to the function specified by F. 
The format of the specified AC is as follows: 

Since the contents of the eight-word buffer is in
determinate after a Write operation, the memory 
address returned may differ from the last word 
written on the disc by 1 to 8 memory locations. 

2 6 7 8 9 10 II 12 13 14 15 

Bits Name Contents 

0 Bad Sector If 1, the sector was found to 
be unusable during format-
ting. 

1-15 Memory Location of the next word in 
Address memory to be used for a 

data channel transfer. 
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PROGRAMMING .-------- POSITION --------. 

The preparation of a moving head disc pack for 
data channel transfers is divided into three distinct 
phases: I, selecting the drive, the surface and the 
sector; II, positioning the heads over the correct 
cylinder; and III, starting the Read or the Write 
operation. The results of issuing commands in 
each phase should be checked for errors before 
proceeding to the next phase. 

Phase I: Select the Drive, Surface, Sector and 
Nu m ber of Sectors 

The initial selection of a disc drive is performed as 
follows: a SPECIFY DISC ADDRESS AND SECTOR 
COUNT instruction (DOC) is issued to the controller 
to select the drive, the surface of the disc pack, 
the first sector to be read or written, and the two's 
complement of the number of sectors to be trans
ferred in the operation. The drives are numbered 
0-3; the surfaces are numbered 0-228; the sectors 
are numbered 0-268; the maximum number of sec
tors which can be transferred in one operation is 16. 
Care should be taken to insure that the parameters 
specified in this initial selection do not exceed the 
capacity of the dis c pack. 

Once the drive unit is chosen, the status of that 
drive must be checked to determine if the drive 
is ready to proceed. The status is checked by 
issuing a READ STATUS instruction (DIA) and 
examining the Ready flag. If the Ready flag is 1, 
the program can proceed to Phase II, If it is 0, 
the program should not issue any commands to that 
drive unit until it is in the ready state. 

Phase II: Position the Heads 

The heads are positioned over the desired cylinder 
as follows: a SPECIFY COMMAND AND CYLINDER 
instruction (OOA) is issued to the controller. This 
instruction should contain the number of the cylinder 
desired and the Seek command. The cylinders are 
numbered from 0-6328' The instruction should also 
set both the DP Done flag and the Seek Done flag for 
the selected drive to O. The Seek operation is in
itiated by a Pulse command. While the drive is 
seeking, the Unit Ready flag for that drive is set 
to O. When the heads have finished moving to the 
specified cylinder, the Unit Ready and the Seek Done 
flags for that drive unit are set to 1, thus initiating 
a program interrupt request. 

The program should then check the Status Register 
to determine if a seek error has occurred as a 
result of a faulty Seek operation. If no errors have 
occurred, the program can proceed to Phase III. 
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YES 

NOTE· THE UNIT READY FLAG IS ONL Y 
VALID AT TillS POINT IF IT IS 
NOT IN A SHARED DISC ENVIRON
MENT OF MORE THAN ONE PRO
CESSOR. IN A SHARED DISC 
ENVIRONMENT. THE UNIT READY 
FLAG IS VALID AFTER THE INITIAL 
sEEK IS COMPLETED. 

The heads of the selected drive unit can be forced 
to cylinder 0 by the Recalibrate operation. A Re
calibrate operation is performed as follows: a 
SPECIFY COMMAND AND CYLINDER instruction 
is issued to the controller. This instruction should 
contain the Recalibrate command and should also 
set both the DP Done and the Seek Done flags for the 
selected drive unit to O. The operation is initiated 
by a Pulse command. While the drive is being 
recalibrated, the Unit Ready flag for the selected 
drive is set to O. Once the Recalibrate operation 
is completed, the Unit Ready flag is set to 1, the 
Seek Done flag for the selected drive is set to 1 
and a program interrupt request is initiated. 

When the program places a drive in the seek mode 
of operation, the controller is free to accept com
mands to the other drives under its direction. 
Therefore, once one or more drives are perform
ing Seek operations, one of the other drives can 
perform a Read or a Write operation. If the pro
gram is simultaneously managing several drives 
with one controller, the error indicating flags in 
the Status Register apply only to the most recently 
selected drive unit, i. e., the unit specified in the 
last SPECIFY DISC ADDRESS AND SECTOR COUNT 
instruction issued. 



Phase III: Read or Write 

A Read operation transfers blocks of data stored in 
the disc subsystem to the computer, via the data 
channel. A block of data contains 256 16-bit words. 
Up to 16 blocks can be transferred in one Read 
operation. A Write operation transfers blocks of 
data from the computer's memory, via the data 
channel, and stores the data in the disc subsystem. 
Again, up to 16 blocks of data may be transferred 
in one operation. Read or Write operations are 
performed in a series of steps which are virtually 
identical. The parameters of the data transfer 
must be specified and finally the operation is in
itiated. 

Read 

A Read operation is performed as follows: the 
storage location in memory for the first word to 
be read from the disc is specified with a LOAD 
MEMORY ADDRESS COUNTER instruction (OOB). 
The number of sectors to be read and the starting 
sector were specified in Phase 1. 

The Read command is then loaded into the Command 
Register with a SPECIFY COMMAND AND CYLIN
DER instruction (DOA). The cylinder number must 
be specified in this instruction since it is used in 
the address check which is automatically made be
fore each 256 word sector is read. The Read oper
ation is initiated with a Start command. The Busy 
flag is set to 1 and the Done flag is set to O. 

Once the Read operation is initiated, the drive waits 
until the desired sector passes under the head and 
performs an address check. If the address read is 
correct, the drive then starts reading the sequential 
bits of the first word of the sector. When a word is 
fully assembled, the controller transfers the word 
to the computer's memory via the data channel. 
Each time a word is transferred to memory, the 
Memory Address Counter is automatically in
cremented. 

When the 256 words from the sector have been read, 
and the checkword at the end of the sector verified, 
the sector counter is automatically incremented by 
one. 

If the sector counter does not overflow, the next 
sector is read and this process continues until 
either the sector counter overflows or the last 
sector on the surface is read. In the case where 
the last sector on surface 0-218 is read, and the 
sector counter has not overflowed, the drive will 
automatically continue the operation by reading the 
first sector on the next surface in the same cylinder. 

The Read operation then continues until the sector 
counter indicates, by overflowing, that the specified 
number of sectors have been read. Upon comple
tion of the Read operation, the Busy flag is set to 0, 
the Done flag is set to 1 and a program interrupt re
quest is initiated. 

r----------------READ--------------~ 

E~D 

ERROR 

;":0 

YE~ 

SCRFACE SL'RFACE 
DRIVE 0 DRIVE 
CYLlf','DER~CYLll"DER 

SECTOR_ SECTOR-i 
SECTOR COC:-;'TEH 
SECTOR COl"~TER-l 
MEMORY ADDRESS IS 
CALCL'L-\TED FRO~l THE 
ORIGI:"IAL MF.MORY AD
DRES~ . 256 TIMES THE 
;":CMBEH OF SECTORS 
Sl"CCI'.SSFTLL Y THA:-;S
FERRED 

DG-OIOI4 

SPECIFIED CYLl~DE.H 
OOES ~OT :>lATCH CYLl~DER 
~DlOE.R!!\ ADDRESS FIELD 

CYL!NDER-CYLl~EH 
SCRFACL SECTOR 0 
SECTOR CQL"\:TER 
::iECTOR COt.;;":TER 
~!EMORY ADDRESS IS 
CALClLATED FROM THE 
OHIG!\:AL MEMORY AD
DRESS. 256 T!~:E::' THE 
~L:r.WE.R OF SECTORS 
SlCCE.'i>Fl'LL Y J HA~S· 
FEfllH.D 

~"Ie PO'>';I!)le hardware error In head counter. 

~1!'l'IT!AL-SELE.C .. 
( T[O~ A\:D HLU POSi 

TJO:-';l~G FOR SEEKING 
TO A f"E\\' CYLll\TIER 
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Write 

A Write operation is performed as follows: the 
storage location in memory of the first word to be 
written on the disc is specified with a LOAD MEM
ORY ADDRESS COUNTER instruction (OOB). The 
number of sectors to be written and the number of 
the starting sector were specified in Phase I. 

The Write command is then loaded into the Com
mand Register with a SPECIFY COMMAND AND 
CYLINDER instruction (OOA). The cylinder num
ber must be specified in this instruction since it 
is used in the address check which is automatically 
made before each 256 word sector is written. The 
Write operation is initiated with a Start command. 
The Busy flag is set to 1 and the Done flag is set 
to 0. 

Once the Write operation is initiated, the con
troller reads eight words from the computer's 
memory via the data channel and then waits for 
the desired sector to pass under the head. Each 
time the controller reads a word from the com
puter's memory, the Memory Address Counter 
is automatically incremented. Once the desired 
sector is encountered, the address check is per
formed automatically. If the address read from 
the disc is correct, the bits of each word are 
sequentially written. When the 256 words in the 
sector have been written, the controller writes 
the checkword it calculated from the data it wrote 
on the disc. The sector counter is automatically 
incremented by one. 

If the sector counter does not overflow, the next 
sector is written. This process continues until 
either the sector counter overflows of the last 
sector on the surface is written. In the case when 
the last sector on surface 0-218 is written, and 
the sector counter has not overflowed, the drive 
will automatically continue the operation by writ
ing the first sector on the next surface in the 
same cylinder. 

The Write operation then continues until the 
sector counter indicates, by overflowing, that 
the specified number of sectors have been written. 
Upon completion of the Write operation, the Busy 
flag is set to 0, the Done flag is set to 1 and a 
program interrupt is initiated. 

,..-------- WRITE --------" 
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FORMAT 

The disc pack used in the 4231A subsystem must 
be formatted so that the address check, made 
before every sector is read or written, can be 
carried out. If the disc pack is not formatted, 
an Address Error occurs and terminates every 
Read or Write operation. When the disc pack is 
formatted, the following information is written 
before every sector on the disc pack. 

AREA FOR DATA AND CHECK WORD GAP 

If a disc pack repeatedly indicates address errors, 
the pack may be reformatted. All data on a disc 
pack is lost when it is reformatted. 

The program is the 4231 Disc Pack Formatter 
Program #096-000241 (tape #095-000221) 0 

TIMING 

The disc pack rotates at a speed of 3600rpm; a 
complete revolution requires 16.67 milliseconds. 
A register, containing the identification number of 
the sector currently passing under the head, is 
used to reduce the sector accessing time. This 
feature allows the subsystem to carry out a Read 
or a Write operation the first time the desired 
sector passes under the head. 

Since a sector is preceded by a 68 microsecond 
gap, used for address checking, the minimum sec
tor access time is 68 microseconds. The maximum 
is 16.7 milliseconds so the average is 8.4 milli
seconds. 

The time required to position the heads (the seek 
time) is dependent on the number of cylinders the 
heads must move past in a Seek operation. A 
maximum of 10 milliseconds is required to move 
the heads from one cylinder to the adjacent cyl
inder. The time required to move from cylinder 
o to cylinder 6328 , or vice versa, is 55 milli
seconds, maximum. 

A Recalibrate operation requires a maximum of 
300 milliseconds. If either a Seek operation or a 
Recalibrate operation is not completed in 500 mil
liseconds, the Seek Error flag is set to 1. 

A sector passes under the head in 730 microseconds 
while the data block in the sector passes under the 
head in 635 microseconds. Since there are 256 
data words in a sector, a data channel request oc
curs every 2.48 microseconds. This corresponds 
to a data transfer rate of 403,000 words/second. 
Since the controller has an eight word buffer, the 
maximum allowable data channel latency is 19.8 
microseconds. If the data channel does not re
spond within this time, both the Data Late and the 
Error flags are set to 1. Once this error occurs, 

the processing of the current sector is completed 
and the command is terminated, even if the opera
tion was scheduled to transfer additional sectors. 
The Busy flag is set to 0, the Done flag is set to 1, 
and a program interrupt request is initiated. 

ERROR CONDITIONS 

During Initial Selection 

If the Unsafe flag is 1, the Unit Ready flag is O. 
An I/O RESET instruction (IORST) is the only way 
the program can clear this flag. 

If the program specifies a non-existent sector 
(>268) no indication of this error is given. If the 
subsystem then attempts a Read or a Write opera
tion, the drive unit will search forever for that 
non-existent sector. The subsystem can be re
leased from this search by having the program 
issue an I/O RESET instruction. 

During Head Positioning 

If the program issues a SPECIFY COMMAND 
AND CYLINDER instruction which specifies a 
non-existent cylinder (>6328) and then places 
the drive unit in the seek mode, the Seek opera
tion is terminated. Both the Seek Error and the 
Seek Done flags for that unit are set to 1. When 
the Seek Done flag is set to 1, a program inter
rupt request is initiated. 

If any Seek operation to a valid cylinder number 
results in a Seek Error, the drive unit should be 
recalibrated. 

During Reading 

As mentioned above, specifying a non-existent 
sector will cause the drive unit to search forever 
for that sector once a Read operation is initiated. 

An error can occur when the subsystem is reading 
a series of sectors in one operation if the Read 
operation exceeds the number of sectors available. 
When the last sector on surface 228 is read and the 
drive unit attempts to advance automatically to the 
next surface, since the sector counter has not 
overflowed, both the Error and the End Error 
flags are set to 1. The sector counter is incre
mented and the sector address is set to O. The 
Busy flag is set to 0, the Done flag is set to 1 
and a program interrupt request is initiated. 

Each sector on the disc pack is preceded by an 
address field. If the address read before any 
sector does not match the contents of the disc 
address registers at that time, both the Error 
and the Address Error flags are set to 1. The 
Busy flag is set to 0, the Done flag is set to 1, 
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and a program interrupt request is initiated. The 
particular type of address error detected can be 
determined by examining both the Sector Error and 
the Head Error flags. Three possibilities exist: 

1. If both the Sector Error and the Head Error 
flags are 0, the cylinder number does not 
match. 

2. If the Sector Error flag is 1, the sector 
number does not match. 

3. If the Head Error flag is 1, the head 
(surface) does not match. 

When a new pack is formatted, every sector found 
to produce irrecoverable errors is tagged with 
a Bad Sector label. This appears before the ad
dress field for the sector. If the drive attempts 
to read or write in a bad sector, the operation is 
terminated, and both the Bad Sector flag (which can 
be read with a READ MEMORY ADDRESS COUNTER 
instruction) and the Error flag are set to 1. The 
Busy flag is set to 0, the Done flag is set to 1, and 
a program interrupt request is initiated. 

If the checkword read at the end of a sector differs 
from that calculated by the controller, both the 
Error and the Check Error flags are set to 1. The 
Read operation is terminated, even if more sectors 
were supposed to be read; the Busy flag is set to 0, 
the Done flag is set to 1 and a program interrupt re
quest is initiated. The Check Error flag indicates 
that at least one word in the last sector read con
tains an error. 

If the data channel does not respond in time to a 
data channel request, both the Error and the Data 
Late flags are set to 1. The reading of the current 
sector continues, but once that sector has been 
read, the Read operation is terminated. The Busy 
flag is set to 0, the Done flag is set to 1 and a pro
gram interrupt request is initiated. The Data Late 
flag indicates that at least one word from the last 
sector read was not correctly transferred to mem
ory. 

If the drive stops tracking on the cylinder, the Seek 
Error and Error flags are set to 1. The Busy flag 
is set to ° and the Done flag is set to 1, thus in
itiating a program interrupt request. 

During Writing 

As mentioned above, specifying a non-existent sec
tor will cause the drive unit to search forever for 
that sector once a Write operation is initiated. 

An error can occur when the subsystem is writing 
a series of sectors in one operation if the Write 
operation exceeds the number of sectors available. 
When the last sector on surface 228 is written and 
the drive unit attempts to advance automatically to 
the next surface, since the sector counter has not 
overflowed, both the Error and the End Error flags 
are set to 1. The sector counter is incremented 
and the sector address is set to sector 0. The Busy 
flag is set to 0, the Done flag is set to 1 and a pro
gram interrupt request is initiated. 

Each sector on the disc pack is preceded by an ad
dress field. If the address read before any sector 
does not match the contents of the disc address 
registers at that time, both the Error and the Ad
dress Error flags are set to 1. The Busy flag is 
set to 0, the Done flag is set to 1, and a program 
interrupt request is initiated. The particular type 
of address error detected can be determined by ex
amining both the Sector Error and the Head Error 
flags. Three possibilities exist: 

1. If both the Sector Error and the Head Er
ror flags are 0, the cylinder number does 
not match. 

2. If the Sector Error flag is 1, the sector 
number does not match. 

3. If the Head Error flag is 1, the head 
(surface) does not match. 

When a new pack is formatted, every sector found 
to produce irrecoverable errors is tagged with a 
Bad Sector label. This appears before the ad
dress field for the sector. If the drive attempts to 
read or write in a bad sector, the operation is 
terminated, and both the Bad Sector flag (which 
can be read with a READ MEMORY ADDRESS 
COUNTER instruction) and the Error flag are set 
to 1. The Busy flag is set to 0, the Done flag is 
set to 1, and a program interrupt request is in
itiated. 

If the data channel does not respond in time to a 
data channel request, both the Error and the Data 
Late flags are set to 1. The writing of the cur
rent sector continues, but once that sector has 
been written, the Write operation is terminated. 
The Busy flag is set to 0, the Done flag is set to 
1 and a program interrupt request is initiated. 
The Data Late flag indicates that at least one 
word in the sector was not written properly. 

If the drive stops tracking on the cylinder, the 
Seek Error and Error flags are set to 10 The 
Busy flag is set to ° and the Done flag is set to 1, 
thus initiating a program interrupt request. 
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CARTRIDGE DG/DISC 
SUBSYSTEM MODELS 

6045,6050,6051 

PROGRAMMING SUMMARY 

Mnemonic (First Controller) 
Device Code 
Mnemonic (Second Controller) 
Device Code 
Priority Mask Bit 
Surfaces/Unit 
Tracks/Surface 

DKP 
338 

DKP1 
738 

7 
4* 

408 

Sectors/T rack 
Words/Sector 
Total Storage Capacity (Words) 
Max. Transfer Rate (wps) 
Allowable Data Channel Latency (us) 
Seek Time (maximin, ms) 
Sector Access Time (maximin, ms) 

* Two non-removable surfaces 

12 
256 

5,013,504 
156,250 

12.8 
70/8 

25/.12 

ACCUMULATOR FORMATS 

Specify Disc Address 
and Sector Count 

Read Disc Address 

Specify Command and Cylinder 

(DOC) 

(OIC) 

(DO A) 

r6Fi CLR SlEEK DN §~~ CMND I I CYL LS,B I! I 
o 1 I 2 3 I 4 5 6 I 7 8 9 I 10 I 11 ' 12 I 13 14! 15 

Commands 
00 Read 
01 Write 
10 Seek 
11 Recalibrate 
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Read Status (01A) 

Load Memory Address Register (008) 

Itr:J MEMORY ADDRESS 
f:-:·:t~:, 11 21 314 1 51 617 1 8 1 9110 1 

11 12 13 14 15 

Read Memory Address Register (018) 

MEMORY ADDRESS 

5 I 6 I 7 I 8 I 9 I 10 I 11 I 12 I 13 I 14 1 15 

S, C and P FUNCTIONS 
f = 5 Sets the Busy nag to 1. and the Done nag to 0; 

starts the operation specified in the command 
register. 

f = C Sets the Busy nag and the Done nag to 0 and 
stops all data transfer operations. 

f = P Sets the Done nag to 0 and starts the operation 
specified in the command register if that operation is a 
seek or a recalibrate. 



INTRODUCTION 
This disc subsystem includes a maximum of four 
movin~-head disc drives plus one or two controllers. 
The drives may be disc ~Rt'tridge units (model 
numbers 6045, 6050 or 6051J~ or diskette units (6030 
series), intermixed in any combination. The 
subsystem controller occupies a single slot of the 
computer chassis and directs the activities of the disc 
drives. Control over the subsystem may be shared 
between two NOVA® or ECLIPSE® central processors 
if a subsystem controller is installed in each processor. 

This section discusses the programming protocols for 
driving model 6045/50/51 disc cartridge units in both 
single- and dual-processor environments. Similar 
protocols for the 6030 series units are presented later 
in this manual. 

Each disc unit contains four program-accessible 
surfaces. Surfaces 0 and 1 are on a platter in a 
removable disc cartridge; surfaces 2 and 3 are on a 
platter permanently located in the lower half of the 
drive unit. There are 408 cylinders in each unit, 
numbered 0-627s . Each of the four tracks in a cylinder 
contains 12 sectors, numbered 0-13s . Each sector 
contains an address header and a data field that 
stores 256 (400s ) 16-bit data words and a 16-bit 
check- word. The data storage capacity is 3072 words 
per track or 5,013,504 words per drive unit. 

Data is transferred to and from the subsystem via the 
data channel at a maximum rate of 156,250 words per 
second. From 1 to 16 consecutive sectors in one 
cylinder (up to 4096 words) can be transferred in one 
operation. 

CONTROLLER REGISTERS 
The disc drive controller contains four program
accessible registers: a 15-bit memory address register, 
a 16-bit status register, a 16-bit combined command 
and cylinder selec~ register, and a combined disc 
address register and sector counter. The memory 
address register is self incrementing and contains the 
address of the next location whose contents are to be 
transferred to or from the disc subsystem via the data 
channel. The status register contains four Seek Done 

* Although 4234 series disc drives are functionally identical and 
electrically similar to 6045150151 series units, DGC does not 
recommend intermixing these series in the same subsytem. 

flags, a Read/Write (R/W) Command Done flag, a Unit 
Ready flag, a Valid Status flag, and six Error flags. 
The Seek Done flags and the R/W Done flag t each 
initiate a program interrupt request when set to 1. 
The combined command and cylinder select register 
contains the last command issued to the subsystem 
and the number of the desired cylinder on the selected 
unit. The combined disc address register and sector 
counter contains the number of the next surface and 
sector to be read or written and the two's complement 
of the number of sectors remaining to be read or 
written. The disc address and the sector counter 
portions of this register self-increment immediately 
after a sector is read or written. 
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INSTRUCTIONS 
Six instructions program data channel transfers to 
and from the subsystem. Three of these instructions 
supply the controller with all the necessary 
information for any disc operation. The remaining 
instructions allow the program to determine, in 
detail, the current state of the subsystem. 

The device flag commands control the disc controller's 
Busy and Done flags as follows: 

f = S Sets the Busy flag to 1, the Done flag to 0, the 
Address Error, End of Cylinder, Check word 
Error, Data Late, and Unsafe flags to 0, and 
initiates the operation specified by the contents 
of the command register. 

f = C Sets the Busy flag, the Done flag, all Error flags 
and all Seek Done flags to 0 and stops all data 
transfer operations; does not terminate a seek 
operation already in progress. 

f = P Sets the Done flag and all Error flags to 0 and 
initiates the operation specified by the contents 
of the command register. 

NOTE The P flag command does not affect the 
controller's Busy flag. If the Busy flag is 0 and 
the program starts an operation with the P 
command, the controller does not initiate a 
program interrupt request at the conclusion of 
the operation unless it is a seek or recalibrate. 
The controller initiates an interrupt at the end 
of all seek or recalibrate operations. 

t The Read/Write (RJW) Command Done nag is also called the controller 
Done nag and may be changed with the device nag commands. It may 
al~o be tested with a SKPDN instruction. 



Instruction Coding Conventions 

In the descriptions that follow, certain coding 
conventions are used so the assembler can recognize 
the instruction and translate it correctly into 
machine language. See Appendix E for these 
conventions. 

Specify Disc Address And Sector Count 

DOC [fJ ac, DKP 

10 1 1 

o 1 1 I 
A C I 1 1 0 \ 

314 1
5

1 617 
Loads bits 0-15 of the specified AC into the 
controller's disc address register and sector counter. 
After the data transfer, sets the controller's Busy and 
Done flags according to the function specifed by F. The 
contents of the specified AC remain unchanged; the 
format of the accumulator is as follows: 

II DRIVE I F M~::::::::::{:::::::::::)::::::::::J 0 0 I SECTOR I - SECT CNT I 
'. 0 1 1! 2 V:::~:::r:::::::l::::~:::l 6 1 7' 8 I 9 1 10 1 11 . 12 1 13 I 14 I 15' 

Bits Name Function 

0-1 Drive Selects drive 0-38 

2 Format If 1, places controller in FORMAT mode. 

3-5 --- Reserved for future use. 

6-7 Surface Selects the surface (head) 0-38 for the start of 
a read or a write operation. 

8-11 Sector Selects the starting sector, 0-138 for the start 
of a read or a write operation. 

12-15 -Sector Specifies the two's complement of the 
Count number of sectors to be read or written in one 

operation (maximum of 1610 ). 

Specify Command And Cylinder 

DOA [fJ ac, DKP 

I ~ 1 : I : I 3Y 4 1 ~ I ~ 1 ~ I 8' 91 ~o I :1 I ;21 ~3 I 14 I 15 

Loads bits 0-15 of the specified AC into the 
controller's combined command and cylinder select 
register. After the data transfer, sets the controller's 
Busy and Done flags according to the function 
specified by F. The contents of the specified AC remain 
unchanged; the format of the accumulator is as 
follows: 

!W CLA SEEK DN '&~~ CMND I CYL LSB 

~ 1 3 1 4 {:!. 5: 6 1 7 8 I 9 1 10 I 11 I 121 13 I 14 I 15 

Bits Name Function 

0 Clear Sets the status register's DC Done flag to 0; 
R/W Done sets the following error flags to 0: Address 

Error, Checkword Error, End of Cylinder, and 
Unsafe. 

1-4 Clear Seek Sets the Seek Done flags to 0 on drives 0-3, 
Done (0-3) respectively. 

5 Cylinder Most significant bit of cylinder address. 
MSB Together with bits 8-1 5, specifies the desired 

cylinder. 

6-7 Command Specifies the command for the selected drive 
as follows: 

00 Read 
01 Write 
10 Seek 
11 Recalibrate 

8-15 Cylinder Least significant bits of Cylinder Address. 
LSB Together with bit 5, specifies the desired 

cylinder (0-6278 ) for a Seek, Read or Write 
operation. 

load Memory Address Register 

DOB [fJ ac, DKP 

91
? 1 1 0 1 I 
10 I 11 I 12 I 13 I 14 I 15 

Loads bits 1-15 of the specified AC into the 
controller's memory address Register. After the data 
transfer, sets the controller's Busy and Done flags 
according to the function specified by F. The contents 
of the specified AC remain unchanged; the format of 
the accumulator is as follows: 

Bits Name Contents 

0 --- Reserved for future use. 

1-15 Memory Location of the next word in memory to be 
Address used for a data channel transfer. 
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Read Status 

DIA [f] ac, DKP 

I 0 , I 1 , AC 1 0 o , I F I 0 
6178910 

1 0 

12 I 13 11 14 15 

Places the contents of the controller's status register 
in bits 0-15 of the specified AC. After the data 
transfer, sets the controller's Busy and Done flags 
according to the function specified by F. The format of 
the specified accumulator is as follows: 

Bits Name Meaning When 1 

0 R/W Done The subsystem has completed a read or a 
write operation. 

1-4 Seek Done Drive 0-3. respectively, has completed a seek 
(0-3) or recalibrate operation. More than one of 

these bits can be set at any time. 

5 Diskette The selected disc is a diskette drive unit.' 

6 Valid When the read status command was issued, 
Status the controller had control of the disc 

subsystem:' 

7 --- Reserved for future use. 

8 Unsafe The selected drive is in an unsafe condition. 
The Unsafe flag can be reset with an S, C, P, 
or IORST command, but this action will not 
remove the drive's unsafe condition. Try to 
remedy the unsafe condition by powering 
down the drive, and then restarting it. 

9 Unit Ready The selected drive is not performing any head 
movements and is ready to carry out a 
command (read, write, seek, or recalibrate) 

10 Seek The selected drive was not able to carry out 
Error the last seek or recalibrate operation issued. 

11 End of The last read or write operation attempted to 
Cylinder continue beyond the fourth surface in the disc 

drive unit. 

12 Address The address read from the address field at the 
Error beginning of a sector does not match the last 

address specified to the disc controller. 

13 Checkword The checkword read from the disc at the end 
Error of a sector does not match the check word 

calculated by the controller during the sector 
transfer. 

14 Data Late The data channel failed to respond in time to a 
data channel request. 

15 Error One or more of the following bits in the status 
register is set to 1: 8, 10, 11, 12, 13, or 14. 

*Consult 6030-series subsystem programming mformation in this 
manual. 

**This bit is used in dual CPU, multiple drive environments. It 
allows the program to test the status of a drive unit without first 
issuing a dummy seek to guarant,,1? its control of the shared 
subsystem. When O. the bit indicates .that the controller lost control 
of the subsystem before status was read and the word returned 
may be inaccurate. The programming considerations for dual CPU 
operation are discussed later in this section. (This bit was always 
o in early revision controllers) 
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Read Disc Address 

Dle[f] ac, DKP 

I 0 , I ' I A C I' i 0 , I 
011 2 314 5 617 8 

, 0 

12 I 13 14 15 

Places the contents of the controller's disc address 
register and sector counter in bits 0-15 of the specified 
AC. After the data transfer, sets the controller's Busy 
and Done flags according to the function specified by 
F. The format of the specified accumulator is as 
follows: 

Bits Name Contents 

0-1 Drive Number (0-3) of the selected drive. 

2 Format When 1, Indicates that the controller is in 
FORMA T mode. 

3-5 --- Reserved for future use: 

6-7 Surface Surface number (0-3) of the selected head on 
the drive. 

8-11 Sector Number of the sector (0-138 ) immediately 
following the last sector read or written. If a 
read or write operation ends at the last sector 
(138 ) of a surface, this field contains the value 
14g. 

12-15 - Sector Two's complement of the number of sectors 
Count remaining to be read or written. 

*Bits 3-5 are the high-order bits for the head address field; they 
are ignored in all operations. If these bits are loaded with a value 
during a DOC instruction. that value will appear in the specified 
accumulator when a DIC instruction is issued. Upon End of 
Cylinder Error, the contents of these bits is incremented by 1. 

Read Memory Address Register 

DlO[f] ac, DKP 

Places the contents of the controller's memory 
address register in bits 1-15 of the specified AC; sets 
bit 0 to O. After the data transfer, sets the controller's 
Busy and Done flags according to the function 
specified by F. The format of the specified AC is shown 
below. 

NOTE At the end of a write operation, the 
memory address register points to a memory 
location two greater than that of the most 
recent word written to disc. 

~::::~:l::;~ M EM ORY ADDRESS 
~':f:<_ I I 1 I I I I I I I I I I o 1 2 J. 4 5 6 7 8 9 10 11 12 13 14 15 

Bits Name Contents 

0 --- Reserved for future use. 

1-15 Memory Location of the next word in memory to be 
Address used for a data channel transfer. 



PROGRAMMING 
Programming data transfers to or from 6045/50/51 
disc cartridge subsystems proceeds in three phases: 
(1) selecting the drive, surface and sector; (2) 
positioning the heads over the correct cylinder; and 
(3) initiating the read or write operation. After 
issuing commands in any phase, check the controller's 
status register for errors before proceeding to the next 
phase. 

The description below of these three programming 
phases assumes operation without errors. (Error 
conditions are discussed later in the text.) It also 
assumes three restrictions in the configuration of the 
disc cartridge subsystem: (1) that the subsystem 
contains a single disc drive; (2) that it connects to 
only one CPU and its controller in that CPU is 
configured accordingly; and (3) that the CPU is 
dedicated to it (i.e., the CPU's ION flag is set to 0). 

Certain additional considerations must be borne in 
mind when a subsystem contains more than one drive 
or when it operates in a dual-processor environment. 
(See end of section.) 

The operations described below can easily be applied 
to interrupt-driven service routines. 

Phase I: Select the Drive, Surface, Sector 
and Number of Sectors 
Issue a SPECIFY DISC ADDRESS AND SECTOR 
COUNT instruction (DOC) to the controller with no 
device flag command. Use appropriate accumulator 
fields to select the drive <0-38 ) the surface <0-38 ) and 
the first sector to be read or written, <0-138 ) as well as 
the two's complement of the number of sectors to be 
transferred in the operation. (The subsystem can 
transfer, at most, 1610 consecutive sectors in one 
operation.) Take care to ensure that the parameters 
specified in this initial selection do not exceed the 
capacity of the drive. 

After selecting the drive unit, check its status to 
verify the unit is ready to perform an operation. Issue 
a READ STATUS instruction (DlA) with no flag 
command, and then examine the Ready flag (bit 9) 
and the Diskette flag (bit 5). If the Ready flag is 1 and 
the Diskette flag is 0, proceed to phase II. If the Ready 
flag is 0, do NOT issue any commands to that drive 
unit. If the the Diskette flag is 1, follow instructions 
for 6030 diskette programming. 
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-----INITIAL SELECTION ----
AND HEAD POSITIONING 

Phase II: Position the Heads 

Move the heads to the desired cylinder using a 
SPECIFY COMMAND AND CYLINDER instruction 
(OOA) plus a p command. Use the appropriate 
accumulator bits to clear R/W Done and Seek Done on 
the selected drive and use the appropriate 
accumulator fields to specify both a cylinder address 
and the seek command. 

The p flag command initiates the seek operation with
out affecting the controller's Busy flag. P, however, 
sets the Done flag to O. 

While the drive is seeking, the Unit Ready and Seek 
Done flags for the selected drive are 0; at the 
conclusion of the seek operation, the controller sets 
the Seek Done flag for the selected drive to 1 in the 
subsystem status register. 

After the specified drive completes the seek operation, 
issue a READ STATUS instruction; check both the 
Unit Ready (bit 9) and the Error flags. If there are no 
errors, proceed to phase III. 



Phase III: Read or Write 
A read operation transfers blocks of data from a sector 
on disc to the computer's memory via the data 
channel; a write operation transfers blocks of data 
from the computer's memory to a sector on disc via 
the data channel. A block is 256 i6-bit words. One to 
i6 blocks can be transferred in one read or write 
operation. Multiple block transfer operations read or 
write consecutive disc sectors from one disc cylinder. 
(The sector that follows sector i38 on a surface is 
sector 0 on the next surface.) 

Read 

Specify the starting address of the area in memory to 
receive the data transfer, using a LOAD MEMORY 
ADDRESS REGISTER instruction (DOBl. Use the 
appropriate accumulator field to specify the i5-bit 
address of the memory location to receive the first 
word read from disc. The SPECIFY DISC ADDRESS 
AND SECTOR COUNT instruction (DOC) issued 
during phase I specified the disc surface to be read, the 
number of sectors to be read and the number of the 
starting sector. 

Issue a read command using the SPECIFY COM
MAND AND CYLINDER instruction (DOA) along 
with an S flag command. Use the appropriate 
accumulator bits to clear both the R/W flag and the 
Seek Done flag for the specified drive, and use the 
appropriate accumulator fields to specify both the 
read operation and a cylinder address. (The cylinder 
number must match that of the cylinder being read; it 
is used by the controller for address checking at the 
start of each 256-word sector transfer in the read 
operation.) 

The S flag command sets the Busy flag to i, and the 
Done flag to 0 and initiates the read operation. 

At the start of the operation, the drive waits until the 
desired sector passes under the specified head; it reads 
the address field from that disc sector, and the 
controller performs an address check. The cylinder 
address read from the sector address field must match 
that posted in the SPECIFY COMMAND AND 
CYLINDER instruction, and the sector and surface 
numbers contained in the address field must match 
those contained in the disc address register. If the 
address check is successful, the drive continues the 
operation, reads the sequential data bits from the 
sector, and calculates a i6-bit checkword from the 
serial data. 

The controller builds i6-bit words from the serial 
data and transfers them to the computer's memory 
via the data channel. Each time a word is transferred 
to memory, the controller automatically increments 
its memory address register by 1. 

After the dri ve reads the 256 words from the sector, 
the controller increments its sector counter by 1. The 
drive then reads the i6-bit checkword at the end of 

READ------------~ 

CYLINDER= CYLINDER 
SCRFACE=SVRFACE 
SECTOH=SECTOR-l 
DRIVE=DRIVE 
SEeTon COUNTER= 

, TER-l 

MEMORY ADDRESS IS 
CALCULATED FROM 
ORIGINAL ~EMORY AD
DRESS -<- 256 TIMES THE 
~UMBER OF SECTORS 
SUCCESSFULLY TRA:-JS
FERRED 

the sector and the controller verifies that it matches 
the check word calculated while data was read from 
disc. 

If the controller's sector counter does not overflow at 
the trailing edge of a sector, the drive reads the next 
sector; the process repeats until either the sector 
counter overflows or the last sector on a surface is 
read. When last sector on surfaces 0-2 is read, the 
controller automatically changes the surface and 
sector address in the disc address register to specify 
the first (0) sector on the next surface of the same 
cylinder, and the drive continues reading from that 
sector. 

A read operation continues until the sector counter 
indicates, by overflowing, that the specified number of 
sectors has been read. Upon completing the read 
operation, the controller sets its Busy flag to 0 and its 
Done flag to i,initiating a program interrupt request. 
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Write 

Specify the starting address of the area in memory to 
be transferred by using a LOAD MEMORY 
ADDRESS REGISTER instruction <008>' Use the 
appropriate accumulator field to specify the 15-bit 
address of the first word in memory that will be 
written to disc. The SPECIFY DISC ADDRESS AND 
SECTOR COUNT instruction (DOC) issued during 
phase I specified the disc surface to be written, the 
number of sectors to be written and the number of the 
starting sector. 

Issue a write command using the SPECIFY COM
MAND AND CYLINDER instruction (DOA) plus an S 

flag command. Use the appropriate accumulator bits 
to clear both the R/W flag and the Seek Done flag for 
the specified drive, and use the appropriate 
accumulator fields to specify both the write operation 
and a cylinder address. (The cylinder number must 
match that of the cylinder to be written; it is used by 
the controller for address checking at the start of each 
256-word sector transfer in the write operation.) 

The S flag command sets the Busy flag to 1 and the 
Done flag to 0 and initiates the write operation. 

At the start of the operation, the drive waits until the 
desired sector passes under the specified head; it reads 
the address field from that disc sector, and the 
controller performs an address check. The cylinder 
address read from the sector address field must match 
that posted in the SPECIFY COMMAND AND 
CYLINDER instruction, and the sector and surface 
numbers contained in the address field must match 
those contained in the disc address register. If the 
address check is successful, the drive continues the 
operation and writes the sequential data bits to the 
sector. 

The controller receives 16-bit data words from the 
data channel and transfers them serially to the drive 
unit while continually recalculating a 16-bit cyclic 
checkword from the serial data. Each time a word is 
transferred from memory, the controller 
automatically increments its memory address register 
by 1. 

After the drive writes the 256 words from the sector, 
the controller increments its sector counter by 1 and 
adds the checkword to the data wirtten to disc. 

--.----- WRITE 

EXIT:) 
OG-00974 

CYLI!,;DER",CYLINDER 
SURFACE= Sl:RFACE 
SECTOR = SECTOR-l 
DRIVE=DRIVE 
SECTOR COL:NTER= 
SECTOR COU!'lTER-l 

~EMORY ADDRESS IS 
CALCULATED FROM 
ORIGINAL MEMORY AD
DRESS + 256 TIMES THE 
NUMBER OF SECTORS 
5UCCESSFt:LL Y TRANS
FERRED 

:-.IOTE pC)<;'>lble hardware erPJr In hi'ad counter. 

If the eontroller's sector counter does not overflow at 
the tra.iling edge of a sector, the drive writes the next 
sector; the process repeats until either the sector 
counter overflows or the last sector on a surface is 
written. When the last sector on surfaces 0, 1 or 2 is 
written, the controller automatically changes the 
surface and sector address in the disc address register 
to specify the first (0) sector on the next surface of the 
same eylinder, and the drive continues writing on 
that sector. 

A write operation continues until the sector counter 
indicates, by overflowing, that the specified number of 
sectors has been written. Upon completing the write 
operation, the controller sets its Busy flag to 0 and its 
Done flag to 1, initiating a program interrupt request. 
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FORMATTING 
All disc data surfaces must be formatted before a Data 
General disc cartridge subsystem will properly 
function. The format delineates an address field and a 
data field in each sector of every track of a surface. 
The address field of a sector is a coded header that 
precedes the data area of the sector and contains the 
sector's logical address. The purpose of the format is 
twofold: (1) it provides information for address 
checking by the subsystem (transparent to the 
programmer) before each data transfer; (2) it 
provides splice areas that separate the address field 
from the data field in a sector while giving read and 
write controls time to properly initialize and settle 
prior to a data transfer. 

The format field contains a gap or splice area followed 
by twenty-four 16-bit words. The first 22 words, all 
containing zeros, and a 23rd word containing 000001 R, 

form a synchronization field. The 24th word is the 
address word containing the cylinder, sector and 
surface numbers. 

Another splice field follows the format field, and it is 
followed, in turn, by a synchronization field of all 
zeros, a single sync bit (1), the 256-word data area, 
and its check word. Zeros fill the remainder of the 
sector. 

If the status register repeatedly indicates an address 
error after many failures to read or write an area on 
the disc, the area in question (possibly one sector, or 
several adjacent sectors on one surface) may need 
reformatting. 

Typically, disc cartridges obtained from Data General 
are completely formatted before they are shipped; 
cartridges obtained elsewhere must be formatted by 
the customer. Should the fixed platter in a disc unit be 
removed or replaced, it, too, requires reformatting. 

Data General provides a stand-alone program that 
will format all the sectors and surfaces of a disc unit. 
The program can also format a single sector, several 
sectors, or one cylinder of the drive. The formatter 
program is available on paper tape (DOC no. 
095-000300), and its operation is described in a 
companion program listing WOC no. 096-000300). 

Whenever any sector is reformatted, all the data in 
that sector is lost. Formatting is done independently 
of and before initializing a disc for use with a Data 
General operating system. 
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TIMING 
The discs in the drive unit rotate at 2400rpm; a 
complete revolution requires 25ms. A register within 
the drive (transparent to the programmer) 
continually indicates to the controller the number of 
the sector presently passing under the heads. This 
feature allows the subsystem to carry out a read or 
write operation the first time the desired sector 
passes under the head. 

The minimum sector access time is that required to 
read the address field at the start of a sector - 300us; 
the maximum access time is that needed for a full 
revolution plus the address field time - 25.3ms; the 
average sector access time is 12.7ms. 

A sector passes under a head in 2.08ms; the data 
portion of that sector passes under the head in 
1.638ms. A data channel request occurs every two 
words, approximately 12.8us (nominal). This 
corresponds to an average data transfer rate of 
156,250wps. The controller can buffer two words for 
the data channel, which provides a maximum 
allowable data channel latency of 12.8us. If the data 
channel does not respond to a controller request 
within this time, both the Data Late flag and the 
Error flag are set to 1. 

The time required to position the heads (seek time) 
depends on the number of cylinders the heads must 
cross to reach the destination cylinder, seek time is 
direction-independent. The minimum seek time is 
that for a single cylinder seek - 8ms; the maximum 
seek time is that needed to traverse all cylinders -
70ms. 

The recalibrate operation moves the heads back to 
cylinder 0; but it progresses more slowly than a seek 
to protect the head moving mechanism and to reset its 
controls in an orderly manner. The maximum 
recalibrate time is approximately 200ms. 

NOTE Issue no commands to the disc 
controller for at least 50us after the start of a 
seek or recalibrate operation. 



ERROR CONDITIONS 

During Initial Selection (Phase I) 

Initial selection errors appear subsequently to recent 
disc read and write operations and are unrelated to 
commands issued in phases I or II. 

Absence of Valid Status 

If a single processor is used, the entire disc subsystem 
remains dedicated to one controller. In this case, the 
Valid flag may be set to 0 if: (1) the controller has 
been improperly configured for use with a single 
processor; (2) the controller can only operate with a 
single processor and, hence, its valid flag is always set 
to 0; (3) a hardware malfunction exists. 

If dual processors are used, access to the disc 
subsystem is provided to one controller at a time, on a 
demand basis. (See subsection below on dual 
processor considerations'> In this case, a Valid flag set 
to 0 may mean that the status word returned is 
suspect (i.e., the controller did not have access to the 
subsystem while reading the status word), To ensure 
accuracy of the status word, issue a seek command (to 
any cylinder, any drive) wait at least 50us, reselect 
the desired drive and reread the Valid flag. Repeat 
this process until the Valid flag reads 1. 

Unsafe Error 

If the Unsafe flag is 1, the Unit Ready flag is O. Issue 
an S, C, P, or IORST to set the Unsafe flag in the 
controller to 0; however, this action will usually not 
remove the drive unit's unsafe condition. 
(Momentarily toggling the LOAD/RUN switch on the 
drive control panel to LOAD and then back to RUN, or 
powering down the drive and then restarting it will 
usually clear the unsafe condition.> 

If a drive's unsafe condition persists after the Unsafe 
flag is set to 0 in the controller, the flag will not return 
to 1 again until either (1) another unsafe drive unit is 
selected or (2) the original unsafe unit is first 
deselected (SPECIFY... another drive) and then 
reselected. 
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During Head Positioning (Phase II) 
If the program issues a SPECIFY COMMAND AND 
CYLINDER instruction (DOA) that initiates a seek 
operation to a non-existent cylinder (i.e., greater than 
6278 ), the seek operation immediately terminates, 
and both the Seek Error and the Seek Done flag are 
set to 1; then a program interrupt request is initiated. 
If any seek operation to a valid cylinder number 
results in a Seek Error, perform a reasonable number 
of seek retries. 

SeE!k Retry 

A seek retry is a recalibrate operation followed by 
another attempt to position the heads over the 
desired cylinder. The recalibrate operation is a 
hardware recovery sequence that moves the heads of 
the selected drive over cylinder 0 and resets the head 
positioning control in that drive. 

To perform a seek retry, recalibrate the drive using a 
SPECIFY COMMAND AND CYLINDER instruction 
(DOA) plus a P flag command. Use the appropriate 
accumulator bits to clear both the Seek Done flag for 
the sellected drive unit and the R/W Done flag; use the 
appropriate accumulator field to specify a recalibrate 
operat.ion. The cylinder address field is ignored in a 
recalibrate operation. 

The P flag command sets the Done flag to 0 and 
initiates the operation without affecting the 
controller's Busy flag. While the drive is recalibrating, 
the Unit Ready and the Seek Done flags for the 
specified drive are 0; at the conclusion of the 
operation, the controller sets the Seek Done flag for 
the appropriate drive and initiates a program 
interrupt request. 

At the conclusion of the recalibrate operation, 
increment a seek retry counter (see flowchart on 
initial selection and head positioning) and try again 
to position the heads over the desired cylinder. If, 
after several attempts. the drive does not successfully 
position the heads over the desired cylinder, that 
drive or the subsystem may be faulty. 

During Reading 
If the program specifies a non-existent sector (i.e., 
greater than 138 ), the controller sets the contents of 
the seetor register value to zero and increments the 
surface by 1. If, after incrementing, the resulting 
surface address is 1, 2 or 3, the read operation begins 
at the first sector of that surface. If the resulting 
surface address is 4 (a non-existent surface), an End of 
Cylinder Error is indicated. 



End of Cylinder Error 

An error can occur when the disc subsystem attempts 
to read past the last sector on surface 3. If the read 
operation does not terminate (i.e., if the sector counter 
does not overflow) after ;~~sector 138 on that 
surface,both the Error and the End of Cylinder Error 
flags are set to 1, and the operation terminates. The 
sector counter remains at its incremented value, the 
controller forces both the sector and the surface 
addresses to 0 and also increments by 1 the unused 
head address field (bits 3-5) of the controller's disc 
address register. (See READ DISC ADDRESS 
instruction'> The controller sets its Busy flag to 0 and 
its Done flag to 1 and initiates a program interrupt 
request. 

Address Error 

An address field preceding each sector on the drive 
identifies its surface, cylinder and sector position. 
Before the controller reads data from a specified 
sector, it performs an address check. If the controller 
reads an address from the address field that does not 
match that in the disc address register, the controller 
sets both the Error and the Address flags to 1, and the 
read operation terminates immediately. The 
controller sets the Busy flag to 0, the Done flag to 1, 
and initiates a program interrupt request. 

After an address error, the sector counter and the 
sector address register retain the values they had 
when the error occurred. That is, the sector address 
register retains the number of the faulty sector and 
the sector counter contains the two's complement of 
the number of sectors left to read in the operation. 

Repeated address errors from the same sector(s) on 
the disc cartridge may indicate damage to the 
magnetic media; or those sector(s} may need 
reformatting. (See subsection on formatting, above.> 

Checkword Error 

Each time the subsystem writes data to disc, it 
appends a 16-bit checkword to the 256-word data 
block. While the controller reads the data from a 
sector, it continually computes a check word from the 
data stream from disc and compares it to the 
checkword written at the end of the data block on the 
disc. If the check words differ, the controller sets both 
the Error and the Check word flags to 1, and the read 
operation terminates at the end of the sector, even if 
t here are more sectors to read. The controller sets the 
Busy flag to 0 and the Done flag to 1 and initiates a 
program interrupt request. A Check word error 
indicates that at least one data word read from the 
sector is erroneous. 

After a Checkword error, the sector address register 
points to the sector following that in which the error 
occurred. The sector counter contains the two's 

complement of the number of sectors, not including 
the faulty sector, that remain unread after the error. 

Data late Error 

If the data channel does not respond in time to a data 
channel request, both the Error and the Data Late 
flags are set to 1. Reading of the current sector 
continues, but at the end of that sector, the read 
operation terminates. (The sector counter and the 
sector address register increment normally.> The 
controller sets the Busy flag to 0 and the Done flag to 1 
and initiates a program interrupt. The Data Late flag 
indicates that at least one word from the last sector 
read was not correctly transferred to memory. 

After a Data Late error, the sector address register 
points to the sector following that in which the error 
occurred. The sector counter contains the two's 
complement of the number of sectors, not including 
the faulty sector, that remain unread after the error. 

During Writing 
If the program specifies a non-existent sector (i.e., 
greater than 138 ), the controller sets the contents of 
the sector register to zero and increments the surface 
by 1. If, after incrementing, the resulting surface 
address is 1, 2 or 3, the write operation begins at the 
first sector of that surface. Otherwise, an End of 
Cylinder Error occurs. 

End of Cylinder Error 

An error can occur when the disc subsystem attempts 
to write past the last sector on surface 3. If the write 
operation does not terminate (i.e., if the sector 
counter does not overflow) after writing sector 138 on 
that surface, both the Error and the End of Cylinder 
Error flags are set to 1, and the operation terminates. 
The sector counter remains at its incremented value, 
the controller forces both the sector and the surface 
addresses to 0 and also increments by 1 the unused 
head address field (bits 3-5) of the controller's disc 
address register. (See READ DISC ADDRESS 
instruction'> The controller sets its Busy flag to 0 and 
its Done flag to 1 and initiates a program interrupt 
request. 
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Address Error 

An address field preceding each sector on the disc unit 
contains its surface, cylinder and sector position. 
Before the controller writes data to a specified sector, 
it performs an address check. If the controller reads 
an address from this field that does not match that in 
the disc address register, the controller sets both the 
Error and the Address Error flags to 1, and the write 
operation terminates immediately. The controller sets 
the Busy flag to 0 and the Done flag to 1 and initiates a 
program interrupt request. 



After an address error, the sector counter and the 
sector address register retain the values they had 
when the faulty sector came under the head. That is, 
the sector address register retains the number of the 
faulty sector and the sector counter contains the two's 
complement of the number of sectors left to write in 
the operation. 

Repeated address errors from the same sector(s) on 
the disc cartridge may indicate damage to the 
magnetic media; or those sector(s) may need 
reformatting. (See subsection on formatting, above.) 

Data Late Error 

If the data channel does not respond in time to a data 
channel request, both the Error and the Data Late 
flags are set to 1. Writing into the current sector 
continues, but at the end of that sector, the operation 
terminates. The controller sets the Busy flag to 0 and 
the Done flag to 1 and initiates a program interrupt. 
The Data Late flag indicates that at least one word 
written into the last sector was not correctly 
transferred from memory. 

After a Data Late error, the sector address register 
points to the sector following that in which the error 
occurred. The Sector Counter contains the two's 
complement of the number of sectors, not including 
the faulty sector, that remain unwritten after the 
error. 

MULTIPLE DRIVES 
In a multiple drive subsystem, any unit may initiate a 
seek or recalibrate operation while other units are 
executing head positioning commands. The subsystem 
can also overlap seek or recalibrate operations on 
several drives with a data transfer on a single drive -
but all the commands to seek or recalibrate must 
precede the command to start reading or writing. 
Certain programming considerations must be borne 
in mind during each phase when performing multiple 
operations. 

Phase I Considerations 

Issue the SPECIFY DISC ADDRESS AND SECTOR 
COUNT instruction if no disc unit in the subsystem is 
performing a read or write operation. Deselecting a 
drive engaged in a data transfer will immediately 
terminate that transfer. 

If commands to the subsystem are to be overlapped, 
only the accumulator field specifying unit number is 
significant, and the other fields may be set to zero. 
(The unneeded fields may not, however, specify 
parameters that exceed the capacity of the unit.) 
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Phasle II Considerations 
Initiate a head positioning operation on the unit 
selected in phase I, as described previously. Overlap it 
with a head positioning operation on a different unit 
as folllows: branch immediately to phase I, specify and 
check status on the new unit, and then return to 
phase II to start the new operation. Repeat this 
sequence until all the overlapped positioning 
operations have been started. 

Next, determine which drive is to perform the first 
data transfer. The decision may be dictated by 
priority. But when it is possible to initiate a transfer 
on the first available drive, to find it, keep examining 
the Seek Done flags by repeatedly issuing READ 
ST A 1rUS instructions. 

After choosing a unit for the data transfer, issue a 
SPECIFY DISC ADDRESS AND SECTOR COUNT 
instruction (DOC) to reselect that unit and establish 
parameters for the transfer. 

Check the selected unit's status by issuing a READ 
STATUS instruction (DIAl. Check both the Unit 
Ready flag and the Error flag, If there are no errors, 
proceed to phase III. 

NOTE If a seek error occurs, perform one seek 
retry (described above); but, if possible, move 
on to initiate a transfer on another disc unit. 
Wait for a retry to finish only if the drive 
involved must perform the next data transfer. 

Phase III Considerations 

Once a unit has been selected for a read or write 
opera.tion at the end of phase II, begin the data 
transfer exactly as described earlier. Starting the read 
or write operation with an s flag control does not 
affect the values of the Seek Done flags. Do not issue a 
SPECIFY DISC ADDRESS instruction (DOC) to the 
subsystem until both the Done flag and the R/W Done 
flag (in the status register) are set to 1. 

It is safe to issue a READ STATUS instruction any 
time to determine whether any seek operations 
overlapped in phase II have been completed. This may 
be useful in choosing the next unit for a transfer and 
for preparing that transfer. 

After the transfer, issue a READ STATUS 
instruction. Once status has been read, either check 
for errors in the present transfer or, if possible, save 
the status word, reselect units and start the next 
transfer before checking the present one for errors. 



DUAL PROCESSOR 
CONSIDERATIONS 

The disc subsystem hardware imposes certain 
restrictions on the program when the subsystem 
operates in a dual processor (shared disc) 
environment. The dual access mechanism switches 
access to the entire subsystem from one controller to 
the other on a demand basis, in conjunction with 
timing and command protocols. 

Each processor obtains subsystem control by issuing 
head positioning commands. Once established, this 
control may be maintained by issuing other head 
positioning commands prior to completion of a 
3-second subsystem timeout. Completion of a read or 
write immediately terminates subsystem control. The 
other processor must wait for service until the 
processor in control has completed its task. 

The description and flowcharts below describe 
non-interrupt driven procedures for operating a 
single-drive subsystem in a shared-disc environment. 
These procedures focus on maintaining the integrity 
of the subsystem only at the hardware level. The 
concepts can be extended to support interrupt drivers 
for multiple-drive subsystems. 

A separate protocol is needed to maintain data 
integrity within the file structure. A simple file 
protocol, for example, might assign a number of blocks 
to one processor for unrestricted use (including 
writing) while assigning the remaining blocks to the 
other processor. In general, the protocol is 
implemented by means of some communication link 
between processors to allow conflict arbitration. Data 
General's Real Time Disc Operating System mDOS) 
uses the facilities of the model 4240 interprocessor bus 
for resolving conflicts in the dual CPU environment. 

Program a shared disc subsystem in three phases: (1) 

select the disc unit and specify parameters for the 
transfer; (2) position the heads over the desired 
cylinder and gain access to the subsystem; and (3) 
initiate the transfer. 

Phase I, Initial Selection 
Set up the subsystem control as described previously 
in the subsection on programming, phase I. Do not 
read status. 

Phase II 
Issue a SPECIFY COMMAND AND CYLINDER 
instruction (DOAl with a P appended to it as described 
previously. Wait at least 50 microseconds after issuing 
the seek command and then issue a READ STATUS 
instruction (DIAl. Verify that the Valid Status flag (bit 
6) is 1. The controller receives access to the subsystem 
for a maximum of 3 seconds after the Valid Status flag 
in its status register becomes 1. Continue reading 
status until both the Seek Done flag and the Unit 
Ready flag are 1. If the Error flag is 0, proceed to phase 
III. 

If the Error flag is 1, then the seek may be retried 
several times. Since the processor reasserts control of 
the subsystem for 3 seconds each time a seek or 
recalibrate command is issued, the programmer 
should limit the number of retry operations to avoid 
locking out the other processor. * 

Phase III 
Initiate the data transfer as previously described. The 
processor unconditionally loses control of the 
subsystem at the end of a data transfer operation or 3 
seconds after the last head positioning command, 
whichever comes first. 

After a data transfer, the contents of the status 
register remain unchanged in the controller until the 
controller issues a SPECIFY DISC ADDRESS 
instruction (DOC) that alters the disc unit selection. 

NOTE The Valid Status nag returned in the 
status register at the conclusion of a data 
transfer will always be O. If the program has 
not issued an initial selection command or a 
device nag command (S, C, Pl, the contents of the 
status register remain valid. 

If the data transfer is terminated by a timeout (3 
seconds), restart the entire process beginning with 
phase I. 
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* Note that only head positioning commands assert control of the 
subsystem; no other commands will restart the 3-second timeout. 



,......-------~. INITIAL SELECTION AND HEAD POSITIONING ---------.... 
(SHARED DISCI 

SET RECALIBRATE 
RETRY COUNTER 

SET UP THE CONTROL BY 
SPECIFYING THE DRIVE, 
SURFACE, SECTOR AND 
SECTOR COUNT 

NO 

SET SEEK DONE FLAG 
TO 0, SPECIFY CYLINDER 
AND START SEEK 

START SUBSYSTEM TIMER 

YES 
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RECAL & RETRY COUNTER 
= RECAL & 
RETRY COUNTER + 1 

SET SEEK DONE FLAG TO 0, 

START RECAL MODE 



DG-03186 

READ (SHARED DISC) ------------~ 

SET SEEK DONE TO 0 

SPECIFY CYLINDER 
SPECIFY READ OPERA TlON 
START READ 

SURFACE = SURFACE, DRIVE = DRIVE 
SECTOR COUNTER = SECTOR COUNTER - 1 
CYLINDER = CYLINDER, SECTOR = SECTOR - 1 
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CYLINDER = CYLINDER 
SURFACE = SURFACE 

SECTOR = SECTOR - 1 
DRIVE = DRIVE 
SECTOR COUNTER = 
SECTOR COUNTER - 1 

MEMORY ADDRESS IS 
CALCULATED FROM 
ORIGINAL MEMORY 
ADDRESS + 256 TIMES 
THE NUMBER OF 
SECTORS SUCCESSFULLY 

CYLINDER = CYLINDER + 1 
SURFACE = SECTOR = 0 
SECTOR COUNTER = 
SECTOR COUNTER 

NOTE POSSIBLE HARDWARE ERROR 
IN HEAD COUN TER 



r--------------- WRITE (SHARED DISC) 

SET SEEK DONE TO 0 j 
SPECIFY CYLINDER 
SPECIFY WRITE OPERATION 
START WRITE 

YES 

YES 

NOTE: POSSIBLE HARDWARE ERROR IN HEAD COUNTER 

DG-03187 
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CYLINDER = CYLINDER 
SURFACE = SURFACE 

SECTOR = SECTOR - 1 

DRIVE = DRIVE 
SECTOR COUNTER = 
SECTOR COUNTER - 1 

MEMORY ADDRESS IS 
CALCULATED FROM 
ORIGINAL MEMORY 
ADDRESS + 256 TIMES 
THE NUMBER OF 
SECTORS SUCCESSFULLY 
TRANSFERRED 

CYLINDER = CYLINDER + 1 
SURFACE = SECTOR = 0 
SECTOR COUNTER = 
SECTOR COUNTER 

GO TO INITIAL SELECTION 
AND HEAD POSITIONING 
FOR SEEKING TO A NEW 
CYLINDER 
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6030 SERIES 
DISKETT'E 

SUBSYSTEM 

PROGRAMMING SUMMARY 

Mnemonic (First Controller) 
Device Code 
Mnemonic (Second Controller) 
Device Code 
Priority Mask Bit 
Surfaces/Unit 
Tracks/Surface 

DKP 
338 

DKP1 
738 

7 
1 

77 

Sector-siT rack 
Words/Sector 
Total Storage Capacity (Words) 
Max. Transfer Rate (wps) 
Allowable Data Channel Latency (us) 
Seek Time (max/min, ms) 
Sector Access Time (max/min, ms) 

8 
256 

157,696 
15,625 

128 
770/20 

166/3 

ACCUMULATOR FORMATS 

Specify Disc Address 
and Sector Count 

Read Disc Address 

Specify Command and Track 

(DOC) 

-SECT CNT I 
12 I 13 I 14 I 15 

(DIC) 

(DOA) 

I~WI CLR SEEK ON I 0 I CMND I 0 ,. TRACK I i I 
a 1 I 2 I 31 4 5 61 7 8 9110 I 11 I 12113 14 15 

Commands 
00 Read 
01 Write 
10 Seek 
11 Recalibrate 

Read Status (DIA) 

~w SEEK ON ON. 
a 1 2 3 

Load Memory Address Register (008) 

ltt:::~ MEMORY ADDRESS I 
:.:.:;:.: 1 I 2 I 3 1 4 I 5 I 6 1 7 I 8 I 9 1 10 I 11 I 121 13 I 14 I 15 

Read Memory Address Register (018) 

___ MEMORY ADDRESS 

~I 2 I 3 I 4 I 5 I 6 I 7 I 8 I 9 I 1a I 11 I 121 13 I 14 I 15 

S, C and P FUNCTIONS 
f = S Sets the Busy flag to 1, and the Done flag to 0; 

starts the operation specified in the command 
register. 

f = C Sets the Busy n.ag and the Done n.ag to 0 and 
stops all data transfer operations. 

f = P Sets the Done nag to 0 and starts the operation 
6rpecified in the command register if that operation is a 
6reek or a recalibrate. 
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INTRODUCTION 
The 6030 diskette subsystem includes up to four 
moving head diskette drives and one or two 
controllers; 6030 diskette units may be intermixed 
with 4234 or 6045/50/51 disc cartridge units.* The 
subsystem controller occupies a single slot of the 
computer chassis and directs the activities of the disc 
drives. Control over the subsystem may be shared by 
two NOVA® or ECLIPSE® central processors if a 
subsystem controller is installed in each processor. 

This section discusses the programming protocols for 
dri ving 6030 series diskette units in both single- and 
dual-processor environments. Similar protocols for 
the cartridge units are presented elsewhere in this 
manual. . 

A subsystem may contain four diskette units; the 
identity of each unit (unit number) is 
operator-selectable by means of a front panel 
thumbswitch. Each disc unit contains a single 
program-accessible surface. There are 77 tracks in a 
unit, numbered 0-1148' Each track contains 8 sectors, 
numbered 0-7. Each sector contains an address header 
and a data field that stores 256 (4008 ) 16-bit data 
words and a 16-bit checkword. The data storage 
capacity is 2,048 words per track or 157,696 words per 
diskette. 

Data is transferred to and from the subsystem via the 
data channel at a maximum rate of 15,625 words per 
second. From one to eight consecutive sectors in one 
track can be transferred in one operation. 

CONTROLLER REGISTERS 
The disc drive controller contains four program
accessible registers: a 15-bit memory address register, 
a 16-bit status register, a 16-bit combined command 
and track select register, and a combined disc address 
register and sector counter. The memory address 
register is self-incrementing and contains the address 
of the next location whose contents are to be 
transferred to or from the disc subsystem via the data 
channel. The status register contains four Seek Done 
flags, a Read/Write m/W) Command Done flag, a Unit 
Ready flag, a Valid Status flag, and six error flags. The 

* Certain early revision diskette units operate in dual CPU environments 
only when combined with 6045/50/51 cartridge drives. Also. since the 
4234 series units do not support dual CPU operation. diskette units 
combined with the 4234 units are similarly restricted. 

Seek Done flags and the R/W Done flag teach initiate 
a program interrupt request i when set I to 1. The 
combined command and track select register contains 
the last command issued to the subsystem and the 
number of the desired track on the selected unit. The 
combined disc address register and sector counter 
contains the number of the next sector to be read or 
written and the two's complement of the number of 
sectors remaining to be read or written. The disc 
address and the sector counter portions of this 
register self-increment immediately after a sector is 
read or written. 

INSTRUCTIONS 
Six instructions program data channel transfers to 
and from the subsystem. Three of these instructions 
supply the controller with all the necessary 
information for any disc operation. The remaining 
instructions allow the program to determine, in 
detail, the current state of the subsystem. 

The device flag commands control the disc controller's 
Busy and Done flags as follows: 

f = S Sets the Busy flag to 1, the Done flag to 0, the 
Address Error, End of Cylinder, Checkword 
Error, Data Late, and Unsafe flags to 0, and 
initiates the operation specified by the contents 
of the command register. 

f = C Sets the Busy flag, the Done flag, all Error flags, 
and all Seek Done flags to 0 and stops all data 
transfer operations; does not terminate a seek 
operation already in progress. 

f = P Sets the Done flag and all Error flags to 0 and 
initiates the operation specified by the contents 
of the command register. 

NOTE - The P flag command does not affect the 
controller's Busy flag. If the Busy flag is 0 and the 
program starts an operation with the P command, the 
controller does not initiate a program interrupt request at 
the conclusion of the operation unless it is a seek or 
recalibrate. The controller initiates an interrupt at the 
end of all seek or recalibrate operations. 

t The ReadlWrite (R/W) Command Done flag is also called the controller 
Done flag and may be changed with the device flag commands. It may 
also be tested with a SKPDN instruction. 
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Instruction Coding Conventions 

In the descriptions that follow, certain coding 
conventions are used so the assembler can recognize 
the instruction and translate it correctly into 
machine language. See Appendix E for these 
conventions. 

Specify Command And Track 

DOA [f] ac, DKP 

101,11 AC 1°1 01 F /01 101 11 
o I 1 I 2 3 I 4 5 1 6 I 7 8 1 9 10 1 11 1 12 I 13 1 141 15 

Loads bits 0-15 of the specified AC into the 
controller's combined command and track select 
register. After the data transfer, sets the controller's 
Busy and Done flags according to the function 
specified by F. The contents of the specified AC remain 
unchanged; the format of the accumulator is as 
follows: 

I~~I C1LR S~EK ON I 0 , CMNO" 0 I TRACK 
0123145617 9110 1 11 1 12113

1
14 1 15 

Bits Name Function 

0 Clear Sets the status register's DC Done flag to 0; 
R/W Done sets the following error flags to 0: Address 

Error, Checkword Error, End of Cylinder, and 
Unsafe. 

1-4 Clear Seek Sets the Seek Done flags to 0 on drives 0-3. 
Done (0-3) respectively. 

5 --- Must be O. 

6-7 Command Specifies the command for the selected drive 
as follows: 

00 Read 
01 Write 
10 Seek 
11 Recalibrate 

8 --- Must be O. 

9-15 Track Specifies the desired track (0- 1148 ) for a 
seek read or write operation. 

Specify Disc Address And Sector Count 

DOC [f] ac, DKP 

~1 I AC 11! 1 o! F 10 1 1 0 1 1 I 
~2 3 I 4 5' 6 I 7 8 1 9 10 1 111 12113 1 141 15 

Loads bits 0-15 of the specified AC into the 
controller's disc address register and sector counter. 
After the data transfer, sets the controller's Busy and 
Done flags according to the function specifed by F. The 
contents of the specified AC remain unchanged; the 
format of the accumulator is as follows: 

Bits Name Function 

0-1 Drive Selects drive 0-38 

2 Format If 1, places controller in FORMAT mode 

3-5 --- Reserved for future use. 

6-8 --- Must be O. 

9-11 Sector Selects the starting sector (0-7) for the start 
of a read or a write operation. 

12-15 -Sector Specifies the two's complement of the 
Count number of sectors to be read or written in one 

ooeration (maximum of 8'f)). 

Load Memory Address Register 

DOB [f} ac, DKP 

ro-;-l I A C I 1 0 0 I F I 0 1 
~2 3 I 4 51 6 I 7 8 1 9 10 1 11 

1 0 1 I 
12 I 13 1 14 1 15 

Loads Bits 1-15 of the specified AC into the 
controller's memory address register. After the data 
transfer, sets the controller's Busy and Done flags 
according to the function specified by F. The contents 
of the specified AC remain unchanged; the format of 
the accumulator is as follows: 

~t~:~ 1 1 :'~2+1-3-+1-4-+1--+I-M-6E+I--~+~Y--:+~_O_:+1-~-:+1-1-1+1-1~2+1-1-3+1-1~4+1-1-J5 

[TIits Name 

1-~ 5 Me~-Ory Location of the next word in memory to be 
..!:.A".,.dd""'rre ...... s:s~u~s~e ... d-"fo""rr-'a'-'d ... :la .. lt ... a ""c""ha"'ln .... n ....... ell t"'rra"'rn.......,slfe ...... r. ___ ----' 

Contents 

Reserved for future use. 
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Read Status 

DlAlfJ ac, DKP 

I 0 1 1 I AC 1 0 I 0 1 I 
011

1

23145617 

1 0 1 I 1\ 

12 I 13 I 14' 15 11 

Places the contents of the controller's status register 
in bits 0-15 of the specified AC. After the data 
transfer, sets the controller's Busy and Done flags 
according to the function specified by F. The format of 
the specified accumulator is as follows: 

Bits Name Meaning When 1 

0 R/W Done The subsystem has completed a read or a 
write operation. 

1-4 Seek Done Drive 0-3, respectively, has completed a seek 
(0-3) or recalibrate operation. More than one of 

these bits can be set at any time. 

5 Diskette Must be 1. 

6 Valid When the read status command was issued, 
Status the controller had control of the disc 

subsystem" 

7 --- Reserved for future use. 

8 Unsafe The selected drive is in an unsafe condition. 
The Unsafe flag can be reset with an S, C, P, 
or IORST command, but this action will not 
remove the drive's unsafe condition. Try to 
remedy the unsafe condition by powering 
down the drive, and then restarting it. 

9 Unit Ready The selected drive is not performing any head 
movements and is ready to carry out a 
command (read, write, seek, or recalibrate) 

10 Seek The selected drive was not able to carry out 
Error the last seek or recalibrate operation issued. 

11 End of The last read or write operation attempted to 
Track continue beyond the last sector of a track. 

12 Address The address read from the address field at the 
Error beginning of a sector does not match the last 

address specified to the disc controller. 

13 Checkword The check word read from the disc at the end 
Error of a sector does not match the check word 

calculated by the controller during the sector 
transfer. 

14 Data Late The data channel failed to respond in time to a 
data channel request. 

15 Error One or more of the following bits in the status 
register is set to 1: 8, 10, 11, 12, 13, or 14. 

* This bit is used in dual CPU - multiple dr'ive envir'onments. It 
allows the pmgr'am to test the status of a drive unit without fir'st 
issuing a dummy seek to guar'antee its control of the shared 
subsystem. When 0, the bit indicates that the controller' lost contml 
of the subsystem befor'e status was read and the wOr'd r'etumed 
may be inaccur'ate. The pmgr'amming consider'ations for' dual CPU 
oper'ation are discussed later' in this section. (This bit was always 
o in earlv revision controllers.! 

Read Disc Address 

Die lfJ ac, DKP 

10 1! 1 1 AC 11 I 0 1 I F 1 0 1 1 0 
o I 1 2 3 I 4 5 6 I 7' 8 I 9 10 I 11 I 121 13 I 14 I 15 

Places the contents of the controller's disc address 
register and sector counter in bits 0-15 of the specified 
AC. After the data transfer, sets the controller's Busy 
and Done flags according to the function specified by 
F. The format of the specified accumulator is as 
follows: 

Bits Name Contents 

0-1 Drive Number (0-3) of the selected drive. 

2 Format When 1, Indicates that the controller is in 
FORMAT mode. 

3-5 --- Reserved for future use .. 

6-8 --- Must be O. 

9-11 Sector Number of the sector (0-7) immediately 
following the last sector read or written. If a 
read or write operation ends at the last sector 
(7) of a surface, this field contains the value 0, 
and bit 8 will contain 1. 

12-15 Sector Two's complement of the number of sectors 
Count remaining to be read or written. 

*Bits 3-5 are the high-order bits for the head address field; they 
are ignored in all operations. If these bits are loaded with a value 
during a DOC instruction, that value will appear in the specified 
accumulator when a DIC instruction is issued. Upon End of Track 
Error, the contents of these bits is incremented by 1. 

Read Memory Address Register 

DID lfJ ac, DKP 

10 1 1 I A C 10 1 

011
1
23145

1
61 

Places the contents of the controller's memory 
address register in bits 1-15 of the specified AC; sets 
bit 0 to O. After the data transfer, sets the controller's 
Busy and Done flags according to the function 
specified by F. The format of the specified AC is shown 
below. 

NOTE At the end of a write operation, the 
memory address register points to a memory 
location two greater than that of the most 
recent word written to disc. 

1~~f~~M M EM ORY ADDRESS 
. ...• ; .. , 1 I 2 I 3 I 4 I 5 I 6 I 7 I 8 I 9 I 10 I 11 I 12 1 13 I 14 

Bits Name Contents 

0 --- Reserved for future use. 

1-15 Memory Location of the next word in memory to be 
Address used for a data channel transfer. 
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PROGRAMMING 
Programming data transfers to or from a 6030 series 
diskette unit proceeds in three phases (1) selecting 
the drive and sector; (2) positioning the heads over 
the correct track; and (3) initiating the read or write 
operation. After issuing commands in any phase, 
check the controller's status register for errors before 
proceeding to the next phase. 

The description below of these three programming 
phases assumes operation without errors. (Error 
conditions are discussed later in the text.) It also 
assumes three restrictions in the configuration of the 
diskette subsystem: (1) that the subsystem contains a 
single disc drive; (2) that it connects to only one CPU 
and its controller in that CPU is configured 
accordingly; and (3) that the CPU is dedicated to it 
(i.e., the CPU's ION flag is set to 0). Certain additional 
considerations must be borne in mind when a 
subsystem contains more than one drive or when it 
operates in a dual-processor environment. (See end of 
sectionJ 

The operations described below can easily be applied 
to interrupt-driven service routines. 

Phase I: Select the Drive, Sector, 
and Number of Sectors 
Issue a SPECIFY DISC ADDRESS AND SECTOR 
COUNT instruction (OOC) to the controller with no 
device flag command. Use appropriate accumulator 
fields to select the dri ve <0-38 ) the first sector <0-78 ) 
to be read or written, and the two's complement of the 
number of sectors to be transferred in the operation. 
(The subsystem can transfer, at most, 810 consecutive 
sectors in one operationJ Take care to ensure that the 
parameters specified in this initial selection do not 
exceed the capacity of the drive. 

After selecting the drive unit, check its status to 
verify that it is ready to perform an operation. Issue a 
READ STATUS instruction (DIAl with no flag 
command, and then examine the Ready flag (bit 9) 
and the Diskette flag (bit 5), If the Ready flag is 1 and 
the Diskette flag is 1. proceed to phase II. If the Ready 
flag is 0, do NOT issue any commands to that drive 
unit. 

-----INITIAL SELECTION------. 
AND HEAD POSITIONING 

YES 
A 

PhasE~ II: Position the Heads 
Move the heads to the desired track using a SPECIFY 
COMMAND AND TRACK instruction (DOAl plus a P 
command. Use the appropriate accumulator bits to 
clear R/W Done and Seek Done on the selected drive 
and uEle the appropriate accumulator fields to specify 
both a cylinder address and the seek command. 

The P nag command initiates the seek operation with
out affecting the controller's Busy flag. P, however. 
sets the Done flag to O. 

While the drive is seeking, the Unit Ready and Seek 
Done flags for the selected drive are 0; at the 
conclusion of the seek operation, the controller sets 
the Seek Done flag for the selected drive to 1 in the 
subsystem status register. 

After the specified drive completes the seek operation. 
issue Be READ STATUS instruction; check both the 
U nit Ready (bit 9) and the Error flags. If there are no 
errors, proceed to phase III. 
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Phase III: Read or Write 
A read operation transfers blocks of data from a sector 
on disc to the computer's memory via the data 
channel; a write operation transfers blocks of data 
from the computer's memory to a sector on disc via 
the data channel. A block is 256 16-bit words. One to 
eight blocks can be transferred in one read or write 
operation. Multiple block transfer operations read or 
write consecutive disc sectors from one disc track. 

Read 

Specify the starting address of the area in memory to 
receive the data transfer, using a LOAD MEMORY 
ADDRESS REGISTER instruction (DOB). Use the 
appropriate accumulator field to specify the 15-bit 
address of the memory location to receive the first 
word read from disc. The SPECIFY DISC ADDRESS 
AND SECTOR COUNT instruction (DOC) issued 
during phase I specified the number of sectors to be 
read and the number of the starting sector. 

Issue a read command using the SPECIFY COM
MAND AND TRACK instruction (DOA) along with an 
S flag command. Use the appropriate accumulator bits 
to clear both the R/W flag and the Seek Done flag for 
the specified drive, and use the appropriate 
accumulator fields to specify both the read operation 
and a track address. (The track number must match 
that of the sector being read; it is used by the 
controller for address checking at the start of each 
256-word sector transfer in the read operation.) 

The S flag command sets the Busy flag to 1, and the 
Done flag to 0 and initiates the read operation. 

At the start of the operation, the drive waits until the 
desired sector passes under the specified head; it reads 
the address field from that disc sector, and the 
controller performs an address check. The track 
address read from the sector address field must match 
that posted in the SPECIFY COMMAND AND 
TRACK instruction,- and the sector number contained 
in the address field must match the one in the disc 
address register. If the address check is successful, the 
drive continues the operation, reads the sequential 
data bits from the sector, and calculates a 16-bit 
check word from the serial data. 

The controller builds 16-bit words from the serial 
data and transfers them to the computer's memory 
via the data channel. Each time a word is transferred 
to memory, the controller automatically increments 
its memory address register by 1. 

After the drive reads the 256 words from the sector, 
the controller increments its sector counter by 1. The 

~o 

YES 

YES 

READ------------~ 

TRACK = TRACK 
SECTOR =c SECTOR-l 
DRIVE = DRIVE 
SECTOR COUNTER = 
SECTOR COUNTER-l 

MEMORY ADDRESS IS 
CALCCLATED FROM 
ORIGINAL MEMORY AD
DRESS ... 256 TIMES THE 
l\l,rMBER OF SECTORS 
SUCCESSFULLY TRA~S
FERRED 

A 

GO TO INITIAL SELEC
TION A:-ID HEAD POSl
TlO;-nNG FOR SEEKING 
TO A :-;EW CYLINDER 

NOTE PossJl)ie hardware errOlr In head coun!er. 

drive then reads the 16-bit checkword at the end of 
the sector and the controller verifies that it matches 
the check word calculated while data was read from 
disc. 

If the controller's sector counter does not overflow at 
the trailing edge of the sector, the drive reads the next 
sector; the process repeats until either the sector 
counter overflows or the last sector of a track is read. 

A read opeation continues until the sector counter 
indicates, by overflowing, that the specified number of 
sectors has been read. Upon completing the read 
operation, the controller sets its Busy flag to 0 and its 
Done flag to 1, initiating a program interrupt request. 
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Write 

Specify the starting address of the area in memory to 
be transferred by using a LOAD MEMORY 
ADDRESS REGISTER instruction <OOB). Use the 
appropriate accumulator field to specify the 15-bit 
address of the first word in memory that will be 
written to disc. The SPECIFY DISC ADDRESS AND 
SECTOR COUNT instruction (DOC) issued during 
phase I specified the number of sectors to be written 
and the number of the starting sector. 

Issue a write command using the SPECIFY COM
MAND AND TRACK instruction (DOA) plus an s flag 
command. Use the appropriate accumulator bits to 
clear both the R/W flag and the Seek Done flag for the 
specified drive, and use the appropriate accumulator 
fields to specify both the write operation and the 
track address. (The track number must match that of 
the track to be written; it is used by the controller for 
address checking at the start of each 256-word sector 
transfer in the write operation. ) 

The S flag command sets the Busy flag to 1, and the 
Done flag to 0 and initiates the write operation. 

At the start of the operation,the drive waits until the 
desired sector passes under the specified head; it reads 
the address field from that disc sector, and the 
controller performs an address check. The track 
address read from the sector address field must match 
that posted in the SPECIFY COMMAND AND 
TRACK instruction, and the sector number contained 
in the address field must match the one in the disc 
address register. If the address check is successful, the 
drive continues the operation and writes the 
sequential data bits to the sector. 

The controller receives 16-bit data words from the 
data channel and transfers them serially to the drive 
unit while continually recalculating a 16-bit cyclic 
check word from the serial data. Each time a word is 
transferred from memory, the controller 
automatically increments its memory address register 
by 1. 

-------- WRITE 
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TRACK _ TRACK 
SECTOR = SECTOR-l 
DRIVE ~ DRIVE 
SECTOR COUNTER = 
SECTOR COUNTER-l 

MEMORY ADDRESS IS 
CALCULATED FROM 
ORIGINAL MEMORY AD
DRESS + 256 TIMES THE 
NUMBER OF SECTORS 
SUCCESSFCLLY TRAN"
FERRED 

;-JOTE Pr)'>'>lb!", hardware ern)!" In head counter. 

After the drive writes the 256 words from the sector, 
the controller increments its sector counter by 1 and 
adds the check word to the data written to disc. 

If the controller's sector counter does not overflow at 
the trailing edge of a sector, the drive writes the next 
sector; the process repeats until either the sector 
counter overflows or the last sector on a track is 
written. 

A write operation continues until the sector counter 
indicates, by overflowing, that the specified number of 
sectors has been written. Upon completing the write 
operation, the controller sets its Busy flag to 0 and its 
Done flag to 1, initiating a program interrupt request. 



FORMATTING 
All diskette data surfaces must be formatted before a 
Data General disc cartridge subsystem will properly 
function. The format delineates an address field and a 
data field in each sector of every track. The address 
field of a sector is a coded header that preceeds the 
data area of the sector and contains the sector's logical 
address. The purpose of the format is twofold: (1) it 
provides information for address checking by the 
subsystem (transparent to the programmer) before 
each data transfer; (2) it provides splice areas that 
separate the address field from the data field in a 
sector while giving read and write controls time to 
properly initialize and settle prior to a data transfer. 

The format field contains a gap or splice area followed 
by twenty-four 16-bit words. The first 22 words, all 
containing zeros, and a 23rd word containing 000001 8 , 

form a synchronization field. The 24th word is the 
address word containing the track and sector 
numbers. 

Another splice field follows the format field, and it is 
followed, in turn, by a synchronization field of all 
zeros, a single sync bit (1), the 256-word data area, 
and its check word. Zeros fill the remainder of the 
sector. 

If the status register repeatedly indicates an address 
error after many failures to read or write an area on 
the diskette, the area in question (possibly one sector, 
or several adjacent sectors) may need reformatting. 

Typically, diskettes obtained from Data General are 
completely formatted before they are shipped; 
diskettes obtained elsewhere must be formatted by 
the customer. 

Data General provides a stand-alone program that 
will format all the sectors of a diskette unit. The 
program can also format a single sector, several 
sectors, or one track of the drive. The formatter 
program is available on paper tape (DOC no. 
095-000300), and its operation is described in a 
companion program listing <DOC no. 096-000300). 

Whenever any sector is reformatted, all the data in 
that sector is lost. Formatting is done independently 
of and before initializing a disc for use with a Data 
General operating system. 
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TIMING 
The discs in the drive unit rotate at 360rpm; a 
complete revolution requires 166ms. A register within 
the drive (transparent to the programmer) 
continually indicates to the controller the number of 
the sector presently passing under the heads. This 
feature allows the subsystem to carry out a read or 
write operation the first time the desired sector 
passes under the head. 

The minimum sector access time is that required to 
read the address field at the start of a sector - 3ms 
(when the head is loaded); the maximum access time 
is that needed for a full revolution plus the address 
field time - 169ms; the average sector access time is 
86ms. 

A sector passes under a head in 20.8ms; the data 
portion of that sector passes under the head in 16.4ms. 
A data channel request occurs every two words, 
approximately 128us (nominal). This corresponds to 
an average data transfer rate of 15,625wps. The 
controller can buffer two words for the data channel, 
which provides a maximum allowable data channel 
latency of 128us. If the data channel does not respond 
to a controller request within this time, both the Data 
Late flag and the Error flag are set to 1. 

The time required to position the heads (seek time) 
depends on the number of tracks the heads must cross 
to reach the destination track; seek time is 
direction-independent. The head positioner moves 
one track in 10ms and requires 10ms settle time after 
reaching destination. Therefore, the minimum seek 
time (that for a single track seek) is 20ms; the 
maximum seek time is that needed to traverse all 
tracks - 770ms. 

The recalibrate operation progresses at the same rate 
as a seek, but usually it is used to recover after an 
error condition occurs, when the exact location of the 
head may not be known. The program should allow 
the full stroke seek time (770ms) for a recalibration. 

NOTE Issue no commands to the diskette 
controller for at least 50us after the start of a 
seek or recalibrate operation. 



ERROR CONDITIONS 

During Initial Selection (Phase I) 

Initial selection errors appear subsequent to recent 
diskette read and write operations, and are unrelated 
to commands issued in phases lor II. 

Absence of Valid Status 

If a single processor is used, the entire disc subsystem 
remains dedicated to one controller. In this case, the 
Valid flag may be set to 0 if: (1) the controller has 
been improperly configured for use with a single 
processor; (2) the controller can only operate with a 
single processor and, hence, its Valid flag is always set 
to 0; (3) a hardware malfunction exists. 

If dual processors are used, access to the disc 
subsystem is provided to one controller at a time, on a 
demand basis. (See subsection below on dual 
processor considerations.> In this case, a Valid flag set 
to 0 may mean that the status word returned is 
suspect (i.e., the controller did not have access to the 
subsystem while reading the status word,). To ensure 
accuracy of the status word, isue a seek command (to 
any track, any drive) wait at least 50us, reselect the 
desired drive and reread the Valid flag. Repeat this 
process until the Valid flag reads 1. 

Unsafe Error 

If the Unsafe flag is 1, the Unit Ready flag is O. Issue 
an S, C, P, or IORST to set the Unsafe flag in the 
controller to 0; however, this action will usually not 
remove the drive unit's unsafe condition. (Opening 
and closing the loading door on the diskette unit will 
usually do so.) 

If a drive's unsafe condition persists after the Unsafe 
flag is set to 0 in the controller, the flag will not return 
to 1 again until either (1) another unsafe drive unit is 
selected or (2) the original unsafe unit is first 
deselected (SPECIFY... another drive) and then 
reselected. 

During Head Positioning (Phase II) 

If the program issues a SPECIFY COMMAND AND 
TRACK instruction (OOA) that initiates a seek 
operation to a non-existent track (i.e., greater than 
1148 ),the seek operation immediately terminates, 
and both the Seek Error and the Seek Done flags are 
set to 1; then a program interrupt request is initiated. 
If any seek operation to a valid track number results 
in a Seek Error, perform a reasonable number of seek 
retries. 
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SeeJ, Retry 

A seek retry is a recalibrate operation followed by 
another attempt to position the heads over the 
desired track. The recalibrate operation is a hardware 
recovery sequence that moves the heads of the 
selected drive over track 0 and resets the head 
positioning control in that drive. 

To Perform a seek retry, recalibrate the drive using a 
SPECIFY COMMAND AND TRACK instruction 
(OOA) plus a P flag command. Use the appropriate 
accumulator bits to clear both the Seek Done flag for 
the selected drive unit and the R/W Done flag; use the 
appropriate accumulator field to specify a recalibrate 
operation. The track address field is ignored in a 
recalibrate operation. 

The P flag command sets the Done flag to 0 and 
initiates the operation without affecting the 
controller's Busy flag. While the drive is recalibrating, 
the Unit Ready and the Seek Done flags for the 
specified drive are 0; at the conclusion of the 
operation, the controller sets the Seek Done flag for 
the appropriate drive and initiates a program 
interrupt request. 

At the conclusion of the recalibrate opera
tion,increment a seek retry counter (see flowchart on 
initial selection and head positioning) and try again 
to position the heads over the desired track. If, after 
several attempts, the drive does not successfully 
position the heads over the desired track, that drive or 
the subsystem may be faulty. 

Durin~~ Reading 
If the program specifies a non-existent sector (i.e., 
greater than 7), the controller sets the contents of the 
sector register to zero and sets bit 7 in the disc address 
register to 1, indicating an End of Track Error. 

End of Track Errol 

An error can occur when the disc subsystem attempts 
to read past the last sector (7) in a track. If the read 
operation does not terminate (i.e., the sector counter 
does not overflow after reading sector 7), both the 
Error and the End of Track Error flags are set to 1, 
and the read operation terminates. The sector counter 
remains at its incremented value; the controller forces 
the sector address to 0 and increments the contents of 
the unused head address field (bits 3-5) of the 
controller's disc address register by 1 (See READ 
DISC ADDRESS instruction). The controller sets its 
Busy flag to 0, and its Done flag to 1 and initiates a 
program interrupt request. 



Address Error 

An address field preceding each sector on a diskette 
identifies its track and sector position. Before the 
controller reads data from a specified sector, it 
performs an address check. If the controller reads an 
address from the address field that does not match 
that in the disc address register, the controller sets 
both the Error and the Address flags to 1, and the 
read operation terminates immediately. The 
controller sets the Busy flag to 0, and the Done flag to 
1 and initiates a program interrupt request. 

After an address error, the sector counter and the 
sector address register retain the values they had 
when the error occurred. That is, the sector address 
register retains the number of the faulty sector and 
the sector counter contains the two's complement of 
the number of sectors left to read in the operation. 

Repeated address errors from the same sec~or(s} ?n 
diskette may indicate damage to the magnetlc medla; 
or those sector(s} may need reformatting (see 
subsection on formatting above). 

Checkword Error 

Each time the subsystem writes data to disc, it 
appends a 16-bit checkword to the 256-word data 
block. While the controller reads the data from a 
sector, it continually computes a checkword from the 
data stream from disc and compares it to the 
check word written at the end of the data block on the 
disc. If the checkwords differ, the controller sets both 
the Error and the Checkword flags to 1, and the read 
operation terminates at the end of the sector, even if 
there are more sectors to read. The controller sets the 
Busy flag to 0 and the Done flag to 1 and initiates a 
program interrupt request. A Checkword error 
indicates that at least one data word read from the 
sector is erroneous. 

After a Checkword error, the sector address register 
points to the sector following that in which the error 
occurred. The sector counter contains the two's 
complement of the number of sectors, not including 
the faulty sector, that remain unread after the error. 

Data late Error 

If the data channel does not respond in time to a data 
channel request, both the Error and the Data Late 
flags are set to 1. Reading of the current sector 
continues, but at the end of that sector, the read 
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operation terminates. The sector counter and the 
sector address register increment normally. The 
controller sets the Busy flag to 0 and the Done flag to 
1 and initiates a program interrupt. The Data Late 
flag indicates that at least one word from the last 
sector read was not correctly transferred to memory. 

After a Data Late error, the sector address register 
points to the sector following that in which the error 
occurred. The sector counter contains the two's 
complement of the number of sectors, not including 
the faulty sector, that remain unread after the error. 

During Writing 
If the program specifies a non-existent sector (i.e., 
greater than 7), the controller sets the contents of the 
sector register to zero and increments the unused 
accumulator field (bits 6-7) in the disc address 
register, indicating an End of Track Error. 

End of Track Error 

An error can occur when the disc subsystem attempts 
to write past the last sector on a track. If the write 
operation does not terminate (Le., if the sector counter 
does not overflow) after reading sector 7, both the 
Error and the End of Track Error flags are set to 1, 
and the operation terminates. The sector counter 
remains at its incremented value, the controller forces 
the sector address to 0 and also increments the 
contents of an unused bit field (bits 6-7) of the 
controller's disc address register. See READ DISC 
ADDRESS (DIG instruction. The controller sets its 
Busy flag to 0 and its Done flag to 1 and initiates a 
program interrupt request. 

Address Error 

An address field preceeding each sector on the disc 
unit contains its track and sector position. Before the 
controller writes data to a specified sector, it performs 
an address check. If the controller reads an address 
from this field that does not match that in the disc 
address register, the controller sets both the Error 
and the Address Error flags to 1, and the write 
operation terminates immediately. The controller sets 
the Busy flag to 0 and the Done flag to 1 and initiates a 
program interrupt request. 



After an address error, the sector counter and the 
sector address register retain the values they had 
when the faulty sector came under the head. That is, 
the sector address register retains the number of the 
faulty sector and the sector counter contains the two's 
complement of the number of sectors left to write in 
the operation. 

Repeated address errors from the same sector(s} on 
the diskette may indicate damage to the magnetic 
media; or those sector(s} may need reformatting (See 
subsection on formatting above). 

Data Late Error 

If the data channel does not respond in time to a data 
channel request, both the Error and the Data Late 
flags are set to 1. Writing into the present sector 
continues, but at the end of that sector, the operation 
terminates. The controller sets the Busy flag to 0 and 
the Done flag to 1 and initiates a program interrupt. 
The Data Late flag indicates that at least one word 
written into the last sector was not correctly 
transferred from memory. 

After a Data Late error, the sector address register 
points to the sector following that in which the error 
occurred. The sector counter contains the two's 
complement of the number of sectors, not including 
the faulty sector, that remain unwritten after the 
error. 

MULTIPLE DRIVES 
In a multiple-drive subsystem, any unit may initiate a 
seek or recalibrate operation while other units are 
performing head positioning commands. The 
subsystem can also overlap seek or recalibrate 
operations on several drives with a data transfer on a 
single drive - but all the commands to seek or 
recalibrate must precede the command to start 
reading or writing. Certain programming 
considerations must be borne in mind during each 
phase when performing multiple operations. 

Phase I Considerations 
Issue the SPECIFY DISC ADDRESS AND SECTOR 
COUNT instruction if no disc unit in the subsystem is 
performing a read or write operation. Deselecting a 
drive engaged in a data transfer will immediately 
terminate that transfer. 

If commands to the subsystem are to be overlapped, 
only the accumulator field specifying unit number is 
significant, and the other fields may be set to zero. 
(The unneeded fields may not, however, specify 
parameters that exceed the capacity of the unit.> 
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Pha!,e II Considerations 
Initiate a head positioning operation on the unit 
selected in phase I, as described previously. Overlap it 
with a head positioning operation on a different unit 
as follows: branch immediately to phase I, specify and 
check status on the new unit, and then return to 
phase II to start the new operation. Repeat this 
sequence until all the overlapped positioning 
operations have been started. 

Next, determine which drive is to perform the first 
data transfer. The decision may be dictated by 
priority. But when it is possible to initiate a transfer 
on the first available drive, to find it, keep examining 
the Seek Done flags by repeatedly issuing READ 
ST ATUS instructions. 

After choosing a unit for the data transfer, issue a 
SPECIFY DISC ADDRESS AND SECTOR COUNT 
instruction (DOC) to reselect that unit and establish 
parameters for the transfer. 

Check the selected unit's status by issuing a READ 
STATUS instruction (DlA). Check both the Unit 
Ready flag and the Error flag, If there are no errors, 
proceed to Phase III. 

r-,jOTE If a seek error occurs perform one seek 
retry (described above); but, if possible, move 
on to initiate a transfer on another disc unit. 
Wait for a retry to finish only if the drive 
involved must perform the next data transfer. 

Phase III Considerations 

Once a unit has been selected for a read or write 
operation at the end of phase II, begin the data 
transfer exactly as described earlier. Starting the read 
or write operation with an S flag control does not 
affect the values of the Seek Done flags. Do not issue a 
SPECIFY DISC ADDRESS instruction (DOC) to the 
subsystem until both the Done flag and the R/W Done 
flag (in the status register) are set to 1. 

It is safe to issue a READ STATUS instruction any 
time to determine whether any seek operations 
overlapped in phase II have been completed. This may 
be useful in choosing the next unit for a transfer and 
for preparing that transfer. 

After the transfer, issue a READ STATUS 
instruction. Once status has been read, either check 
for E~rrors in the present transfer or, if possible, save 
the status word, reselect units and start the next 
transfer before checking the present one for errors. 



DUAL PROCESSOR 
CONSIDERATIONS 

The disc subsystem hardware imposes certain 
restrictions on the program when the subsystem 
operates in a dual processor (shared disc) 
environment. The dual access mechanism switches 
access to the entire subsystem from one controller to 
the other on a demand basis, in conjunction with 
timing and command protocols. 

Each processor obtains subsystem control by issuing 
head positioning commands. Once established, this 
control may be maintained by issuing other head 
positioning commands prior to completion of a 
3-second subsystem timeout. Completion of a read or 
write immediately terminates subsystem control. The 
other processor must wait for service until the 
processor in control has completed its task. 

The description and flowcharts below describe 
non-interrupt driven procedures for operating a 
single-drive subsystem in a shared-disc environment. 
These procedures focus on maintaining the integrity 
of the subsystem only at the hardware level. The 
concepts can be extended to support interrupt drivers 
for multiple-drive subsystems. 

A separate protocol is needed to maintain data 
integrity within the file structure. A simple file 
protocol, for example, might assign a number of blocks 
to one processor for unrestricted use (including 
writing) while assigning the remaining blocks to the 
other processor. In general, the protocol is 
implemented by means of some communication link 
between processors to allow conflict arbitration. Data 
General's Real Time Disc Operating System (RDOS) 
uses the facilities of the model 4240 interprocessor bus 
for resolving conflicts in the dual CPU environment. 

Program a shared disc subsystem in three phases: (1) 

select the disc unit and specify parameters for the 
transfer; (2) position the heads over the desired track 
and gain access to the subsystem; and (3) initiate the 
transfer. 

Phase I, Initial Selection 
Set up the subsystem control as described previously 
in the subsection on programming, phase I. Do not 
read status. 
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Phase II 

Issue a SPECIFY COMMAND AND TRACK 
instruction (DOA) with a P appended to it as described 
previously. Wait at least 50 microseconds after issuing 
the seek command and then issue a READ STATUS 
instruction (DIA). Verify that the Valid Status flag (bit 
6) is 1. The controller receives access to the subsystem 
for a maximum of 3 seconds after the Valid Status flag 
in its status register becomes 1. Continue reading 
status until both the Seek Done flag and the Unit 
Ready flag are 1. If the Error flag is 0, proceed to phase 
III. 

If the Error flag is 1, then the seek may be retried 
several times. Since the processor reasserts control of 
the subsystem for 3 seconds each time a seek or 
recalibrate command is issued, the programmer 
should limit the number of retry operations to avoid 
locking out the other processor. * 

Phase III 
Initiate the data transfer as previously described. The 
processor unconditionally loses control of the 
subsystem at the end of a data transfer operation or 3 
seconds after the last head positioning command, 
whichever comes first. 

After a data transfer, the contents of the status 
register remain unchanged in the controller until the 
controller issues a SPECIFY DISC ADDRESS ... 
instruction (DOC) that alters the disc unit selection. 

NOTE The Valid Status flag returned in the 
status register at the conclusion of a data 
transfer will always be O. If the program has 
not issued an initial selection command or a 
device flag command (s, C, P), the contents of the 
status register remain valid. 

If the data transfer is terminated by a timeout (3 
seconds) restart the entire process beginning with 
phase I. 

* Note that only head positioning commands assert control of the 
subsystem; no other commands will restart the 3-second timeout. 



,......-------- INITIAL SELECTION AND HEAD POSITIONING ---------..., 
(SHARED DISCI 

DG-03215 

SET RECALIBRA TE 
RETRY COUNTER 

SET UP THE CONTROL BY 
SPECIFYING THE DRIVE, 
SECTOR COUNT AND 
SECTOR 

NO 

SET SEEK DONE FLAG 
TOO, SPECIFY TRACK 
AND START SEEK 

ST ART SUBSYSTEM TIMER 

YES 
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RECAL RETRY COUNTER 
= RECAL 
RETRY COUNTER + 1 

SET SEEK DONE FLAG TO 0, 

START RECAL MODE 



~-------------------------READ(SHAREDDISC)------------------------~ 

DG-03214 

SET SEEK DONE TO 0 

SPECIFY CYLINDER 
SPECIFY READ OPERA liON 
START READ 

TRACK = TRACK. DRIVE = DRIVE 
SECTOR COUNTER = SECTOR COUNTER - 1 
SECTOR = SECTOR - 1 
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TRACK = TRACK 
SECTOR = SECTOR - 1 
DRIVE = DRIVE 
SECTOR COUNTER = 
SECTOR COUNTER - 1 

MEMORY ADDRESS IS 
CALCULATED FROM 
ORIGINAL MEMORY 
ADDRESS + 256 TIMES 
THE NUMBER OF 
SECTORS SUCCESSFULL Y 
TRANSFERRED 



r--------------WRITE (SHARED DISC) 

DG-03216 

INCREMENT TIMER/COUNTER 

NO 

INCREMENT WRITE DONE
FAIL COUNTER 

SPECIFY MEMORY ADDRESS 

SET SEEK DONE TO 0 ~ 
SPECIFY CYLINDER 
SPECIFY WRITE OPERATION 
START WRITE 
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TRACK = TRACK 

SECTOR = SECTOR - 1 
DRIVE = DRIVE 
SECTOR COUNTER = 
SECTOR COUNTER - 1 

MEMORY ADDRESS IS 
CALCULATED FROM 
ORIGINAL MEMORY 
ADDRESS + 256 TIMES 
THE NUMBER OF 
SECTORS SUCCESSFULLY 
TRANSFERRED 
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4234 SERIES 
10MB CARTRIDGE DISC 

SUBSYSTEM 

PROGRAMMING SUMMARY 

Mnemonic (First Controller) 
Device Code 
Mnemonic (Second Controller) 
Device Code 
Priority Mask Bit 
Surfaces/Unit 
Tracks/Surface 

DKP 
33 8 

DKPt 
73 8 

7 
4* 

408 

Sectors/Track 
Words/Sector 
Total Storage Capacity (Words) 
Max. Transfer Rate (wps) 
Allowable Data Channel Latency (us) 
Seek Time (max/min, ms) 
Sector Access Time (max/min, ms) 

* Two non-removable surfaces 

12 
256 

5,013,504 
156,250 

12.8 
70/8 

251.12 

ACCUMULATOR FORMATS 

Specify Disc Address 
and Sector Count 

Read Disc Address 

Specify Command and Cylinder 

(DOC) 

(OIC) 

(OOA) 

~ CLR SEEK DN §~~ CMND! CYLLSB 
~ 1 I 2 I 3 I 4 5 6 I 7 8 I 9 I 10 I 11 I 12 I 13 I 14 I 15 

Commands 
00 Read 
01 Write 
10 Seek 
11 Recalibrate 
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Read Status (OIA) 

load Memory Address Register (008) 

~:?:~ MEMORY ADDRESS 
E~"'_ I I I I I I I I I I o 1 2 3 4 5 6 7 8 9 10 " 12 I 13 I 14 I 15 

Read Memory Address Register (018) 

MEMORY ADDRESS 

3 I 4 6 I 7 8 I 9 I 1O! 11 I 12 I 13 I 14 15 

S, C and P FUNCTIONS 
f = 5 Sets the Busy nag to 1. and the Done nag to 0; 

starts the operation specified in the command 
register. 

f = C SetB the BUBY nag and the Done nag to 0 and 
BtOPB all data tranBfer operations. 

f = P SetB the Done nag to 0 and Btarts the operation 
Bpecified in the command register if that operation is a 
seek or a recalibrate. 



INTRODUCTION 
This disc subsystem includes a maximum of four 
moving head disc drives plus one or two controllers. 
The drives may be 4234 series* disc cartridge units, or 
6030 series diskette units, intermixed in any 
combination. The subsystem controller occupies a 
single slot of the computer chassis and directs the 
activities of the disc drives. Subsystems that include 
4234 series disc units operate under the control of a 
single NOV A or ECLIPSE central processor. 

This section discusses the programming protocols for 
driving 4234 series disc cartridge units in single 
processor environments. Similar protocols for the 
6030 series units are presented later in this manual. 

Each disc unit contains four program-accessible 
surfaces. Surfaces 0 and 1 are on a platter in a 
removable disc cartridge; surfaces 2 and 3 are on a 
platter permanently located in the lower half of the 
drive unit. There are 408 cylinders in each unit, 
numbered 0-6278' Each of the four tracks in a cylinder 
contains 12 sectors, numbered 0-138. Each sector 
contains an address header and a data field that 
stores 256 (4008 ) 16-bit data words and a 16-bit 
check word. The data storage capacity is 3072 words 
per track or 5,013,504 words per drive unit. 

Data is transferred to and from the subsystem via the 
data channel at a maximum rate of 156,250 words per 
second. From 1 to 16 consecutive sectors in one 
cylinder (up to 4096 words) can be transferred in one 
operation. 

CONTROLLER REGISTERS 
The disc drive controller contains four program 
accessible registers: a 15-bit memory address register, 
a 16-bit status register, a 16-bit combined command 
and cylinder select register, and a combined disc 
address register and sector counter. The memory 
address register is self incrementing and contains the 
address of the next location whose contents are to be 
transferred to or from the disc subsystem via the data 
channel. The status register contains four Seek Done 
flags, a Read/Write (R/W) Command Done flag, a Unit 

* Although 4234 series disc drives are functionally identical and 
electrically similar to 6045150151 series units. DOC does not 
recommend intermixing these series in the same subsystem. 

** 4234 series disc units cannot be shared between two CPU·s. 

Ready flag, a Valid Status flag, and six Error flags. 
The Seek Done flags and the R/W Done flag teach 
initiate a program interrupt request when set to 1. 
The combined command and cylinder select register 
contains the last command issued to the subsystem 
and the number of the desired cylinder on the selected 
unit. The combined disc address register and sector 
counter contains the number of the next surface and 
sector to be read or written and the two's complement 
of the number of sectors remaining to be read or 
written. The disc address and the sector counter 
portions of this register self- increment immediately 
after a sector is read or written. 

INSTRUCTIONS 
Six instructions program data channel transfers to 
and from the subsystem. Three of these instructions 
supply the controller with all the necessary 
information for any disc operation. The remaining 
instructions allow the program to determine, ill 

detail, the current state of the subsystem. 

The device flag commands control the disc controller's 
Busy and Done flags as follows: 

f = S Sets the Busy flag to 1, the Done flag to 0, the 
Address Error, End of Cylinder, Checkword 
Error, Data Late, and Unsafe flags to 0, and 
initiates the operation specified by the contents 
of the command register. 

f = C Sets the Busy flag, the Done flag, all Error flags, 
and all Seek Done flags to 0 and stops all data 
transfer operations; does not terminate a seek 
operation already in progress. 

f = P Sets the Done flag and all Error flags to 0 and 
initiates the operation specified by the contents 
of the command register. 

NOTE - The p flag command does not affect the 
controller's Busy flag. If the Busy flag is 0 and the 
program starts an operation with the P command, the 
controller does not initiate a program interrupt request at 
the conclusion of the operation unless it is a seek or 
recalibrate. The controller initiates an interrupt at the 
end of all seek or recalibrate operations. 

t The Read/Write (R/W) Command Done nag is also called the controller 
Done nag and may be changed with the device nag commands. It may 
also be tested with a SKPDN instruction. 
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Instruction Coding Conventions 

In the descriptions that follow, certain coding 
conventions are used so the assembler can recognize 
the instruction and translate it correctly into 
machine language. See Appendix E for these 
conventions. 

Specify Disc Address And Sector Count 

DOC [fJ ac, DKP 

10 1 
o I 1 I 

AC 11 1 0 I 
3145

1 617 
F 
I 

10 1 1 0 1 1 I 
I I I I 

10 11 12 113 14 15 

Loads bits 0-15 of the specified AC into the 
controller's disc address register and sector counter. 
After the data transfer, sets the controller's Busy and 
Done flags according to the function specifed by F. The 
contents of the specified AC remain unchanged; the 
format of the accumulator is as follows: 

Bits Name Function 

0-1 Drive Selects drive 0-38 

2 Format If 1, places controller in FORMA T mode. 

3-5 --- Reserved for future use. 

6-7 Surface Selects the surface (head) 0-38 for the start of 
a read or a write operation. 

8-11 Sector Selects the starting sector, 0-138 for the start 
of a read or a write operation. 

12-15 Sector Specifies the two's complement of the 
Count number of sectors to be read or written in one 

operation (maximum of 1 610 ). 
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Specify Command And Cylinder 

DOA [fl ac, DKP 

fQ1-1! AC 1 0 
~2 314 5 

F I 0 1 1 0 1 1 
8 I 9 10 I 11 I 12 1 13 I 14 I 15 

Loads bits 0-15 of the specified AC into the 
controller's combined command and cylinder select 
register. After the data transfer, sets the controller's 
Busy and Done flags according to the function 
specified by F. The contents of the specified AC remain 
unchanged; the format of the accumulator is as 
follows: 

~ C1LFI S~EK DN §~~ CMND I CYL LSB I 
o I 1 2 3 \ 4 5 6 \ 7 8 I 9 110 I 11 I 12 113 I 14 I 15 

~ Name Function 

0 Clear Sets the status register's DC Done flag to 0; 
R/W Done sets the following error flags to 0: Address 

Error, Checkword Error, End of Cylinder, and 
Unsafe. 

1-4 Clear Seek Sets the Seek Done flags to 0 on drives 0-3, 
Done (0-3) respectively. 

5 Cylinder Most significant bit of cylinder address. 
MSB Together with bits 8-15, specifies the desired 

cylinder. 

6-7 Command Specifies the command for the selected drive 
as follows: 

00 Read 
01 Write 
10 Seek 
11 Recalibrate 

8-15 Cylinder Least significant bits of cylinder address. 
LSB Together with bit 5, specifies the desired 

cylinder (0-6278 ) for a seek, read or write 
operation. 

Load Memory Address Register 

DOB ff7 ac, DKP 

rIO I I I 0 I I I 
9 10 11 12 13 14 15 

Loads bits 1-15 of the specified AC into the 
controller's memory address register. After the data 
transfer, set the controller's Busy and Done flags 
acordinl~ to the function specified by F. The contents of 
the specified AC remain unchanged; the format of the 
accumulator is as follows: 

Name Contents 

Reserved for future use. ~
:S 

1-15 Memory Location of the next word in memory to be 
Address used for a data channel transfer. 
~~~~~~~~~~~~----~ 



Read Status 

DlA{fl ac, DKP 

1 0 1! 1 I AC lo! 0 1 I 
01123145617 

1 0 1 I 
12 I 13 I 14 I 15 11 

Places the contents of the controller's status register 
in bits 0-15 of the specified AC. After the data 
transfer, sets the controller's Busy and Done flags 
according to the function specified by F. The format of 
the specified accumulator is as follows: 

Bits Name Meaning When 1 

0 R/W Done The subsystem has completed a read or a 
write operation. 

1-4 Seek Done Drive 0-3, respectively. has completed a seek 
(0-3) or recalibrate operation. More than one of 

these bits can be set at any time. 

5 Diskette The selected unit is a 6030 series diskette: 

6 --- The selected unit is a diskette drive unit" 

7 --- Reserved for future use. 

8 Unsafe The selected drive is in an unsafe condition. 
The Unsafe flag can be reset with an S, C, P, 
or IORST command, but this action will not 
remove the drive's unsafe condition. Try to 
remedy the unsafe condition by powering 
down the drive, and then restarting it. 

9 Unit Ready The selected drive is not performing any head 
movements and is ready to carry out a 
command (read, write, seek, or recalibrate) 

10 Seek The selected drive was not able to carry out 
Error the last seek or recalibrate operation issued. 

11 End of The last read or write operation attempted to 
Cylinder continue beyond the fourth surface in the disc 

drive unit. 

12 Address The address read from the address field at the 
Error beginning of a sector does not match the last 

address specified to the disc controller. 

13 Checkword The checkword read from the disc at the end 
Error of a sector does not match the checkword 

calculated by the controller during the sector 
transfer. 

14 Data Late The data channel failed to respond in time to a 
data channel request. 

15 Error One or more of the following bits in the status 
register is set to 1 : 8, 10, 11, 1 2, 1 3, or 14. 

* Consult programming information on 6030- series subsystem in 
this manual. 

** In some early revision controllers, this bit was always O. 
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Read Disc Address 

Die {fl ac, DKP 

o 
01 

Places the contents of the controller's disc address 
register and sector counter in bits 0-15 of the specified 
AC. After the data transfer, sets the controller's Busy 
and Done flags according to the function specified by F. 
The format of the specified accumulator is as follows: 

Bits 

0-1 

2 

3-5 

6-7 

8-11 

Name 

Drive 

Format 

---

Surface 

Sector 

Contents 

Number (0-3) of the selected drive 

When 1, Indicates that the controller IS in 
FORMAT mode. 

Reserved for future use' 

Surface number (0-3) of the selected head 
on the drive 

Number of the sector (0-138 ) immediately 
following the last sector read or written. If a 
read or write operations ends at the last sector 
(138 ) of a surface, this field contains the value 
14s. 

12-15 - Sector Two's complement of the number of sectors 
Count remaining to be read or written. 

*Bits 3-.5 are the high-order bits for the head address field: they 
are iqrwren in nll operation$. If these bits are loaded with a value 
during a DOC instruction. that valup will appear in the specified 
accumulator when a ole in::,'truction 18 iSb·ued. Upon End of 
Cdindf'r Error. t}lP. contents ofthesf! bits is incremented by 1. 

Read Memory Address Register 

DIB {fl ac, DKP 

101 ,11 AC 10 
0112 ' 3145 ' 

1 0 

121 13 i 14 15 

Places the contents of the controller's memory 
address register in bits 1-15 of the specified AC; sets 
bit 0 to O. After the data transfer, sets the controller's 
Busy and Done flags according to the function 
specified by F. The format of the specified AC is shown 
below. 

NOTE At the end of a write operation, the 
memory address register points to a memory 
location two greater than that of the most 
recent word written to disc. 

1~~~~~tJ M EM ORY ADDRESS 
..-.• ~ .• , 1 I 2 I 3 I 4 I 5 I 6 I 7 I 8 I 9 I 10 I 11 12 I 13 I 14 I 15 

Bits Name Contents 

0 --- Reserved for future use 

1-15 Memory Location of the nex t word In memory to be 
Address used for a data channel transfer. 



PROGRAMMING 
Programming data transfers to or from a model 4234 
disc cartridge subsystem proceeds in three phases: (1) 

selecting the drive, surface and sector; (2) positioning 
the heads over the correct cylinder; and (3) initiating 
the read or write operation. After issuing commands 
in any phase, check the controller's status register for 
errors before proceeding to the next phase. 

The description below of these three programming 
phases assumes operation without errors. (Error 
conditions are discussed later in the text.) It also 
assumes two restrictions in the configuration of the 
disc cartridge subsystem: (1) that the subsystem 
contains a single disc drive; (2) that the CPU is 
dedicated to it (i.e., the CPU's ION flag is set to 0). 

Certain additional considerations must be borne in 
mind when a subsystem contains more than one drive. 
(See end of section.) 

The operations described below can easily be applied 
to interrupt-driven service routines. 

Phase I: Select the Drive, Surface, Sector 
and Number of Sectors 

Issue a SPECIFY DISC ADDRESS AND SECTOR 
COUNT instruction (DOC) to the controller with no 
device flag command. Use appropriate accumulator 
fields to select the drive <0-3), the surface <0-3), the 
first sector to be read or written (O-13 8) , and the 
two's complement of the number of sectors to be 
transferred in the operation. (The subsystem can 
transfer, at most, 1610 consecutive sectors in one 
operation.) Take care to ensure that the parameters 
specified in this initial selection do not exceed the 
capacity of the drive. 

After selecting the drive unit, check its status to 
verify that it is ready to perform an operation. Issue a 
READ STATUS instruction (DIAl with no flag 
command, and then examine the Ready flag (bit 9) 
and the Diskette flag (bit 5). If the Ready flag is 1 and 
the Diskette flag is 0, proceed to phase II. If the Ready 
flag is 0, do NOT issue any commands to that drive 
unit. If the the Diskette flag is 1, follow instructions 
for 6030 diskette programming. 

-----INITIAL SELECTlON----
AND HEAD POSITIONING 

YES 

Phase II: Position the Heads 

Move the heads to the desired cylinder using a 
SPECIFY COMMAND AND CYLINDER instruction 
(DOAl plus a P command. Use the appropriate 
accumulator bits to clear R/W Done and Seek Done on 
the selected drive and use the appropriate 
accumulator fields to specify both a cylinder address 
and the seek command. 

The p flag command initiates the seek operation with
out affecting the controller's Busy flag. P, however, 
sets the Done flag to O. 

While the drive is seeking, the Unit Ready and Seek 
Done flags for the selected drive are 0; at the 
conclusion of the seek operation, the controller sets 
the Seek Done flag for the selected drive to 1 in the 
subsystem status register. 

After the specified drive completes the seek operation, 
issue a READ STATUS instruction; check both the 
Unit Ready (bit 9) and the Error flags. If there are no 
errors, proceed to phase III. 
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Phase III: Read or Write 

A read operation transfers blocks of data from a sector 
on disc to the computer's memory via the data 
channel; a write operation transfers blocks of data 
from the computer's memory to a sector on disc via 
the data channel. A block is 256 16-bit words. One to 
16 blocks can be transferred in one read or write 
operation. MUltiple block transfer operations read or 
write consecutive disc sectors from one disc cylinder 
(the sector that follows sector 138 on a surface is 
sector 0 on the next surface). 

Read 

Specify the starting address of the area in memory to 
receive the data transfer, using a LOAD MEMORY 
ADDRESS REGISTER instruction (000). Use the 
appropriate accumulator field to specify the 15-bit 
address of the memory location to receive the first 
word read from disc. The SPECIFY DISC ADDRESS 
AND SECTOR COUNT instruction (DOC) issued 
during phase I specified the disc surface to be read, the 
number of sectors to be read and the number of the 
starting sector. 

Issue a read command using the SPECIFY COM
MAND AND CYLINDER instruction (DOA) along 
with an s flag command. Use the appropriate 
accumulator bits to clear both the R/W flag and the 
Seek Done flag for the specified drive, and use the 
appropriate accumulator fields to specify both the 
read operation and a cylinder address. (The cylinder 
number must match that of the cylinder being read; it 
is used by the controller for address checking at the 
start of each 256-word sector transfer in the read 
operation.) 

The S flag command sets the Busy flag to 1 and sets 
the Done flag to 0 and initiates the read operation. 

At the start of the operation, the drive waits until the 
desired sector passes under the specified head; it reads 
the address field from that disc sector, and the 
controller performs an address check. The cylinder 
address read from the sector address field must match 
that posted in the SPECIFY COMMAND AND 
CYLINDER instruction, and the sector and surface 
numbers contained in the address field must match 
those contained in the disc address register. If the 
address check is successful, the drive continues the 
operation, reads the sequential data bits from the 
sector, and calculates a 16-bit checkword from the 
serial data. 

The controller builds 16-bit words from the serial 
data and transfers them to the computer's memory 
via the data channel. Each time a word is transferred 
to memory, the controller automatically increments 
its memory address register by 1. 

After the drive reads the 256 words from the sector 
the controller increments its sector counter by 1. Th~ 
drive then reads the 16-bit checkword at the end of 

~------ READ -------... 

DATA 
LATE 

KO 

YES 

YUr-;DER _ CYLl~'DER 
seR fACE: 0 Sl'R fACE 
SECTon SECTOR-l 
DRIVE= DRIVE 
SECTOR COU:-';TER 
'E' H 'NTER-l 

,\1 Eill0RY ADDBESS IS 
CALceLATED FROil! 
ORIGI!,-;,\L ~1E\.1ORY A[)~ 
DRESS. 256 T!\'fES THE 
:-- t.:\! IJER OF S E('TOFt':; 
SUCCESSFL:LLY rRA .. "lS
FERREll 

the sector and the controller verifies that it matches 
the checkword calculated while data was read from 
disc. 

If the controller's sector counter does not overflow at 
the trailing edge of a sector, the drive reads the next 
sector; the process repeats until either the sector 
counter overflows or the last sector on a surface is 
read. When the last sector on surfaces 0-2 is read, the 
controller automatically changes the surface and 
sector address in the disc address register to specify 
the first (0) sector on the next surface of the same 
cylinder, and the drive continues reading from that 
sector. 

A read operation continues until the sector counter 
indicates, by overflowing, that the specified number of 
sectors has been read. Upon completing the read 
operation, the controller sets its Busy flag to 0 and its 
Done flag to l,initiating a program interrupt request. 
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Write 

Specify the starting address of the area in memory to 
be transferred by using a LOAD MEMORY 
ADDRESS REGISTER instruction (008). Use the 
appropriate accumulator field to specify the 15-bit 
address of the first word in memory that will be 
written to disc. The SPECIFY DISC ADDRESS AND 
SECTOR COUNT instruction (DOC> issued during 
phase I specified the disc surface to be written, the 
number of sectors to be written and the number of the 
starting sector. 

Issue a write command using the SPECIFY COM
MAND AND CYLINDER instruction (DOA) plus an S 

flag command. Use the appropriate accumulator bits 
to clear both the R/W flag and the Seek Done flag for 
the specified drive, and use the appropriate 
accumulator fields to specify both the write operation 
and a cylinder address. (The cylinder number must 
match that of the cylinder to be written; it is used by 
the controller for address checking at the start of each 
256-word sector transfer in the write operation.) 

The S flag command sets the Busy flag to 1 and the 
Done flag to 0, and initiates the write operation. 

At the start of the operation, the drive waits until the 
desired sector passes under the specified head; it reads 
the address field from that disc sector, and the 
controller performs an address check. The cylinder 
address read from the sector address field must match 
that posted in the SPECIFY COMMAND AND 
CYLINDER instruction, and the sector and surface 
numbers contained in the address field must match 
those contained in the disc address register. If the 
address check is successful, the drive continues the 
operation and writes the sequential data bits to the 
sector. 

The controller receives 16-bit data words from the 
data channel and transfers them serially to the drive 
unit while continually recalculating a 16-bit cyclic 
check word from the serial data. Each time a word is 
transferred from memory, the controller 
automatically increments its memory address register 
by 1. 
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~------ WRITE --------, 

DG-00974 

,-------
CYLI:-lDER=CYLINDER 
St:RFACE~ SURFACE 
SECTOR=SECTOR-l 
nRIVE= DRIVE 
SECTOR COCNTER
SECTOR COUNTER-l 

MEMORY ADDRESS IS 
CALCULATED FROM 
ORIGINAL MEMORY AD
DRESS .. 256 TIMES THE 
NUMBER OF SECTORS 
SUCCESSFt:LL Y TRANS
FERRED 

NOTE PosSible hardware error In head ('Qunter. 

After the drive writes the 256 words from the sector, 
the controller increments its sector counter by 1 and 
adds the checkword to the data written to disc. 

If the controller's sector counter does not overflow at 
the trailing edge of a sector, the drive writes the next 
sector; the process repeats until either the sector 
counter overflows or the last sector on a surface is 
written. When the last sector on surfaces 0, 1 or 2 is 
written, the controller automatically changes the 
surface and sector address in the disc address register 
to specify the first (0) sector on the next surface of the 
same cylinder, and the drive continues writing on 
that sector. 

A write operation continues until the sector counter 
indicates, by overflowing, that the specified number of 
sectors has been written. Upon completing the write 
operation, the controller sets its Busy flag to ° and its 
Done flag to 1, initiating a program interrupt request. 



FORMATTING 
All disc data surfaces must be formatted before a Data 
General disc cartridge subsystem will properly 
function. The format delineates an address field and a 
data field in each sector of every track of a surface. 
The address field of a sector is a coded header that 
precedes the data area of the sector and contains the 
sector's logical address. The purpose of the format is 
twofold: (1) it provides information for address 
checking by the subsystem (transparent to the 
programmer) before each data transfer; (2) it 
provides splice areas that separate the address field 
from the data field in a sector while giving read and 
write controls time to properly initialize and settle 
prior to a data transfer. 

The format field contains a gap or splice area followed 
by twenty-four 16-bit words. The first 22 words, all 
containing zeros, and a 23rd word containing 000001 s, 
form a synchronization field. The 24th word is the 
address word containing the cylinder, sector and 
surface numbers. 

Another splice field follows the format field, and it is 
followed, in turn, by a synchronization field of all 
zeros, a single sync bit (1), the 256-word data area, 
and its check word. Zeros fill the remainder of the 
sector. 

If the status register repeatedly indicates an address 
error after many failures to read or write an area on 
the disc, the area in question (possibly one sector, or 
several adjacent sectors on one surface) may need 
reformatting. 

Typically, disc cartridges obtained from Data General 
are completely formatted before they are shipped; 
cartridges obtained elsewhere must be formatted by 
the customer. Should the fixed platter in a disc unit be 
removed or replaced, it, too, requires reformatting. 

Data General provides a stand-alone program that 
will format all the sectors and surfaces of a disc unit. 
The program can also format a single sector, several 
sectors, or one cylinder of the drive. The formatter 
program is available on paper tape (DGC No. 
095-000300>, and its operation is described in a 
companion program listing (DGC No. 096-000300), 

Whenever any sector is reformatted, all the data in 
that sector is lost. Formatting is done independently 
of and before initializing a disc for use with a Data 
General operating system. 

TIMING 
The discs in the drive unit rotate at 2400rpm; a 
complete revolution requires 25ms. A register within 
the drive (transparent to the programmer) 
continually indicates to the controller the number of 
the sector presently passing under the heads. This 
feature allows the subsystem to carry out a read or 
write operation the first time the desired sector 
passes under the head. 

The minimum sector access time is that required to 
read the address field at the start of a sector - 300us; 
the maximum access time is that needed for a full 
revolution plus the address field time - 25.3ms; the 
average sector access time is 12.7ms. 

A sector passes under a head in 2.08ms; the data 
portion of that sector passes under the head in 
1.638ms. A data channel request occurs every two 
words, approximately 12.8us (nominal). This 
corresponds to an average data transfer rate of 
156,250wps. The controller can buffer two words for 
the data channel, which provides a maximum 
allowable data channel latency of 12.8us. If the data 
channel does not respond to a controller request 
within this time, both the Data Late flag and the 
Error flag are set to 1. 

The time required to position the heads (seek time) 
depends on the number of cylinders the heads must 
cross to reach the destination cylinder, seek time is 
direction-independent. The minimum seek time is 
that for a single cylinder seek - 8ms; the maximum 
seek time is that needed to traverse all cylinders -
70ms. 

The recalibrate operation moves the heads back to 
cylinder 0; but it progresses more slowly than a seek 
to protect the head moving mechanism and to reset its 
controls in an orderly manner. The maximum 
recalibrate time is approximately 200ms. 
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NOTE Issue no commands to the disc 
controller for at least 50us after the start of a 
seek or recalibrate operation. 



ERROR CONDITIONS 

During Initial Selection (Phase I) 

Initial selection errors appear subsequently to recent 
disc read and write operations and are unrelated to 
commands issued in phases lor II. 

Unsafe Error 

If the Unsafe flag is 1, the Unit Ready flag is O. Issue 
an S, C, P, or IORST to set the Unsafe flag in the 
controller to 0; however, this action will usually not 
remove the drive unit's unsafe condition. 
(Momentarily toggling the LOAD/RUN switch on the 
drive control panel to LOAD and then back to RUN, or 
powering down the drive and then restarting it will 
usually clear the unsafe condition.> 

If a drive's unsafe condition persists after the Unsafe 
flag is set to 0 in the controller, the flag will not return 
to 1 again until either (1) another unsafe drive unit is 
selected or (2) the original unsafe unit is first 
deselected (SPECIFY... another drive) and then 
reselected. 

During Head Positioning (Phase II) 

If the program issues a SPECIFY COMMAND AND 
CYLINDER instruction (DOA) that initiates a seek 
operation to a non-existent cylinder (i.e., greater than 
6278 ), the seek operation immediately terminates, 
and both the Seek Error and the Seek Done flag are 
set to 1; then a program interrupt request is initiated. 
If any seek operation to a valid cylinder number 
results in a Seek Error, perform a reasonable number 
of seek retries. 

Seek Retry 

A seek retry is a recalibrate operation followed by 
another attempt to position the heads over the 
desired cylinder. The recalibrate operation is a 
hardware recovery sequence that moves the heads of 
the selected drive over cylinder 0 and resets the head 
positioning control in that drive. 

To perform a seek retry, recalibrate the drive using a 
SPECIFY COMMAND AND CYLINDER instruction 
(DOA) plus a P flag command. Use the appropriate 
accumulator bits to clear both the Seek Done flag for 
the selected drive unit and the R/W Done flag; use the 
appropriate accumulator field to specify a recalibrate 
operation. The cylinder address field is ignored in a 
recalibrate operation. 

The P flag command sets the Done flag to 0 and 
initiates the operation without affecting the 
controller's Busy flag. While the drive is recalibrating, 
the Unit Ready and the Seek Done flags for the 
specified drive are 0; at the conclusion of the 
operation, the controller sets the Seek Done flag for 
the appropriate drive, and initiates a program 
interrupt request. 
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At the conclusion of the recalibrate operation, 
increment a seek retry counter (see flowchart on 
initial selection and head positioning) and try again 
to position the heads over the desired cylinder. If, 
after several attempts, the drive does not successfully 
position the heads over the desired cylinder, that 
drive or the subsystem may be faulty. 

During Reading 
If the program specifies a non-existent sector (i.e., 
greater than 138 ), the controller sets the contents of 
the sector register to zero and increments the surface 
by 1. If, after incrementing, the resulting surface 
address is 1,2 or 3, the read operation begins at the 
first sector of that surface. If the resulting surface 
address is 4 (a non exist ant surface), an End of 
Cylinder Error occurs. 



End of Cylinder Error 

An error can occur when the disc subsystem attempts 
to read past the last sector on surface 3. If the read 
operation does not terminate (i.e. the sector counter 
does not overflow after reading sector 138 on that 
surface), both the Error and the End of Cylinder 
Error flags are set to 1, and the read operation 
terminates. The sector counter remains at its 
incremented value, the controller forces both the 
sector and the surface addresses to 0 and also 
increments by 1 the unused head address field (bits 
3-5) of the controller's disc address register. (See READ 
DISC ADDRESS instruction.> The controller sets its 
Busy flag to 0, its Done Flag to 1 and initiates a 
program interrupt request. 

Address Error 

An address field preceding each sector on the drive 
identifies its surface, cylinder and sector position. 
Before the controller reads data from a specified 
sector, it performs an address check. If the controller 
reads an address from the address field that does not 
match that in the disc address register, the controller 
sets both the Error and the Address flags to 1, and the 
read operation terminates immediately. The 
controller sets the Busy flag to 0, the Done flag to 1, 
and initiates a program interrupt request. 

After an address error, the sector counter and the 
sector address register retain the values they had 
when the error occurred. That is, the sector address 
register retains the number of the faulty sector and 
the sector counter contains the two's complement of 
the number of sectors left to read in the operation. 

Repeated address errors from the same sector<s) on 
the disc cartridge may indicate damage to the 
magnetic media; or those sector(s} may need 
reformatting. (See subsection on formatting, above.> 

Checkword Error 

Each time the subsystem writes data to disc, it 
appends a 16-bit check word to the 256-word data 
block. While the controller reads the data from a 
sector, it continually computes a checkword from the 
data stream from disc and compares it to the 
check word written at the end of the data block on the 
disc. If the check words differ, the controller sets both 
the Error and the Check word flags to 1, and the read 
operation terminates at the end of the sector, even if 
there are more sectors to read. The controller sets the 
Busy flag to 0 and the Done flag to 1 and initiates a 
program interrupt request. A Check word error 
indicates that at least one data word read from the 
sector is erroneous. 

After a checkword error, the sector address register 
points to the sector following that in y,rhich the error 
occurred. The sector counter contains the two's 

complement of the number of sectors, not including 
the faulty sector, that remain unread after the error. 

Data Late Error 

If the data channel does not respond in time to a data 
channel request, both the Error and the Data Late 
flags are set to 1. Reading of the current sector 
continues, but at the end of that sector, the read 
operation terminates. (The sector counter and the 
sector address register increment normally.> The 
controller sets the Busy flag to 0 and the Done flag to 1 
and initiates a program interrupt. The Data Late flag 
indicates that at least one word from the last sector 
read was not correctly transferred to memory. 

After a Data Late error, the sector address register 
points to the sector following that in which the error 
occurred. The sector counter contains the two's 
complement of the number of sectors, not including 
the faulty sector, that remain unread after the error. 

During Writing 
If the program specifies a non-existent sector (i.e., 
greater than 138 ), the controller sets the contents of 
the sector register to zero and increments the surface 
by 1. If, after incrementing, the resulting surface 
address is 1, 2 or 3, the write operation begins at the 
first sector of that surface. Otherwise, an End of 
Cylinder Error occurs. 

End of Cylinder Error 

An error can occur when the disc subsystem attempts 
to write past the last sector on surface 3. If the write 
operation does not terminate (i.e., if the sector 
counter does not overflow) after writing sector 138 on 
that surface, both the Error and the End of Cylinder 
Error flags are set to 1, and the operation terminates. 
The sector counter remains at its incremented value, 
the controller forces both the sector and the surface 
addresses to 0 and also increments by 1 the unused 
head address field (bits 3-5) of the controller's disc 
address register. (See READ DISC ADDRESS 
instruction'> The controller sets its Busy flag to 0 and 
its Done flag to 1 and initiates a program interrupt 
request. 

Address Error 

V-94 

An address field preceding each sector on the disc unit 
contains its surface, cylinder and sector position. 
Before the controller writes data to a specified sector, 
it performs an address check. If the controller reads 
an address from this field that does not match that in 
the disc address register, the controller sets both the 
Error and the Address Error flags to 1, and the write 
operation terminates immediately. The controller sets 
the Busy flag to 0 and the Done flag to 1 and initiates a 
program interrupt request. 



After an address error, the sector counter and the 
sector address register retain the values they had 
when the faulty sector came under the head. That is, 
the sector address register retains the number of the 
faulty sector and the sector counter contains the two's 
complement of the number of sectors left to write in 
the operation. 

Repeated address errors from the same sector(s) on 
the disc cartridge may indicate damage to the 
magnetic media; or those sector(s) may need 
reformatting. (See subsection on formatting, above.> 

Data late Error 

If the data channel does not respond in time to a data 
channel request, both the Error and the Data Late 
flags are set to 1. Writing into the current sector 
continues, but at the end of that sector, the operation 
terminates. The controller sets the Busy flag to 0 and 
the Done flag to 1 and initiates a program interrupt. 
The Data Late flag indicates that at least one word 
written into the last sector was not correctly 
transferred from memory. 

After a Data Late error, the sector address register 
points to the sector following that in which the error 
occurred. The sector counter contains the two's 
complement of the number of sectors, not including 
the faulty sector, that remain unwritten after the 
error. 

MULTIPLE DRIVES 
In a multiple drive subsystem, any unit may initiate a 
seek or recalibrate operation while other units are 
executing head positioning commands. The subsystem 
can also overlap seek or recalibrate operations on 
several drives with a data transfer on a single drive -
but all the commands to seek or recalibrate must 
precede the command to start reading or writing. 
Certain programming considerations must be borne 
in mind during each phase when performing multiple 
operations. 

Phase I Considerations 

Issue the SPECIFY DISC ADDRESS AND SECTOR 
COUNT instruction if no disc unit in the subsystem is 
performing a read or write operation. Deselecting a 
drive engaged in a data transfer will immediately 
terminate that transfer. 

If commands to the subsystem are to be overlapped, 
only the accumulator field specifying unit number is 
significant, and the other fields may be set to zero. 
(The unneeded fields may not, however, specify 
parameters that exceed the capacity of the unit.> 
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Phase II Considerations 

Initiate a head positioning operation on the unit 
se~ected in phase I, as described previously. Overlap it 
wIth a head positioning operation on a different unit 
as follows: branch immediately to phase I, specify and 
check status on the new unit, and then return to 
phase II to start the new operation. Repeat this 
sequence until all the overlapped positioning 
operations have been started. 

Next, determine which drive is to perform the first 
data transfer. The decision may be dictated by 
priority. But when it is possible to initiate a transfer 
on the first available drive, to find it, keep examining 
the Seek Done flags by repeatedly issuing READ 
ST A TUS instructions. 

After choosing a unit for the data transfer, issue a 
SPECIFY DISC ADDRESS AND SECTOR COUNT 
instruction (DOC) to reselect that unit and establish 
parameters for the transfer. 

Check the selected unit's status by issuing a READ 
STATUS instruction (DIAl. Check both the Unit 
Ready flag and the Error flag, If there are no errors, 
proceed to phase III. 

NOTE If a seek error occurs, perform one seek 
retry (described above); but, if possible, move 
on to initiate a transfer on another disc unit. 
Wait for a retry to finish only if the drive 
involved must perform the next data transfer. 

Phase III Considerations 

Once a unit has been selected for a read or write 
operation at the end of phase II, begin the data 
transfer exactly as described earlier. Starting the read 
or write operation with an s flag control does not 
affect the values of the Seek Done flags. Do not issue a 
SPECIFY DISC ADDRESS instruction (DOC) to the 
subsystem until both the Done flag and the R/W Done 
flag (in the status register) are set to 1. 

It is safe to issue a READ STATUS instruction any 
time to determine whether any seek operations 
overlapped in phase II have been completed. This may 
be useful in choosing the next unit for a transfer and 
for preparing that transfer. 

After the transfer, issue a READ STATUS 
instruction. Once status has been read, either check 
for errors in the present transfer or, if possible, save 
the status word, reselect units and start the next 
transfer before checking the present one for errors. 
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6060 SERIES 
DG/DISC STORAGE 

SUBSYSTEM 
PROGRAMMING SUMMARY 

Mnemonic 
Device code 
Priority mask bit 
Surfaces/unit 

6060/6061 
6067 

T racks/ surface 
6060 
6061/6067 

Sectors/track 
Bytes/ sector 
Capacity/drive 

6060 
6061 
6067 

DSKP 
27 (Alt. 67) 

7 

19 
5 

411 
815 

24 
512 

95,956,992 bytes 
190,279,680 bytes 

50,073,600 bytes 

Transfer rate 
Dch latency 
BMC latency 
Extended addressing and map control 

NOV A 3 A/B map select 
NOV A 3 64 K addressing 
BMC 21 bit physical or logical 

(mapped) addressing 
Seek time 

Min/Avg/Max 
Sector access time 

Avg/Max 

806.400 bytes/sec 
20lls 

20/40lls 

6ms/35ms/60ms 

8.3ms/16.7ms 

ACCUMULATOR FORMATS 

SPECIFY COMMAND, DRIVE AND EXTEND ADDRS 
(DOA) 

SPECIFY CYLINDER (DOC> 
Context: The previous DOA specined a seek operation. 

SPECIFY SURFACE, SECTOR AND COUNT (DOC) 
Context: The previous DOA did not specify a seek operation. 

SURFACE ADDRESS 

READ EXTENDED MEMORY ADDRESS 
Context: Alternate instruction mode 1 (DIB) 

~~~~~~~~--------~, 

READ FIRST ECC WORD 
Context: Alternate instruction mode 2 (D I A- ) 
I FIRST ECC WORD I 

o I 1 I 2 I 3 I 4 ! S . & I 7 i 8 I 9 I 10 I 11 I 12 I 13 I 14 I IS 

READ SECOND ECC WORD 

Context: Alternate instruction mode 2 

I SECOND ECC WORD I 
o I 1 I 2 I 3 I 4 I s I & I 7 I 8 I 9 I 10 I 11 I 12 I 13 I 14 I 15 

S, C AND P FUNCTIONS 
f = S Sets the Busy flag to 1. sets the Done flag to 0 Starts 

the following operations. READ. WRITE. FORMAT. 
READ BUFFERS. and VERIFY 

f = C Sets the Busy flag and Done flag to 0 and stops all data 
transfer operations 
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f = P Starts the following operations. SEEK, RECALIBRA TE. 
OFFSET, STOP, WRITE DISABLE, RELEASE. and 
TRESPASS (Does not affect the Busy flag or Done flag) 



INTRODUCTION 
This disc subsystem includes a maximum of four 
moving head disc drives plus an adapter and 
controller. (Dual processsor access may be configured 
by adding a controller in the second processor.) The 
drives are free-standing and the subsystem may 
contain any mix of 6060, 6061, or 6067 disc storage 
units. The adapter is rack mounted and occupies 
seven inches of panel space. The controller occupies 
two slots in the computer chassis and directs the 
activities of the subsystem through the common 
adapter. 

The disc storage units have the following 
characteristics: 

Surfaces 
6060/6061 
6067 

Cylinders 
6060 
6061/6067 

Sectors 
Capacity 

Bytes/track 
Bytes/cylinder 

6060/6061 
6067 

Bytes/drive 
6060 
6061 
6067 

19 (0-288) 
5 (0-48) 

411 (0-632 8) 
815 (0-1456 8) 

24 (0-278) 

12,288 

233,472 
61,440 -

95,956,992 
190,279,680 

50,073,600 

Each sector contains a 3-byte address header, a 
512-byte data field and a 4-byte checkword. 

Data in each sector is transferred two bytes (one 
16-bit computer word) at a time via the data channel 
or the burst multiplexor channel at an average rate of 
403,400 words per- second. From one to thirty two 
consecutive sectors (512 to 16,384 bytes) in one 
cylinder may be transferred in one operation. The 
data channel controller contains a i6-bit address 
register and supports extended data channel 
addressing on NOVA 3 computers. A first in first out 
(FIFO) buffers up to 8 words to improve immunity to 
data late conditions. The burst multiplexor channel 
controller contains a 21-bit address register that 
specifies either physical or mapped addresses. Dual 
FIFO's buffer up to 16 words each to improve 
immunity to data late conditions. 
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Data integrity is enhanced by a powerful error 
detecting and correcting mechanism which detects 
and helps correct most transcription errors. In 
addition, a bad sector flag is provided to prevent data 
transfers on sectors known to be faulty. Sectors are 
tested during a format operation and the bad sector 
bit is set in each sector which will not support error 
free data. Finally, two positioner offset commands 
may eliminate data errors caused by head 
misalignment, and a special verify command may be 
used to perform a read after write check. 

Two independent channels connect the controller(s) 
to the selected drive(s); one transfers drive commands 
and the other transfers data. This feature supports 
overlapped seeks and data transfers in multi-drive 
subsystems to improve database access time. Each 
channel can store a command and issue it when the 
selected drive becomes available. Drive operations 
may be initiated as quickly as the subsystem will 
accept them. (A busy drive does not prevent the 
command channel from transferring a new command 
to another drive.) Program interrupt requests are 
initiated when command execution is completed. 
Drive attention program interrupts are blocked when 
a data transfer is pending or in progress, to provide a 
single interrupt on a seek/transfer string. 

In a dual processor environment, the adapter 
multiplexes access by two processors to a common set 
of drives via both the command and read/write 
channels. Processors may partition access to the 
drives by reserving selected drives for their own 
exclusive use. A processor may trespass on the 
partition in an emergency to capture a drive reserved 
by the other processor. 



CONTROLLER REGISTERS 
The controller contains a read/write Busy flag, and 
eight program accessible registers: 

Register name Number of bits 

Command and drive address 6 

Memory address 16 

Extended memory address 5 

Cy linder address 10 

Surface, sector and count 15 

Error correction checkword 32 

Drive status 15 

Read/write status 16 

The memory address register is self-incrementing and 
contains the address of the next memory location for 
data channel or burst multiplexor channel data 
transfer. The sector address and sector count registers 
increment halfway through a sector data transfer, 
and the surface address register increments following 
a data transfer on sector 23 (278 , ) 

The status registers contain four drive attention flags, 
a read/write Done flag, a command channel busy flag, 
a valid status flag, 6 drive status flags and 18 error 
flags. The read/write Done flag ( which is the same as 
the device Done flag) initiates a program interrupt 
request when it becomes 1. A drive attention flag 
initiates a program interrupt request when it becomes 
1 if the read/write Busy flag (which is the same as the 
device busy flag) is 0 (indicating that a read/write 
operation is pending or in progress.> 
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INSTRUCTIONS 
Eleven instructions program data channel data 
transfers to and from the subsystem. The four data 
out instructions supply the controller with all the 
necessary information for any disc operation. The 
remaining instructions allow the program to 
determine, in detail, the state of the subsystem. 

The device flag commands operate on the controller as 
follows: 

f = S Sets the Busy flag to 1; sets the Done flag to O. 
Initializes the read/write channel (terminates 
any read/write operation in progress); clears 
all read/write error flags; clears trespassed 
flag. Disables drive attention interrupts. Starts 
read/write timeout. Transfers stored 
instruction from command channel to 
read/write channel and starts read/write 
operation (read, write, format, verify, or read 
buffers>. 

f = C Sets the Busy and Done flags to O. Initializes 
read/write channel (terminates any read/write 
operation in progress); clears all read/write 
error flags; clears trespassed flag and drive 
attention flags; does not terminate any <iri.lw ~ 
operation currently in progress. 

f = P Starts the drive operation (seek, recalibrate, 
offset, stop, write disable, release, or trespass); 
does not affect the Busy flag or Done flag. 

IORST Performs all operations listed under f= C and 
initiates a recalibrate operation on the lowest 
numbered ready drive if it is not reserved by 
the other processor. Clears the sector and 
surface address. Stored command defaults to 
READ. 

NOTE Some of the following instructions can 
be executed properly only in a specific context. 
When this is so, the required context is 
indicated. 



SPECIFY COMMAND, DRIVE AND EXTEND. 
ADDRS. 

DOA [fJ ac, DSKP 

AC 1 0 1 0 I 
314 s l 617 

F 
I 

I 0 1 0 1 1 1 I 
I I I I 

10 11 12 113 14 1, 

Loads bits 5-8 of the specified accumulator into the 
controller's command register, loads bits 9-10 of the 
specified accumulator into the controller's drive select 
register, and loads bits 10-15 of the specified 
accumulator into the extended memory address 
register (where applicable). Clears the done/attention 
flags selected by bits 0-4 of the specified accumulator. 
After the data transfer, sets the controller's Busy and 
Done flags and initiates operations according to the 
function specified by F. The contents of the specified 
accumulator remain unchanged; its format is as 
follows: 

Bits Name Function 

0 Clear Clears the status register's read/write Done 
R/W Done flag. Clears all the read/write error flags except 

read/write timeout. 

1-4 Clear Clears the drive attention flags for drives 0-3 
Atten (0-3) respectively. 

5-8 Command Specifies the command to be transmitted to 
the selected drive on the command or 
read/write channel as follows 

0000 Read 
0001 Recalibrate 
0010 Seek 
001 1 Stop drive 
0100 Offset forward 
01 01 Offset reverse 
0110 Write disable 
01 1 1 Release 
1000 Trespass 
1 001 Set a Iternate mode 1 
1 010 Set alternate mode 2 
1 01 1 No operation 
1100 Verify 
1 101 Read buffers 
1110 Write 
1111 Format 

9,10 Drive Specifies the drive (0-3) to be selected on the 
command or read/write channel 

11 -15 Extended Specifies the MSB's of the extended memory 
Memory address (BMC only) 
Address 
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SPECIFY CYLINDER 
DOC [fJ ac, DSKP 

Context: The previous DOA specified a seek operation. 

10 1 o 1 

o I 1 12 I 11 14 1> 

Loads bits 6-15 of the specified accumulator into the 
controller's cylinder address register. After the data 
transfer, sets the controller's Busy and Done flags and 
initiates operations according to the function 
specified by F. The contents of the specified 
accumulator remam unchanged; its format is as 
follows: 

CYLINDER 

I 10 11 12 I 11 14 1S 

Bits Name Function 

0-5 Reserved for future use 

6-1 5 Cylinder Specifies the desired cylinder (0-632 8 for 
6060, 0-14568 for 6061/6067) for a seek 
operation 

SPECIFY SURFACE, SECTOR AND COUNT 
DOC [fJ ac, DSKP 

Context: The previous DOA did not specify a seek operation. 

Loads bit 0 of the specified accumulator into the BMC 
map enable register, loads bits 1-5 of the specified 
accumulator into the controller's surface address 
register, loads bits 6-10 of the specified accumulator 
into the controller's sector address register, and loads 
bits 11-15 of the specified accumulator into the 
controller's sector count register. After the data 
transfer, sets the controller's Busy and Done flags and 
initiates operations according to the function 
specified by F. The contents of the specified 
accumulator remain unchanged; its format is as 
follows: 

Bits Name Function 

0 MAP Wh!ln 1, specifies BMC address mapping 

1-5 Surface Selects the starting surface (head) (0-228 for 
6060/6061,0-4 for 6067) for a read, write, 
format or verify operation. 

6-10 Sector Selects the starting sector (0-278 ) for a read, 
write, format or verify operation. 

11 - 15 -Sector Specifies the two's complement of the 
count number of sectors to be transferred in one 

operation (maximum of 40 8,) 



Read SURFACE, SECTOR AND COUNT 

Die {f] ac, DSKP 

F I 0 ! 1 ! 0 1! 1 ! 1 I 
! q 10 11 i 12 I 13 14 i 11) 

Places the contents of the controller's MAP enable 
register in bit 0 of the specified accumulator, places 
the contents of the controller's surface address 
register in bits 1-5 of the specified accumulator, places 
the contents of the controller's sector address register 
in bits 6-10 of the specified accumulator, and places 
the contents of the controller's sector count register in 
bits 11-15 of the specified accumulator. After the data 
transfer, sets the controller's Busy and Done flags and 
initiates operations according to the function 
specified by F. The format of the accumulator is as 
follows: 

Bits Name Meaning when 1 

0 MAP Indicates that mapped BMC transfers are 
enabled. 

1-5 Surface Indicates the current surface (0 - 22 8 for 
6060/6061 or 0-4 for 6067) for a read, write, 
format or verify operation 

6-10 Sector Indicates the sector (0-278 ) immediately 
following the last which was transferred. 

11-15 -Sector Indicates the two's complement of the number 
count of sectors remaining to be transferred. 

v-to1 

SPECIFY MEMORY ADDRESS 

D08 {f] ac, DSKP 

I 0 1 I 1 I AC I 1 .1 0 0 I F I 0 1 0 1 1 1 I 
o I 1 2 3 I 4 5 & I 7 8 I q 10

1 
11 I 12 I n I 14 1 1, 

Loads bit 0 of the specified accumulator into the least 
significant bit (lsb) of the controller's extended 
memory address register, and loads bits 1-15 of the 
specified accumulator into the controller's memory 
address register. After the data transfer, sets the 
controller's Busy and Done flags and initiates 
operations according to the function specified by F. 
The contents of the specified accumulator remain 
unchanged; its format is as follows: 

I EM~ MEMORY ADDRESS I 
. LSB I I I I I I I I I I I I I I . o 1 2 3 4 5 & 7 8 q 10 11 12 13 14 1, 

Bits Name Function 

0 Extended Specifies the Isb of the extended memory 
memory address or the NOVA 3 data channel map 
address selection. 

1-15 Memory Specifies the starting address for data channel 
address or BMC transfers 

READ MEMORY ADDRESS 

DIA {f] ac, DSKP 

Context: Altemate instruction mode 1 

Places the contents of the Isb of the controller's 
extended memory address register in bit 0 of the 
specified accumulator, and places the contents of the 
controller's memory address register in bits 1-15 of 
the specified accumulator. After the data transfer, 
sets the controller's Busy and Done flags and initiates 
operations according to the function specified by F. 
The format of the accumulator is as follows: 

Bits Name Meaning when 1 

0 Extended Indicates the Isb of the extended memory 
memory address or the NOVA 3 map selection. 
address 

1-15 Memory Indicates the location of the next word in 
address memory for a data channel or BMC transfer. 



READ EXTENDED MEMORY ADDRESS 

DIB [fJ ac, DSKP 

Context: Alternate instruction mode 1 

o 1 
12 I 13 I 14 15 

Places the BMC identifier flag in bit 0 of the specified 
accumulator and places the contents of the MSB's of 
the controllers extended memory address register in 
bits 11-15 of the specified accumulator. After the data 
transfer, sets the controller's Busy and Done flags 
according to the function specified by F. The format of 
the accumulator is as follows: 

Bits Name Meaning when 1 

0 --- Identifies a BMC controller 

1-10 --- Reserved for future use 

11-15 Extended Indicates the extended memory address for 
memory the next BMC transfer. 
address 
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READ DRIVE STATUS 

DIB [fJ ac, DSKP 

o I 1 
I AC 1 0 I 1 1 I F I 0 1 0 1 

i q 10 I 11 I 12 I n I 14 1S 

Places the drive status flags for the drive selected by 
the previous DOA in bits 0-6 and 8-15 of the specified 
accumulator; sets bit 7 to O. Mter the data transfer, 
sets the controller's Busy and Done flags and initiates 
operations according to the function specified by F. 
The format of the accumulator is as follows: 

Bits Name Meaning when 1 

0 Invalid The command channel is busy and bits 5-6 
status and 8-1 5 should be ignored 

1 Reserved The drive is reserved by the other processor 

2 Trespassed One of the drives was trespassed upon by the 
other processor 

3 Ready The drive is ready to accept commands 

4 Busy The drive is busy executing a position 
command. or reporting an aborted seek or a 
trespass by the other processor 

5 Offset The positioner is offset forward or reverse 

6 Write The write circuits are disabled 
disable 

,:: J5"" ,<c}c,V\!'Su. ~ 7 --- Reserved for future use ,..~f.L- u........ ... 
8 Invlid The surface or cylinder capacity of the drive 

address was exceeded. 

9 Illegal The drive received an illegal read/write or 
command position command 

10 Power The power supply malfunctioned 
fault 

11 Pack A condition occurred which imperiled the 
unsafe heads and pack. 

12 Positioner The head positioner malfunctioned 
fault 

13 Clock The servo clock malfunctioned 
fault 

14 Write The write or head select circuits malfunctioned 
fault 

15 Drive Any of the above faults (bits 8 - 14) 
fault 



READ DATA TRANSFER STATUS 

DIA {fl 

10 1 
o 1 1 

ac, DSKP 

1 I AC I 0 I 0 
23145 bl 

F 
I 

o 
12 I n I 14 15 

Places the contents of the controller's done flags and 
read/write status flags in bits 0-15 of the specified 
accumulator. After the data transfer, sets the 
controller's Busy and Done flags and initiates 
operations according to the function specified by F. 
The format ofthe accumulator is as follows: 

Bits Name Meaning when 1 

0 Control The drive command initiated by the previous 
full IOPULSE or IORESET has not yet been issued 

to the selected drive 

1 RIWDone The read/write operation initiated by the 
previous START has terminated. (This is the 
same as the device Done flag.) 

2-5 Drive 0-3 The respective drives have executed a 
Done positioner command, have rejected an illegal 

positioner command, have been trespassed 
upon, or have changed their ready status. 

6 Parity A parity error occurred on a data transfer 
between the controller and the adapter 

7 Illegal The sector address exceeded the capacity of 
sector the drive 

8 ECC A data error was detected by the error check 
circuits 

9 Bad A bad sector flag was detected during a sector 
sector header check 

10 Cylinder A cylinder address error was detected during a 
error sector header check 

11 Surf/sect A surface or sector address error was 
error detected during a sector header check 

12 Verify A data error was detected during a verify 
error operation 

13 Read/write The read/write operation initiated by the 
timeout previous START was not completed in 1 

second. 

14 Data late The FIFO overflowed during a read or 
underflowed during a write 

15 Read/write Any of the above faults or a drive fault on the 
fault drive currently selected by the read/write 

channel 

READ FIRST ECC WORD 

DIA {fl ac, DSKP 
.( 

Context: Altenate instruction mode 2 

o 
o I 

1 I AC I ~ I 11 I ~ I n 14 15 

o 0 
I b I 

F 

2 1 I 4 

Places bits 0-15 of the controller's ECC remainder 
register in bits 0-15 of the specified accumulator. After 
the data transfer, sets the controller's Busy and Done 
flags and initiates operations according to the 
function specified by F. The format of the accumulator 
is as follows: 

FIRST ECC WORD 

o I 1 I 2 I 3 I 4 I 5 I b I 7 I 8 I q I 10 I 11 I 12 I 13 14 15 

Bits Name Meaning when 1 

0-15 a
31

-a
16 

Indicates the coefficients of the high order bits 
of the ECC remainder following a read 
operation 

READ SECOND ECC WORD 

DID {fl ac, DSKP 

Context: Alternate instruction mode 2 

Places bits 16-31 of the controller's ECC remainder 
register in bits 0-15 of the specified accumulator. After 
the data transfer, sets the controller's Busy and Done 
flags and initiates operations according to the 
function specified by F. The format of the accumulator 
is as follows: 

SECOND ECC WORD 

o I 1 I 2 I 3 I 4 I 5 I b I 7 I 8 q I 10 I 11 12 113 14 15 

Bits Name Meaning when 1 

0-15 a 15 - ao Indicates the coefficients of the low order bits 
of the ECC remainder following a read 
operation. 
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PROGRAMMING DEl AILS 
To program data channel transfers for a DG/DISC 
storage subsystem. proceed in 5 steps: 

Select a drive and specify a seek command 

Specify a cylinder address and initiate the position 
operation 

Select a drive and specify a read/write command 

Specify a starting memory address. surface 
address. sector address and sector count and 
initiate the read/write operation 

Release the drive following all required operations 

Before issuing commands in phases I. III. and V. check 
the control full flag to avoid destroying a previously 
stored position command. Following phase IV check 
the read/write and drive status flags for error 
indications. 

NOTE The following discussion assumes a 
dual processor subsystem. In a single processor 
subsystem. ignore the release and trespass 
commands and also the trespassed flag, the 
drive reserved flag and the invalid status flag. 

Unless otherwise noted, do not follow an 
instruction with a device flag command (start, 
clear or iopulse). 

Phase I: Select a Drive and Specify a Seek 
Command 
Issue a read data transfer status instruction. (DIA) 
This automatically requests access to the command 
channel. Check that the control full flag is clear. 
indicating that any previously stored drive command 
has been transmitted to the adapter. Issue a Specify 
command, drive and extend. addrs. instruction (DOA) 
and specify a seek command. This automatically 
reserves the selected drive if it is not currently 
reserved by the other processor. Issue a read drive 
status instruction (018) and check that the invalid 
status flag is O. indicating that the command channel 
is open and that the drive status indicators are 
therefore valid. Check that the drive is ready. and 
that it is not reserved by the other processor. Also 
check that no drive faults are present and that write 
operations are not disabled (if a write is to ensue). (If 
the drive is busy. the stored command feature waits 
for completion of the current operation before it issues 
the new command. The drive rejects all commands if 
it is not ready.> 

Phase II: Position the Heads 
Move the heads to the desired cylinder by issuing a 
specify cylinder instruction (DOC) plus a P device flag 
command. The P command initiates the seek 
operation by setting the control full flag; it does not 
affect the controller's Busy or Done flags. When the 
stored command is transmitted to the adapter. the 
control full flag is cleared (note that if the drive is 
reserved by the other processor. control full remains 
set and can be cleared only with a Clear flag 
command. an Ioreset or a Trespass command). If a 
read/write operation is to follow. proceed 
immediately to phase III without waiting for a drive 
attention interrupt request. Otherwise an interrupt 
request will follow if the drive command was a seek. 
recalibrate, offset forward, offset reverse. or stop. 
While the drive is seeking. its busy flag is set (its ready 
flag is unaffected.> 

Phase III: Select a Drive and Specify a 
Read/Write Command 

Check the device Busy flag to see that no data transfer 
operation is pending or in progress. Issue a read data 
transfer status instruction (DIA). This automatically 
requests access to the command channel. Check that 
the control full flag is clear. indicating that any 
previously stored drive command has been 
transmitted to the adapter. Issue a specify command, 
drive and extend. addrs. instruction (DOA) and specify 
a read/write command and an extended memory 
address (where applicable). This automatically 
reserves the drive if it is not currently reserved by the 
other processor. (This operation is redundant if the 
drive was reserved previously.) If the status of the 
reserved flag is not known. issue a read drive status 
instruction (018) and check that the selected drive is 
not currently reserved by the other processor. 
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Phase IV: Read or Write 
Issue a specify surface. sector and count instruction 
(DOC) Be sure not to exceed the capacity of the drive. 
Then, issue a specify memory address instruction 
(DOB) plus an S device flag command. The S command 
initiates the read/write operation by setting the 
device Busy flag; it clears the read/write done flag 
(which is the same as the device done flag), starts the 
one second timer, and inhibits drive attention 
interrupts for the duration of the operation. When the 
selected drive completes the previous seek operation 
and clears the associated seek busy flag, the controller 
transmits the stored read/write command to the 
adapter and the operation begins. 

At the start of a read/write operation, the adapter 
waits until the starting sector passes under the 
specified head. It then reads the sector address field, 
checks the bad sector flag and verifies that the 
cylinder address matches that posted by the specify 
cylinder instruction which accompanied the previous 
seek command, and that the surface and sector 
address match those posted by the specify surface, 
sector and count instruction which accompanied the 
current read/write command. 

If the address check is successful, the data transfer 
commences. The memory address register increments 
following every word transfer across the data channel 
or BMC. As the data transfer proceeds, the adapter 
accumulates a 32-bit ECC checkword. After each 
sector is read, the controller stores the final ECC 
checkword (which should equal zero) in the 
controller's ECC register. 

The sector address and count increment half way 
through the data field transfer. If the sector address 
overflows, the surface address increments at the end 
of the sector transfer. If the sector count does not 
overflow, the next sector is transferred in the same 
manner. Data transfer continues until the sector 
count overflows, whereupon the operation 
terminates, the device Done flag sets and program 
interrupt request is generated. 

Phase V: Release Drive 
It may be desirable to release the reserved status of 
the drive after the last data transfer to allow access by 
the other processor. To do this, issue a read data 
transfer status instruction (DIA). This automatically 
requests access to the command channel. Check that 
the control full flag is clear, indicating that any 
previously stored drive command has been 
transmitted to the adapter. Issue a specify command. 
drive and extend. addrs. instruction (DOA) plus a P 
device flag command and specify a release command. 
The P command initiates the release operation by 
setting the control full flag; it does not affect the 
device Busy or Done flags. When the stored command 
is transmitted to the adapter, the control full flag is 
cleared. 
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DRIVE COMMAND INITIATION FLOWCHART 

·DELETE THESE OPERA TIONS IN 
SINGLE PROCESSOR CONFIGURA TIONS 

DG-(}:I73(} 

EXIT TO USER LEVEL TO 
DECIDE IF TRESPASS 
REQUIRED 

EXIT TO USER LEVEL FOR 
RETRY OR TO INFORM 
OPERATOR 

EXIT TO USER LEVEL 
TO WAIT FOR DRIVE OR 
R W ATTENTION 

TO INITIATE EXECUTION 
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READ/WRITE COMMAND INITIATION FLOWCHART 

ISSUE A DOA TO SELECT 
& RESERVE DRIVE & 
STORE COMMAND AND 
SPECIFY EXTENDED 
MEMORY ADDRESS 

DG-mnl 

EXIT TO USER LEVEL 
TO WAIT FOR 
RfW ATTENTION 

EXIT TO USER LEVEL TO 
DECIDE IF TRESPASS 
REQUIRED 

EXIT TO USER LEVEL 
FOR RETRY OR TO 
INFORM OPERATOR 

YES 

YES 

NO 

'DELETE THESE OPERATIONS IN 

WRITE OR FOR~A T 
COMMAND 

SINGLE PROCESSOR CONFIGURA TIO~S 
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NO 

NO 



DRIVE INTERRUPT PROCESSING FLOWCHART 

"DELETE THIS OPERATION IN 

YES 

ISSUE A DIA 
TO INSPECT DRIVE 
A TTENTION FLAGS 

ISSUE A DOA TO SELECT 
DRIVE AND CLEAR ATTENTION 
(RESERVES DRIVE IF NOT 
A TRESSPASS ATTENTIONi 

YES 

NO 

ISSUE A DIB 
TO INSPECT 
DRIVE STATUS 

SAVE READY FLAG 
TO CHECK FOR 
CHANGE OF STATE 

SAVE DRIVE FAULT 
STATUS FOR 
RECOVERY 

YES 

SINGLE PROCESSOR CONFIGURATIONS 

DG-()172R 
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READ/WRITE INTERRUPT PROCESSING FLOWCHART 

NO 

ISSUE A DOA TO 
SELECT DRIVE AND 
CLEAR DONE FLAG 

SAVE READ WRITE 
STATUS FOR 
RECOVERY 

ISSUE A DIC AND 

YES 

SAVE SECTOR SURFACE 
COUNT FOR RECOVERY 

ECC NO 
>-'-"----~ 

ISSUE A DOA 
TO SELECT 
AL TERNATE MODE 2 

ISSUE A DIA AND DIB 
AND SAVE ECC ERROR 
WORDS FOR RECOVERY 

·DELETE THIS OPERA TION IN SINGLE PROCESSOR CONFIGURA TIONS 
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NO 

ISSUE A DOA 
TO SELECT 
AL TERNA TE MODE 1 

ISSUE A DIA AND DIB 
AND SAVE MEM 
ADDRESS FOR RECOVERY 

ISSUE A DIB TO INSPECT 
DRIVE STATUS (CLEAR AL T 
MODE 1 IF REQUIRED) 

YES 

~RIVE 

SAVE DRIVE FAUL T 
STATUS FOR 
RECOVERY 

i 

-I-
I : END ) 

NO 



FORMATTING 
Data General Corporation's disc storage subsystems 
require that the data surfaces be formatted before a 
subsystem will properly function. The format 
delineates an address field and a data field in each 
sector. The address field is a coded header that 
precedes the data field, and contains the sector's 
physical address. The data field provides space for 512 
data bytes and 4 ECC bytes. 

The purpose of the format is twofold: 1) it provides 
information for data integrity and address checking 
by the subsystem (transparent to the programmer) 
before each data transfer; 2) it provides splice areas 
that separate the address field from the data field in a 
sector while giving read and write controls time to 
properly initialize and settle prior to a data transfer. 

A sector is formatted into four fields. The first splice 
field contains 27 bytes of zeros followed by a 
synchronization mark (0001). The address field 
contains 3 bytes of address information, including a 
bad sector flag. The second splice field contains 13 
bytes of zeros followed by a synchronization mark 
(0001). The data field contains 512 data bytes and 4 
ECCbytes. 

If the data transfer status register repeatedly 
indicates an address error after many failures to read 
or write an area on the disc, the area in question (one 
sector, or several adjacent sectors on a surface) may 
need reformatting. The formatter program sets the 
bad sector flag on any sector that will not support 
error free data. 

Typically, disc packs obtained from Data General 
Corporation are formatted before they are shipped; 
packs obtained elsewhere must be formatted by the 
customer. 

Data General Corporation provides a stand-alone 
program that will format all the sectors of a disc pack. 
The program can also format a single sector. It is 
available on paper tape (DaC no. 095-000471) and 
with Data General's Diagnostic Tape (and Disc) 
Operating Systems; its operation is described in a 
companion program listing (DaC no. 096-000471). 

Whenever any sector is reformatted, all the data in 
that sector is lost. Formatting is done independently 
of and before initialization of a disc for use with a Data 
General operating system. 

TIMING 
The discs in the drive unit rotate at a nominal 
3600rpm; a complete revolution requires 16.667ms. A 
register in the selected drive continually indicates the 
number of the sector currently passing under the 
heads. This feature allows the subsystem to carry out 
a read or write operation the first time the desired 
sector passes under the selected head. 
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The minimum sector access time is 55 us. (the time 
required to read the address field at the start of a 
sector and start the data transfer). The maximum 
access time is therefore 16.772 ms. (55 us. plus the time 
for a full revolution). The average access time is 
8.389ms. 

A sector passes under a head in 0.695ms; the data 
portion of that sector (not including the ECC field) 
passes under the head in 0.636ms. A data channel 
request occurs for every word, approximately 2.48us 
(nominal). A BMC request occurs for every 8 or 16 
words (jumper selectable). The average data transfer 
rate is 403,200wps. The controller can buffer 8 words 
for the data channel and 8 or 16 words for the BMC 
which provides a maximum allowable data channel 
latency of 20us and a BMC latency of 20 or 40us. If the 
channel does not respond to a controller request 
within this time, both the data late flag and the 
read/write fault flag set and the data transfer 
operation immediately ends. 

Data transfer operations are timed. If the subsystem 
does not complete a data transfer within 1 second 
after the initiating S flag command, the read/write 
timeout flag and the read/write fault flag set and the 
data transfer operation immediately ends. 

The time required to position the heads (seek time) 
depends upon the number of cylinders the heads must 
cross to reach the destination cylinder, independent 
of the direction of movement. The minimum seek time 
is that for a single cylinder seek - 6ms. The maximum 
seek time to traverse all cylinders is 6Oms. and the 
average seek time is 35ms. The time to set or c~ear.a 
positioner offset is 3ms. The zero length seek tIme IS 
60us. 

The recalibrate operation moves the heads back to 
cylinder 0 and selects surface 0; but it progresses more 
slowly than a seek to that cylinder. The maximum 
recalibrate time is 350ms. 

In a dual processor system, a controller can retain 
access to the command channel for up to 50us. after 
the other controller has requested access. If that time 
period is exceeded, the command channel is 
automatically released, to allow access by the other 
controller. The controller transmits the command and 
clears the control full flag. The adapter then closes the 
command channel 4.8us after the P flag command is 
issued if the command channel was already open, and 
the drive was not already busy or reserved by the 
other processor. (The controller cannot transmit the 
command until all these conditions are met. If the 
drive is reserved by the other processor, control full 
remains set following an Iopulse or Ioreset.) 

In a single processor system configuration, the 
command channel remains open following the initial 
access request (the invalid status flag is always 0), but 
the minimum time required for the control full flag to 
clear, following a P flag command remains 4.8us. 



Read 

DETAILED COMMAND 
DESCRIPTIONS 

Reads up to 32 contiguous sectors into memory from 
the selected drive, starting at the specified surface and 
sector, and in the cylinder selected by the previous 
seek instruction. Data is read from the disc in blocks 
of 256 words per sector and is transferred to processor 
memory starting at the specified memory address. 

Before a sector data transfer commences, the adapter 
reads the address field and checks the bad sector flag 
and the surface, sector and cylinder address. The 
operation terminates if an error is detected. 

The subsystem accumulates an ECC checkword 
during the sector data transfer. It divides the data 
field and the appended ECC field by a fixed generator 
polynomial and indicates an ECC error if the resulting 
checkword is non-zero. 

If the sector address overflows during a multiple 
sector read, the operation continues on the first sector 
of the next surface. The transfer terminates when the 
sector count overflows or an error is detected. 

Recalibrate 
Moves the heads to cylinder 0 and selects surface O. 

Seek 
Moves the heads to the specified cylinder. 

Stop Disc 

Unloads the heads and stops spindle rotation.( Only 
the operator can start the disc. ) 

Offset Forward 

Offsets the positioner forward of the track centerline. 
This operation is cleared by the next seek command 
or by an offset reverse command or by a recalibrate 
opertion. (The drive does not allow write operations 
when the positioner is offset.> 

Offset Reverse 

Offsets the positioner reverse of the track centerline. 
This condition is cleared by the next seek command or 
by an offset forward command or by a recalibrate 
operation. (The drive does not allow write operations 
when the positioner is offset.> 
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Write Disable 

Disables write operations in the drive. ( Only the 
operator can enable write operations. ) 

Release Drive 

Clears the reserved status of a selected drive which 
this processor had reserved previously. 

Trespass 
Clears the reserved status of a selected drive reserved 
by the other processor and reserves it for this 
processor. 

Set Alternate Mode 1 

Changes the interpretation of DIA and DIB to read the 
current memory address. This mode is cleared when a 
new command or an IORST is issued. 

Set Alternate Mode 2 

Changes the interpretation of DIA and DIB to read the 
ECC remainder. This mode is cleared when a new 
command or an IORST is issued. 

No Operation 

Null command. (This command may be used to select 
a drive and read its status, or to clear alternate mode 
1 or 2,) 

Data Verify 

Compares data written on the disc against its image 
in processor memory (read after write check). A data 
transfer proceeds as for a normal read command 
except that data words are not written to processor 
memory. Instead, data words are read from processor 
memory as the corresponding words are read from the 
disc and the converging data streams are compared in 
the controller. If an error is detected, the operation 
terminates at the end of the current sector. 

Read Buffers 

Reads the contents of the FIFO to facilitate diagnostic 
testing. Data is read from the FIFO as an eight word 
block and is transferred to processor memory starting 
at the specified memory address. The FIFO must first 
be filled by issuing a write command to a nonexistent 
or write disabled drive. This operation terminates in a 
read/write timeout. 



Write 

Writes up to 32 contiguous sectors from processor 
memory to the selected drive, starting at the specified 
surface and sector, and in the cylinder selected by the 
previous seek instruction. Data is transferred from 
processor memory starting at the specified memory 
address and is written to the disc in blocks of 256 
words per sector. 

Before a sector data transfer commences, the adapter 
reads the address field and checks the bad sector flag 
and the surface, sector and cylinder address. The 
operation terminates if an error is detected. 

The subsystem accumulates an ECC checkword 
during the sector data transfer. It divides the data 
field by a fixed generator polynomial and appends the 
resulting ECC checkword to the data field. 

If the sector address overflows during a multiple 
sector write, the operation continues on the first 
sector of the next surface. The transfer terminates 
when the sector count overflows or an error is 
detected. 

Format 
Formats up to 24 contiguous sectors on a selected 
surface. 

FAULT FLAGS 
The following table lists the faults detected by the disc 
storage subsystem, and is divided into two parts: 
errors detected by the drive are called drive faults and 
errors detected by the controller/adapter are called 
read/write faults. The drive fault flag sets when any 
fault is indicated by the selected drive. A drive fault 
may cause the drive to lock out an operation, 
recalibrate the positioner or unload the heads. 

The read/write fault flag sets when when any fault is 
indicated by the controller/adapter, or when a drive 
fault is indicated by the drive currently selected on 
the read/write channel. This fault immediately 
terminates a read/write operation. Most faults can be 
cleared by issuing a new command, and a retry is 
generally recommended. Drive faults which result in 
an emergency retract are not recoverable. Data and 
sector address check errors might be recovered by 
offseting the positioner. 
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Drive Faults 

Illegal Address 

One of the following: 

The surface address received by the drive was 
greater than 18 (228 ) for a 6060/6061 or 4 for a 6067. 

The cylinder address received by the drive was 
greater than 410 (6328 ) for a 6060 drive or 814 
(1456 8 ) for a 6061/6067 drive. 

The command is rejected. 

Illegal Command 

One of the following: 

The drive received a new seek or offset command 
while it was busy executing a previously 
commanded seek, offset, recalibrate or unload. The 
command is rejected. 

The drive received a write command while the 
positioner was offset or write operations were 
disabled, or it received a new command or 
commenced positioner movement while reading or 
writing. 

Dc Voltage Fault 

The drive detected an undervoltage in its dc power 
supply. 

Pack Unsafe 

One of the following: 

The door was opened while the spindle was 
energized. 

The drive detected an undervoltage on the 
emergency retract power supply. 

The drive detected a low blower pressure condition. 

The drive detected a low spindle speed condition. 

The drive failed to complete a brush cycle before 
the spindle speed exceeded 2400 rpm (this will 
occur ifno pack is in place). 



Positioner Fault 

One of the following: 

The positioner failed to follow the track selected by 
-the previous seek or recalibrate command. 

The positioner ran into a guard band during a seek 
or offset operation. 

The drive failed to complete a load, seek or 
recalibrate operation in 750ms. Failure to complete 
a seek operation results in an automatic recalibrate 
operation. Failure to complete a load or recalibrate 
operation results in an automatic unload operation. 

The drive failed to complete an unload operation in 
750msec. 

The positioner velocity exceeded allowable limits. 

The positioner moved away from the track 
centerline during a write operation. 

Clock Fault 

The servo clock lost phase lock with the servo disc. If 
the fault is severe, the positioner unloads and reloads 
the heads. If the clock is not subsequently recovered, a 
seek incomplete fault results and then heads unload. 

Write Fault 

One of the following: 

Write current did not turn on when a write 
command was issued. 

Write current did not turn off when a write 
command was rescinded. 

No head or more than one head was selected for a 
write operation. 
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Read/Write Faults 

Parity 

A parity error occured on command, data, or ECC 
transfer on the read/write channel between the 
adapter and controller. 

Illegal Sector Address 

The starting sector address received by the adapter 
was greater than 23 (278 ). 

ECC 

The ECC logic detected a data error during a read 
operation. (The final ECC remainder may be read to 
perform error correction.> 

Bad Sector 

The bad sector flag, written in the sector address 
header by the formatter and read prior to a sector 
data transfer, indicated that the sector could not 
support reliable data storage. 

Cylinder Address 

The cylinder address, written in the sector address 
header by the formatter and read prior to a data 
transfer, did not agree with the cylinder address 
specified during the previous seek operation. (The 
drive should be recalibrated.> 

Sector Or Surface Address 

The sector or surface address, written in the sector 
address header by the formatter and read prior to a 
data transfer, did not agree with the currently 
specified surface or sector address. 

Verify 

Data read from the disc did not match data read from 
processor memory during a verify operation. 

Read/Write Timeout 

The subsystem did not complete a read/write 
operation and set read/write done within 1 second 
after the initiating S flag command. 

Data Late 

The data channel or BMC FIFO overflowed on a read 
data transfer or underflowed on a write data transfer. 



DRIVE FAUL TS 

ILLEGAL 
ADDRESS 

ILLEGAL 
COMMAND 

ILLEGAL SURFACE ADDRESS 

ILLEGAL CYLINDER ADDRESS 

ILLEGAL POSITION COMMAND 

ILLEGAL READ/WRITE COMMAND 

DC VOL T AGE FAUL T 

PACK 
UNSAFE 

POSITIONER 
FAULT 

CLOCK FAULT 

WRITE 
FAULT 

DOOR FAULT 

RETRACT VOLTAGE FAULT 

BLOWER FAULT 

SPINDLE FAULT 

BRUSH FAULT 

SKIP TRACK FAULT 

OVERTRAVEL FAULT 

SEEK INCOMPLETE FAULT 

UNLOAD FAULT 

OVERSPEED FAULT 

OFF TRACK WRITE 

WRITE COMMAND/NO CURRENT 

WRITE CURRENT/NO COMMAND 

MUL TIPLE OR NO HEADS SELECTED 

READ/WRITE FAUL TS 

PARITY ERROR 

ILLEGAL SECTOR ADDRESS 

ECC ERROR 

BAD SECTOR 

CYLINDER ADDRESS ERROR 

SURFACE OR SECTOR ADDRESS ERROR 
-----------------

VERIFY ERROR 

READ/WRITE TIMEOUT 

DATA LATE 
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• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 

• •• 
• •• II 

• • • 
• •• 
• •• 
• •• 

• • • 
• • 
• • • 

V-114 

DRIVE ACTION 

• • 
• • • 
• • • 
• • • • 

• • • • 
• • • • • 
• • • • • 
• • • • • 
• • • • • 
• • • • • 
• • • 
• • • 
• • • •• •• 

• • • • 
• • • • 

• • • 
• • •••• 
• • • 
• • • 
• • • 

·SEE TEXT 



ERROR CONDITIONS 

During Initial Selection 
If the pack unsafe flag or the dc voltage fault flag set, 
or the positioner fault flag sets due to an unload fault 
or overspeed fault, the heads unload, the spindle stops 
and the unit ready flag resets. These error conditions 
can only be cleared by switching the drive's power 
switch off and then on again. The spindle cannot be 
restarted until these faults are cleared. 

During Head Positioning 
If the program specifies an illegal position command, 
the command is rejected. If the program specifies an 
illegal cylinder address in conjunction with a seek 
command, the seek operation is rejected. 

If a skip track fault, overtravel fault, seek incomplete 
fault or clock fault occur, the drive automatically 
initiates a recalibrate operation. If the clock fault is 
severe, the drive automatically unloads and reloads 
the heads. If a load (initial seek) or recalibrate 
incomplete fault occurs, the drive automatically 
initiates an unload operation. 

During Data Transfer 

If the program specifies an illegal surface or sector 
address or an illegal read/write command, the 
command is rejected and the data transfer operation 
terminates. 

If the program specifies a sector count which causes 
the surface or cylinder address to exceed the capacity 
of the drive, the data transfer operation terminates at 
the start of the sector in which the overflow occurred. 

If the subsystem detects a bad sector flag, or a surface, 
sector or cylinder select error, the data transfer 
operation terminates at the start of the sector in 
which the error occured. ( If a cylinder address error 
occurs, the drive should be recalibrated). 

If the subsystem detects a parity or data late error, a 
write fault or an off track write, the data transfer 
operation terminates when the error occurs. If the 
error occurs more than half way through a sector data 
transfer, the sector count indicates the address of the 
next sector. 

If the subsystem detects an ECC or verify error, the 
data transfer operation terminates at the end of the 
sector in which the error occurred and the sector 
count indicates the address of the next sector. (Note 
that it may be possible to eliminate ECC errors by 
using the positioner offset commands.) 
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If a drive fault occurs during the head positlOning 
phase of a back to back seek/ data transfer operation, 
or if a drive or read/write fault occurs during a data 
transfer operation, the data transfer operation 
terminates when the fault is detected. Also, the 
specific fault flag(s), the read/write fault flag and the 
read/write attention flag set, the Busy flag resets and 
a program interrupt request is initiated. 



DATA ERROR CORRECTION 
The disc storage subsystem supports error detection 
and correction to help maintain data integrity. The 
ECC feature detects all error bursts contained within 
21 or fewer contiguous bits in a sector, and supports 
software correction of all error bursts contained 
within 11 or less contiguous bits. A large class of 
additional errors may also be detected, but a small 
possibility exists that the correction algorithm will 
indicate erroneous corrections on error bursts that 
exceed 11 bits. 

When the subsystem writes a sector, the ECC 
hardware divides the data field by a fixed generator 
polynomial and appends the resulting checkword to 
the data field. 

When the subsystem reads a sector, the ECC 
hardware divides the data field plus the appended 
checkword by a factored version of the same 
generator polynomial. If a transcription error occurs, 
the resulting remainder is non-zero (except for a 
small class of errors which are undetectable due to the 
cyclic properties of the generator polynomial), and 
the controller's ECC error flag sets. 

The processor may read the 4-byte ECC remainder via 
a Read first EGG word instruction (DIA, alternate 
mode 2) and a Read second EGG word instruction (DIB, 
alternate mode 2). A software error correction 
algorithm then manipulates the checkword to 
attempt to correct the erroneous data. (The algorithm 
may find some detected errors to be uncorrectable.) 

The generator polynomial is: 

(4005) (10000001) = 40050004005 

or in terms of powers of x 

(x"ll + x"2 + 1) • (x"21 + 1) = 
x"32 + x"23 + x"21 + x"ll + x"2 + 1 

The following flow charts and diagrams indicate the 
method for correcting data errors. 
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The following set of steps describe the method of error 
correction when using the ECC status words: 

1. Get the first and second ECC words. 
2. Check for error and its correct ability. 
3. Perform left rotate on PO to find 11 bit error 
pattern. 
4. Duplicate error pattern in Pi using XOR and 
SHIFT. 
5. Compute bit displacement of 11 bit error burst. 
6. Check that error burst falls within sector. 
7. Compute correction. 
8. Reconstruct word or words in error. 

The flow charts and diagrams on the following pages 
illustrate the method described above. 



r----------METHOD FOR PERFORMING ERROR CORRECTION---------, 
USING ECC ERROR WORDS 

GET PO & P 1 CONTAINED IN ECC STATUS WORDS 

DIA-2 (FIRST ECC WORD) 0182 (SECOND ECC WORD) 

101112[ 31 4 1 5161 7! 8191101111121131141151 116117118119120121122123124125126127128129\30\311 

\... PO -----------------------------.~~14 ... ~--- P1 .1 

CHECK FOR ERROR AND ITS CORRECTABILITY 

DG-03818 

PERFORM SHIFT 
TO FIND ERROR 
PATTERN IN PO 
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~------- METHOD FOR PERFORMING ERROR CORRECTION -------......., 
USING ECC ERROR WORDS 

TAKE PO 
SHIFT LEFT N TIMES 0 S N ~2 1 

UNTIL PO(O,g) = 0 * 

""-"-"""T'"--r-..-"T"--- - - - - - - - - - - - - - - -, 
I 

L..r....L..,,.....L-..,.....-'"""T"".....,. .. - - - -- - - - - - - - - - - - - -l 

.---J'-r-.L.,-....L,--'-.,..-1 ... - - - - - - - - - - - - - - - - - -, 
I 

L.--'---'----'_.l..-~ ______________________ J 

PO(O,g) (ERROR IS UNCORRECT ABLE IF THIS STEP CANNOT BE COMPLETED) 

r~----------~A~----------~, 
lololololololololololxJxJxlxJxJx\ 

'

x I X I ~ I X I X ,- -- - -- -- - - - - - - - - - ~ 
L.. ---L,_J.... ---L._J..., --1... ___________________ " 

DG·03818 

I~ ERROR PATTERN X IS EITHER 0 OR 1 .1 

STORE N 
STORE ERROR PATTERN 

TAKE PI 
PERFORM THE INDICA TED SHIFT & XOR OPERATIONS M TIMES 

OS;:M~2047 

UNTIL PI MATCHES ERROR PATTERN * 

r - - - - - - - -- T--.---,-.,...--.---.-....--.--..-r---r---. 
I 

L - - - - - - - -'-rr-'-..-''-r-'-r-'-r-.-......,.-'-......... ''-r-'-r-' 

r - - - - - - - .....-'-r......,--'-.,...-'-T-...... -'-.-''-T-...... -;---'--r-I'-, 
I 
'- _ _ _ _ _ _ _ .L--'---'_ ....... -'----'-_ ....... -'---'-... '---'---' 

C STORE M ) 

---~ 

* ERROR IS UNCORRECT ABLE IF THIS STEP CANNOT BE COMPLETED 
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---------METHOD FOR PERFORMING ERROR CORRECTION --------_ 
USING ECC ERROR WORDS 

DG-03820 

NO yES 

IF ERROR IS CORRECT ABLE 

'----.... --.... ~IS THE ACTUAL BIT DISPLACEMENT 
OF THE BURST ERROR FROM 
THE ST ART OF THE SECTOR 

CHECK THAT ERROR FALLS WITH SECTOR 

NO YES 

THE ERROR LIES OUTSIDE 
OF THE SECTOR 

YES NO 

ZERO THE PORTION OF 
THE ERROR PATTERN 

::a.--~THA T FALLS IN THE 

ECC FIELD* 

QUOTIENT (Q) IS THE WORD OFFSET 
""-__ .... ___ ... REMAINDER (RBIT) IS THE BIT OFFSET 

PERFORM ERROR CORRECTION AS 
SHOWN ON THE NEXT PAGE 

"THE ECC FIELD IS NOT STORED IN CORE. BUT 
IT IS PART OF THE FIELD THAT IS CORRECTABLE 
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_--------METHOD FOR PERFORMING ERROR CORRECTION-----------, 
USING ECC ERROR WORDS 

STEP 1 

THE ERRONEOUS SECTOR 

STEP 3 
UPON OAT A RECONSTRUCTION 

CORRECTED 
SECTOR 

OF DATA 

DG-03735 

COMPUTE THE CORRECTION AND RECONSTRUCT DATA IN CORE 

SECTOR 
BOUNDARY 

1st DATA 
WORD 

11 BIT ERROR BURST 
I .... 

" RBIT 

I J J J 

STEP 2 

11 BIT ERROR PATTERN 
to( 

jxJxJxlxlxlxlxlxlxlxJxl 
WORDQ 

SECTOR 
BOUNDARY 

SECTOR 
BOUNDARY 

} 
CORRECTED 
DATA 

SECTOR 
BOUNDARY 

WORD 
BOUNDARY 

\ 

WORD 
BOUNDARY 

CORRECTED OAT A 

I 

WHEN THE ERROR BURST FALLS CLOSE TO EITHER SECTOR 
BOUNDARY, THE SOFTWARE ALGORITHM SHOULD PERFORM 
CHECKS TO PREVENT SPURIOUS CORRECTIONS BEYOND THE 
SECTOR BOUNDARIES 
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6063/6065 SERIES 
FIXED HEAD DG/DISC 

SUBSYSTEM 

---------PROGRAMMING SUMMARY ---------., 

Mnemonic (First Controller) 
Device Code 
Mnemonic (Second Controller) 
Device Code 
Priority Mask Bit 
Surfaces/Unit 
Tracks/Surface 
Sectors/T rack 
Words/Sector 
Total Storage Capacity (words) 
Max. Transfer Rate (wps) 
Allowable Data Channel Latency (us) 
Sector Access Time (ms) 

DKB 
26 

DKB1 
66 

9 
2 

32/64 
32 

256 
524,288/1,048,576 

450,450 
18 

10.12 

ACCUMULATOR FORMAT 

Specify Queue Address (DOA) 

I MEMORY ADDRESS I 
o I 1 I 2 I 3 \ 4 I 5 I & \ 7 I 8 I 9 \10 I 11 I 12 \13 I 14 I 15 

COMMAND FORMAT 

Disk Address 

~ DRIVE It , TRACK# I I SECTOR# I 
~ 2 I 3 4 I 5 I & I 7 I 8 I 9 110 11 12 113 I 14 I 15 

Command 

I DIAG vq Sil 
o I 1 I 2 3 4 

r··, , r·················1 COMM·:-:·:- H DIA·:-:-:-:-:·:·:-:·:-:-:-:-:-:·:·:·:-:-: 
5 I & I 7 •.• ~.. 9 10 ··~~··~··~~l~~·r~~·r;·~·· 

Command 

000 Read 
001 Write 
010 Data Verify 
011 Jump 
100 Idle 
1 01 WR Buffer 
11 0 RD Buffer 
111 Reserved for future use 

Memory Address 

I MEMORY ADDRESS I 
o I 1 I 2 I 3 I 4 I I & I 7 I 8 I 9 110 I 11 I 12 113 I 14 I 15 

Status Word 

I E I}/:::::::j BE I ~lfE liD , ~ ICE ISEC, R I u I DLI~ccIVE I D I 
o t 1 1 2 3 4 5 & 7 8 9 10 11 12 13 14 15 
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INTRODUCTION 

This disc subsystem consists of from one to four fixed 
head disc drives and one or two controllers. The 
subsystem controller occupies two slots of the 
computer chassis and directs the activities of the disc 
drives. Control over the subsystem may be shared 
between two NOVA or ECLIPSE computers by 
installing a controller in each processor. 

Subsystem operations are controlled by a command 
queue located in main memory. This queue consists of 
a series of five-word entries, each of which instructs 
the unit to perform a single operation. The program 
builds the queue, sends its address to the controller, 
and issues a Start command. The controller processes 
commands until a Halt function or error condition 
occurs. 

Each full capacity disc unit contains 128 tracks, 
numbered 0-1778. Each track contains 32 sectors, 
numbered 0-378. Each sector contains a data field that 
stores 512 bytes and a 32-bit error correction 
checkword. The data storage capacity is 16,384 
bytes/track or 2,097,152 bytes/unit. A half capacity 
disc unit has 64 tracks CO-7~ ) for a total of 1,048,576 
bytes. 

Data is transfered two bytes (one 16-bit computer 
word) at a time via the data channel at a maximum 
rate of 450,450 words per second. A first-in first-out 
(fifo) buffer provides 8 words of buffering between the 
subsystem and the computer. The controller contains 
a 16-bit memory address register, enabling it to use 
the extended data channel addressing on processors 
which support the use of bit 0 for alternate map 
selection. 

A powerful error detecting and correcting facility is 
provided to improve data integrity. This facility 
detects transcription errors and supports software 
correction of most error bursts of 11 bits or less. 

Memory address registers in the controller are 16 bits 
wide, permitting bit 0 to be used to select an alternate 
MAP on machines so equipped. 

CONTROLLER REGISTERS 

The controller contains seven registers. The table 
below summarizes their properties and functions. 

CONTROLLER REGISTERS 

NAME SIZE (bits) FUNCTION ACCESS METHOD 

Queue Address 16 Contains address of current Data channel or programmed If 0 
word in command Queue 

Memory Address 16 Contains address of next word Data channel or programmed If 0 
to transfer tolfrom disc 

Status 16 Contains status and errOr bits Data channel or programmed If 0 

ECC 32 Contains check word remainder programmed 1/0 only 

after a transfer 

Alternate 3 Selects alternate functions programmed If 0 only 

Instrucllon for 1/0 Instructions 

Disc Address 14 Contains address of current Data channel only 
sector for data transfer 

Command 9 Contains current command. also Data channel only 
diagnostic bits 
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INSTRUCTIONS 

For normal operation, the only instruction which is 
used to program the subsystem is that which loads the 
queue address register (DOA). All data transfers are 
controlled by the information in the queue itself. Six 
additional instructions allow the program to 
determine, in detail, the current state of the 
subsystem and to perform various diagnostic 
functions. 

The device flag commands control the disc controller's 
Busy and Done flags as follows: 

f = 5 90ntext; Follows a Specify queue address 
InstructIOn. 

Sets the Busy flag to 1, sets the Done flag to 0, 
sets all error flags, disc address, command, and 
alternate instruction select registers to 0, and 
initiates disc operation using the command 
entry at the address contained in the queue 
address register; terminates any operation 
already in progress. 

f = 5 Context: Follows an IORST instruction. 

Sets the Busy flag to 1, sets the Done flag to 0, 
sets all error flags, disc address, command, and 
alternate instruction select registers to 0, and 
initiates disc operation without using the 
command queue. Data is read from disc unit 0, 
track 0, sector 0, into memory beginning at 
location 0. Status is returned into location ° 
following these transfers. The controller then 
sets its Busy flag to 0, sets its Done flag to 1, 
and initiates an interrupt request. 

f = C Sets the Busy flag to 0, sets the Done flag to 0, 
sets all error flags, disc address, command, and 
alternate instruction select registers to 0, 
terminates any operation already in progress. 

f = P Sets the the Done flag to 0, and sets the 
interrupt request flag to 0, does not affect any 
operation already in progress. 

Instruction Coding Conventions 

In the descriptions that follow, certain coding 
conventions are used so that the assembler can 
recognize the instruction and translate it correctly 
into machine language. See Appendix E for these 
conventions. 

Specify Queue Address 

DOA {f] ac, FHD 

I 0 1 1 I AC I 0 1 0 I F I 0 1 0 1 1 0 I 
o I 1 \ 2 3 I 4 5 \ 6 I 7 8 I 9 110 I 11 I 12 113 I 14 \ 15 

Loads bits 0-15 of the specified accumulator into the 
controller's queue address register. After the transfer, 
the controller sets its Busy flag and Done flag 
according to the function specified by F. The contents 
of the specified accumulator remain unchanged; its 
format is as follows. 

I QUEUE ADDRESS I 
o I 1 I 2 I 3 I 4 I 5 I 6 I 7 I 8 I 9 110 I 11 I 12 113 I 14 I 15 

I Bits I Name I Contents 

0-15 Queue The starting address of the first command 
Address queue entry in CPU memory. 

Specify Memory Address 

DOB {f] ac, FHD 

I 0 1 1 I AC 11 0 0 1 Flo I 1 . 0 1 1 0 I 
o I 1 I 2 3 I 4 5 I 6 I 7 8 I 9 10 11 I 12 113 I 14 I 15 

Loads the contents of the specified accumulator into 
the controller's memory address register. After the 
transfer the controller sets its Busy and Done Flags 
according to the function specified by F. The format of 
the accumulator is given below. 

I MEMORY ADDRESS I 
o I 1 I 2 I 3 I 4 I 5 I 6 I 7 I 8 I 9 I 10 I 11 I 12 113 I 14 I 15 
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Bits Name I Contents 

0-1 5 Memory I The address of the next data word to be 
Address transferred. 



Specify Alternate Instruction Type 

DOC [fJ ac, FHD 

AC I 1 1 0 I F I 0 i 1 0 1 1 0 I 
3 I 4 5 I 6 I 7 8 i 9 10 i 11 I 12 In I 14 I 15 

Loads the contents of bits 13-15 from the specified 
accumulator into the controller's alternate 
instruction register. After the transfer, the controller 
sets its Busy flag and Done flag according to the 
function specified by F. The contents of the specified 
accumulator remain unchanged; its format is as 
follows. 

RESERVED I I' 1T3/T2IT11 
o I 1 I 2 I 3 I 4 I 5 I 6 I 7 I 8 9 I 10 11' 12 n 14 f 15 

Bits Name I Meaning when 1 

0-12 --- Reserved for future use. 

13 T3 Selects alternate instruction type 3. 

14 T2 Selects alternate instruction type 2. 

15 T1 Selects alternate instruction type 1. 

NOTE Do not set more than one of the three 
bits <13, 14 and 15) to 1 in any single 
instruction; the results of coding more than one 
alternate instruction type are unspecified. 

Read Memory Address 

DIA [fJ ac, FHD 

Context: Alternate instruction type 1 specified. 

I 0 1 I 1 I AC I 0 0 1 I F I 0 1 0 1 1 0 I 
o I 1 2 3 I 4 5 I 6 I 7 8 I 9 10 I 11 I 12 113 I 14 I 15 

Places the contents of the memory address register in 
bits 0-15 of the specified accumulator, destroying the 
accumulator's previous contents. After the transfer, 
the controller sets its Busy flag and Done flag 
according to the function specified by F. The format of 
the specified accumulator is as follows. 

I 0 I I I I I MfMi
RY 

fDDRESS I I I I I 
1 2 3 4 5 6 7 8 I 9 110 11 12 In 14 15 

I Bits I Name I Contents 

0-15 Memory Contents of the memory address register. 
Address 

Read First ECC Word 

DIA [fJ ac, FHD 

Context: Alternate instruction type 2 selected. 

I 0 1 I 1 I AC I 0 0 1 IF! 0 1 0 1 1 0 I 
o I 1 2 3 I 4 5 I 6 1 7 8 I 9 10 I 11 " 12 113 I 14 I 15 

Places bits 0-15 of the ECC register in bits 0-15 of the 
specified accumulator, destroying the accumulator's 
previous contents. After the transfer, the controller 
sets its Busy flag and Done flag according to the 
function specified by F. The format of the specified 
accumulator is as follows. 

I ECC WORD (BITS 0-15) I 
o I 1 2 I 3 I 4 I 5 I 6 I 7 I 8 I 9 110 I 11 I 12 113 I 14 I 15 

Bits Name I Contents 

0-15 1 st ECC I Bits 0 - 15 of the ECC register. 

V-124 



Read Second ECC Word 

DIB {fl ac, FHD 

Context: Alternate instruction type 2 selected. 

I 0 1 1 i AC I 0 1 1 I F '0 1 0 1 1 0 I 
o I 1 I 2 3 I 4 5 I 6 I 7 8 I 9 10 I 11 I 12 113 I 14 I 15 

Places bits 16-31 of the ECC register in bits 0-15 of the 
specified accumulator, destroying the accumulator's 
previous contents. After the transfer, the controller 
sets its Busy flag and Done flag according to the 
function specified by F. The format of the specified 
accumulator is as follows. 

I ECC WORD (BITS 16-31) I 
o 1 1 I 2 I ] I 4 I 5 I 6 1 7 I 8 I 9 110 I 11 I 12 113 I 14 I 15 

Bits Contents 

Read Queue Address Register 

DIA {fl ac, FHD 

Context: Alternate instruction type 3 selected. 

I 0 1 1 I AC I 0 0' 1 I F I 0 1 0 1 1 0 I 
o 1 1 I 2 ] I 4 5 I 6 I 7 8 I 9 10 I 11 I 12 113 I 14 I 15 

Places the contents of the queue address register in 
bits 0-15 of the specified accumulator, destroying its 
previous contents .. After the transfer, the controller 
sets its Busy flag and Done flag according to the 
function specified by F. The format of the specified 
accumulator is as follows. 

QUEUE ADDRESS I I I 
5 I 6 I 7 I 8 I 9 110 11 I 12 113 14 I 15 

Bits Name I Contents 

0-15 Queue Bits 0- 1 5 of the queue address register. 
Address 

Read Status 

Die {fl ac, FHD 

1 0 1 1 I AC 11 0 
011

1
'2 ]145

1'61 
I F 10 1 0 1 1 0 I 

7 8 " 9 110 I 11 I 12 1 13 I 14 I 15 

Places the contents of the controller status register in 
bits 0-15 of the specified accumulator. After the 
transfer, the controller sets its Busy flag and its Done 
flag according to the function specified by F. The 
accumulator format is the same as that for the status 
word returned in the command queue (described 
later). 
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NOTE The meaning of some nags in the status 
register changes for single and dual processor 
environments; also, the value returned for some 
nags may be invalid if status is read while the 
subsystem is executing a command. Refer to the 
section on "Status Checking "'for details. 



COMMAND QUEUE FORMAT 

Each entry in the command queue is five words long. 
The first word contains the disk address to be used. 
The second word contains the command to be 
executed and several diagnostic bits. The third word 
contains the memory address to be used. The fourth 
word receives the subsystem's status word after 
completion of a Read, Write, Data Verify, or Idle 
operation. The fifth word is ignored by the controller, 
and is available for use by the programmer. 

Disc Address (Word offset 0) 

TRACK I SECTOR I 
5 I 6 I I 8 I 9 110 11 I 12 I 13 I 14 I 15 

( Bits I Name I Function I 
0-1 --- Reserved for future use. 

2-3 Drive Selects the drive unit to be used. 

4-10 Track Selects the track number to be used in the 
data transfer. 

11-15 Sector Selects the disc sector to be used in the data 
transfer. 

Command (Word offset 1) 

I:::::::::::::::ICU t::::::l 51 I COMMAND~::<!HA I HE 1::::::::::::::::::::::::::::::::::::::1 :...... ........ r·····_· ~ ... ;~ . : ..... "1"" •.•••..••• -r ..... "f . ···i 
o r 1 2 3 4 5 I 6 I 7 8 9 10 11 12 113 14 15 

I Bits I Name I Function 

0-1 Diag. Reserved for diagnostic use. 

2 Clear When set to 1. clears disc unsafe errors. 
Unsafe 

3 --- Reserved for future use. 

4 Soft When set to 1. causes an interrupt condition 
Intr to occur at the end of the command without 

interrupting the queueing process. 

5-7 Command Specifies the command for the selected drive 
as follows: 

000 Read 
001 Write 
010 Data Verify 
011 Jump 
100 Idle 
101 Write Buffer 
11 0 Read Buffer 

- \1'\'<'~ 111 Reserved for future use. 
r\ ') 

8 --- Reserved for future use. ' 

9 Halt When set to 1. causes queueing to be stopped 
at the end of the command and an interrupt 
condition to occur. 

10 Halt on When set to 1. causes queueing to be stopped 
Error at the end of the command and an interrupt 

condition to occur if any error condition 
occurs. 

11-15 --- Reserved for future use. 

Memory Address (Word offset 2) 

I 0 I I I I I MEMORY ADDRESS I 
1 2 3 4 5 I 6 I 7 I 8 I 9 I 10 I 11 I 12 113 I 14 I 15 

I Bits I Name I Contents 

0-15 Memory Logical address of the first memory location 
Address used in the command. 

Status (Word offset 3) 

I Bits I Name I Meaning when 1 

0 Error Bits 7.8.9.11.12.13. or 14are 1 orbit 10isO. 

1-2 --- Reserved for future use. 

3 Bus In dual processor systems. the controller has 
Enable access to the drive units. In single processor 

systems. always set to 1. 

4-5 Size Specifies the capacity of the selected drive as 
follows: 

~~d~' 01 1Mbyte 
1 2Mbyte 

Reserved for future use 

6 Idle An idle function has been completed. 
Done 

7-8 Ctrl The controller has detected an error along 
Error data paths internal to the controller. 

9 Sector An extra sector pulse was detected or a sector 
Pulse pulse was missed. 
Error 

10 Ready The disc is ready for a data transfer. 

11 Unsafe A disc unit failure such as Power Not OK. or 
Speed Not OK. Disc Unsafe causes the Done 
flag to be set to 1 and requests an interrupt. 

12 Data The data channel did not respond in time to 
Late service the disc. 

13 ECC The ECC system detected an error. 

14 Verify The data verify system detected an error. 

15 Command A read. write. or data verify function has been 
Done completed. 

User Available Word (Word offset 4) 

I USER-DEFINABLE I 
o I 1 I 2 I 3 I 4 I 5 I 6 I 7 I 8 I 9 I 10 I 11 I 12 113 I 14 I 15 

Available for use by the user; not used by the 
controller. 
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PROGRAMMING 

Programming the subsystem for data transfers to or 
from the disc unit consists of building the command 
queue in memory and starting the controller at the 
beginning of the queue. The Jump command permits 
implementation of circular queues, linked lists, and 
other sophisticated control structures. The program 
should regularly check the status words returned by 
the subsystem to insure proper functioning. 

After preparing the queue, start the subsystem by 
issuing a Specify queue address instruction (DOA) with 
an S command. The specified accumulator must 
contain the starting address of the queue. The S 
command sets the controller's Busy flag to 1 and its 
Done flag to O. The controller retrieves, via the data 
channel, the first three words of the first command 
entry. It then decodes and executes the command 
specified. 

After executing the command, the controller returns 
the status generated by the transfer into the fourth 
word of the queue entry if the command was a Read, 
Write, Verify, or idle. If the Halt flag in the command 
entry is set to 1 or another halt condition exists, the 
controller stops queueing, sets its Busy flag to 0, sets 
its Done flag to 1, and initiates an interrupt request. 
Otherwise, the controller proceeds to the next entry 
in the queue. 

The accompanying flowchart demonstrates a method 
of programming the subsystem. This algorithm 
requires that the Halt on Error bit be set to 1 in all 
queue entries so that, in the event of an error, 
recovery can be attempted before the subsystem 
proceeds to another command. In the event of an 
unrecoverable error, the program signals its failure 
and resumes queueing with the next entry. 

The flowchart shows a wait loop in which the 
program waits for the subsystem to set its Done flag. 
In most systems, an interrupt handler will be used 
instead of a loop so that the processor can do useful 
work while the controller is running. 

Write 

A Write function transfers a 256-word block of data 
from memory to a disc sector. The disc and memory 
addresses to be used are obtained from the queue 
entry as described above. The controller calculates an 
ECC checkword during the transfer of data. This 
32-bit checkword is written onto the disc following 
the block of data. The controller then returns its 
status to the command queue, and proceeds to the 
next entry in the queue if the Halt and error flags are 
O. 

ECCE"::> 

Read 

A Read function transfers a 256-word block of data 
from a disc sector to memory. The disc and memory 
addresses to be used are obtained from the queue 
entry. The controller then reads the 32-bit ECC 
checkword from disc and verifies it with the 
checkword calculated while data was read from the 
disc. It stores the remaining 32-bit error correetion 
code in the ECC register. Following these tranBfers, 
the controller returns its status word to the queUEl and 
proceeds to the next queue entry if the Halt and error 
flags are all O. 
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Data Verify 

A Data Verify function reads a block of data from a 
sector on disc and compares it, word by word, with a 
block of data from memory. The disc and memory 
addresses to be used are obtained from the queue 
entry. It sets the Verify Error flag if any word pair 
does not match. After the blocks of data are compared, 
the controller reads the 32-bit ECC checkword from 
disc and verifies it with the checkword calculated 
while data was read from the disc. The controller 
stores the remaining 32-bit error correction code in 
the ECC register. Following these transfers, the 
controller returns its status to the queue, and 
proceeds to the next queue entry if the Halt and error 
flags are all O. 

Jump 

A Jump function reads a new queue address from the 
command entry. Normally the controller places the 
third word of the command entry in the memory 
address register. During a Jump operation, however, 
the controller places the third word in the queue 
address register. This causes the next command entry 
to be read from a new address. The controller 
proceeds to read the next command entry at the new 
queue address immediately following the transfer of 
the third word. This function does not transfer data 
or return status to the queue. 

Idle 

An Idle function reads a block of data from disc but 
does not transfer that data into memory. After the 
block of data is read, the controller reads the 32-bit 
ECC check word from disc and verifies it with the 
check word calculated while data was read from the 
disc. The controller transfers the remaining 32-bit 
error correction code into the ECC register. Then it 
returns the status generated by these transfers, and 
proceeds to the next queue entry if the Halt and error 
flags are all O. 

Read/Write Buffer 

The Read Buffer and Write Buffer functions are 
primarily used to verify the proper functioning of the 
8-word buffer. The Write Buffer function fills the 
8-word buffer with data. The controller reads words 
from memory, via the data channel, until the buffer is 
full. The controller then requests an interrupt. No 
data is written onto disc; no status is returned; and 
queueing stops after a Write Buffer function. The Read 
Buffer function reads data from the 8-word buffer into 
memory, via the data channel, until the buffer is 
empty. No data is read from disc; status is not 
returned; and queueing stops after Ii Read Buffer 
function. 

STATUS CHECKING 

The recommended method of obtaining the subsystem 
status after a data transfer is to examine the fourth 
word of the queue entry. The status register may be 
examined directly by a Read Status (Ole) instruction; 
however the returned bits may not be valid. Status 
bits are undefined if an operation is in progress, or if, 
in a dual processor environment, the other processor 
has control of the subsystem. The table below 
summarizes the condition of the status word at 
various times. 

CONTEXT 

SINGLE PROCESSOR 

DUAL PROCESSOR 

DUAL PROCESSOR 
(other processor 

selected) 

SINGLE OR DUAL 
PROCESSOR (aft., 
mterrupt following 
Write Buffer 
command) I 
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STATUS CHECKING 

STATUS BITS 

o 1 23456789101112131415 

After IORST 00010000000 
or Clear 

After 20012202222 
queueing 

DUring 30033333333 
Queueing 

Aft.,IORST 00002200002 
Or Clear 

After 20002202222 
queueing 

DUring 30033333333 
queuemg 

300333,:3333 

,20012200222 

KEY 
O=bltlSO 
1 = bit IS 1 
2 = bit IS vahd status 
3 = bit IS Invahd 

00 00 0 

2 2 2 2 0 

3 3 3 3 3 

2 0 00 0 

2 2 2 2 0 

3 3 3 3 3 

3 3 3 3 3 

2 2 00 0 



TIMING 

The disc in the drive unit rotates at 2964 rpm; a 
complete revolution requires 20.24ms. The average 
access time is 10.12ms. 

A register within the drive (transparent to the 
programmer) continually indicates to the controller 
the address of the sector presently passing under the 
heads. This feature allows the subsystem to carry out 
a command the first time the desired sector passes 
under the head. 

A sector passes under a head in 633us; the data 
portion of that sector passes under the head in 568us. 
Data moves to or from the disc at a rate of 
2.22us/word. This corresponds to an average transfer 
rate of 450,450 words/second. 

The data channel interface, through which all data 
passes to or from memory, contains an 8-word buffer 
which allows a maximum data channel latency of 18us 
provided the transfer rate of 450,450 words/second is 
maintained. If the data channel is unable to service 
the subsystem within 18us, the Data Late and Error 
flags are set to 1. 

The command interface's data channel, through 
which all command queue entries pass, has unlimited 
data channel latency. The controller waits until the 
command information is transfered. There is no Data 
Late flag associated with the command interface's 
data channel. 

The subsystem can switch tracks and/or functions 
(i.e., read or write) between two consecutive sectors 
on the disc. The time bet ween the end of a data 
transfer and the start of the next sector is sufficient, if 
the data channel does not receive any higher priority 
service requests, for as many as four Jump commands 
to be executed and the command entry read for the 
next sector. 

ERROR CONDITIONS 

During normal queueing operations, the error flags 
described below are returned in the status word, the 
fourth word of the command queue entry. These 43rror 
conditions may affect queueing after the completion of 
the command. 

ECC Error 

An ECC Error can occur following the transfer of data 
from the disc to memory. If the ECC check word 
generated while data was read from disc does not 
equal the check word stored on the disc, the ECC Error 
and Error flags are set to 1. This error can occur 
during a Read, Idle, or Data Verify operation, and 
halts queueing only if the Halt on Error flag in the 
command register is set to 1. 

Verify Error 

A Verify Error can occur during the comparison of 
data words from memory with data words from disc. 
If a word from memory does not equal the 
corresponding word from the disc, the Verify ]!;rror 
and Error flags are set to 1. This error can occur only 
during a Data Verify operation, and halts queueing 
only if the Halt on Error flag in the command register 
is set to 1. 

Data Late 

A Data Late Error can occur during the transfer of 
data to or from memory. If the controller cannot 
empty its buffer, via the data channel, as fast as it is 
filled or, conversely, fill its buffer as fast as it is 
emptied, the Data Late Error and ~rror flags are set 
to 1. This error can occur during a Write, Read, or 
Data Verify operation, and halts queueing only if the 
Halt on Error flag in the command register is set to 1. 
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Sector Pulse Error 

A Sector Pulse Error can occur at any time. If an extra 
sector pulse occurs or a sector pulse is missed, the 
Sector Pulse Error and Error flags are set to 1. This 
error halts queueing. 

Disc Unsafe 

Disc Unsafe can occur at any time. If the selected drive 
has an unsafe condition, the Disc Unsafe and Error 
flags are set to 1. This can be caused by a R/W Fault, 
Sector Fault, Clock Fault, Speed Fault, or Power 
Fault occurring in the selected drive. This error halts 
queueing. 

Controller Error 

Two conditions cause a controller error: an 
Address/Data Error, or a Parity Error. 

Address/Data Error - can occur during the transfer of 
data bytes along paths internal to the controller. This 
error sets the Address/Data Error flag (bit 8) and the 
Error flag to 1. This error halts queueing. 

Parity Error - can occur during the transfer of data 
bytes along paths internal to the controller. This 
error sets the Parity Error flag (bit 7) and the Error 
flag to 1. This error can occur only during a Write 
operation, and halts queueing only if the Halt on 
Error flag in the command register is set to 1. 

NOTE In a system with a half-capacity drive, 
the program could issue a command which 
references a non-existent track. The error 
condition produced depends on the operation in 
progress. During a write operation, the Disc 
Unsafe and Error flags are set to 1. This is 
caused by a RIW Fault on the selected drive. 
During any read operation, the EGG Error and 
Error flags are set to 1. If necessary, the 
program may determine the capacity of the 
selected drive by checking the appropriate bits 
in the status word. 

DUAL PROCESSOR 
CONSIDERATIONS 

Access to the subsystem is shared on a demand basis. 
However, only one controller at a time can execute 
data transfers. Each controller must stop processing 
its queue before the other CPU can access the 
subsystem. A lockout condition, in which one CPU 
retains control of the subsystem but does not transfer 
data, is prevented by a timer internal to the drive. 
The timer releases the subsystem if the CPU does not 
read or write data to the disc within 100 ms. 

If one CPU starts a queue while the other CPU is in 
control of the subsystem, the controller will process 
any Jump commands at the start of the queue, since 
these do not require access to the disc drives. Upon 
encountering a queue entry which calls for a data 
transfer, the controller will wait until the other CPU 
releases the subsystem. No special action is required of 
the program in a dual processor environment. 
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DATA ERROR CORRECTION 

The disc storage subsystem supports error detection 
and correction to help maintain data integrity. The 
ECC feature detects all error bursts contained within 
21 contiguous bits in a sector, and supports software 
correction of all error bursts contained within 11 
contiguous bits. A large class of additional errors may 
also be detected, but a small possibility exists that the 
correction algorithm will indicate erroneous 
corrections on error bursts that exceed 11 bits. 

When the subsystem writes a sector, the ECC 
hardware divides the data field by a fixed generator 
polynomial and appends the resulting check word to 
the data field. 

When the subsystem reads a sector, the ECC 
hardware divides the data field plus the appended 
check word by a factored version of the same 
generator polynomial. If a transcription error occurs, 
the resulting remainder is non-zero (except for a 
small class of errors which are undetectable due to the 
cyclic properties of the generator polynomial), and 
the controller's ECC error flag sets. 

The processor may read the 4-byte ECC remainder via 
a Read first EGG word instruction (DIA, alternate 
mode 2) and a Read second EGG word instruction (D18, 
alternate mode 2>. A software error correction 
algorithm then manipulates the checkword to 
attempt to correct the erroneous data. (The algorithm 
may find some detected errors to be uncorrectable.l 

The generator polynomial is: 

(4005) (10000001) = 40050004005 

or in terms of powers of x 

(X 11 + X 2 + 1) • (X 21 + 1) = 

The following set of steps describe the method of error 
correction when using the ECC status words: 

1. Get the first and second ECC words. 

2. Check for error and its correctability. 

3. Perform left rotate on PO to find 11 bit enOl' 
pattern. 

4. Duplicate error pattern in Pi using XOR and 
SHIFT. 

5. Compute bit displacement of 11 bit error burst. 

6. Check that error burst falls within sector. 

7. Compute correction. 

8. Reconstruct word or words in error. 

The flow charts and diagrams on the following pligps 
illustrate the method described above. 
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~-------- METHOD FOR PERFORMING ERROR CORRECTION ---------, 
USING ECC ERROR WORDS 

GET PO & Pl CONTAINED IN ECC STATUS WORDS 

DIA-2 (FIRST ECC WORD) D18-2 (SECOND ECC WORD) 

I 0 I 1 I 2 I 3 j 4 I 5 I 6 I 7 I 8 I 9 110 11 1 11 211311 411 51 ,.....-,---r----r---.---r---.----.---,---r--r-----r----r.......---.-.,---, 

I... PO ~ I ... 

CHECK FOR ERROR AND ITS CORRECT ABILITY 

PERFORM SHIFT 
TO FIND ERROR 
PATTERN IN PO 
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,....---------METHOD FOR PERFORMING ERROR CORRECTION--------..... 

PO(O.9) 

USING ECC ERROR WORDS 

TAKE PO 
SHIFT LEFT N TIMES O~N:s;.21 

UNTIL PO(O.9) = 0 * 

.--'"'T""""""'T--r--r-""""'T"----- -- - - - - - - - - - --, 
I 

....... .....I....,......L-,......I-.,-L..,....L - - - - - - - - - - - - - - - - - -I 

................ ~--L..--....,.. ....... ---------------- __ -, 
I 

'----'----'_..L.---L..--L ______ _________________ J 

(ERROR IS UNCORRECTABLE IF THIS STEP CANNOT BE COMPLETED) 
r~------____ ~A , 

10 1 0 I 0 I 0 I 0 I 0 I 0 I 0 I 0 I 0 I X I X I X I X I X I X I I X 1 X 1 X I X I X I ~ ~= ~ -_-_~~ = ~ ~_- _-_ ~ ~ = _-_J 

DO-03818 

I .... ERROR PATTERN X IS EITHER 0 OR 1 .. I 

STORE N 

STORE ERROR PATTERN 

TAKE Pl 

PERFORM THE INDICA TED SHIFT & XOR OPERATIONS M TIMES 
O~M-;2047 

UNTIL Pl MATCHES ERROR PATTERN * 

r - - - - - - - - - .--.---;r--r--.-,--.---.-.---r-,---, 
I 

L - - - - - - - ""'-r-'--.-.....,.-L..,--'-.-~--'-r'-r~r-'-r-..... -' 

r - - - - - - - -r--'-r-L-,.--''-r--'-r---'-.-'-r.......,--L,---,-''''''''rI--1 
I 
... ______ _ J....--L._I....-...l---L_.L.-.....I....--L_.l.....r....L..--L---l 

C STOREM ) ----
* ERROR IS UNCORRECTABLE IF THIS STEP CANNOT BE COMPLETED 
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p---------METHOD FOR PERFORMING ERROR CORRECTION-------~ 
USING ECC ERROR WORDS 

DG-03820 

NO yES 

IF ERROR IS CORRECTABLE 

'----.----. ~ IS THE ACTUAL BIT DISPLACEMENT 

OF THE BURST ERROR FROM 
THE ST ART OF THE SECTOR 

CHECK THAT ERROR FALLS WITH SECTOR 

NO YES 

THE ERROR LIES OUTSIDE 
OF THE SECTOR 

YES NO 

ZERO THE PORTION OF 
YES THE ERROR PATTERN 

THA T FALLS IN THE 
ECC FIELD· 

OUOTIENT (0) IS THE WORD OFFSET 
'-__ ~,.-__ '" REMAINDER (RBIT) IS THE BIT OFFSET 

PFRFORM ERROR CORRECTION AS 

SHOWN ON THE NEXT PAGE 

"THE ECC FIELD IS NOT STORED IN CORE, BUT 
IT IS PART OF THE FIELD THAT IS CORRECTABLE 
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,......--------METHOD FOR PERFORMING ERROI~ CORRECTION---------.. 

THE ERRONEOUS SECTOR 

OFFSET BIT 

OFFSET 
1':>1 

~ 

STEP 1 

USING ECC ERROR WORDS 

COMPUTE THE CORRECTION AND RECONSTRUCT DATA IN CORE 

SECTOR 
BOUNDARY 

1st OAT A 
WORD 

}

- ERROR 

BURST 

11 BIT ERROR BURST 

r.;. RBIT 

T I I I 
WOROQ 

WORO 
BOUNDARY 

STEP 2 

"I 
11 BIT ERROR PATTERN 

! .. 

I X I X I X I X I X I X I X I X I X I X I Xl 

~~.,.,..,.........,..,.,.,..,.,-+:,c'":::"1~ SECTOR I 
UPON DATA RECONSTRUCTION 

CORRECTED 
SECTOR 

OF DATA 

DG-07997 

DG-03735 

STEP 3 

BOUNDARY 

SECTOR 
BOUNDARY 

} 
CORRECTED 
DATA 

SECTOR 
BOUNDARY 

WORD 
BOUNOARY 

CORRECTED DATA 

WHEN THE ERROR BURST FALLS CLOSE TO EITHER SECTOR 
BOUNOARY, THE SOFTWARE ALGORITHM SHOULD PERFORM 
CHECKS TO PREVENT SPURIOUS CORRECTIONS BEYONO THE 
SECTOR BOUNOARIES 
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6070 Series Cartridge DG/Disc Subsystem 

Subsystem Summary 
MNEMONIC (First controller) 
MNEMONIC (Second controller) 
DEVICE CODE 

PRIORITY MASK BIT 
SURFACES/UNIT 
TRACKS/SURFACE 
SECTORS/TRACK 
WORDS/SECTOR 
TOTAL STORAGE CAPACITY 
MAX. TRANSFER RATE 
DATA CHANNEL LATENCY (RdIW) 
SEEK TIME (max/min) 
SECTOR ACCESS TIME(max/min) 

DKP 
DKP1 
Switch select; 
Standard are: 

7 
4 
408 
24 
256 

338 (primary) 
738 (secondary 

20,054,016 bytes 
312,500 words/s 
1.04ms/1.15ms 
70/1 Oms 
25/.12ms 

S Sets Busy to 1, Sets Done to 0, and starts the 
command. 

c Sets the Busy and Done flags to ° and 
terminates execution of command in progress. 

P Sets the Done flag to 0, and starts the 
operation specified in the command register it 
that operation isa seek or recalibrate. 

IORST Same as Clear. 
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Accumulator Formats 

SPECIFY COMMAND and CYLINDER 

COMMANDS: 
00 Read 
01 Write 
10 Seek 
11 Recalibrate 

SPECIFY DISC ADDRESS and SECTOR COUNT 

READ DISC ADDRESS 

READ STATUS 

LOAD MEMORY ADDRESS REGISTER 

READ MEMORY ADDRESS REGISTER 

DOA 

DOC 

(DIC) 

(DIA) 

(DOB) 

(DIB) 



INTRODUCTION 

This disc subsystem includes a maximum of four 
moving head disc drives plus one or two controllers. 
The subsystem controller occupies a single slot of the 
computer chassis and directs the activities of the disc 
drives. Control over the subsystem may be shared 
between two NOV A line or ECLIPSE line central 
processors by installing a subsystem controller in 
each processor. 

This section discusses the programming protocols for 
driving model 6070 disc cartridge units in both single 
and dual processor environments. Each disc unit 
contains four program-accessible surfaces. Surfaces 0 
and 1 are on a platter in a removable disc cartridge; 
surfaces 2 and 3 are on a platter permanently located 
in the lower half of the drive unit. There are 408 
cylinders in each unit, numbered 0-6278. Each of the 
four tracks in a cylinder contains 24 sectors, 
numbered 0-278. Each sector contains an address 
header and a data field that stores 256 (4008) 16-bit 
data words and a 16-bit checkword. The data storage 
capacity is 6144 words/track or 10,027,008 
words/drive unit. 

Data moves to and from the subsystem via the data 
channel at a maximum rate of 312,500 words per 
second. From 1 to 16 consecutive sectors in one 
cylinder - containing a total of 4096 words - can be 
transferred in one operation. The controller contains 
a 16-bit memory address register: it supports 
extended memory addressing on NOV A 3 computers 
and map selection on those ECliPSE and NOV A 
computers with more than one data channel map. 

CONTROLLER REGISTERS 

The disc drive controller contains four program
accessible registers: a 16-bit Memory Address 
Register, a 16-bit Status Register, a 16-bit combined 
Command and Cylinder Select Register, and a 
combined Disc Address Register and Sector Counter. 
The Memory Address Register is self-incrementing 
and contains the address of the next location whose 
contents are to be transferred to or from the disc 
subsystem via the data channel. The Status Register 
contains four Seek Done flags, a Read/Write (RlW) 
Command Done flag, a Unit Ready flag, a Valid 
Status flag, and seven Error flags. 

The Seek Done flag and the R/W Done flag each 
initiate a program interrupt request when set to 1. 
The combined Command and Cylinder Select 
Register contains the last command issued to the 
subsystem and the number of the desired cylinder on 
the selected unit. The combined Disc Address 
Register and Sector Counter contains the number of 
the next surface and sector to be read or written and 
the two's complement of the number of sectors 
remaining to be read or written. The surface and the 
sector portions of this register self- increment 
immediately after each sector transfer. 

Data General Corporation 

INSTRUCTIONS 

Six instructions program data channel transfers to 
and from the subsystem. Three of these instructions 
supply the controller with all the necessary 
information for any disc operation. The remaining 
instructions allow the program to determine, in 
detail, the current state of the subsystem. 

The device flag commands control the disc 
controller's Busy and Done flags as follows: 

f=s 

f=c 

f=p 

IORST 

Sets the Busy flag to 1, sets the Done flag to 
0, sets the Address Error, End of Cylinder, 
Check word Error, Data Late, and Unsafe 
flags to 0, and initiates the operation 
specified by the contents of the Command 
Register. 

Sets the Busy flag to 0, sets the Done flag to 
0, sets all error flags to 0, sets all Seek Done 
flags to 0, and stops all data transfer 
operations; does not terminate a seek 
operation already in progress. 

Sets the Done flag to 0, sets all error flags 
to 0 and initiates the operation specified by 
the contents of the Command Register. 

Same as clear. 

NOTE: The P flag command doe8 not affect the 
controller'8 BU8Y flag. If the BU8Y flag i8 0 and 
the program 8tart8 an operation with the P 
command, the controller doe8 not initiate a 
program interrupt reque8t at the conclu8ion of 
the operation unle88 it i8 a Seek or Recalibrate. 
The controller initiate8 an interrupt at the end of 
all Seek or Recalibrate operation8. 

Instruction Coding Conventions 

In the descriptions that follow, we use certain coding 
conventions to help you properly write the 
instructions for Data General's assembler. We 
describe those conventions in one of the appendices of 
this publication. 
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6070 Series Cartridge OG/Disc Subsystem 

Specify Disc Address And Sector Count 

DOC [f] ac,DKP 

Loads bits 0-15 of the specified AC into the 
controller's Disc Address Register and Sector 
Counter. After the data transfer, sets the controller's 
Busy and Done flags according to the function 
specifed by F. The contents of the specified AC remain 
unchanged. The format of the accumulator depends 
on the contents of the Diagnostic Mode flag (bit 3) as 
follows: 

BITS NAME CONTENTS or FUNCTION 

0-1 DRIVE Selects drive 0-38 
21 FORMAT If 1, places controller in FORMAT mode 

2,61 TEST In diagnostic mode, bits 2 and 6 
specify test conditions as follows: 

0- 0 Test Buffer Control, (surf=O,2) 
0-1 Test Unsafe logic, (surf=1,3) 
1 - 0 Test CRC logic, (surf=O,2) 
1 - 1 Test Data Late logic (surf= 1,3) 

31 DIAGNOSTIC If 1, places controller in 
MODE DIAGNOSTIC MODE 

4 1_62 SURFACE Selects the surface (head) 
(0-38) for the start of a 
Read or a Write operation 

7 -11 START Selects the starting sector 
SECTOR (0-278) for the start of a 

Read or a Write operation. 

12-15 -SECTOR Two's complement of the number 
COUNT of sectors to read or write. 

1 When the Diagnostic nag is 1, the contents of bits 2 and 6 specify 
test conditions. Note that bit 6 is also used for surface selection; 
therefore, for anyone Diagnostic test only 2 of the four surfaces are 
available. 

ZEit 4 is the high order bit for the surface field; it must be zero at the 
start of all operations. Upon an End of Cylinder E1TOr it is one. 

Read Disc Address 

DlCm 

r<>1 
~ 

ac,DKP 

1 AC 1 0 1 F 0 1 1 0 1 1 I 
2 1 3 1 4 1 5 1 6 1 7 1 8 1 9 1 10 1 11 I 12113 1 14 I 15 

Places the contents of the controller's Disc Address 
RegistHr and Sector Counter in bits 0-15 of the 
specifil~d AC. Mter the data transfer, sets the 
controllier's Busy and Done flags according to the 
function specified by F. The format of the specified 
accumulator is as follows: 

BITS NAME CONTENTS or FUNCTION 

0-1 DRIVE Number (0-3) of the selected drive 

2 FORMAT When 1, the controller is 
in FORMAT mode 

31 DIAGNOSTIC If 1, controller is in DIAGNOSTIC mode 
MODE 

4-62 SURFACE Surface number (0-3) of 
the selected head on the drive. 

7-11 3 SECTOR Number of the sector (0-278) 

immediately following 
the last sector read or written 

12-15 -SECTOR Two's complement of the number 
COUNT of sectors to read or write 

1 When the Diagnostic mode bit is 1 the Format mode bit will always 
be a e,'en when the controller is performing a Data Late or 
Checkword logic test. 

ZEit 4 is the high order bit for the surface field; it must be zero at the 
start of all operations. Upon an End of Cylinder E1TOr it is one. 

3U a RE,ad or Write operation ends at the last sector (278) of a 
surface, this field contains the value 308' 
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Read Status 

DIA [fJ ac,DKP 

Places the contents of the controller's Status Register 
in bits 0-15 of the specified AC. After the data 
transfer, sets the controller's Busy and Done flags 
according to the function specified by F. The format 
of the specified accumulator is as follows: 

Data General Corporation 

BITS NAME CONTENTS or FUNCTION 

0 R/W The subsystem has completed 
DONE a Read or a Write operation 

1_4' SEEK Drive 0-3, respectively, has finished 
DONE a Seek or Recalibrate operation 
0-3 

5 --- Reserved for future use. 

62 VALID When the Read Status command 
was issued, the controller had 
control of the disc subsystem 

7 BAD Last data transfer attempted to 
SECTOR read or write a sector previously 

designated as bad 

8 3 UNSAFE Selected drive is in an 
unsafe condition. 

9 UNIT The selected drive is not 
READY performing any head movements 

and is ready to carry out a command 
(Read, Write, Seek, or Recalibratel 

10 SEEK The selected drive was not able 
ERROR to carry out the last Seek or 

Recalibrate operation issued 

11 END The last Read or Write operation 
OF attempted to continue beyond the 
CYLINDER fourth surface on the drive unit 

12 ADDRESS The address read from the address 
ERROR field at the beginning of a sector 

does not match the last address 
specified to the disc controller 

13 CHECKWORD The checkword read from the disc 
ERROR at the end of a sector does not 

match the checkword calculated by 
the controller during the transfer 

14 DATA LATE The data channel failed to respond 
in time to a data channel request 

15 ERROR One ormore of these bits is 1 : 
7, 8, 10, 11, 12, 13, or 14. 

1 More than one of these bits can be set at any time. 

2This bit is used in dual CPU - multiple drivl. environments. It allows 
the program to test the status of a drive unit without first issuing a 
dummy Seek to guarantee its control of the shared subsystem. When 0, 
the bit indicates that the controller lost control of the subsystem before 
status was read and the word returned may be inaccurate. The 
programming considerations for dual CPU operation are discussed 
later in this section. 

3Reset the Unsafe flag with an 5, C, P, or 10IST command. but this 
action will not remove the drive's Unsafe condition. Try to remedy the 
Unsafe condition by powering down the drive, and then restarting it. 

V-140 



6070 Series Cartridge DG/Disc Subsystem 

Specify Command And Cylinder 

DOA[fJ aC,DKP 

Loads bits 0-15 of the specified AC into the 
controller's combined Command and Cylinder Select 
Register. After the data transfer, sets the controller's 
Busy and Done flags according to the function 
specified by F. The contents of the specified AC 
remain unchanged; the format of the accumulator is 
as follows: 

BITS NAME CONTENTS or FUNCTION 

0 CLEAR Sets the status register's DC Done 
flag to 0; sets the following 
error flags to 0: Address Error, 
Checkword Error, End of Cylinder, 
and Unsafe 

1-4 CLEAR Sets the Seek Done flags to 0 
SEEK on drives 0-3, respectively 
DONE 

5-6 COMMAND Specifies the command for the 
selected drive as follows: 

00 Read 
01 Write 
10 Seek 
11 Recalibrate 

7-15 CYLINDER Specifies desired cylinder 
(0-6278) for a Seek, 
Read or Write operation 

Load Memory Address Counter 

DOB [fJ ac,DKP 

Loads Bits 0-15 of the specified AC into the 
controller's Memory Address Counter. After the data 
transfor, sets the controller's Busy and Done flags 
according to the function specified by F. The contents 
of the specified AC remain unchanged; the format of 
the aceumulator is as follows: 

BITS NAME CONTENTS or FUNCTION 

0 1 MAP If 0, selects data channel map A 
If 1, selects data channel map B 

1-15 MEMORY Location of the next memory word 
ADDRESS for a data channel transfer 

tOnly on NOVA or ECLIPSE computers with more than one data 
channel map. In all cases, however, this bit may be altered by a carry 
from the low order bits during a data transfer. 

V-141 



Read Memory Address Register 

DID!f] ac,DKP 

Places the contents of the controller's Memory 
Address Register in bits 0-15 of the specified AC; sets 
bit 0 to O. After the data transfer, sets the controller's 
Busy and Done flags according to the function 
specified by F. The format of the specified AC is 
shown below. 

NOTE: At the end of a Write operation, the 
Memory Addre88 Regi8ter point8 to a memory 
location one greater than that of the m08t recent 
word written to di8c. 

BITS NAME CONTENTS or FUNCTION 

0 1 MAP If 0, data channel map A is selected 
If 1, data channel map B is selected 

1 -1 5 MEMORY Location of the next memory word 
ADDRESS for a data channel transfer 

10nly on NOVA and ECLIFSE computer8 with more than one data 
channel map. In all ca8e8, however. thi8 bit may be altered by a carry 
from the low order bit8 during a data tran8fer. 

Data General Corporation 

PROGRAMMING 

Programming the subsystem for data channel 
transfers to or from a model 6070 high density disc 
unit proceeds in three phases: i) selecting the drive, 
the surface and the sector; ii) positioning the heads 
over the correct cylinder; and iii) initiating the Read 
or Write operation. After issuing commands in any 
phase, check the controller's Status Register for 
errors before proceeding to the next phase. 

The programming descriptions that follow assume 
three configuration restrictions: i) that the disc 
cartridge subsystem contains a single disc drive; ii) 
that it exists in a single CPU environment (i.e., only a 
single CPU connects to the disc subsystem and the 
subsystem controller in that CPU has been 
configured for single CPU operation); and iii) the 
CPU is dedicated to the disc subsystem (i.e. its ION 
flag is set to 0,) The programming discussion that 
follows can be easily extended to interrupt-driven 
service routines, but certain additional precautions 
must be considered when a disc subsystem contains 
more than one drive, or when it operates in a dual 
CPU environment. Multiple drive considerations and 
dual processor considerations are described at the 
end of this section. 

The descriptions of Phases I, II and III assume that 
each operation proceeds without errors. Subsystem 
error conditions that can occur during each phase are 
discussed later in this section. 

Phase I: Select the Drive, Surface, Sector and 
Number of Sectors 

Perform the initial selection of a disc drive as follows: 
Issue a Specify di8c addre88 and 8ector count 
instruction (DOC) to the controller with no device flag 
command. Use appropriate accumulator fields to 
select the drive, 0-38, the surface, 0-38, the first sector, 
0-278' to be read or written, and the two's 
complement of the number of sectors to be 
transferred in the operation (the subsystem can 
transfer, at most, 1610 consecutive sectors in one 
operation. Take care to ensure that the parameters 
specified in this initial selection do not exceed the 
capacity of the drive. 

Mter selecting the drive unit, check its status to 
verify the unit is ready to perform an operation. Issue 
a Read 8tatu8 instruction (DIA) with no flag 
command, and then examine the Ready flag (bit 9). If 
the Ready flag is 1, proceed to Phase II. If the Ready 
flag is 0, do NOT i88ue any command8 to that drive 
unit. 
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6070 Series Cartridge DG/Disc Subsystem 

DG-03183 

Phase II: Position the Heads 

Move the heads to the desired cylinder using a Specify 
command and cylinder instruction (DOA) plus a P 
command. Use the appropriate accumulator bits to 
clear R/W Done and Seek Done on the selected drive 
and use the appropriate accumulator fields to specify 
both a cylinder address and the Seek command. 

The P flag command initiates the seek operation 
without affecting the controller's Busy flag. P, 
however, sets the Done flag to O. 

While the drive is seeking, the Unit Ready and Seek 
Done flags for the selected drive are 0; at the 
conclusion of the seek operation, the controller sets 
the Seek Done flag for the selected drive to 1 in the 
subsystem Status Register. 

After the specified drive completes the seek 
operation, examine the status register to determine 
that no errors occurred: Issue a Read status 
instruction; check both the Unit Ready (bit 9) and 
the Error flag. If there are no errors proceed to phase 
III. 

Phase III: Read or Write 

A RElad operation transfers blocks of data from a 
sector on disc to the computer's memory via the data 
channel' a Write operation transfers blocks of data 
from th~ computer's memory to a sector on disc via 
the data channel. A block is 256 16-bit words. One to 
16 blocks can be transferred in one Read or Write 
opera,tion. Multiple block transfer operations read or 
write consecutive disc sectors from one disc cylinder 
-- thH sector that follows sector 278 on a surface is 
sector 0 on the next surface. 

Re,ild 

Specify the starting address of the area in memory 
for the transfer using a Load memory address register 
instruction (008). Use the appropriate accumulator 
field to specify the 16-bit address of the memory 
location to receive the first word read from disc. The 
Specify disc address and sector count instruction 
(DOC) issued during Phase I specified the disc surface 
to be read, the number of sectors to be read and the 
number of the starting sector. 

Issue a read command using the Specify command 
and <wlinder instruction (DOA) along with an S flag 
command. Use the appropriate accumulator bits to 
clear both the R/W flag and the Seek Done flag for 
the specified drive, and use the appropriate 
accumulator fields to specify both the Read operation 
and a. cylinder address. (The cylinder number must 
match that of the cylinder being read; it is used by 
the controller for address checking at the start of 
each :~56-word sector transfer in the Read operation.) 

The S flag command sets the Busy flag to 1, sets the 
Done flag to 0, and initiates the Read operation. 

At the start of the operation, the drive waits until the 
desirE!d sector passes under the specified head; it 
reads the address field from that disc sector, and the 
controller performs an address check: The cylinder 
address read from the sector address field must 
match that posted in the Specify command and 
cylinder instruction, and the sector and surface 
number contained in the address field must match 
those contained in the Disc Address Register. If the 
address check is successful, the drive continues the 
operation and reads the sequential data bits from the 
sector, and calculates a 16-bit checkword from the 
serial data. 

The eontroller builds 16-bit words from serial data 
and transfers them to the first of two sector buffers. 
When this buffer is filled the second buffer begins 
filling while the contents of the first buffer moves to 
memory via the data channel. Each time a word is 
transferred to memory, the controller automatically 
increments its memory address register by one. 

The controller increments its sector counter by 1 just 
after the address check. After the drive reads the 
data portion of the sector, the drive reads the 16-bit 
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checkword that follows the data, and the controller 
verifies that it matches the checkword it calculated 
while data was read from disc. 

As the drive finishes reading a sector it prepares to 
read the next sector if the controller's sector counter 
did not overflow after the address check for the sector 
just read; the process repeats until either the sector 
counter overflows or the drive reads the last sector on 
a surface. After reading the last sector on surfaces 
0-2, the controller automatically changes the surface 
and sector address in the Disc Addressa Register to 
specify the first (0) sector on the next surface of the 
sames cylinder, and the drive continues reading from 
that sector. 

A Read operation continues until the sector counter 
indicates, by overflowing, that the specified number 
of sect?rs have been read. Upon completing the Read 
operatIOn, the controller sets its Busy flag to ° and its 
Done flag to 1, initiating a program interrupt request. 

YES 

DG-00975 

CYLINDER= CYLINDER 
SJ.;RFACE=SURFACE 
SECTOR=SECTOR-l 
DRIVE", DRIVE 
SECTOR COUNTER,,-

R 'NTER-l 

MEMORY ADDRESS IS 
CALCt;LATED FROM 
ORIGINAL MEMORY AD
DRESS + 256 TIMES THE 
:-.I lJ1I.l BER OF SECTORS 
SUCCESSFULLY TRA!'OS
FERRED 

GO TO INITIAL SELEC
TIO~ AND HEAD POS!
TIONING Fon SEEKING 
TO A NEW CILINDEB 

Data General Corporation 

Write 

Specify the starting address of the area in memory 
~or the t~ansfer using a Load memory address register 
InstructIOn (008). Use the appropriate accumulator 
field to specify the 16-bit address of the first word in 
memory that will be written to disc. The Specify disc 
address and sector count instruction (DOC) issued 
during Phase I specified the disc surface to be 
written, the number of sectors to be written and the 
number of the starting sector. 

Issue a Write command using the Specify command 
and cylinder instruction (DOA) plus an s flag 
command. Use the appropriate ac.cumulator bits to 
clear both the R/W flag and the Seek Done flag for 
the specified drive, and use the appropriate 
accumula~or fields to specify both the Write operation 
and a cyhnder address. (The cylinder number must 
match that of the cylinder to be written; it is used by 
the controller for address checking at the start of 
each 256-word sector transfer in the Write 
operation.) 

The S flag command sets the Busy flag to 1, sets the 
Done flag to 0, and initiates the Write operation. 

The controller immediately begins transferring 256 
words of memory via the data channel to one of the 
controllers two 256-word buffers. The drive waits 
until ~he desired sector passes WIder the specified 
head; It then reads the address field from that disc 
sector and the controller performs an address check. 
The cylinder address read from t.he sector address 
field must match that posted in thH Specify command 
and cylinder instruction, and the sector and surface 
numbers contained in the address field must match 
those contained in the disc address register. If the 
address check is successful, the drive continues the 
operation and writes the sequential data bits to the 
sector. 

The controller takes 16-bit data words from the 
active sector buffer and transfers them serially to the 
driv~ unit while continually recalculating a 16-bit 
cychc check word from the serial data. 

After the drive writes 256 words to the sector, the 
controller transfers the checkword it calculated 
during the transfer to the disc unit. The drive writes 
the 16-bit check word to disc immediately following 
the data. 

As the controller finishes the address check it 
increments its sector counter by 1; if the counter does 
not overflow, the controller prepares for the next 
sector's transfer by immediately requesting data via 
the data channel to fill a second 256-word sector data 
buffer. Only if all 256 words for a sector are in a 
sector buffer at the end of the address check for that 
sector can a transfer take place, otherwise the 
controller terminates the transfer and posts a Data 
Late error (See Data Late errors described later in 
this section.) This process repeats until either the 
sector counter overflows or until the subsystem 
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writes the last sector on a surface. After writing the 
last sector on surfaces 0, 1 or 2 is written, the 
controller automatically changes the surface and 
sector address in the Disc Address, Register to specify 
the first (0) sector on the next surface of the same 
cylinder, and the drive, continues writing on that 
sector. 

A Write operation continues until the sector counter 
indicates, by overflowing, that the specified number 
of sectors have been written. Upon completing the 
Write operation, the controller sets its Busy flag to 0 
and its Done flag to 1, initiating a program interrupt 
request. 

------- WRITE --------, 

DG-00974 

CYLlNDER= CYLINDER 
SURFACE~SURFACE 

SECTOR=SECTOR-! 
DRIVE"DRIVE 
SECTOR COUNTER= 
SECTOR COUNTER-I 

MEMORY ADDRESS IS 
CALCULATED FROM 
ORIGINAL MEMORY AD
DRESS + 256 TIMES THE 
NUMBER OF SECTORS 
SUCCESSFULLY TRANS
FERRED 

NOTE Posslbk hal'dware f'rrnr In head ('<)unler. 

FORMATTING 

Data General's high density disc cartridge 
subsystems require that all disc data surfaces be 
formatted before a subsystem will properly function. 
The format delineates an address field and a data 
field in each sector of every track of a surface. The 
address field of a sector is a coded header that 
precedes the data area of the sector and contains the 
sector's logical address. The purpose of the format is 
threefold: 1) it provides information for address 
checking by the subsystem (transparent to the 
programmer) before each data transfer; 2) it carries a 
bad sector flag (transparent to the programmer) 
which can be set during formatting -- the controller 
checks the flag before each data transfer 3) it 
provides splice areas that separate the address field 
from the data field in a sector while giving read and 
write controls time to properly initialize and settle 
prior to a data transfer. 

The format field contains a gap or splice area 
followed by twenty-four 16-bit words. The first 22 
words, all containing zeros, and a 23rd word 
containing 0000018, form a synchronization field. The 
next 17 bits (the 24th word and most significant bit 
of thE! 25th word) is the address field containing the 
cylinder, sector and surface numbers. 

Another splice field follows the format field, and it is 
followed, in turn, by a synchronization field of all 
zeros,. a single sync bit (i), the 256-word data area, 
and its check word. Zeros fill the remainder of the 
sector. 

If the Status Register repeatedly indicates an address 
error after many failures to read or write an area on 
the disc, the area in question (possibly one sector, or 
several adjacent sectors on one surface) may need 
reformatting. 

A SElctor that consistantly yields address or 
check word errors may be damaged and unusable. If 
so it may be marked as a bad sector by setting the 
bad sector flag bit (bit 14 of the 23rd word in the 
forma.t field). When this bit is 1 the controller will 
neithl~r read nor write on that sector. If it encounters 
a bad sector during a read or write, it will 
immediately halt the operation and initiate an 
interrupt request, as it does on an address error. 

Typically, disc cartridges obtained from Data 
General are completely formatted before they are 
shipped; cartridges obtained elsewhere must be 
forma.tted by the customer. Should the fixed platter 
in a disc unit be removed or replaced, it, too, requires 
reformatting. 

Data General provides a stand-alone program that 
will format all the sectors/surfaces of a disc unit. The 
program can also format a single sector, several 
sectors, or one cylinder of the drive. The formatter 
program is available on paper tape (DaC no. 
095-000670), and its operation is described in a 
compnnion program listing, mac no. 096-000670). 
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Whenever any sector is reformatted, all the data in 
that sector is lost. Formatting is done independently 
of and before initializing a disc for use with a Data 
General operating system. 

DIAGNOSTIC MODE 

Diagnostic mode permits testing of the drive and 
controller logic. There are four Diagnostic testing 
modes: 

• Buffer Control Logic test 

• Unsafe Logic test 

• CRC Logic test 
• Data Late Logic test 

The Buffer Control test evaluates the logic by 
permitting the programmer to read back the data 
most recently written to the buffers. The Unsafe test 
evaluates the unsafe error control logic by creating 
an unsafe condition (the heads must be unloaded and 
reloaded to restore operating condition>. The CRC 
test evaluates the CRC generator and the checkword 
compare logic by inhibiting the CRC generator 
during a write. The Data Late test evaluates the 
error control logic by creating a data late condition 
(three or more sectors must be transferred>. 

Diagnostic mode is selected by setting bit 3 of the 
specified accumulator to 1, during a Specify disc 
address and sector count instruction. When bit 3 is a 
1, the value of bits 2 and 6 of the specified 
accumulator selects the type of test to be performed. 
In Diagnostic mode bit 2 no longer selects Format 
mode, but it is used to specify the type of Diagnostic 
mode. Bit 6 still selects the surface, but its value is 
also employed to select the type of Diagnostic mode. 
When in Diagnostic mode, the diagnostic test that 
corresponds to the content of these two bits is shown 
in the table below. 

BIT 2 BIT 6 TEST 

0 0 Buffer Control test 
0 1 Unsafe test 
1 0 CRC Logic test 
1 1 Data Late test 

TIMING 

The discs in the drive unit rotate at 2400rpm; a 
complete revolution requires 25ms. A register within 
the drive (transparent to the programmer) 
continually indicates to the controller the number of 
the sector presently passing under the heads. This 
feature allows the subsystem to carry out a Read or 
Write operation the first time the desired sector 
passes under the head. 

The minimum sector access time is that required to 
read the address field at the start of a sector - 120us; 
the maximum access time is that needed for a full 
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revolution plus the address field time - 25.1ms; the 
average sector access time is 12.6ms. 

A sector passes under a head in 1.04ms; the data 
portion of that sector passes under the head in 819us. 
This corresponds to an average data transfer rate of 
312,500wps. The controller can buffer two sectors for 
the data channel. When one or two sectors are 
transferred this permits an unlimited latency period. 
If three or more sectors are transferred, the 
maximum allowable data channel latency is 1.04ms 
on a sector transfer. When a sector buffer is 
transferred, the controller passes four words 
consecutively then frees the data channel for one 
request enable cycle, and then passes four more 
words. If the entire sector is not transferred within 
the 1.04ms time limit, the transfer is terminated and 
both the Data Late flag and the Error flag are set to 
one. 

The time required to position the heads (seek time) 
depends on the number of cylinders the heads must 
cross to reach the destination cylinder, seek time is 
direction-independent. The minimum seek time is 
that for a single cylinder seek - 15ms; the maximum 
seek time is that needed to travers all cylinders -
lOOms. 

The Recalibrate operation moves the heads back to 
cylinder 0; but it progresses more slowly than a Seek 
to that cylinder, to protect the head moving 
mechanism and to reset its controls in an orderly 
manner. The maximum recalibrate time is 
approximately 200ms. 

NOTE: Issue no commands to the disc controller 
for at least 50us after the start of a Seek or 
Recalibrate operation. 

ERROR CONDITIONS 

During Initial Selection (Phase I) 

Initial selection errors are those that appear 
subsequent to recent disc Read and Write operations, 
and are unrelated to commands issued in Phases I or 
II. 

Absence of Valid Status 

In single CPU subsystems, the entire disc subsystem 
remains dedicated to one controller. The Valid bit 
may reamin 0 in single CPU subsystems if the 
subsystem controller has been improperly configured 
for a single CPU environment. 

In dual processor environments, the absence of a 
Valid bit indicates that when the controller read the 
status of a specified drive unit, it did not have access 
to the subsystem; and the status word returned may 
be suspect. (In dual CPU systems, access to the entire 
disc subsystem is provided exclusively to one 
controller at a time, on a demand basis. Refer to the 
dual CPU discussion, following Error Conditions.> 
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Specifically, a status word returned with the Valid 
bit equal 0 is incorrect if drive unit selection was 
changed (i.e., by a Specify disc address instruction 
(DOC) ) after the Valid bit went to O. To ensure that 
the status from a drive is not suspect, issue a Seek 
command (to any cylinder, any drive), wait at least 
50us, reselect (if necessary) the desired drive as in 
Phase I, and then reread Status until the Valid 
Status bit equals 1. 

Unsafe Error 

If the Unsafe flag is 1, the Unit Ready flag is O. Issue 
an 5, C, P, or 10RST to set the Unsafe flag in the 
controller to 0; however, this action will usually not 
remove the drive unit's unsafe condition. 
(Momentarily toggling the LOAD/RUN switch on the 
6040 series drive control panel to LOAD and then back 
to RUN, or powering down the drive and then 
restarting it will usually clear the Unsafe condition,) 

If a drive's Unsafe condition persists after the Unsafe 
flag is set to 0 in the controller, the controller's 
Unsafe flag will not return to 1 again until either i) 
another unsafe drive unit is selected or Wthe original 
unsafe unit is first deselected (Specify ... another 
drive) and then reselected. 

During Head Positioning (Phase II) 

If the program issues a Specify command and cylinder 
instruction (DOA) that initiates a Seek operation to a 
non-existant cylinder (i.e., greater than 6278), the 
seek operation immediately terminates, and both the 
Seek Error and the Seek Done flag are set to 1; then a 
program interrupt request is initiated. If any Seek 
operation to a valid cylinder number results in a Seek 
Error, perform a reasonable number of seek retries. 

Seek Retry 

A seek retry is a Recalibrate operation followed by 
another attempt to position the heads over the 
desired cylinder. The Recalibrate operation is a 
hardware recovery sequence that moves the heads of 
the selected drive over cylinder 0 and resets the head 
positioning control in that drive. 

Recalibrate the drive using a Specify command and 
cylinder instruction (DOA) plus a P flag command. Use 
the appropriate accumulator bits to clear both the 
the Seek Done flag for the selected drive unit and the 
RlW Done flag; use the appropriate accumulator field 
to specify a Recalibrate operation. The cylinder 
address field is ignored in a Recalibrate operation. 

The P flag command sets the Done flag to 0 and 
initiates the operation without affecting the 
controller's Busy flag. While the drive is recalibrating, 
the Unit Ready and the Seek Done flags for the 
specified drive are 0; at the conclusion of the 
operation, the controller sets the Seek Done flag for 
the appropriate drive, and initiates a program 
interrupt request. 

At the conclusion of the recalibrate operation, 
increment a seek retry counter (see Initial Selection 
and Head Positioning flowchart) and try again to 
position the heads over the desired cylinder. If, after 
several attempts, the drive does not successfully 
position the heads over the desired cylinder, that 
drive and/or the subsystem may be faulty. 

During Reading 

If the program specifies a non-existant sector (i.e., 
greatE~r than 278), the controller sets the contents of 
the Sector Register value to zero and increments the 
surface by 1. If, after incrementing, the resulting 
surface address is 1, 2 or 3, the Read operation begins 
at the first sector of that surface. If the resulting 
surface address is 4 (a non-existant surface), an End 
of Cylilnder Error occurs. 

End of Cylinder Error 

An error can occur when the disc subsystem 
attempts to Read past the last sector on surface 3. If 
the read operation does not terminate (Le., the sector 
counter does not overflow) after reading sector 278 on 
that surface, both the Error and the End of Cylinder 
Error flags are set to 1 and the Read operation 
terminates. The sector counter remains at its 
incremented value, the controller forces both the 
sector and the surface addresses to 0 and also 
increments by 1 whatever value is in the unused head 
addreEls field (bit 4) of the controller's Disc Address 
Register. (See description of Read disc address 
instruetion,) The controller sets its Busy flag to 0, its 
Done flag to 1 and initiates a program interrupt 
request. 

Address Error 

An address field precedes each sector on the drive 
identifying its surface, cylinder and sector position. 
Before the controller reads data from a specified 
sector, it performs an address check. If the controller 
reads nn address from the address field that does not 
match that in the Disc Address Register, the 
controller sets both the Error and the Address flags 
to 1, and the Read operation terminates immediately. 
The controller sets the Busy flag to 0, the Done flag to 
1, and initiates a program interrupt request. 

After III address error, the Sector Counter and the 
Sector Address register retain the values they had 
when t.he error occurred. That is, the Sector Counter 
retains: the number of the faulty sector and the sector 
counter contains the two's complement of the 
number of sectors left to read in the operation. 

Repeated Address errors from the same sector(s) on 
the disc cartridge may indicate damage to the 
magnetic media, or it may indicate those sector(s) 
need reformatting. (See Formatting, described 
earlier,) 
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need reformatting. (See Formatting, described 
earlier.> 

Checkword Error 

Each time the subsystem writes data to disc, it 
appends a 16-bit checkword to the 256-word data 
block. While the controller reads the data from a 
sector, it continually computes a checkword from the 
data stream from disc and compares it to the 
checkword written at the end of the data block on the 
disc. If the checkwords differ, the controller sets both 
the Error and the Check word flags to 1, and the Read 
operation terminates at the end of the sector even if 
there are more sectors to read. The controller sets the 
Busy flag to 0, the Done flag to 1, and initiates a 
program interrupt request. A checkword error 
indicates that at least one data word read from the 
sector is erroneous. 

After a Checkword error, the Sector Address 
Register points to the sector following that in which 
the error occurred. The Sector Counter contains the 
two's complement of the number of sectors not 
including the faulty sector that remain unread after 
the error. 

Sector Error 

A Bad Sector flag immediately precedes the address 
field sync bit. This bit identifies that sector as having 
hardware damage (i.e., a scratch or other damage to 
the magnetic surface). It is set during a format. If the 
controller detects a Bad Sector flag during a read, it 
sets both the Error and the Bad Sector flags to 1, and 
the read operation terminates immediately. The 
controller sets the Busy flag to 0, the Done flag to 1, 
and initiates a program interrupt request. 

After a bad sector error, the sector counter and the 
sector address register retain the values they had 
when the error occurred. That is, the sector address 
register retains the number of the bad sector and the 
sector counter contains the two's complement of the 
number of sectors left to read in the operation. 

Data Late Error 

If neither sector buffer is completely empty at the 
end of the address check (as the controller begins to 
read a sector), both the Error and the Data Late flags 
are set to 1. The Sector Counter increments (by 1) at 
the end of the address check, reading continues on 
the current sector, the Sector Address register 
increments (by 1) as the end of the sector passes 
under the head and then the operation ends (even if 
there were more sectors to read,) The controller sets 
the Busy flag to 0, the Done flag to 1 a.nd .initiates a 
program interrupt. The Data Late flag mdlCates that 
at least one sector did not completely transfer to 
memory. Both the sector that encountered the Data 
Late error and the two preceding sectors may be 
erroneous. As a precaution, retry the sector that 
encountered the Data Late error, as well as both 
sectors (if any) preceeding it if they were part of the 
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failing transfer. 

After a Data Late error, the Sector Address Register 
points to the sector following that in which the error 
occurred. The Sector Counter contains the two's 
complement of the number of sectors not including 
the faulty sector that remain unread after the error. 

Errors During Writing 

If the program specifies a non-existant sector (i.e., 
greater than 278), the controller sets the contents of 
the Sector Register to zero and increments the 
surface by 1. If, after incrementing, the resulting 
surface address is 1, 2 or 3, the Write operation begins 
at the first sector of that surface. Otherwise, an End 
of Cylinder Error occurrs. 

End of Cylinder Error 

An error can occur when the disc subsystem 
attempts to Write past the last sector on surface 3. If 
the write operation does not terminate (i.e. if the 
Sector Counter does not overflow) after reading 
sector 278 on that surface, both the Error and the 
End of Cylinder Error flags are set to 1, and the 
operation terminates. The sector counter remains at 
its incremented value, the controller forces both the 
sector and the surface addresses to ° and also 
increments by 1, what ever valUE! is in the unused 
head address field (bit 4) of the controller's Disc 
Address Register. (See description of Read disc 
address instruction.> The controller sets its Busy flag 
to 0, its Done flag to 1 and initiates a program 
interrupt request. 

Address Error 

An address field precedes each sector on the disc unit 
containing its surface, cylinder and sector position. 
Before the controller writes data to a specified sector, 
it performs an address check. If the controller reads 
an address from this field that does not match that in 
the Disc Address Register, the controller sets both 
the Error and the Address Error flags to 1, and the 
Write operation terminates immediately. The 
controller sets the Busy flag to 0, the Done flag to 1 
and initiates a program interrupt request. 

After an address error, the Sector Counter and the 
Sector Address register retain the values they had 
when the faulty sector came under the head. That is, 
the Sector Counter retains the number of the faulty 
sector and the sector counter eontains the two's 
complement of the number of sectors left to write in 
the operation. 

Repeated Address errors from the same sector(s) on 
the disc cartridge may indicate damage to the 
magnetic media, or it may indicate those sector(s) 
need reformatting. (See Formatting, described 
earlier.> 
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Sector Error 

A Bad Sector flag immediately precedes the address 
field sync bit. This bit identifies that sector as having 
hardware damage (i.e., a scratch or other damage to 
the magnetic surface). It is set during a format. If the 
controller detects a Bad Sector flag during a write, it 
sets both the Error and the Bad Sector flags to 1, and 
the write operation terminates immediately. The 
controller sets the Busy flag to 0, the Done flag to 1, 
and initiates a program interrupt request. 

After a bad sector error, the sector counter and the 
sector address register retain the values they had 
when the error occurred. That is, the sector address 
register retains the number of the bad sector and the 
sector counter contains the two's complement of the 
number of sectors left to write in the operation. 

Data Late Error 

If one buffer is not completely filled as the controller 
finishes the address check portion of a sector write, 
both the Error and the Data Late flags are set to 1. 
Writing continues on the present sector, but at the 
end of that sector, the operation terminates. The 
controller sets the Busy flag to 0, the Done flag to 1 
and initiates a program interrupt. The Data Late flag 
indicates that one sector was not transferred from 
memory before the preceding sector had been written 
to disc. Only the sector that encountered the Data 
Late error will be erroneous. Retry that sector. 

After a Data Late error, the Sector Address Register 
points to the sector following that in which the error 
occurred. The Sector Counter contains the two's 
complement of the number of sectors, not including 
the faulty sector, that remain unwritten after the 
error. 

MULTIPLE DRIVES 

In a multiple drive subsystem, any unit may initiate a 
Seek or Recalibrate operation while other units are 
performing head positioning commands. The 
subsystem can also overlap Seek or Recalibrate 
operations on several drives with a data transfer on a 
single drive - but all the commands to seek or 
recalibrate must precede the command to start 
reading or writing. The following discussion points 
out the programming considerations when taking 
advantage of this ability to perform multiple 
operations. 

Phase I Considerations 

Issue the Specify disc address and sector count 
instruction if no disc unit in the subsystem is 
performing a Read or Write operation. Deselecting a 
drive engaged in a data transfer will immediately 
terminate that transfer. 

If commands to the subsystem are to be overlapped, 
only the accumulator field specifying unit number is 
significant, and the other fields may be set to zero. 
(The unneeded fields may not, however, specify 
parameters that exceed the capacity of the unit.) 

Phase II Considerations 

Initiate a head positioning operation on the unit 
selected in Phase I, as described previously. Overlap it 
with a head positioning operation on a different unit 
as follows: branch immediately to Phase I, specify 
and check status on the new unit, and then return to 
Phase II to start the new operation. Repeat this 
sequence until all the overlapped positioning 
operations have been started. 

Next, determine which drive is to perform the first 
data transfer. The decision may, in many cases, be 
dictated by priority. But in those cases where its 
possible to simply initiate a transfer on the first 
available drive, repeatedly issue Read status 
instructions to examine the Seek Done flags and pick 
the first available unit. 

After choosing a unit for the data transfer, issue a 
Specify disc address and sector count instruction 
(DOClto reselect that unit and establish parameters 
for the transfer. 

Check the selected unit's status by issuing a Read 
status instruction (DIAl. Check both the Unit Ready 
flag and the Error flag, If there are no errors, proceed 
to Phase III. 

NOTE: If a Seek error occurs perform one Seek 
Retry (described earlier); but, if possible, move 
on to initiate a transfer on another disc unit. 
Wait for a retry to finish only if the drive involved 
must perform the next data transfer. 

Phase III Considerations 

Once a unit has been selected for a read or write 
operation at the end of Phase II, begin the data 
transfer exactly as described earlier. Starting the 
read or write operation with an S flag control does 
not affect the values of the Seek Done flags. Do not 
issue a Specify disc address instruction (DOC) to the 
subsystem until both the Done flag and the R/W 
Done flag (in the Status Register) are set to 1. 

It is safe to issue a Read status instruction anytime to 
determine whether any seek operations overlapped in 
Phase II have finished. This may be useful in choosing 
the next unit for a transfer and for preparing that 
transfer. 

After the transfer, issue a Read status instruction. 
Once status has been read, either: check for errors in 
the present transfer; or, if possible, save the status 
word, reselect units and start the next transfer before 
checking the present one for errors. 
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DUAL PROCESSOR 
CONSIDERATIONS 

The disc subsystem hardware imposes certain 
restrictions on the program when the subsystem 
operates in a dual processor (shared disc) 
environment. The dual access mechanism switches 
access to the entire subsystem from one controller to 
the other on a demand basis, in conjunction with 
timing and command protocols. 

Each processor obtains subsystem control by issuing 
head positioning commands. Once established, this 
control may be maintained by issuing other head 
positioning commands prior to completion of a three 
second subsystem timeout interval. Completion of a 
read or write immediately terminates subsystem 
control. The other processor must wait for service 
until the processor in control has completed its task. 

The description and flowcharts below describe 
non-interrupt driven procedures for operating a 
single drive subsystem in a shared disc environment. 
These procedures focus on maintaining the integrity 
of the subsystem only at the hardware level. The 
concepts can be extended to support interrupt drivers 
for multiple drive subsystems. 

A separate protocol is needed to maintain data 
integrity within the file structure. A simple file 
protocol, for example, might aBBign a number of 
blocks to one processor for unrestricted use 
(including writing) while assigning the remaining 
blocks to the other processor. In general, the protocol 
is implemented using some communication link 
between processors to allow conflict arbitration. Data 
General's Real Time Disc Operating System (RDOS) 
uses the facilities of the model 4240 Interprocessor 
Bus for resolving conflicts in the dual CPU 
environment. 

Program a shared disc subsystem in three phases: i) 
select the disc unit and specify parameters for the 
transfer; ii) position the heads over the desired 
cylinder and gain access to the subsystem; and iii) 
initiate the transfer. 

Phase I, Initial Selection 

Set up the subsystem control as described previously 
in Phase I, Programming. Do not read status. 

Phase II 

Issue a Specify command and cylinder instruction 
(OOA) with a P appended to it as described previously. 
Wait at least 50 microseconds after issuing the seek 
command and then issue a Read status instruction 
(OIA). Verify that the Valid Status flag (bit 6) is 1. The 
controller receives access to the subsystem for a 
maximum of 3 seconds after the Valid Status flag in 
its Status Register becomes 1. Continue reading 
status until both the Seek Done flag and the Unit 

Data General Corporation 

Ready flag are 1. If the Error flag is 0, proceed to 
Phase III. 

If the Error flag is 1, then the seek may be retried 
several times. Since the processor reasserts control of 
the subsystem for three seconds each time a seek or 
recalibrate command is issued, limit the number of 
retry operations to avoid locking out the other 
processor. Note that only track positioning 
commands assert control of the subsystem; no other 
commands will restart the three seeond timeout. 

Phase III 

Initiate the data transfer as previously described. The 
processor unconditionally loses control of the 
subsystem at the end of a data transfer operation or 
three seconds after the last track positioning 
command, whichever comes first. 

After a data transfer, the contents of the Status 
Register remain unchanged in the controller until the 
controller issues a Specify disc address instruction 
(DOC) that alters the disc unit selection. 

NOTE: The Valid Status flag returned in the 
Status Register at the conclusion of a data 
transfer will always be O. If the program has not 
issued an initial selection command or a device 
flag command (s, C, P), the contents of the Status 
Register remain valid. If the data transfer 
terminates because of a timeout (3s) , restart the 
entire process beginning with Phase 1. 
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6070 Series Cartridge DG/Disc Subsystem 

DG-03186 

SET SEEK DONE TO 0 ] 
SPECIFY CYLINDER 
SPECIFY READ OPERATION 
START READ 

SURFACE = SURFACE, DRIVE = DRIVE: 
SECTOR COUNTER = SECTOR COUNTER - 1 
CYLINDER = CYLINDER, SECTOR = SECTOR - 1 
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CYLINDER = CYLINDER 
SURFACE = SURFACE 

SECTOR = SECTOR - 1 
DRIVE = DRIVE 
SECTOR COUNTER = 
SECTOR COUNTER - 1 

MEMORY ADDRESS IS 
CALCULATED FROM 
ORIGINAL MEMORY 
ADDRESS + 256 TIMES 
THE NUMBER OF 
SECTORS SUCCESSFULLY 
TRANSFERRED 

CYLINDE R = CYLINDER + 1 
SURFACE = SECTOR = 0 
SECTOR COUNTER = 
SECTOR COUNTER 

GO TO INITIAL SELECTION 
AND HEAD POSITIONING 
FOR SEEKJNG TO A NEW 
CYLINDER 

NOTE POSSIBLE HARDWARE ERROR 
IN HEAD COUNTER 



INCREMENT WRITE DONE
FAIL COUNTER 

SET SEEK DONE TO 0 
SPECIFY CYLINDER 
SPECIFY WRITE OPERATION 
START WRITE 

NOTE: POSSIBLE HARDWARE ERROR IN HEAD COUNTER 

DG-03187 
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CYLINDER " CYLINDER 
SURFACE = SURFACE 

SECTOR = SECTOR - 1 
DRIVE = DRIVE 
SECTOR COUNTER = 
SECTOR COUNTER - 1 

MEMORY ADDRESS IS 
CALCULA TED FROM 
ORIGINAL MEMORY 
ADDRESS + 256 TIMES 
THE NUMBER OF 
SECTORS SUCCESSFULLY 
TRANSFERRED 

CYLINDER = CYLINDER + 1 
SURFACE = SECTOR = 0 
SECTOR COUNTER = 
SECTOR COUNTER 



SECTION VI 

ANALOG / DIGITAL 
DIGITAL / ANALOG 

• 4120 SERIES AID CONVERSION SUBSYSTEM 

• 4180 SERIES D/A CONVERSION SUBSYSTEM 





INTRODUCTION TO DGC 
AID AND DIA SUBSYSTEMS 

The DGC Analog Data Conversion System provides 
a means for interfacing DGC computers to a wide 
range of analog devices. The Analog/Digital Con
version Subsystem, built around a 10- or 12-bit 
analog-to-digital (A/D) converter, serves the in
put function, converting external analog signals 
into digital data for the central processor. The 
output function is provided by the Digital/Analog 
Conversion Subsystem, which uses a 12-bit digital
to-analog (D/ A) converter to translate digital data 
from the computer into analog signal voltages 
available to external devices. 

ANALOG AND DIGITAL DATA 

Analog Data 

For the purposes of this chapter, analog data con
sists of voltages whose magnitudes represent, and 
are proportional to, numeric values. The subsys
tems may be configured to provide measurements 
in the following ranges: ±2.5V, ±5V, ±10V, 0 to 
5V (A/D only), and 0 to 10V. The A/D and the 
D/A subsystems may have the same range, or 
their ranges may be chosen independently. 

The total voltage span, either 5, 10, or 20 volts, 
is known as the" full scale range" (FSR). An ana
log range is called "unipolar" if it includes only 
non-negative voltages, "bipolar" if it encompasses 
both positive and negative voltages. The maximum 
value within a range is known as "plus full scale" 
(+FS). For a unipolar range, the minimum value 
is 0 volts. For a bipolar range, 0 volts in the 
mid-range value, and the minimum value is called 
"minus full scale" (-FS). 

Digital Data 

While analog values (voltages) are continuous over 
their range, digital data (binary numbers) are dis
crete--only certain values within the range can be 
represented. For an n-bit converter these values 
are the 2n different n-bit binary integers. They 
are interpreted in the unipolar case as unsigned 
integers within the range 0 to 2n-1, and in the bi
polar case, with the most significant bit acting as 
the sign, as signed integers between _2 n - 1 and 
2n- 1_1, inclusive, where two's complement form 
is used for the negative integers. 

Analog/Digital Data Correspondence 

In both cases these 2n numbers define only 2n-1 
intervals, but the analog range is divided into 2n 
discrete values, where the difference from one 
value to the next corresponds to a digital incre
ment equal to the least significant bit (LSB). In 
this way the "analog LSB", Le., the voltage in
crement corresponding to the digital LSB, equals 
1/2n of the analog full scale range (FSR) , and the 
analog value represented by each bit position is an 
exact binary fraction of this full scale range. 

The minimum digital value (0 for unipolar, _2 n - 1 

for bipolar) corresponds to the minimum analog 
value (0 or -FS), but the maximum digital value 
(2n-1 or 2n- L 1) actually represents an analog 
value one analog LSB less than the nominal full 
scale range. Just as the negative numbers out
number the (non-zero) positives by one (since 0 is 
represented, as are the positive numbers, with a 
o sign bit), the actual analog range extends one 
LSB further in the negative direction than in the 
positive direction. Thus, the actual maximum 
analog value (+ FS) is either FSR - LSB (unipolar) 
or 1/2 FSR - LSB (bipolar). 

For example, for a 12-bit converter with a ±5 volt 
range, FSR = 10 volts, and LSB = FSR/2n = 
10V/212 = .0024 volt. -FS = -5.000 volts, but 
+FS = 5.000 - .0024 = 4.9976 volts. (The term 
"full scale" (FS), without a sign prefacing it, usu
ally means the nom inal full 5 volts.) 

Digital Representation of Analog Data 

The digital values input or output by a converter 
consist of either ten or twelve bits of data. This 
number of bits is referred to as the" resolution" 
of the converter. When expressing a converter's 
n-bit digital value in a full 16-bit computer word, 
the n -bit field of data is right -justified - -that is, 
the least significant data bit occupies the right
most position, bit 15. Ten -bit values take up bits 
6 through 15; 12-bit values occupy bits 4 through 
15. Note that this means that the same bit position 
in two converters with identical ranges but of dif
ferent resolutions will not represent the same ana-
log voltage level. -
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When transferring digital values from the computer 
to a DIA converter, only the rightmost twelve bits 
of the 16-bit computer word are of importance-
the extra high-order bits are ignored and hence 
may have any value. When reading digital values 
into the computer from an AID converter, the ex
tra high -order bits are set by the converter sub
system to fill out the data word according to one 
of two conventions, one for unipolar ranges, the 
other for bipolar ones. No sign bit exists in the 
unipolar case; the extra high-order bits are set to 
O. This allows the program to operate on unipolar 
inputs as if they were normal positive integers. 
In the bipolar case, the sign of the converter's 
digital value (the most significant bit in the n-bit 
field) is extended to the left. In other words, all 
of the extra high-order bits are set to 0 for a 
positive converter value and to 1 for a negative 
value. This convention allows the program to 
operate on bipolar values as if they were regular 
signed integers. 

The four possible AID converter data formats are: 

PJB""''':'''''''''''''''j &jill::;::::::(:i:::::::::l:::::::::{::::::: ~AGNITUDE 
023456789 

10-bit unipolar 
10 II 

MAGNITUDE 

I 
7 8 9 10 II 

10-bit bipolar 

."AGNITUDE 

I 
o 2 3 4 5 6 7 8 9 10 II 

12 -bit unipolar 

MAGNITUDE 

I 
12 

12 

I 
12 

I I 

13 14 15 

13 14 15 

13 14 15 

o 2 3 4 5 6 7 8 9 10 II 12 13 14 15 

12-bit bipolar 
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Although the digital values from the AID converter 
will necessarily fall within the n-bit range of the 
converter, normal arithmetic operations on these 
values can be performed with valid results within 
the full 16-bit range of the computer. However, if 
it is desired to keep the results within the convert
er range (e. g., in order to convert them back to 
analog form via a D I A converter), care must be 
taken to check and provide for overflow and under
flow out of the narrower range of the converter. 

The following table shows the correspondence be
tween analog and digital values for the 10-bit AID 
converter and the 12 -bit AID and D I A converters 
with nominal ranges of 0 to V volts (unipolar) and 
±V volts (bipolar). "+ V" represents the nominal 
maximum positive voltages (FS); "-V" represents 
the minus full scale voltage for the bipolar case 
(-FS). Inputs to an AID converter which exceed 
the range of the converter are dipped (truncated) 
as follows: any analog input value greater than 
+ FS converts to the maximum digital value; any 
value less than the minimum analog value (0 or 
-FS) converts to the minimum digital value. The 
digital values are given as the octal equivalents 
of the 16-bit words received from the AID convert· 
er; in D I A conversion the four most significant bih 
(bits 0 to 3) are ignored and may have any value. 

Analog and Digital Data Correspondence 

~ Analog 
12-bit A/D and D/A 10-bit A/D 

Voltage unipolar bipolar unipolar bipolar 

?- + V -LSB 007777 003777 001777 000777 
+ 1/2V 004000 002000 001000 000400 
+LSB 000001 000001 000001 000001 
0 000000 000000 000000 000000 
-LSB 177777 177777 
-1/2V 176000 177400 
-V +LSB 174001 177001 
( -V 174000 177000 

NOTE: V = FSR (unipolar) 
= 1/2FSR ( bipolar) 
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DATA ACCURACY 

In converting analog data to digital form, or vice 
versa, there exist two types of limitation on the 
accuracy of the conversion; hardware inaccuracies 
and the conversion process inaccuracies. The 
first derives from the limitations of the hardware 
and is severe in proportion to the tolerances and 
inaccuracies of the components in the system. 
The measurement of these errors is usually given 
in terms of "relative accuracy", which is defined 
as the ratio of the difference between a converter's 
output (Vout) and its given input (V in) to the full 
scale range: 

V-V. 
Relative accuracy = out III x 100% 

FSR 

This definition of accuracy incorporates the fact 
that conversion accuracy is constant over the full 
scale range, not proportional to the value being 
measured. The accuracies of the AID and DIA 
systems are given separately in their respective 
chapters. 

The second limitation is due to the discrete nature 
of digital data. Because digital values exist only 
at certain points, at intervals of one LSB apart 
from each other, there is an inherent limitation 
on the accuracy of AID conversion equal to 
±1/2 LSB. In other words, for a given digital out-
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put value, the actual analog input to the AID con
verter can be anywhere within one half LSB of the 
analog value specified by the digital output. This 
"quantization error" must be added to all other 
analog errors when characterizing the accuracy 
of an AID converter subsystem. 

On the other hand, except for errors introduced 
into the DI A converter by actual circuit charac
teristics and signal noise, the analog output value 
corresponding to a particular digital input value is 
exact. However, in spite of appearances, the same 
±1/2 LSB error is inherent in D I A conversion but 
does not appear in the converter; it occurs in the 
computer when the program rounds or truncates 
the digital quantities to n bits. 

The table below gives the value (in millivolts) of 
the analog LSB associated with each converter 
offered with the Analog Data Conversion Subsystem. 
The inherent inaccuracy of each converter is then 
plus or minus one half of the value given. 

Analog LSB's for Various Converters 

~ Resoluti~n ±2.5V ±5V ±IOV o to 5V o to 10V 

10 bits 4.88mV 9.77mV 19.53mV 4.88mV 9.77mV 

12 bits 1.22mV 2.44mV 4.88mV 1. 22mV 2.44mV 
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4120 SERIES ANALOG/DIGITAL 
CONVERSION SUBSYSTEM 

_----------------- SUMMARY -----------------_ 

DEVICE MNEMONIC................. ADCV 

DEVICE CODE ........................... 218 

PRIORITY MASK BIT . . . . . . . . . . . . . . . . . . . .. 8 

RESOLUTION .......... 10 bits ....... 12 bits 

CONVERSION TIME 
(MAXIMUM) ...... 13. 3{lSec ....... 36f.Lsec 

MAXIMUM CONVERSION 
RATE (TYPICAL) .... 75kHz ....... 28kHz 

SYSTEM ACCURACY 
w/o Prog. Gain ±. 075%±1/2LSB±.025%±1/2LSB 
w/ Prog. Gain ±. 125%±1. 2LSB±.075%±1/2LSB 

APERTURE .......•.................. 40±5ns 

MAXIMUM ALLOWABLE DATA CHANNEL 
LATENCY (f.LSEC) 13.3 @75kHz ... 36 @28kHz 

ACCUMULATOR FORMATS 

NOTES: [ 1 Data Channel Option only. 

< > Programmable Gain Option only. 

SELECT CHANNEL [AND LIMIT] .•...... DOA 

[ LIMIT CHANNEL J CHANNEL I 
! I t I I ! I 

o 2 3 4 5 6 7 8 9 10 II 12 13 14 15 

READ CHANNEL SELECT [AND LIMIT] .. DIA 
r-------- -----.-~-

[LIMIT CHANNEL] CHANNEL 
~-+ ___ . .L __ ., ___ -+_---'---__ l .. _ + ___ -' _L-~---'--' ---+I_-"-----"----.J 

o I 2 3 4 5 6 7 B 9 10 II 12 13 14 15 

CONFIGURATIONS 

The Analog/Digital Conversion Subsystem enables 
any DGC computer to read digitized data from ex
ternal analog measuring devices. Multiplexing of 
the analog inputs allows a single A/D converter to 
handle up to 32 analog channels. The subsystem is 
available with a resolution of either ten or twelve 
bits and an input range (which is hardware select-
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[LOAD MEMORY ADDRESS COUNTER] ... DOB 

[READ MEMORY ADDRESS COUNTER] . .. DIB 

[i_·~~J_~-L-+_~~~~E_MJOR_Y_ADLDR_E4S~_-"-----,--+~_-"----~ 
o 2 3 4 5 6 7 8 9 10 II 12 13 14 15 

[LOAD WORD COUNT] AND 
<SELECT GAIN> .................... DOC 

----

.<~~lEJb~~_~---L_~~RD COUNT] _0- ___ .L_-'-_ 

o I 2 3 4 5 6 7 B 9 10 II 12 13 14 15 

READ DATA ............................ DIC 

o 

S 

C 

P 

DATA 
I I I 

2 3 4 5 6 7 8 9 10 II 12 13 14 15 

S, C AND P FUNCTIONS 

Set Busy to 1, set Done to 0, and either 
trigger a single conversion or prime the 
clock. 

Set Busy and Done to O. 

Set Busy to 1, set Done to 0, and trigger 
a sequence of conversions and data chan
nel transfers or prime the clock. 

able) of ±2.5V, ±5V, ±10V, 0 to 5V, or 0 to 10V. 
An internal clock, which can be used for synchro
nizing channel samplings, is standard equipment 
with all systems. Optional features are the Data 
Channel Option and the Programmable Gain Option. 
The Data Channel Option provides automatic se
quential or repetitive channel sampling at the 
maximum possible rate. The digital results are 
sent automatically to memory via the data channel. 



Programmable Gain Option 

The Programmable Gain Option, available only on 
subsystems with an F'SR of at least 10 volt, pro
vides for a program -controlled variable gain 
(voltage multiplication factor) applied to the analog 
inputs. Gains of 1, 2:, 4, and 8 are available and 
may be selected independently for each conversion 
or sequence of conversions. If the Data Channel 
Option is present, the same gain is used for the 
entire sequence of conversions. This option is 
useful in a situation where the various analog 
measuring devices in the system have character
istic ranges of different magnitudes. For example, 
if the input signals to the AID converter from at 
least one device can range up to ±10 volts, the 
subsystem must be configured with a ±10 volt range 
to accommodate this device. A device whose sig
nals remain within a ±2. 5 volt range would then 
normally use only one quarter of the total range, 
which would result in a loss of potential accuracy. 
However, with the Programmable Gain Option, 
the original ±10 volt subsystem range may be kept 
for the first device by assigning it a gain of one, 
while an effective range of ±2. 5 volts may be se-
1ected for the second device by choosing a gain of 

four. Signal voltages from the second device will 
be multiplied by four before they are converted to 
digital values. A signal of 2 volts from the second 
device will then be read as 8 volts and digitized as 
such. In this way the full ±10 volt subsystem 
range will be utilized for both devices, thereby 
maximizing overall subsystem resolution. It is up 
to the programmer to remember that the digital 
values representing the analog signals from the 
second device are actually four times as large as 
they would be if the Programmable Gain Option 
were not in use. 

The table below shows the effective ranges avail
able with the Programmable Gain Option. This 
operation is available only on systems with a full 
scale range of at least 10 volts. 

I~ 1 2 <1 8 
System 
Range 

t5V t5V t2.5V ± 1. 25V ±.625V 

dOV dOV ±5V t2.5V ±l. 25V 

o to lOV o to lOV o to 5V o to 2. 5V o to 1. 25V 

Effective input voltage ranges with Programmable Gain Option 
OG-00658 
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OPERATION Conversion Sequence 

Modes of Operation 

There are basically two modes of operation for the 
AID Conversion Subsystem. The first allows a 
program to select a channel, trigger a conversion 
on that channel, and read the digital result when 
the conversion is done. This is called" single
conversion mode", since the program must sepa
rately initiate each conversion. The second mode 
allows a program to set up a sequence of conver
sions and let them proceed automatically, with the 
digital results being transferred directly to mem-
0ry via the data channel. This is called" data 
channel mode" and is available to the program only 
if the Data Channel Option is present. 

The data channel mode is a supplement to, not a 
replacement for, the operation of the basic sub
system. All of the capabilities of the single
conversion mode remain available to the user with 
the Data Channel Option. The instruction sets 
reflect this expansion of capabilities--several of 
the data channel mode instructions are expanded 
versions of single -conversion mode instructions. 
All of the single -conversion mode instructions can 
still be used, but because these instructions have 
additional effects when the Data Channel Option is 
present, special care must be taken when pro
gramming in this situation. For this reason, a 
brief section on single-conversion mode program
ming with the Data Channel Option present is in
cluded in this chapter, following the sections on 
the two basic modes of programming. 

After the program sets up the A/D subsystem as 
desired, it initiates a conversion by issuing a 
Start or Pulse command. This sets the Busy flag 
to 1, the Done flag to 0, and selects either single
conversion mode or data channel mode (S and P 
commands, respectively). The controller selects 
the channel specified by a Channel Select Register 
(previously set up by the program) by sending 
control signals to the multiplexor. If the system 
includes the Programmable Gain Option, the input 
voltage signal selected by the multiplexor is 
amplified by a factor equal to the selected gain 
before it enters the AID converter. The control
ler then issues a "start conversion" command to 
the converter. When the conversion is done, the 
converter sends an end-of-conversion signal back 
to the controller, indicating that the digital output 
of the converter is now available to the computer. 
This digital result, residing in a data register 
internal to the AID converter, remains unchanged 
until a new conversion is begun (or until power is 
turned off). It may be read repeatedly by the 
program if desired. 

ONE TO 
ANALOG 
VOLTAG 
SIGNAL 

32 
r-------, 
I I 

E MUL TIPLEXOR VOLTAGE i PROGRAMMABLE I VOLTAGE AID 4 SIGNAL GAIN SIGNAL (MULTI-CHANNEL 
~ AMPLIFIER . CONVERTER 

SYSTEMS ONLY) I (OPTIONAL) I If I 
I I 

,~ 
L._--C--...J 

,~ IO-BIT DATA OR 

CONTROL: 
12-BIT DATA 

CONTROL CONTROL 
SIGNALS SIGNALS SIGNALS 

I ,~ ;, I ------, 
DATA CHANNEL I 

ANALOG I DIGITAL I 
CONVERSION SUB/SYSTEM CONTROLLER 

BASIC CONTROLLER EXTENSION I 
(OPTIONAL) I 

--rr-.J 
I I 
I I 

CONTROL FUNCTIONS IG-BIT DATA I IIG-BIT D 
AND INFORMATION I I 

ATA 

'-.L ~ 

DGC 
MEMORY CPU 

OG-0098.J 
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The effects of the end-of-conversion signal depend 
on the mode in which the system is operating. In 
the single-conversion mode, the end-of-conversion 
signal sets the Busy flag to 0, sets the Done flag to 
1, and initiates a program interrupt request. If 
the data channel mode was selected, the end-of
conversion signal" causes a data channel request to 
be made to the central processor in order to trans
fer the converter output data directly to memory. 
As soon as the d~ta channel transfer is complete, 
the next conversion is begun automatically. When 
the entire sequence of conversions and data channel 
transfers has been completed, the Busy flag is set 
to 0, the Done flag is set to 1, and a program inter
rupt request is initiated. 

The end-of-conversion signal normally has an 
additional effect in both operating modes--it incre
ments the Channel Select Register in preparation 
for a conversion on the next sequential channel. 
This is necessary for automatic sequential channel 
sampling in the data channel mode and is useful in 
single -conversion mode when sampling channels 
sequentially. In some cases, however, it may be 
desirable not to increment to the next channel 
automatically. For example, an application may 
require that individual channels be sampled re
peatedly, in either single -conversion or data 
channel mode. To accommodate these situations, 
the automatic channel increment feature can be 
disabled by adjusting the controller. 

Synchronization to a Clock 

Channel sampling may optionally be synchronized 
to a clock. A clock is included as standard equip
ment with all AID subsystems. The period of this 
internal clock is mechanically adjustable within the 
range 10 to 100 microseconds. To provide clock 
periods outside of this range or a more accurate 
clock, the user may supply his own external clock. 

When the subsystem is configured with either type 
of clock active, the Start and Pulse commands do 
not directly trigger a conversion--they prime the 
clock to do it. In other words, after the Busy flag 
is set to 1 by the Start or Pulse commands, the 
next occurring clock pulse will trigger the con
version. 

A clock is used in either single -conversion or data 
channel mode to maintain a constant sampling rate 
for a sequence of conversions. The first conver
sion is triggered by the first clock pulse after the 

Start or Pulse command, and hence may occur at 
any time up to the clock period. Succeeding con
versions will be triggered at the clock frequenc y, 
provided that the Busy flag is 1 when each succes
sive clock pulse occurs. In single-conversion 
mode, the program must issue another Start com
mand (to set the Busy flag back to 1) before each 
clock period expires in order to maintain the 
sampling rate. In data channel mode, the Busy 
flag remains set to 1 until the entire sequence of 
conversions has been completed, so successive 
clock pulses will always trigger new conversions. 
(If, due to an overloaded data channel, the previous 
converter result has not yet been transferred to 
memory when the next clock pulse occurs, the 
previous result is lost and all following conver
sions in the sequence are invalid. No indication 
of this is given.) 

NOTE At shipping time, the internal 
clock is disabled. Therefore, 
unless this clock is enabled or 
an external one is installed, the 
Start and Pulse commands will 
directly trigger conversions. 

Power-Up Conditions 

When power for the AID subsystem is turned on, 
the state of all of the registers in the interface is 
indeterminate. All relevant registers must there
fore be initialized by the program before the first 
valid conversion can be performed. 

The first conversion performed after power-up will 
al ways produce a value of minus full scale (- FS); 
thereafter, conversions will yield correct results. 
The program can allow for this phenomenon by 
executing one dummy conversion after power-up. 
Since the result will be ignored, the program need 
not initialize any registers for th.is conversion. 
An NIOS instruction is therefore sufficient to start 
the conversion. The program must be sure to wait 
for this dummy conversion to finish before starting 
any other conversions. 

Channel Numbering 

The channels in the system are numbered consecu
tively from 0 up to one less than the total number 
of channels. For example, in a 16-channel system 
the first channel is channel 0 and the last one is 
channel 15 (channel 17S)' 
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INSTRUCTIONS: 
SINGLE-CONVERSION MODE 

All of the six available I/O transfer instructions 
are used by the complete A/D subsystem. They 
can be grouped into two overlapping instruction 
sets, one for each basic operating mode. Single
conversion mode programming employs three of 
these instructions (four if the Programmable Gain 
Option is present). Five of the six instructions 
make up the data channel mode instruction set. 
When programming single conversions in a system 
which has the Data Channel Option, the expanded 
data channel mode versions of the three (or four) 
instructions used in single-conversion mode must 
be used. 

The Busy and Done flags are set to 0 by the Clear 
command, by the I/O RESET instruction and by the 
Reset console switch. A Start command in any in
struction sets the Busy flag to 1, sets the Done 
flag to 0, selects single -conversion mode, and 
triggers a conversion. A Pulse command sets the 
Busy flag to 1, sets the Done flag to 0, selects data 
channel mode, and triggers a sequence of conver
sions. 

The single -conversion mode of operation is avail
able on all systems, with or without the Data Chan
nel Option. This section describes the instructions 
used in single -conversion mode for subsystems 
which do not include the option. The additional 
considerations which apply when the system in
cludes data channel operation are given in a later 
section entitled" Programming: Single -Conversion 
Mode with Data Channel Option Present" . 

Basic Controller 

The basic A/D subsystem controller contains a 
Channel Select Register, interrupt control logic, 
and an internal clock. With the Programmable 
Gain Option the controller also contains a Gain 
Select Register. 

Channel Select Register 

The 8-bit Channel Select Register specifies the 
channel on which the next conversion is to be per
formed. It is set up by the program through a 
SELECT CHANNEL instruction (DOA). It may be 

read with a READ CHANNEL SELECT instruction 
(DIA). Unless the automatic channel increment 
feature is disabled, the Channel Select Register is 
incremented at the end of each conversion in pre
paration for a conversion on the next sequential 
channel. 

In a multi-channel subsystem the multiplexor se
lects the correct channel according to control 
signals from the Channel Select Register. The 
subsystem capacity of 32 channels requires only 
five bits for actual channel selection. The low
order five bits of the Channel Select Register 
specify the channel; the high-order three bits are 
ignored at present and are reserved for future 
system expansion. In a single-channel subsystem 
there is no multiplexor, and though there still is a 
Channel Select Register (which can be loaded and 
read with the SELECT CHANNEL and READ 
CHANNEL SELECT instructions), it is not mean
ingful to the controller. 

Interrupt Logic and Clock 

The controller's interrupt control logic includes 
the usual Busy and Done flags. The Clear com
mand sets both flags to O. The Start command sets 
the Busy flag to 1 and the Done flag to O. Start 
triggers a conversion directly if the internal clock 
is disabled and no external clock is installed. When 
either type of clock is enabled, the conversion is 
not triggered until the first clock pulse following 
the Start command. The end-of-conversion signal 
from the converter sets the Busy flag to 0, sets 
the Done flag to 1, and initiates an interrupt re
quest. 

Gain Select Register 

The controller for a subsystem with the Program
mabIe Gain Option also includes a 2 -bit Gain Select 
Register, which is set up by the SELECT GAIN 
instruction (DOC). This instruction is used only 
when the Programmable Gain Option is present. 
Moreover, when the subsystem includes this option, 
this instruction must be used, since upon power-up, 
the Gain Select Register is in an indeterminate 
state. A SELECT GAIN instruction must be given 
after power-up and thereafter whenever a gain 
change is desired. 

VI-9 



Instruction Set 

SElECT CHANNEl 

DOA<f> ~,ADCV 

I 0 I , I I AC ro=!·--::o"I------=F---rI--=:o-,---:--, -=-0 -I -=-0 -, -=-0 -, :-11 
o 1 I 2 3 1 4 5 6 1 7 8 9 10 II 12 13 14 15 

Bits 8-15 of the specified AC are loaded into the 
Channel Select Register. Bits 0-7 of the specified 
AC are ignored. After the data transfer, the con
troller's Busy and Done flags are set according to 
the function specified by F. The contents of the 
specified AC remain unchanged. The format of 
the specified AC is as follows: 

Bits Name Function 

0-7 --- Reserved for the Data 
Channel Option. 

8-15 Channel Select channel 0 -3 78 for the 
next conversion. 

READ CHANNEl SElECT 

DIA < f> ac, ADCV 

F I 0 1 I I I I AC I 0 I 0 
o I 23

1
456

1
7 8 9 10 II 12 13 14 15 

The contents of the Channel Select Register are 
placed in bits 8-15 of the specified AC. Bits 0-7 
of the specified AC are set to O. After the data 
transfer, the controller's Busy and Done flags are 
set according to the function specified by F. The 
format of the specified AC is as follows: 

IH:HHHJU!HWU·i{HH.HH:iHiii.ip.i.HI CHANNEL 

I 
012345678 9 10 II 12 13 14 15 

Bits Name Contents 

0-7 --- Reserved for future use. 

8-15 Channel The next channel to be sam-
pled - - in othe r words, the 
channel on which the next S 
(or P) command will trigger 
a conversion. Unless the 
automatic channel incre-
ment feature is disabled, 
this channel number is one 
greater than the number of 
the channel last sampled. 

SElECT GAIN 

DOC <f> ac,ADCV 

1 0 1 I I I I AC II I I 0 I 

o I 2 3
1
456

1
78 

F 

9 10 II 12 13 14 15 

Bits 0 and 1 of the specified AC are loaded into the 
Gain Select Register. Bits 2 -Hi of the specified 
AC are ignored. After the data transfer, the con
troller's Busy and Done flags are set according to 
the function specified by F. The contents of the 
specified AC remain unchanged. 

The SELECT GAIN instruction is used only when 
the PROGRAMMABLE Gain Option is present. (Se{ 
Basic Controller section.) If this option is not 
included in the subsystem, the instruction is a 
functional "No-op". The format of the specified 
AC is as follows: 

I GAIN 
I 

o I 2 3 4 5 G 7 8 9 10 II 12 13 14 15 

Bits Name Function 

0-1 Gain Select the gain as follows: 
00 Xl 
01 X2 
10 X4 
11 X8 

2-15 --- Reserved for Data Chan-
nelOption. 
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READ DATA 

DIC <f> ac,ADCV 

10 I I I I AC II ° 
01, 2 3

1
45 ' 6 1 7 

~ 1°,1,° °1°1
1 1 

8 9 10 II 121 13 14 15 

The n-bit output (n= 10 or 12) from the AID con
verter is placed in the rightmost n bits of the 
specified AC. If the AID subsystem is unipolar, 
the remaining high-order AC bits are set to O. If 
the E'ystem is bipolar, the remaining high-order 
AC bits are set to the value of the most significant 
bit of the converter output (i. e., the sign of the 
data is extended to the left). After the data trans
fer, the controller's Busy and Done flags are set 
according to the function specified by F. The for
mat of the specified AC is as follows: 

10-bit unipolar 

IT?:~:'~H~:::~.;::~?~L~)~·:::~::l:~?~?~U~\~\l MAGNITUDE I 

o I 2 3 4 5 6 7 8 9 10 II 12 13 14 15 

or 

12 -bit unipolar 

Cjf«E.BIr======--I __ --"------"-_+-"_AG_NLI T_U--'DE_-+I_"""'------..LI~, 
o I 2 3 4 5 6 7 8 9 10 II 12 13 14 15 

Bits Name Contents 

0-5 --- Reserved for future use. 
or 
0-3 

6-15 Magnitude 10- or 12-bit digital repre-
or sentation of the analog value 

4-15 which was converted. 

10 -bit bipolar 
--------, 

13 14 15 

or 

12 -bit bipolar 

=IS=IG:NI=sl=GN=I=sIG=N=is=IG=N:ls=IG=N=1 ====:-_~=~-.~-A=G~N-:_T-U_D~E_+-I ___ ~_~L---'! 
o I 2 3 4 5 6 7 8 9 10 II 12 13 14 15 

Bits Name Contents 

0-6 Sign Sign of the digital represen-
or tation of the analog value; 0 
0-4 is positive, 1 is negative. 

7-15 Magnitude 9- or ll-bit digital repre-
or sentation of the analog value 

5-15 which was converted. If the 
sign bits are 1, this is the 
two's complement of the 
absolute magnitude of the 
value. 

PROGRAMMING: 
SINGLE-CONVERSION MODE 

The programming for a single-conversion can be 
divided conceptually into three stages, during which 
the actions performed by the program are as 
follows: 

1. The controller is set up and the conver
sion is initiated. 

2. The program waits until the conversion 
is done. 

3. The conve rte r data is read into the 
computer. 

The programming for each stage is described 
more fully below. 

Setting up the controller consists of selecting a 
channel and (optionally) selecting a gain. The 
SELECT CHANNEL (DOA) and SELECT GAIN (DOC) 
instructions may be given in either order, but they 
must both precede the Start command which trig
gers the conversion. The Start command may be 
given alone (NIOS), but it is usually appended to the 
last select instruction given. For consistency it is 
recommended that the SELECT GAIN instruction 
(DOC) be given first if it is given at all, followed 
by the SELECT CHANNEL instruction combined 
with the Start command (DOAS). (In a single
channel system a DOCS or an NIOS is sufficient.) 

To read the converter data into an accumulator the 
program must give a READ DATA instruction 
(DIC). This instruction may appear any time after 
the program has determined that the conversion is 
done. The converter result accessed by the READ 
DA T A instruction remains available until a new 
conversion is begun and may be read repeatedly if 
desired. 

The procedures described above, with the follow
ing additional note, are sufficient for programming 
a single isolated conversion. When using inter
rupts, the Done flag must be set to 0 before exiting 
from the interrupt handling routine --otherwise, 
when interrupts are again enabled an unwanted 
interrupt will occur. The Done flag may be set to 
o by appending to the READ DATA instruction a 
Clear command (DICC). 

To implement a series of conversions, the program 
should respond to each conversion completion by 
reading the data and initiating a new conversion. 
For a series of random channel samplings, the 
DIC instruction can be followed by a DOAS instruc
tion or a DOC, DOAS sequence. For a series of 
sequential channel samplings, the program need 
only issue a Start command to initiate a conversion 
on the next channel (providing that the automatic 
channel increment feature is enabled). If the gain 
need not be switched, the Start command may be 
appended to the READ DATA instruction (DICS). 
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Example 

The following sample subroutine executes a single
conversion to sample an analog input channel each 
time it is called. It is called with a JSR CNVRT 
instruction with the channel number in ACO and the 
gain in AC1 (in bits 0 and 1). It returns to the in
struction following the JSR CNVRT instruction with 
the converted data in ACO. The contents of AC3 
are destroyed when the JSR is executed. The sub
routine does not use interrupts; AID subsystem 
interrupts must be disabled. 

CNVRT: DOC 1, ADCV ;Select gain 
DOAS 0, ADCV ;Select channel and 

; start conversion 
SKPDN ADCV ;Wait for end-of-
JMP . -1 ; conversion 
DIC 0, ADCV ;Read converted data 
JMP 0,3 ;Return 

INSTRUCTIONS: DATA CHANNEl MODE 

The Data Channel Option, which consists of an ex
tension to the basic AID subsystem controller, adds 
data channel operation to the subsystem. This 
section describes the instructions used in the data 
channel mode. For programming single-conver
sions in a subsystem which has the Data Channel 
Option, see the following section. 

Extended Controller 

The extended AID subsystem controller contains 
all of the components of the basic controller: the 
Channel Select Register, the interrupt control 
logic, and the internal clock. In addition, it con
tains a Limit Channel Register and the components 
necessary for data channel operation: a Memory 
Address Counter, a Word Count Register, and data 
channel control logic. As with the basic controller, 
if the subsystem includes the Programmable Gain 
Option, there is also a Gain Select Register. 
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Channel Selection Registers 

In addition to the 8-bit Channel Select Register, thE 
extended controller contains an 8-bit Limit Channel 
Register. After a conversion on the channel spec i
fied by the Limit Channel Register, the Channel 
Select Register is set to 0 instead of being incre
mented. This allows the program to treat the 
channels from 0 to the limit as a continuous cycle 
for sequential channel sampling purposes. The 
SELECT CHANNEL AND LIMIT instruction (DOA) 
sets up both the Channel Select Register and the 
Limit Channel Register. It is an extended form of 
the SELECT CHANNEL instruction used in single
conversion mode. Similarly, the READ CHANNEL 
SELECT AND LIMIT instruction (DIA) , which readi 
these two registers, is an extended form of the 
READ CHANNEL SELECT instruction. 

Normally, the end-of-conversion signal from the 
AID converter increments the Channel Select 
Register, a comparison is made with the Lim~t 
Channel Register, and the Channel Select RegIster 
is set to 0 if its incremented contents specify a 
channel number above the limit. This automatic 
channel increment feature may be disabled, in 
which case the Channel Select Register is never 
incremented--it changes only when set by a 
SELECT CHANNEL AND LIMIT instruction. 

NOTE In this case, however, if the 
Channel Select Register is set 
to a channel number greater 
than or equal to the channel 
number specified for the Limit 
Channel Register, the Channel 
Select Register will be set to 0 
after the first conversion on the 
specified channel, and all sub
sequent samplings will be on 
channel O. 

In a multi-channel subsystem the multiplexor se
lects the correct channel according to control sig
nals from the Channel Select Register. The 
low-order five bits are sufficient to specify any 
channel up to the subsystem maximum of 32 chan
nels. The high-order three bits are ignored in 
actual channel selection and are reserved for futurE 
subsystem expansion; however, they are not ignore( 
when the check against the Limit Channel Register 
is made to determine whether to set the Channel 
Select Register to O. In a single -channel subsys
tem there is no multiplexor, and though the con
troller still contains a Channel Select Register and 
a Limit Channel Register (which can be loaded and 
read with the SELECT CHANNEL AND LIMIT and 
READ CHANNEL SELECT AND LIMIT instruc
tions), these registers are not meaningful to the 
controller. 



Interrupt Logic and Clock 

As in the basic controller, the interrupt control 
logic in the extended controller includes the usual 
Busy and Done flags. The Clear command sets both 
flags to O. The Pulse command sets the Busy flag 
to 1 and the Done flag to O. The Pulse command di
rectly triggers a sequence of conversions if the in
ternal clock is disabled and no external clock is 
installed. When either type of clock is enabled, the 
first conversion is not triggered until the first clock 
pulse following the Pulse command. Subsequent con
versions are triggered on successive clock pulses. 

Each end-of-conversion signal from the AID con
verter initiates a data channel transfer request to 
send the converter output to memory. When the 
entire sequence of conversions has been completed, 
the Busy flag is set to 0, the Done flag is set to 1, 
and a program interrupt request is initiated. 

Memory Address Counter 

The 15-bit Memory Address Counter specifies the 
address in memory which is to receive, via the data 
channel, the digital result of the next AID conver
sion. It is set up by a LOAD MEMORY ADDRESS 
COUNTER instruction (DOB) before a sequence of 
conversions and data channel transfers is begun. 
After each data channel transfer, the Memory Ad
dress Counter is incremented automatically so that 
successive converter results go into consecutive 
memory locations. 

The Memory Address Counter may be read with a 
READ MEMORY ADDRESS COUNTER instruction 
(DIB) . This instruction can be used after a com
plete sequence of conversions to determine the next 
available memory location--the Memory Address 
Counter always specifies an address one greater 
than the address into which the most recent con
verter data was placed. The instruction may be 
used at any time, even during a conversion, with
out disrupting subsystem operation. 

Word Counter 

The Word Counter.is a 12-bit counter used to sig
nal the end of a sequence of conversions in data 
channel mode. It specifies the two's complement 
of the number of conversions to be performed in 
sequence, from 1 up to a maximum of 212 =.4096 
conversions. The Word Counter is automatIcally 
incremented along with the Memory Address 
Counter after each data channel transfer. When the 
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count reaches 0, the Busy flag is set to 0, the Done 
flag is set to 1, and a program interrupt request is 
initiated. 

The Word Counter is set up by either a LOAD 
WORD COUNTER instruction or a LOAD WORD 
COUNTER AND SELECT GAIN instruction, depend
ing upon whether or not the Programmable Gain 
Option is included in the subsystem. Both are forms 
of the DOC instruction. 

Gain Select Register 

The extended controller for a subsystem with the 
Programmable Gain Option also includes a 2 -bit 
Gain Select Register, identical to that in the basic 
controller. Subsystems with this option in addition 
to the Data Channel Option use the same instruction 
(DOC) to load both the Gain Select Register and the 
Word Counter. The 2-bit gain and the 12-bit word 
count are both set up each time the LOAD WORD 
COUNTER AND SELECT GAIN instruction is used. 
The desired gain must therefore be coded into the 
accumulator for this instruction each time the in
struction is given, even if it is desired that the 
gain remain the same. The selected gain is the 
same for all conversions in a sequence of conver
sions using the data channel. 

SELECT CHANNEL AND LIMIT 

DOA <f> aC,ADCV 

I ° I! 1 I AC I ° ,I ° I 
0

1
123 1 456 1 7 

F 1° 1 1° 0,° 1
1 1 

8 ' 9 10 I II 121 13 14 15 

Bits 0-7 of the specified AC are loaded into the 
Limit Channel Register. Bits 8-15 of the specified 
AC are loaded into the Channel Select Register. A 
After the data transfer, the controller's Busy and 
Done flags are set according to the function speci
fied by F. The contents of the specified AC remain 
unchanged. The format of the specified AC is as 
follows: 

LIMIT CHANNEL CHANNEL 
L-4-~--~!-+--L-! I 
o 2 3 4 5 6 7 8 9 10 II 12 13 14 15 

Bits Name Contents 

0-7 Limit Channel Maximum channel number 
for a series of conversions 
transferred via the data 
channel. 

8-15 Channel Starting channel for the 
series of conversions. 



READ CHANNEl SElECT AND LIMIT 

DIA <f> ac,ADCV 

I ° I I ' I AC I ° I ° 'I 
0

1
123

1
456

1
7 

F 10' 000 'I 
8 I 9 10 I II I 12 I 13 I 14 I 15 

The contents of the Limit Channel Register are 
placed in bits 0-7 of the specified ACo The con
tents of the Channel Select Register are placed in 
bits 8-15 of the specified AC. After the data trans
fer, the controller's Busy and Done flags are set 
according to the function specified by F. The for
mat of the specified AC is as follows: 

I LIMIT CHANNEL 

f I I I CHANNEL 

I I I, I I I 
o I 2 3 4 5 6 7 8 9 10 II 12 13 14 15 

Bits Name Contents 

0-7 Limit The Limit Channel Register 
Channel specifies the highest -num-

bered channel which will be 
sampled. Following a sam-
pling on the limit channel, 
the Channel Select Register 
will be set to 0 instead of 
being incremented. 

8-15 Channel The Channel Select Register 
always specifies the next 
channel to be sampled--in 
other words, the channel on 
whic h the next P (or S) com-
mand will trigger a conver-
sion. Unless the automatic 
channel increment feature is 
hardware disabled, this 
channel number is either 0 
or one greater than the num-
ber of the channel last 
sampled. 

LOAD MEMORY ADDRESS COUNTER 

DOB <L> ac , ADCV 

I ° 'I' I AC I' I ° ° I 
0'123

1
456'7 

~ 10 '10 ° 1 ° 1 '\ 
8 9 10 I II 121 13 14 15 

Bits 1-15 of the specified AC are loaded into the 
Memory Address Counter. Bit 0 of the specified 
AC is ignored. After the data transfer, the con
troller's Busy and Done flags are set according to 
the function specified by F. The contents of the 
specified AC remain unchanged. The format of 
the specified AC is as follows: 

;:»1 ~ __ ~+-~ __ ,~+~_EM_O~RY_A~D_DR_ES+~ __ ~~-+ __ ~I =:=J 
o 2 3 4 5 6 7 8 9 10 II 12 13 14 15 

Bits Name Contents 

0 --- Reserved for future use. 

1-15 Memory Location of the next word 
Address in memory to be used in 

a data channel transfer. 

READ MEMORY ADDRESS COUNTER 

DIB<f> ac,ADCV 

1° I ' I 'I AF 1°,' 'I 
0123456

1
7 

F 10 , ° ° ° 'I 
8 I 9 10 I II I 121 13 I 141 15 

The contents of the Memory Address Counter are 
placed in bits 1-15 of the specified AC. Bit 0 of 
the specified AC is set to O. After the data trans
fer, the controller's Busy and Done flags are set 
according to the function specified by F. 

The Memory Address Counter always specifies th~ 
memory address which is to receive the next data 
word output by the AID converter. After-aBe
quence of conversions and data channel transfers 
has been completed, the Memory Address Counter 
contains an address one greater than the address 
into which the last data word was placed. The for 
mat of the specified AC is as follows: 

I}):I I I I I MEMO~Y A~DRESS I I I 

o I 2 3 I 4 5 6 I 7 8 9 I 10 II 12 I 13 14 15 

Bits Name Contents 

0 --- Reserved for future use. 

1-15 Memory Location of the next word 
Address in memory to be used in 

a data channel transfer. 
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LOAD WORD COUNTER 

DOC <f> ac,ADCV 

I ° I! I I AC I I ! I ° I F I ° I ° ° ° 
o I I 2 3' 4 5 6' 7 8 I 9 10 ,,' 12 I 13! '4' 15 

Bits 4 -15 of the spec ified A C are loaded into the 
Word Counter. Bits 0-3 of the specified AC are 
ignored. After the data transfer, the controller's 
Busy and Done flags are set according to the func
tion specified by F. The contents of the specified 
AC remain unchanged. 

Bits 4-15 of the specified AC must contain the two's 
complement of the desired word count. The format 
of the specified AC is as follows: 

Uillill···················1 :;:;:;:;:;:;:;:;:;:;:;:;:;:;:;:;:;:;:;: 
:;:;:::;:·:;:::::;:i::;:;:;:j:;:;:;:::j I 

-WORD COUNT 

I I 
01234567 8 9 10 " 12 13 14 15 

Bits 

0-3 

4-15 

Name Contents 

--- Reserved for future use. 

-Word Two's complement of the 
Count number of conversions to be 

made and transferred. 

NOTE The LOAD WORD COUNTER 
instruction is used only when 
the Programmable Gain Option 
is not present. 

LOAD WORD COUNTER AND SELECT GAIN 

DOC <: f> ac, ADCV 

10 I I I I AC I' I I ° , 
01, 23 1 456 1 7 

F 1°1,00,0, I 
8 9 10 I II 12' 13 14 15 

Bits 4-15 of the specified AC are loaded into the 
Word Counter. Bits 0 and 1 of the specified AC are 
loaded into the Gain Select Register. Bits 2 and 3 
of the specified AC are ignored. After the data 
transfer, the controller's Busy and Done flags are 
set according to the function specified by F. The 
contents of the specified AC remain unchanged. 

Bits 4-15 of the specified AC must contain the two's 
complement of the desired word count. The format 
of the specified AC is as follows: 

o I 

Bits 

0-1 

2-3 

4-15 

-WORD COUNT 
--+-------L--- I I 

,:] 
2 3 4 5 6 7 8 9 10 " 12 13 14 15 

Name Contents 

Gain Select the gain for the se-
quence of conversions as 
follows: 

00 Xl 
01 X2 
10 X4 
11 X8 

--- Reserved for future use. 

-Word Count Two's complement of the 
number of conversions to 
be made and transferred. 

NOTE The LOAD WORD COUNTER 
AND SELECT GAIN instruction 
is used when the Program -
mabIe Gain Option is present. 
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Programming: Data Channel Mode 

The programming for data channel operation of the 
A/D subsystem comprises two stages: 

1. The controller is set up and the sequence 
of conversions is initiated. 

2. The program waits until the sequence of 
conversions is complete before accessing 
the converter results in memory. 

No programming is necessary for reading the re
sults into the computer, since the converter data 
is transferred automatically to memory via the 
data channel after each conversion. For this rea
son, the data channel mode provides rapid, auto
matic sequencing of conversions with minimal 
supervision from the program. 

Setting up the extended controller consists of load
ing up to five registers, including the optional Gain 
Select Register. The three output instructions -
SELECT CHANNEL AND LIMIT (DOA) , LOAD 
MEMORY ADDRESS COUNTER (DOB) , and either 
LOAD WORD COUNTER or LOAD WORD COUNTER 
AND SELECT GAIN (DOC) --accomplish this initia
lization. (In a single -channel subsystem the 
SELECT CHANNEL AND LIMIT instruction is un
necessary.) These instructions may be given in 
any order, but they must all precede the Pulse 
command. The Pulse command may be given alone 
(NIOP) , but it is usually appended to the last select 
instruction given. 

When all conversions in the sequence have been 
completed, the Done flag will be set to 1. At this 
point the results for the entire sequence of conver
sions are in memory and accessible to the program. 
The program can diagnose this condition in the 
usual ways, by testing the Done flag with an I/O 
SKIP instruction or by allowing a program interrupt 
to occur. 

Initial word count values are loaded into the Word 
Counter from only the rightmost twelve bits of an 
accumulator. If the Programmable Gain Option is 
not present in the subsystem, accumulator bits 0-3 
are ignored when the LOAD WORD COUNTER in-

struction (DOC) is given. The program may, 
therefore, load the accumulator with the normal 
16-bit representation of the word count (between 
-1 and -4096) instead of the less convenient 12 -bit 
representation. However, if the subsystem in
cludes the Programmable Gain Option, bits ° and 
1 of the LOAD WORD COUNTEH AND SELECT 
GAIN instruction (DOC) are used to select the gain. 
In this case the desired gain must be coded into 
accumulator bits ° and 1 every time the word count 
is initialized. 

Example 

The following sample programming excerpt causes 
the extended controller to execute a sequence of 
conversions on channels 5 through 7 and on ° 
through 2, in that order. The gain selected is two, 
The results are put into six locations in memory, 
beginning at BUFF. This code may be used with 
or without interrupts. 

CHANS: 

ABUFF: 
GWDCT: 

BUFF: 

LDA 
DOA 

O,CHANS 
O,ADCV 

LDA O,ABUFF 
DOB O,ADCV 

LDA O,GWDCT 
DOCP O,ADCV 

3405 

BUFF 
47772 

.BLK 6 

;Select channel and 
; limit 

;Load Memory Ad
; dress Counter 

;Load word count and 
gain and trigger se
quence of conver
sions 

;Limit channel of 7, 
; channel select of 5 
;Target location 
;Gain of 2, word count 
; of -6 
;6-word block for data 
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PROGRAMMING: 
SINGLE-CONVERSION MODE WITH 
DATA CHANNEl OPTION 

The programming of single-conversions in a sub
system that includes the Data Channel Option is a 
cross between the programming of the two basic 
modes. The methods are those of the single
conversion mode with the addition of the limit 
channel capability of the data channel mode. The 
instruction sequences are the same as in single
conversion mode, but since the extended controller 
is present, the data channel mode versions of some 
of these instructions must be employed. 

In single -conversion mode the SELECT CHANNEL 
instruction (DOA) loads the Channel Select Register 
with the channel number contained in bits 8-15 of 
the specified accumulator; bits 0-7 of this AC are 
ignored and hence are usually programmed (by de
fault) as zeroes. When the Data Channel Option is 
present, the same DOA instruction also sets up the 
Limit Channel Register, according to AC bits 0 -7. 
If the program were to use the normal single
conversion mode channel select word, the Limit 
Channel Register would be set to O. At the end of 
the conversion following the SELECT CHANNEL in
struction, the Channel Select Register would be set 
to 0 instead of being incremented and automatic se
quential channel selection would be disrupted. The 
normal sequential channel selection of single
conversion mode can be preserved by insuring that 
the Limit Channel Register always specifies a 
higher-numbered channel than the Channel Select 
Register does. The simplest way to do this is to 
set the Limit Channel Register to its maximum 
value, namely 255 (3778), in which case se.quences 
of single -conversions can be programmed Just as 
if the Data Channel Option were not present. 

By setting the Limit Channel Register to its maxi
mum value, its limit channel function is effectively 
disabled. The program also has the option, how
ever, of using this limit channel capability by set
ting the Limit Channel Register to some smalle~ . 
value. In this case the channels from 0 to the hmit 
are treated as a continuous cycle, just as in data 
channel mode. This capability would be useful if 
the program wanted to sample sequential channels 
cyclically, but not at regular intervals as in data 
channel mode. 

A modified version of the single-conversion mode 
sample program CNVRT could be used to imple
ment the sampling sequence described above. After 
setting up the gain (if necessary) and selecting the 
first channel and the limit channel, the following 
subroutine would be called (with a JSR NEXTC in
struction) to trigger a conversion on the next se-

quential channel and return with the result in ACO. 
(AID interrupts must be disabled, as before. ) 

NEXTC: NIOS ADCV 

SKPDN ADCV 
JMP .-1 
DIC O,ADCV 
JMP 0,3 

;Trigger next conver
; sion 
;Wait until done 

;Read data 
;Return 

Except for the limit channel effects described 
above, single -conversion mode programming is the 
same for systems with and without the Data Chan
nelOption. 

TIMING CONSIDERATIONS 

Maximum Conversion Time 

Conversion time is defined as the time between the 
Start or Pulse command and the moment when 
either an interrupt or a data channel transfer is 
requested (in single -conversion mode and data 
channel mode, respectively). Maximum conver
sion time is the maximum amount of time that a 
conversion could require in an AID subsystem of a 
given resolution. A given converter in a given 
controller will always take the same amount of 
time to perform its conversions. This actual con
version time depends on the given converter and 
controller hardware and is variable to a certain 
extent among different SUbsystems. For this rea
son maximum conversion times are specified for 
the AID subsystem. These times are 13. 3fJ. sec 
for lO-bit subsystems and 36fJ.sec for 12-bit sub
systems. Subsystems of a given resolution are 
guaranteed to have their conversion times less than 
or equal to the maximum specified for that resolu
tion. 

Typical Maximum Conversion Rate 

The maximum possible conversion rate is attained 
by a given subsystem when it is operating in data 
channel mode without a clock enabled. (If there 
are other peripherals also using the data channel, 
the AID subsystem must be given the highest pri
ority for this to be true.) The maximum conver
sion rate of a subsystem depends not only on the 
fixed conversion time, but also on the speed of the 
data channel in the computer being used. For this 
reason, typical maximum conversion rates are 
spec ified. For the 10 -bit and 12 -bit subsystems 
these typical maximum conversion rates are 
roughly 75,000 and 28,000 conversions per second, 
respectively. 
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Clock Settings 

As described earlier, the period of the internal 
clock can be adjusted between 10 and 100 micro
seconds (yielding frequencies of between 10kHz and 
100kHz), and an external clock may be installed for 
more accuracy or for periods outside this range. 
No matter what clock range is available, however, 
there is an operational lower limit on the clock 
period which is determined by the configuration of 
the given subsystem. The clock period must be 
greater than the conversion time, or else clock 
pulses will start new conversions before the cur
rent ones are finished, producing unpredictable 
results. In fact, the clock period must be enough 
greater than the conversion time to allow for either 
the maximum programmed I/O latency in single
conversion mode or the maximum data channel la
tency in data channel mode. 

Additional Considerations 

The program should be careful not to start a new 
conversion while one is still in progress, as this 
produces unpredictable results. More generally, 
during a conversion or sequence of conversions, 
the program should normally avoid giving any in
structions which alter the states of any of the reg
isters or flags in the controller. 

The Clear command is normally used only to set 
the Done flag to 0 after an interrupt has occurred 
if another conversion is not to be started immedi
ately. However, if it is necessary to idle the A/D 
subsystem while it is running, the Clear command 
can also be used for this purpose. It should be 
noted that, although the Clear command idles the 
subsystem controller, it does not abort a conver
sion already begun by the A/D converter. Once an 
actual conversion has been started, it will neces
sarily proceed to completion. Setting the Busy flag 
to 0 with the Clear command merely inhibits the 
initiation of either the interrupt request or the data 
channel transfer request which normally would 
have occurred when the conversion was completed. 
Thus, if a Clear command is given during a con
version, the subsystem is not really idle until the 
conversion has finished. For this reason, the pro-

gram should wait at least one conversion time after 
idling a running subsystem before attempting to 
start a new conversion or sequence of conversions. 

In single-conversion mode the Clear command 
might be used to ignore the conversion in progress 
if the subsystem were then to remain idle for some 
time. However, there is little reason to use the 
Clear command when executing a single -conversion 
if it is desired to start a new conversion right away. 
Even after giving the Clear command, the program 
would have to wait for the conversion to finish be
fore starting another. For this reason it is more 
efficient for the program to allow the end-of
conversion interrupt ot occur, to ignore the con
version by not reading in the result, and to start 
the new conversion immediately. 

When used in data channel mode the Clear command 
causes termination of the sequence of conversions 
being performed after the conversion in progress 
is completed. The result of this conversion will 
not be transferred to memory, and no further con
versions of the sequence will be performed. (The 
results of all conversions completed prior to the 
Clear command will have been transferred properly 
to memory provided the data channel responded in 
time to each request.) The Word Counter will con
tain the negative of the number of conversions by 
which the sequence was shortened, and the Memory 
Address Counter will contain the address into whict 
the result from the conversion in progress would 
have gone. Again, the program must allow enough 
time for the actual conversion in progress to finish 
before starting a new conversion or sequence of 
conversions. 

In data channel mode, as in single-conversion 
mode, there is a more efficient way than the Clear 
command to terminate the current sequence of 
conversions when another is to be started right 
away. The program need only set the word count 
to -1 while the sequence of conversions is being 
executed. When the conversion in progress fin
ishes, the result will be transferred to memory 
as usual. The Word Counter will be incremented 
up to 0, thereby terminating the sequence of con
versions and requesting an interrupt. The pro
gram can then respond to the interrupt by starting 
a new conversion or sequence of conversions im
mediately. 
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4180 SERIES 
DIGIT ALI ANALOG 

CONVERSION SUBSYSTEM 

CONFIGURATIONS 

The Digital/Analog Conversion subsystem provides 
any DGC computer with the capability of directly 
controlling external analog devices. The subsystem 
may be configured with either one or two analog 
output channels. The output voltage range may be 
mechanically selected independently for each chan
nel from among the following ranges: ±2. 5V, ±5V, 
±10V, and 0 to 10V. (Note: Unipolar and bipolar 
ranges may not be mixed in the same subsystem.) 
The subsystem resolution is twelve bits, providing 
4096 discrete analog values, regardless of the 
range or ranges chosen. 

Scope Control Option 

The Scope Control Option provides all necessary 
control functions for interfacing the computer to 
any typical storage or non-storage oscilloscope. 
Two output channels are required for this applica
tion--one to drive the horizontal input and one for 
the vertical input of ths oscilloscope. The opera
tion and programming of the Scope Control Option 
are fully described later in this chapter. 

OPERATION 

The subsystem controller contains a separate 12-
bit data register and D/ A converter for each output 
channel. Each D/ A converter continuously con
verts the digital value stored in its corresponding 
data register to an analog output signal. Whenever 
the contents of a data register are changed by the 
program, the converter on that channel begins con
verting the new value immediately. It takes five 
microseconds before the new digital value is accu
rately represented by the analog output value. The 
output remains constant at the new analog value un
til the data register's contents are changed again. 

The controller also contains a Channel Select Bit to 
specify the channel. The two channels are num
bered 0 and 1, corresponding to the value of this 
bit. When digital data is sent to the controller for 
conversion, the Channel Select Bit determines 
which data register will receive the new value. 
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SUMMARY 

DEVICE MNEMONIC .................. DACV 

DEVICE CODE .......................... 23
8 

PRIORITY MASK BIT ................... None 

RESOLUTION ....................... 12 bits 

SETTLING TIME TO 0.01% 
OF FINAL VALUE ................. 51lsec 

ACCURACY .................. ±0.02% of FSR 

ACCUMULATOR FORMATS 

SELECT CHANNEL . 0 •••••••••••••••••• DOB 

1:::::::«:i::<::::::::t::«w//::::::::::r:::::::://<\«:iU:}/:~::H:::H<:J~~~·-I 
o I 2 3 4 5 6 7 8 9 10 II 12 13 14 15 

OUTPUT DATA AND CONVERT .......... DOA 

DATA ~ 
I I I I I 

o 234 5 6 7 8 9 10 II 12 13 14 15 

SCOPE CONTROL 

SELECT SCOPE MODE ................. DOC 

F/:\::::::H/Un::::::::P::::::/UU/UP:/:/::::U::::<H{HU//::mt:fH ~ 
o I 2 3 4 5 6 7 8 9 10 II 12 13 14 15 

READ ERASE STATUS .................. DIA 

[::H:U::{::U:::::::H:Y:::H:::::::::::::::u:n:::::::UUfU::~UU:n:U?UiU:t:H:I~~~£ I 
o I 2 3 4 5 6 7 8 9 10 II 12 13 14 15 

S, C AND P FUNCTIONS 

(SCOPE CONTROL ONLY) 

S Z -axis control 

C No effect 

P Erase scope 



When power is turned on for the subsystem, the 
data registers and the Channel Select Bit are in 
indeterminate states. The initial outputs of the 
D/A converters are hence undefined. 

The Channel Select Bit is present even in a single
channel subsystem. To insure that this single
channel (channel 0) is operable, channel 0 must be 
explicitly selected (once) after each power-up. 

NOVA - LINE 
CPU 

CONTROL 12-81T5 DATA iCONTROL 
FUNCTIONS AND INFO 

_1_, 
SCOPE I DIGITAL / ANALOG CONTROL 

CONVERSION SYSTEM INTERFACE I INTERFACE EXTENSION 
(OPTIONAL) .-J 

2 BITS DATA i 12 BITS )ATA TCG~T~GC 

DIGITAL / 

ANALOG 
CONVERTER 

I VOLTAGE + SIGNAL 

I I 
I ~---
I 

r- ___ --I- __ --'::.~T.!:.G£ ~G~~ 
I 

,_1-_
1 I SECOND V- T·· E 

DIGITAL! ~ ~~GN;;L I ,\NALOG - - -- - --
CONVERTER 

L (OPTIONAL) .-J -,-
I 
I VOLTAGE 

SIGNAL 

+ 

FUNCTIONS 
RMATION 

SIGNACS 

~ TO SCOPE 
I (OPTIONAL, 

j 

flG-00587 

The D/A subsystem controller has no data channel 
or interrupt facilities. Interrupt facilities are not 
required since there is no need for the program to 
know when a conversion is complete. The program 
need not wait for the end of a conversion before 
proceeding with another, nor must it perform any 
specific action when a conversion is complete. 
Similarly, flag control commands are unneces
sary--the D/ A converters are always converting 
whatever values are contained in the data registers, 
and new values are converted automatically when 
they are placed in the registers. (The Start and 
Pulse commands are used by the Scope Control 
Option; the Clear command has no effect.) 

INSTRUCTIONS: Dj A 

The basic D/ A conversion subsystem (without the 
Scope Control Option) uses only two I/O instruc
tions--one selects the channel and the other sends 
digital data to the controller. Interrupts and the 
flag control commands (Start, Clear, and Pulse) 
are not used by the basic controller. 

SELECT CHANNEL 

DOB <f> aC,DACV 

I 0 I I I I AC II I 0 0 I 
01, 23

1
456 1 7 

0' 0 
II I 12 I 13 I 14 15 

Bit 15 0 f the spec ified A C is loaded into the Chan
nel Select Bit. Bits 0-14 of the specified AC are 
ignored. After the data transfer, the function 
specified by F is generated. The contents of the 
specified AC remain unchanged. The format of the 
specified AC is as follows: 

Bits Name Contents 

0-14 --- Reserved for future use. 

15 Channel Select the channel 0 or 1. 

OUTPUT DATA AND CONVERT 

DOA <1> ac,DACV 

I 0 I I I I AC I 0 I I 0 I 
01, 23

1
456

1
7 8 9 10 II 12 13 14 15 

Bits 4-15 of the specified AC are loaded into the 
data register for the channel specified by the Chan
nel Select Bit. Bits 0-3 of the specified AC are 
ignored. After the data transfer, the function 
specified by F is generated. The contents of the 
specified AC remain unchanged. The two allow
able formats of the specified AC are as follows: 

023 4 

1
·····················1 I :::::w:~:n:::::i::::::::~:::::::::SIGN 
023 4 

MAGNITUDE 
I I 

5 6 7 8 9 10 II 12 13 14 15 

Unipolar systems 

MAGMITUDE 
I I 

5 6 7 8 9 10 II 12 13 14 15 

Bipolar systems 

Bits Name Contents 

0-3 --- Reserved for future use. 

4 Sign Sign bit for magnitude 
(bipolar) o = positive, 1 = nega-

tive. 

4-15 1 Digital value to be con-
(unipolar) 

5-15 Magnitude verted to an analog 

(bipolar) valuec 

VI-20 



PROGRAMMING: Df A 

To generate a single-conversion, the program can 
give a SELECT CHANNEL instruction (DOB) fol
lowed by an OUTPUT DATA AND CONVERT in
struction (DOA). If consecutive conversions are 
on the same channel, it is not necessary to rese
leet the channel. For a sequence of conversions 
on the same channel, the program need issue only 
one SELECT CHANNEL instruction followed by any 
number of OUTPUT DATA AND CONVERT instruc
tions. 

For a sequence of conversions on alternate chan
nels, the program may simplify the channel selec
tion by merely incrementing between conversions 
the accumulator used to specify the channel in the 
SELECT CHANNEL instruction. Only bit 15 of this 
accumulator participates in channel selection; the 
other bits are ignored. Of course, the accumula
tor's contents must not be destroyed between chan
nel selections. 

The fact that the high-order four bits of data words 
are ignored when the OUTPUT DATA AND 
CONVERT instruction is given simplifies both the 
initialization of negative data words in an assembly 
language program and the arithmetic operations on 
signed data during program execution. The pro
gram may set up and use normal signed as well as 
unsigned integers with correct results as long as 
the actual 12-bit range of the system is not ex
ceeded. For unipolar systems the actual range is ° to 4095 (0 to 77778); for bipolar systems it is 
-2048 to +2047 (1740008 to 37778). 

Timing and Accuracy Considerations 

The contents of a data register are changed when 
an OUTPUT DATA AND CONVERT instruction is 
given. However, it takes a significant amount of 
time for the D / A converter to switch its analog 
output value accordingly. The value that the ana
log output ultimately attains, corresponding to the 
new digital value, is known as the "final value" . 
This final value represents the new digital value to 
an accuracy of 0.02% of the full scale range. 

After the conversion of a new digital value is begun, 
analog output value is indeterminate for up to five 

microseconds. At the end of this 51l sec "settling 
time!', the analog output value is guaranteed to be 
within 0.01% of the final value. Note that the con
verter output may be in error as much as 0.02% + 
0. 01% = 0.03% at this point. If no new digital data 
is introduced to the data register, the converter 
output will become accurate to within the specified 
0.02% a short time later. 

Despite the settling time described above, there is 
no harm in starting another conversion on a chan
nel within five microseconds of the beginning of the 
last eonversion on that channel. The converter is 
always converting the contents of its data register, 
so the aborted conversion is "forgotten" and the 
conversion of the new digital value is begun imme
diately. 

Example 

The following sample subroutine DASEQ performs 
a rapid sequence of D/ A conversions. It is entered 
by executing a JSR DASEQ instruction in the calling 
program. AC1 contains the two's complement of 
the number of conversions to perform; AC2 con
tains the address of a block of data. Each word of 
data in the block is presumed to contain twelve bits 
of converter data in bits 3-14 and the desired chan
nel number in bit 15 as follows: 

1~~tN1 
14 15 

The subroutine fetches each data word in turn, se-
1ects the channel according to bit 15, right -justifies 
the 12-bit data, outputs the data to the selected 
channel, and increments the word count. When the 
count reaches 0, the subroutine returns to the in
struction in the calling program following the JSR 
DASEQ instruction. 

DASEQ: LDA 0,0,2 
DOB O,DACV 
MOVR 0,0 

; Fetch data to ACO 
;Select channel 
;Shift 12-bit data into 
; place 

DOA 
INC 
INC 
JMP 
JMP 

0, DACV ;Output data and convert 
2,2 ;Point to next data word 
1,1, SZR ;Increment word count 
DASEQ ;Loop back 
0,3 ;Return 
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SCOPE CONTROL OPTION 

The Scope Control Option provides for program 
control of any typical storage or non-storage os
cilloscope. Capabilities include display screen 
operation, beam intensification control, storage 
scope erasing, and two additional signals that may 
be used as needed to control special aspects of a 
particular scope. 

Operation 

Display Screen Operation 

Operating an oscilloscope as a display screen re
quires that the scope have an external horizontal 
input and that the D / A conversion system include 
two output channels. The two channels are con
nected to the horizontal and vertical inputs (X and 
Y axes) of the scope. Individual points are located 
on the screen by specifying their X and Y coordi
nates. 

Since the digital range of each D / A channel encom
passes 212 = 4096 different values, the scope 
screen appears to the program as a 4096 x 4096 dot 
matrix. This is generally more than enough points 
to enable the illusion of continuous lines on the 
screen. To specify a point the program supplies 
the two coordinates by setting up both output chan
nels with the correct values. The usual convention 
is to connect channel 0 to the X input and channel 1 
to the Y input, but this is by no means mandatory. 

Intensification Control 

The intensity of the scope beam (known as the "Z
axis" of the scope) can be controlled by a signal 
which is sent to the scope when the Start command 
is generated by the program. This intenSity signal 
is a pulse, with a beginning, duration, and end. 
The characteristics of this Z-axis pulse can be ad
justed mechanically to meet the requirements of 
the scope and the programming. 

The duration of the Z-axis pulse, as well as the de
lay between the issuance of the Start command and 
the beginning of the pulse, can be adjusted within 
the range 1. 4 to 6 microseconds. The amplitude 
of the Z -axis pulse is variable in several incre
ments, and both ac and dc coupling are available. 

The Z-axis pulse may be a "blanking" or "unblank
ing" pulse. A blanking pulse makes the beam dis
appear for the duration of the pulse, with normal 
intensity returning at the end of the pulse. An un
blanking pulse turns up the intensity to a level ade
quate for viewing for the pulse's duration and 
returns the screen to its blank state when the pulse 
is terminated. 

The scope may be operated without the Z-axis con
trol, keeping the beam always at normal intensity. 
In this case, however, "ghost" lines appear when 
the beam is moved from one point to another since 
the beam sweeps across the screen. One purpose 
of the Z -axis control is to eliminate these lines. 
The blanking type of pulse can be used to turn off 
the beam temporarily while the beam's coordinates 
are being changed. When the unblanking type of 
pulse is used, on the other hand, the screen is 
kept blank except for short periods of intensifica
tion corresponding to the durations of the pulses. 
The unblanking type of pulse is more commonly 
used since the programming is simpler--the pro
gram merely intensifies the beam temporarily 
with a Start command to display each point. 

NOTE When using either a blanking Z
axis pulse or no Z -axis control at 
all, be careful not to harm the 
scope screen by leaving the beam 
intensified for an extended period 
of time without changing the co
ordinates. 

Erase Control 

The stored image of a storage scope may be erased 
under program control by issuing a Pulse com
mand. Erasing can also be accomplished by means 
of a manual switch on the scope's front panel. 
Erase time is typically in the range one-tenth to 
one -half second. 

If the particular scope being used generates an 
"erase status" signal which is properly connected 
to the D/ A subsystem, the program can determine 
whether the scope is presently being erased by 
giving a READ ERASE STATUS instruction (DIA). 

Additional Control Signals 

Two additional control signals are provided which 
may be used to select one of several scope operat
ing modes under program control. These two sig
nals are independent of each other, and each is 
two-valued. The two possible values for each can 
be thought of as binary 0 and 1 or as logical false 
and true. These signals act like flags in that they 
remain in one state until the program assigns them 
a different value. The SELECT SCOPE MODE in
struction (DOC) sets the value of both of these sig
nals at once. 

The use, if any, of these control signals is deter
mined by the requirements and features of the par
ticular scope being used. In one typical usage with 
a storage scope, one of the signals selects storage 
versus non-storage mode while the other selects 
"write -through" mode when the scope is in storage 
mode. In write-through mode points are displayed 
on the scope without being stored, while the informa 
tion already stored is not affected. 
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INSTRUCTIONS: SCOPE CONTROL 

The Scope Control Option uses the two instructions 
described for the basic D/A subsystem, two addi
tional instructions described below, and the Start 
and Pulse commands. As described previously, a 
Pulse command erases the stored image of astor
age scope, and a Start command is used to control 
the beam intensity. The Clear command is not 
used (it has no effect on the D / A controller), and 
there are no interrupt or data channel facilities. 

SELECT SCOPE MODE 

DOC <l,> ac,DACV 

1 0 I , I I AC II , I 0 I 
0 1 123 1 456 1 7 

F 
I 

o I 10 0 , I , I I 
10 J II 12' 13· 14· 15 . 8 9 

The scope mode is selected according to bits 14 and 
15 of the specified AC. The effect of these bits de
pends on the scope and how it is interfaced to the 
D/A conversion sybsystem. Bits 0-13 of the speci
fied AC are ignored. After the mode selection, the 
function specified by F is performed. The contents 
of the specified AC remain unchanged. The format 
of the specified AC is as follows: 

Bits Name Function 

0-13 --- Reserved for future use. 

14-15 Mode Depends on the particular 
scope used and the manner 
in which it is interfaced to 
the controller. 

READ ERASE STATUS 

DIA <1> ac, DACV 

I 0 I I I I AC I 0 I 0 I I ~ I 0 I I 0 0 
o I I 2 3 I 4 5 6 1 7 8 9 10 II I 12 1 13 I 14 15 

The scope erase status is read into bit 15 of the 
specified AC. Bits 0-14 of the specified AC are set 
to O. After the data transfer, the function specified 
by F is performed. AC is formatted as follows: 

[] ·························1 1 
.. ···········1 :.:.:.:., •. :.:: .• :.:., :.:.::.·.::.Y,:.·.:.: .. :.·.:.:.:./ .. •.•. :.:.:: .•.. :.:.:, •. : ... :: .•.. :.:.: .•. :. ~~~ 2i .>:::,:: ::,:.: '>j ::::r »>:, ::'»i ::'>j '»>i . . . r . . . 

o 2 3 4 5 6 7 8 9 10 II 12 13 14 15 

Bits Name Meaning if 1 

0-14 --- Reserved for future use. 

15 Erase Scope is presently being 
Status erased. 

PROGRAMMING: SCOPE CONTROL 

To display a point on the scope screen, the pro
gram must supply the X and Y coordinates and then 
intensify the beam. To supply each coordinate, the 
program must give a SELECT CHANNEL instruc
tion (DOB) to select the correct axis followed by an 
OUTPUT DATA AND CONVERT instruction (DOA) 
to specify the coordinate itself. The method for 
intensifying the beam depends on the type of Z
axis pulse for which the hardware is configured. 
For the unblanking Z -axis pulse, the program need 
only generate a single Start command by appending 
an "S" mnemonic modifier to the last I/O instruc
tion which specifies the coordinates. The example 
program at the end of this chapter illustrates the 
use of the unblanking Z -axis pulse. 

If the Z -axis pulse is a blanking pulse, it is gener
ally used to blank the screen during the time it 
takes to switch the coordinates of the beam from 
one point to the next. In this case, three things 
are necessary: 

1. The SELECT CHANNEL and OUTPUT 
DATA AND CONVERT instructions re
quired to move the scope beam to the 
next point should follow each other in 
close succession; 

2. The Start command should be included 
with each of these I/O instructions to 
keep the screen blank until all coordi
nate switching is done; and 

3. The delay of the Z -axis pulse should 
be adjusted to its minimum value and 
the duration of the Z -axis pulse should 
be near its maximum value (at least 
5Jlsec). 

For example, with the (blanking) Z -axis pulse de
lay set at 1. 4Jl sec and the duration set at 5Jl sec, 
the following code moves the scope beam from its 
current position to the point whose coordinates are 
stored at XCO and YCO, blanking the screen while 
the coordinates are being changed. 

LDA 1, XCO ;AC1 holds X coordinate 
SUB 0,0 ;Set ACO to 0 
DOBS 0, DACV ;Select X axis and blank 

DOAS 1,DACV 

INC 0,0 
DOBS O,DACV 

LDA 1,YCO 
DOAS 1,DACV 

; screen 
;Set new X coordinate and 
; continue blanking 
;Set ACO to 1 
;Select Y axis and continue 
; blanking 
;AC1 holds Y coordinate 
;Set new Y coordinate and 

continue blanking during 
; settling time 
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Example 

The following example program produces the image 
of a right isosceles triangle on a typical non
storage oscilloscope. The Z-axis pulse is assumed 
to be of the unblanking type. The resulting display 
appears as follows on the scope screen: 

The program first initializes the accumulators. 
ACO is used with the SELECT CHANNEL instruc
tions to select the axes. ACl holds, throughout 
the program, an incremental coordinate value 
(INCRE) which is added to or subtracted from the 
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coordinates of the current point to produce the co
ordinates of the next point. AC2 contains current 
coordinate data, either for the X axis (horizontal 
leg of the triangle), the Y axis (vertical leg), or 
both (hypotenuse). AC3 always contains a limiting 
coordinate value (LIMIT); comparisons between 
this value and the current coordinate value in AC2 
enable the program to tell when it has reached the 
upper vertex at the end of the diagonal leg. 

The main loop of the program, which is repeated 
indefinitely, comprises three smaller loops which 
"draw" the three sides of the triangle. The pro
gram starts at the origin and draws the hypotenuse 
at a 45

0 

angle by setting the X and Y coordinates 
equal for each point. When the limiting value is 
reached, the program draws down the vertical side 
by outputting successively smaller Y coordinates 
without changing the X coordinate. When the Y 
coordinate becomes 0, the program displays the 
corner vertex and uses a similar procedure to 
draw the horizontal base. This time, when the X 
coordinate becomes 0, the program displays the 
origin (not displayed as part of any leg) and starts 
again on the hypotenuse. 



PROGRAM TO DISPLAY AN ISOSCELfS RIGHT TRIANGLf ON A 
NON-STORAGE SCOPE 

UNBLANKING Z-AXIS IS ASSUMED 

INIT : 

DrAG: 

SCOPE 

.LOC 

SUBlL 
LDA 
SUB 
LDA 

LOOPl: INC 
AGAIN: ADD 

VERT: 

DOB 
I10A 
INC 
DOB 
DOAS 
SUBH 
JMP 
STA 

LOOF'2: SUBl 
JMP 

DACV 

400 

0,0 ;ACO HOLDS CHANNfL SELfCT - JNITIALLY ] 
1,INCRE ;ACI HOLDS COORDINATf JNCREMfNT 
2,2 ;AC2 HOLDS COORDJNATE DATA - INITIALLY ° 
3,LIMIT ;AC3 HOLDS LIMIT COORDINATf FOR COMPARISON 

0,0 ;INCREMfNT CHANNEL SfLECT 
1,2 ;INCREMENT COORDINATE DATA 
O,SCOPE ;SELECT X AXIS 
2,SCOPE ;SET X COORDINATE 
0,0 ;INCREMENT CHANNEL SElfCT 
O,SCOPE ;SELfCT Y AXIS 
2,SCOPE ;SET Y COORDINATE AND INTfNSIFY BEAM 
3,2,SNC ;PAST LIMIT? 
LOOP1 ;NO, LOOP BACK 
2,TEMP ;YES, SAVE FINAL COORDINATf AND GO ON 

1,2,SNC ;DECREMfNT Y COORDINATf, SKIP IF JNCRE IE COORD 
HORIl ;Y COORDINATE IS 0 - REACHED X AXIS 

DOAS 2,SCOPE ;SET NEW Y COORDINATf AND INTfNSIFY BEAM 
;(Y AXIS IS Al RfADY SElfCTED) 

JMP LOOP2 ;LOOP BACK 

HORIZ: BOAS 
INC 
[tOB 
LDA 

LOOP3: SUBl 
JMF' 
DOAS 
JMP 

LAST: {lOAS 
.IMP 

INCRE: 10 
L..IMIT: 2000 
TEMP: 0 

2,SCOPE ;DISPLAY CORNfR VERTEX 
0,0 ;INCREMENT CHANNEL SELECT 
O,SCOPE ;SELECT X AXIS 
2,TEMP ;RESTORf x COORDJNATE 
1,2,SNC ;BECREMENT X COORDINATE, SKIP IF JNCRf If COORD 
LAST ;BOTH COORDINATES ARf ° 
2,SCOPE ;SET NEW x COORDINATf AND JNTENSIFY BEAM 
LOOP3 ;LOOF' BACK 

2,SCOPE ;DISPLAY ORIGIN 
AGAIN ;REPEAT PROGRAM 

.END INIT 
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APPENDIX A 
I/O DEVICE CODES AND 

DATA GENERAL MNEMONICS 

Device Priority 
Code Mask 

(Octal) Mnemonic Bit Device 

00 -- -- Power fail 
01<» WCS -- Writeable control store 
02<» ERCC -- Error checking and correction 
03<» MAP -- Memory Allocation and Protection 
01 0 MDV -- Multiply /Divide 
020 MMPU -- Memory Management and Protection Unit 
02*0 MAPO} --
030 MAP1 -- Memory Allocation and Protection 
040 MAP2 --
05 
06 MCAT 12 Multiprocessor adapter transmitter 
07 MCAR 12 Multiprocessor adapter receiver 
10 TTl 14 Teletype input 
11 TTO 15 Teletype output 
12 PTR 11 Paper tape reader 
13 PTP 13 Paper tape punch 
14 RTC 13 Real time clock option 
15 PLT 12 Incremental plotter 
16 CDR 10 Card reader 
17 LPT 12 Line printer 
20 DSK 9 Fixed head disc 
21 ADCV 8 A/D converter 
22 MTA 10 Magnetic tape 
23 DACV -- D/A converter 
24 DCM 0 Data communications multiplexor 
25 
26 
27 
30 QTY 14 Asynchronous hardware multiplexor 
31* IBM1 } 13 IBM 360/370 interface 
32 IBM2 
33 DKP 7 Moving head disc 
34 CAS 10 Cassette tape 
34* MX1 } 11 Multiline asynchronous controller 
35 MX2 
36 IPB 6 Interproce ssor bus - -half -duplex 
37 IVT 6 IPB watchdog timer 
40 DPI 8 IPB full-duplex input 
41 DPO 8 IPB full-duplex output 
40+ SCR 8 Synchronous communication receiver 
41" SCT 8 Synchronous communication transmitter 

06-0/450 
<» ECLIPSE computer only 
o NOV A line computers only 
* code returned by INT A and used by VCT for ECLIPSE computer 
+ may be set up with any unused even device code 40 or greater 
" may be set up with any unused odd device code 41 or greater 

A-I of 2 



Device 
Code 

(Octal) 

42 
43 

I 44 
45 
46 
47 
50 
51 
52 
53 
54 
55 
56 
57 
60 
61 
62 
63 
64*0 
650 

660 

67 
70 
70 
71* } 72 
73 
74 

74* } 
75 
74*0 
750 

760 

77 
DG-01450 

APPENDIX A (Continued) 
I/O DEVICE CODES AND 

DATA GENERAL MNEMONICS 

Priority 
Mask 

Mnemonic Bit Device 

DIO 7 Digital I/O 
DIOT 6 Digital I/O timer 
MXM 12 Modem control for multiline asynchronous 

controller 
MCATI 12 Second multiprocessor transmitter 
MCARI 12 Second multiprocessor receiver 
TTIl 14 Second teletype input 
TTOI 15 Second teletype output 
PTIH 11 Second paper tape reader 
PTPI 13 Second paper tape punch 
RTCI 13 Second real time clock option 
PLTI 12 I Second incremental plotter 
CDR 1 10 

I 
Second card reader 

LPTI 12 Second line printer 
DSKI 9 Second fixed head disc 
ADCVl 8 i A/D converter 
MTAI 10 Second magnetic tape 
DACVl -- D/A converter 
FPUI 
FPU2 5 Alternate location for floating point 
FPU4 

QTYI 14 Second asynchronous hardware multiplexor 
SLAI 14 Second synchronous line adapter 

13 Second IBM 360/370 interface 

DKPI 7 Second moving head disc 
CASI 10 Second cassette tape 

11 Second multiline asynchronous controller 

FPUI } 
FPU2 5 I Floating point 
FPU 

I CPU -- Central processor and console functions 

*code returned by INT A and used by VCT for ECLIPSE computer 
°NOV A line computers only 

A-2 



APPENDIX B 
OCTAL AND HEXADECIMAL CONVERSION 

To convert a number from octal or hexadecimal to 
decimal, locate in each column of the appropriate 
table the decimal equivalent for the octal or hex 
digit in that position. Add the decimal equivalents 
to obtain the decimal number. 

To convert a decimal number to octal or hexa
decimal: 

1. Locate the largest decimal value in the 
appropriate table that will fit into the 
decimal number to be converted; 

2. note its octal or hex equivalent and 
column position; 

3. find the decimal remainder. 

Repeat the process on each remainder. When the 
remainder is 0, all digits will have been generated. 

85 8
4 

83 
82 81 8° 

° ° ° ° ° ° ° 
1 32,768 4,096 512 64 8 1 

2 65,536 8,192 1,024 128 16 2 

3 98,304 12,228 1,536 192 24 3 

4 131,072 16,384 2,048 256 32 4 

5 163,840 20,480 2,560 320 40 5 

6 196,608 24,576 3,072 384 48 6 

7 229,376 28,672 3,584 448 56 7 

° 
1 

2 

3 

4 

5 

6 

7 

8 

9 

A 

B 

C 

D 

E 

F 

B-1 of 2 

165 
164 163 162 161 

° ° ° ° ° 
1,048,576 65,536 4,096 256 16 

2,097,152 131,072 8,192 512 32 

3,145,728 196,608 12,288 768 48 

4,194,304 262,144 16,384 1,024 64 

5,242,880 327,680 20,480 1,280 80 

6,291,456 393,216 24,576 1,536 96 

7,340,032 458,752 28,672 1,792 112 

8,388,608 524,288 32,768 2,048 128 

9,437,184 589,824 36,864 2,304 144 

10,485,760 655,360 40,960 2,560 116O 

11,534,336 720,896 45,056 2,816 176 

12,582,912 786,432 49,152 3,072 192 

13,631,488 851,968 53,248 3,328 208 

14,680,064 917,504 57, 344 13 ,584 224 

15,728,640 983,040 61,440 3,840 240 

16° 

° 
1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 
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I 
Hexa-

Decimal decimal 

0 00 
1 01 
2 02 
3 03 
4 04 

5 05 
6 06 
7 07 
8 08 
9 09 

10 OA 

11 OB 
12 OC 
13 OD 

14 OE 

15 OF 
16 10 
17 11 
18 12 
19 13 

20 14 
21 15 
22 16 
23 17 

24 18 
25 19 
26 1A 
27 1B 

28 1C 
29 1D 

30 IE 
31 IF 
32 20 
33 21 
34 22 

DG-Ol016 (Sheet 1/ 

° Control 
+ Shift 
* Repeat 

APPENDIX C 
ASCII - 128 CHARACTER CODES 

ASCII 
Graphic To Produce To Produce ASHCII 

Or On On Punched 
7-Bit Control TTY Mod TTY Mod Card 8-Bit 
Octal Characters Explanation 33,35 37 Code Octal 

000 NUL Null pO+ Null * 12- 0-1-8-9 000 
001 SOH Start of Heading AO AO 12- 1-9 201 
002 STX Start of Text BO BO 12- 2-9 202 
003 ETX End of Text CO Co 12- 3-9 003 
004 EOT End of Transmission DO DO 7- 9 204 

005 ENQ Enquiry EO EO 0- 5-8-9 005 
006 ACK Acknowledge F O F O 0- 6-8-9 006 
007 BEL Bell GO GO 0- 7-8-9 207 
010 BS Back Space HO backspace* 11- 6-9 210 
011 HT Horizontal Tab 1° tab 12- 5-9 011 

012 LF Line Feed line feed 012 
J O new line* 0- 5-9 012 
line feed o 212 

013 YT Yertical Tab KO KO 12- 3-8-9 213 
014 FF Form Feed L O L O 12- 4-8-9 014 
015 CR Carriage Return return return 12- 5-8-9 215 

MO 215 
return° 015 

016 SO Shift Out N° N° 12- 6-8-9 216 

017 SI Shift In 0° 0° 12- 7-8-9 017 
020 DLE Data Link Escape pO pO 12-11-1-8-9 220 
021 DC1 Device Control 1 QO QO 11- 1-9 021 
022 DC2 Device Control 2 RO RO 11- 2-9 022 
023 DC3 Device Control 3 SO SO 11- 3-9 223 

024 DC4 Device Control 4 TO TO 4- 8-9 024 
025 NAK Negative Acknowledge UO UO 5- 8-9 225 
026 SYN Synchronous Idle yO yO 2- 9 226 
027 ETB End of Transmission WO WO 0- 6-9 027 

Block 
030 CAN Cancel XO XO 11- 8-9 030 
031 EM End of Medium yO yO 11- 1-8-9 231 
032 SUB Substitute ZO ZO 7- 8-9 232 
033 ESC Escape esc escape 0- 7-9 033 

KO+ 033 

034 FS File Separator LO+ \ ° 11- 4-8-9 234 
035 GS Group Separator MO+ ] 11- 5-8-9 035 

036 RS Record Separator N°+ /,,-0 11- 6-8-9 036 
037 US Unit Separator 0°+ -° 11- 7-8-9 237 
040 SP Space space space No Punches 240 
041 ! 1+ 1+ 12- 7-8 041 
042 " 2+ 2+ 7- 8 042 

-
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Decimal 

35 
36 
37 
38 
39 

40 
41 
42 
43 
44 

45 
46 
47 
48 
49 

50 
51 
52 
53 
54 

55 
56 
57 
58 

I 59 

I 60 
61 
62 
63 
64 

65 
66 
67 
68 
69 

70 
71 
72 
73 
74 

APPENDIX C (Continued) 
ASCII - 128 CHARACTER CODES 

ASCII 
Graphic To Produce To Produce ASHCII 

Or On On Punched 
Hexa- 7 -Bit Control TTY Mod TTY Mod Card 
decimal Octal Characters Explanation 33,35 37 Code 

23 043 # 3+ 3+ 3- 8 
24 044 $ 4+ 4+ 11- 3-8 
25 045 % 5+ 5+ 0- 4-8 
26 046 & 6+ 6+ 12 
27 047 , 7+ 7+ 5- 8 

28 050 ( 8+ 8+ 12- 5-8 
29 051 ) 9+ 9+ 11- 5-8 
2A 052 * : + * " + * 11- 4-8 
2B 053 + "+ " + 12- 6-8 , , 
2C 054 , , , 0- 3-8 

2D 055 - -* -* 11 
2E 056 * * 12- 3-8 
2F 057 / / / 0- 1 
30 060 0 0 0 0 
31 061 1 1 1 1 

32 062 2 2 2 2 
33 063 3 3 3 3 
34 064 4 4 4 4 
35 065 5 5 5 5 
36 066 6 6 6 6 

37 067 7 7 7 7 
38 070 8 8 8 8 
39 071 9 9 9 9 
3A 072 "* 2- 8 
3B 073 , , , 11- 6-8 

3C 074 < + < 12- 4-8 , 
3D 075 = -+ - 6- 8 
3E 076 > + > 0- 6-8 
3F 077 ? /+ / 0- 7-8 
40 100 @ P+ @ 4- 8 

41 101 A A A+ 12- 1 
42 102 B B B+ 12- 2 
43 103 C C C+ 12- 3 
44 104 D D D+ 12- 4 
45 105 E E E+ 12- 5 

46 106 F F F+ 12- 6 
47 107 G G G+ 12- 7 
48 110 H H H+ 12- 8 
49 111 I I I + 12- 9 
4A 112 J J J + 11- 1 

OG-Ol016 (Sheet 2 J 

+ Shift 
* Repeat 

C-2 

8-Bit 
Octal 

243 
044 
245 
246 
047 

050 
251 
252 
053 
054 

055 
056 
257 
060 
261 

262 
063 
264 
065 
066 

267 
270 
071 
072 
273 

074 
275 
276 
077 
300 

101 
102 
303 
104 
305 

306 
107 
110 
311 
312 



Decimal 

75 
76 
77 
78 
79 

80 
81 
82 
83 
84 

85 
86 
87 
88 
89 

90 
91 
92 
93 
94 

95 
96 
97 
98 
99 

100 
101 
102 
103 
104 

105 
106 
107 
108 
109 

110 
111 
112 
113 
114 

APPENDIX C (Continued) 
ASCII - 128 CHARACTER CODES 

ASCII 
Graphic To Produce To Produce ASHCII 

Or On On Punched 
Hexa- 7 -Bit Control TTY Mod TTY Mod Card 
decimal Octal Characters Explanation 33,35 37 Code 

4B 113 K K K+ 11- 2 
4C 114 L L L+ 11- 3 
4D 115 M M M+ 11- 4 
4E 116 N N N+ 11- 5 
4F 117 0 0 0+ 11- 6 

50 120 P P P+ 11- 7 
51 121 Q Q Q+ 11-8 
52 122 R R R+ 11- 9 
53 123 S S S+ 0- 2 
54 124 T T T+ 0- 3 

55 125 U U U+ 0- 4 
56 126 V V V+ 0- 5 
57 127 W W W+ 0- 6 
58 130 X X X+* 0- 7 
59 131 Y Y Y+ 0- 8 

5A 132 Z Z Z+ 0- 9 
5B 133 [ K+ [ 12- 2-8 
5C 134 \ L+ \ 0- 2-8 
5D 135 ] M+ ] 11- 2-8 
5E 136 I (A) N+ A 11- 7-8 

5F 137 - (-) 0+ -* 0- 5-8 
60 140 

, 
@+ 1- 8 

61 141 a A 12- 0-1 
62 142 b B 12- 0-2 
63 143 c C 12- 0-3 

64 144 d D 12- 0-4 
65 145 e E 12- 0-5 
66 146 f F 12- 0-6 
67 147 g G 12- 0-7 
68 150 h H 12- 0-8 
69 151 i I 12- 0-9 
6A 152 j J 12-11-1 
6B 153 k K 12-11-2 
6C 154 1 L 12-11-3 
6D 155 m M 12-11-4 

6E 156 n N 12-11-5 
6F 157 0 0 12-11-6 
70 160 P P 12-11-7 
71 161 q Q 12-11-8 
72 162 r R 12-11-9 

DG-OIOI6(SheeI3) 

+ Shift 
* Repeat 

C-3 

8-Bit 
Octal 

113 
314 
115 
116 
317 

120 
321 
322 
123 
324 

125 
126 
327 
330 
131 

132 
333 
134 
335 
336 

137 
140 
341 
342 
143 

344 
145 
146 
347 
350 

151 
152 
353 
154 
355 

356 
157 
360 
161 
162 



Decimal 

115 
116 
117 
118 
119 

120 
121 
122 
123 
124 

125 
126 
127 

APPENDIX C (Continued) 
ASCII - 128 CHARACTER CODES 

ASCII 
Graphic To Produce To Produce ASHCn 

Or On On Punched 
Hexa- 7 -Bit Control TTY Mod TTY Mod Card 
decimal Octal Characters Explanation 33,35 37 Code 

73 163 s S 11- 0-2 
74 164 t T 11- 0-3 
75 165 u U 11- 0-4 
76 166 v V 11- 0-5 
77 167 w W 11- 0-6 

78 170 x X* 11- 0-7 
79 171 Y Y 11- 0-8 
7A 172 z Z 11- 0-9 
7B 173 { [ + 12- 0 
7C 174 I \+ 12-11 

7D 175 f ] 11- 0 
7E 176 - A+ 11- 0-1 
7F 177 DEL Delete rubout delete* 12- 7-9 

OG- 01016 (Sheet 4) 

+ Shift 
* Repeat 

C-4 

8-Bit 
Octal 

363 
164 
365 
366 
167 

170 
371 
372 
173 
374 

175 
176 
377 



Decimal 

0 
1 
2 
3 
4 

5 
6 
7 
8 
9 

10 
11 
12 
13 
14 

15 
16 
17 
18 
19 

20 
21 
22 
23 
24 

25 
26 
27 
28 
29 

30 
31 
32 
33 
34 

35 
36 
37 
38 
39 

40 
41 
42 
43 
44 

APPENDIX C (Continued) 
EBCDIC CHARACTER CODES 

EBCDIC 
Graphic or Punched 

Control Card 
Hexadecimal Characters Explanation Code 

00 NUL Null 12- 0-1-8-9 
01 SOH Start of Heading 12- 1-9 
02 STX Start of Text 12- 2-9 
03 EXT End of Text 12- 3-9 
04 PF Punch Off 12- 4-9 

05 HT Horizontal Tab 12- 5-9 
06 LC Lower Case 12- 6-9 
07 DEL Delete 12- 7-9 
08 12- 8-9 
09 12- 1-8-9 

OA SMM Start of Manual Message 12- 2-8-9 
OB VT Vertical Tab 12- 3-8-9 
OC FF Form Feed 12- 4-8-9 
OD CR Carriage Return 12- 5-8-9 
OE SO Shift Out 12- 6-8-9 

OF SI Shift In 12- 7-8-9 
10 DLE Data Link Esc ape 12-11-1-8-9 
11 DC1 Device Control 1 11- 1-9 
12 DC2 Device Control 2 11- 2-9 
13 TM Tape Mark 11- 3-9 

14 RES Restore 11- 4-9 
15 NL New Line 11- 5-9 
16 BS Back Space 11- 6-9 
17 IL Idle 11- 7-9 
18 CAN Cancel 11- 8-9 

19 EM End of Medium 11- 1-8-9 
1A CC Cursor Control 11- 2-8-9 
1B CU1 Customer Use 1 11- 3-8-9 
1C IFS Interchange File Separator 11- 4-8-9 
1D IGS Interchange Group Separator 11- 5-8-9 

1E IRS Interchange Record Separator 11- 6-8-9 
1F IUS Interchange Unit Separator 11- 7-8-9 
20 DS Digit Select 11- 0-1-8-9 
21 SOS Start of Significance 0- 1-9 
22 FS Field Separator 0- 2-9 

23 0- 3-9 
24 BYP Bypass 0- 4-9 
25 LF Line Feed 0- 5-9 
26 ETB End of Transmission Block 0- 6-9 
27 ESC Escape 0- 7-9 

28 0- 8-9 
29 0- 1-8-9 
2A SM Set Mode 0- 2-8-9 
2B CU2 Customer Use 2 0- 3-8-9 
2C 0- 4-8-9 

C-5 



Decimal 

45 
46 
47 
48 
49 

50 
51 
52 
53 
54 

55 
56 
57 
58 
59 

60 
61 
62 
63 

64 
65 
66 
67 
68 

69 
70 
71 
72 
73 

74 
75 
76 
77 
78 

79 
80 
81 
82 
83 

84 
85 
86 
87 
88 

APPENDIX C (Continued) 
EBCDIC CHARACTER CODES 

EBCDIC 
Graphic or Punched 

Control Card 
Hexadecimal Characters Explanation Code 

2D ENQ Enquiry 0- 5-8-9 
2E ACK Acknowledge 0- 6-8-9 
2F BEL Bell 0- 7-8-9 
30 12 -11-0-1-8-9 
31 1- 9 

32 SYN Synchronous Idle 2- 9 
33 3- 9 
34 PN Punch On 4- 9 
35 RS Reader Stop 5- 9 
36 UC Upper Case 6- 9 

37 EOT End of Transmission 7- 9 
38 8- 9 
39 1- 8-9 
3A 2- 8-9 
3B CU3 Customer Use 3 3- 8-9 

3C DC4 Device Control 4 4- 8-9 
3D NAK Negative Acknowledge 5- 8-9 
3E 6- 8-9 
3F SUB Substitute 7- 8-9 

40 SP Space no punches 
41 12- 0-1-9 
42 12- 0-2-9 
43 12- 0-3-9 
44 12- 0-4-9 

45 12- 0-5-9 
46 12- 0-6-9 
47 12- 0-7-9 
48 12- 0-8-9 
49 12- 1-8 

4A ~ 12- 2-8 
4B 12- 3-8 
4C < 12- 4-8 
4D ( 12- 5-8 
4E + 12- 6-8 

4F I 12- 7-8 
50 & 12 
51 12-11-1-9 
52 12-11-2-9 
53 12-11-3-9 

54 12-11-4-9 
55 12-11-5-9 
56 12-11-6-9 
57 12-11-7-9 
58 12-11-8-9 

C-6 



Decimal 

89 
90 
91 
92 
93 

94 
95 
96 
97 
98 

99 
100 
101 
102 
103 

104 
105 
106 
107 
108 

109 
110 
111 
112 
113 

114 
115 
116 
117 
118 

119 
120 
121 
122 
123 

124 
125 
126 
127 

128 
129 
130 
131 
132 

APPENDIX C (Continued) 
EBCDIC CHARACTER CODES 

EBCDIC 
Graphic or 

Control 
Hexadec imal Characters Explanation 

59 
5A ! 
5B $ 
5C * 
5D ) 

5E 
5F ..., 
60 -
61 / 
62 

63 
64 
65 
66 
67 

68 
69 
6A I 

I 

6B 
6C % 

6D -
6E > 
6F ? 
70 
71 

72 
73 
74 
75 
76 

77 
78 
79 
7A 
7B # 

7C @ 
7D 
7E = 
7F " 

80 
81 a 
82 b 
83 c 
84 d 

C-7 

Punched 
Card 
Code 

11- 1-8 
11- 2-8 
11- 3-8 
11- 4-8 
11- 5-8 

11- 6-8 
11- 7-8 
11 
0- 1 

11- 0-2-9 

11- 0-3-9 
11- 0-4-9 
11- 0-5-9 
11- 0-6-9 
11- 0-7-9 

11- 0-8-9 
0- 1-8 

12-11 
0- 3-8 
0- 4-8 

0- 5-8 
0- 6-8 
0- 7-8 

12-11-0 
12-11-0-1-9 

12-11-0-2-9 
12-11-0-3-9 
12-11-0-4-9 
12-11-0-5-9 
12-11-0-6-9 

12 -11-0-7-9 
12-11-0-8-9 
1- 8 
2- 8 
3- 8 

4- 8 
5- 8 
6- 8 
7- 8 

12- 0-1-8 
12- 0-1 
12- 0-2 
12- 0-3 
12- 0-4 



Decimal 

133 
134 
135 
136 
137 

138 
139 
140 
141 
142 

143 
144 
145 
146 
147 

148 
149 
150 
151 
152 

153 
154 
155 
156 
157 

158 
159 
160 
161 
162 

163 
164 
165 
166 
167 

168 
169 
170 
171 
172 

173 
174 
175 
176 
177 

APPENDIX C (Continued) 
EBCDIC CHARACTER CODES 

EBCDIC 
Graphic or 

Control 
Hexadecimal Characters Explanation 

85 e 
86 f 
87 g 
88 h 
89 i 

8A 
8B 
8C 
8D 
8E 

8F 
90 
91 j 
92 k 
93 I 

94 m 
95 n 
96 0 

97 P 
98 q 

99 r 
9A 
9B 
9C 
9D 

9E 
9F 
AO 
Al --
A2 s 

A3 t 
A4 u 
A5 v 
A6 w 
A7 x 

A8 Y 
A9 z 
AA 
AB 
AC 

AD 
AE 
AF 
BO 
Bl 

C-8 

Punched 
Card 
Code 

12- 0-5 
12- 0-6 
12- 0-7 
12- 0-8 
12- o-~ 

12- 0-2-8 
12- 0-3-8 
12- 0-4-8 
12- 0-5-8 
12- 0-6-8 

12- 0-7-8 
12-11-1-8 
12-11-1 
12-11-2 
12-11-3 

12-11-4 
12-11-5 
12-11-6 
12-11-7 
12 -11-8 

12-11-9 
12-11-2-8 
12 -11-3-8 
12-11-4-8 
12-11-5-8 

12-11-6-8 
12 -11-7-8 
11- 0-1-8 
11- 0-1 
11- 0-2 

11- 0-3 
11- 0-4 
11- 0-5 
11- 0-6 
11- 0-7 

11- 0-8 
11- 0-9 
11- 0-2-8 
11- 0-3-8 
11- 0-4-8 

11- 0-5-8 
11- 0-6-8 
11- 0-7-8 
12 -11-0-1-8 
12-11-0-1 



Decimal 

178 
179 
180 
181 
182 

183 
184 
185 
186 
187 

188 
189 
190 
191 

192 
193 
194 
195 
196 

197 
198 
199 
200 
201 

202 
203 
204 
205 
206 

207 
208 
209 
210 
211 

212 
213 
214 
215 
216 

217 
218 
219 
220 
221 

APPENDIX C (Continued) 
EBCDIC CHARACTER CODES 

EBCDIC 
Graphic or 

Control 
Hexadecimal Characters Explanation 

B2 
B3 
B4 
B5 
B6 

B7 
B8 
B9 
BA 
BB 

BC 
BD 
BE 
BF 

CO { 
C1 A 
C2 B 
C3 C 
C4 D 

C5 E 
C6 F 
C7 G 
C8 H 
C9 I 

CA 
CB 
CC J' 
CD 
CE 'I' 

CF 
DO } 
D1 J 
D2 K 
D3 L 

D4 M 
D5 N 
D6 0 
D7 P 
D8 Q 

D9 R 
DA 
DB 
DC 
DD 

C-9 

Punched 
Card 
Code 

12-11-0-2 
12-11-0-3 
12 -11-0-4 
12 -11-0-5 
12-11-0-6 

12-11-0-7 
12-11-0-8 
12-11-0-9 
12-11-0-2-8 
12-11-0-3 -8 

12-11-0-4-8 
12-11-0-5-8 
12 -11-0-6-8 
12-11-0-7 -8 

12- 0 
12- 1 
12- 2 
12- 3 
12- 4 

12- 5 
12- 6 
12- 7 
12- 8 
12- 9 

12- 0-2-8-9 
12- 0-3-8-9 
12- 0-4-8-9 
12- 0-5-8-9 
12- 0-6-8-9 

12- 0-7-8-9 
11-0 
11- 1 
11-2 
11-3 

11-4 
11-5 
11-6 
11-7 
11-8 

11-9 
12-11-2-8-9 
12-11-3-8-9 
12-11-4-8-9 
12-11-5-8-9 



Decimal 

222 
223 
224 
225 
226 

227 
228 
229 
230 
231 

232 
233 
234 
235 
236 

237 
238 
239 
240 
241 

242 
243 
244 
245 
246 

247 
248 
249 
250 
251 

252 
253 
254 
255 

APPENDIX C (Continued) 
EBCDIC CHARACTER CODES 

EBCDIC 
Graphic or 

Control 
Hexadecimal Characters Explanation 

DE 
DF 
EO 
E1 
E2 S 

E3 T 
E4 U 
E5 V 
E6 W 
E7 X 

E8 Y 
E9 Z 
EA 
EB 
EC Ii 

ED 
EE 
EF 
FO 0 
F1 1 

F2 2 
F3 3 
F4 4 
F5 5 
F6 6 

F7 7 
F8 8 
F9 9 
FA LVM 
FB 

FC 
FD 
FE 
FF EO 

C-10 

Punched 
Card 
Code 

12 -11-6-8-9 
12-11-7-8-9 
0- 2-8 

11- 0-1-9 
0- 2 

0- 3 
0- 4 
0- 5 
0- 6 
0- 7 

0- 8 
0- 9 

11- 0-2-8-9 
11- 0-3-8-9 
11- 0-4-8-9 

11- 0-5-8-9 
11- 0-6-8-9 
11- 0-7-8-9 
0 
1 

2 
3 
4 
5 
6 

7 
8 
9 

12 -11-0 -2 -8-9 
12-11-0-3-8-9 

12-11-0-4-8-9 
12-11-0-5-8-9 
12 -11-0-6-8-9 
12-11-0-7-8-9 



APPENDIX D 

NOVA LINE COMPUTERS 

INSTRUCTION EXECUTION TIMES 
SUPERNOVA read-only time equals semiconductor time, except add 0.2 for LDA, STA, ISZ, and 
DSZ if reference is to core 0 NOVA times are for core; for read -only subtract 0.2 except sub
tract 0.4 for LDA, STA, ISZ, and DSZ if reference is to read-only memory. When two numbers 
are given, the one at the left of the slash is the time for an isolated transfer, the one at the right 
is the minimum time between consecutive transfers. All times are in microseconds. 

SUPERNOVA 1200 800,820 
NOVA SC CORE SERIES 840 

LDA 5.2 1.2 1.6 2.55 1.6 
STA 5.5 1.2 1.6 2.55 1.6 
ISZ. DSZ 5.2 1.4 1.8 3.15 1.8 
JMP 5,6 0.6 0.8 1. 35 0.8 
JSR 3.5 1.2 1.4 1. 35 0.8 
COM, NEG, MOV, INC 5.6 0.3 0.8 1. 35 0.8 
ADC. SUB, ADD. AND 5.9 0.3 0.8 1. 35 0.8 

Each level of @, add 2.6 0.6 0.8 1.2 0.8 
Each autoindex, add 0.0 0.2 0.2 0.6 0.2 
Base registe r addr, add 0.3 0.0 0.0 0.0 0.0 
If skip occurs, add 0.0 * 0.8 1. 35 0.2 

I/O input (except INTA) 4.4 2.8 2.9 2.55 2.2 
INTA 4.4 3.6 3.7 2.55 2.2 
I/O output 4.7 3.2 3.3 3.15 2.2 
NIO 4.4 3.2 3.3 3.15 2.2 
I/O skips 4.4 2.8 2.9 2.55 1.4 

If skip occurs, add 0.0 0.0 0.0 0.0 0.2 
For S, C, or P; add 0.0 0.0 0.0 0.0 0.6 

MUL 
Average 11. 1 3.7 3.8 3.75 8.8 
Maximum 11. 1 5.3 5.4 3.75 8.8 

DIV 
Successful 11. 9 6.8 6.9 4.05 8.8 
Unsuccessful 11. 9 1.5 1.6 2.55 1.6 

P.I. CYCLE 5.2 1.8 2.2 3.0 1.6 
INTERRUPT LATENCY 

With MUL/DIV 12.0 9.0 9.0 7.0 10.6 
Without MUL/DIV 12.0 5.0 5.0 7.0 4.6 

DATA CHANNEL 
Input 3.5 2.3 2.3 1.2 2.0 
Output 4.4 2.8 2.8 1. 2/1. 8 2.0 
Increment 4.4 2.8 2.8 1. 8/2. 4 2.2 
Add to memory 5.3 2.8 2.8 ---- ----
Latency· 

With MUL/DIV 17.3 11.8 11.8 9.4 5.8 
Without MULjDIV 17.3 7.8 7.8 9.4 5.8 

HIGH SPEED DATA CHANNEL 
Input N/A 0.8 0.8 N/A 0.8 
Output 0.8/1.0 0.8/1.0 0.8/1.0 
IncreJl1ent 1.0/1.2 1.0/1.2 1.0/1.2 
Add to memory 1.0/1.2 1.0/1.2 ---- ----
Latency+ 

With MULjDIV 5.7 5.7 4.8 
Without MULjDIV 3.7 3.7 3.2 

*If 2AC-multiple operation instruction is skipped, add 0.3; otherwise add 0.6. 
+For highest priority peripheral on I/O bU3. 

OG-01l31 
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NOVA 2 
830 8K 16K 

2.0 1.6 2.0 
2.0 1.6 2.0 
2.2 1.7 2.1 
1.0 0.8 1.0 
1.0 1.1 1.2 
1.0 0.8 1.0 
1.0 0.8 1.0 
1.0 0.8 1.0 
0.2 0.5 0.5 
0.0 0.0 0.0 
0.2 0.3 0.2 
2.4 1.4 1.5 
2.4 1.4 1.5 
2.4 1.6 1.7 
2.4 

I 
1.6 1.7 

1.6 1.1 1.2 
0.2 0.3 0.2 
0.6 0.3 0.3 

9.0 6.1 6.2 
9.0 6.1 6.2 

9.0 6.4 6.5 
2.0 6.4 6.5 
2.0 2.2 2.5 

12.0 5.8 5.9 
6.0 1.9 2.3 

2.2 2.0 2.1 
2.2 2.1 2.2 
2.4 2.2 2.3 

N/A --- ---

6.4 5.2 5.3 
6.4 5.2 5.3 

1.0 0.8 0.9/1.0 
1.0/1. 2 1.2 1.3 
1. 2 /1. 4 1.3 1.4 

N/A --- ---

5.4 4.3 4.4 
3.6 4.3 4.4 



APPENDIX D (Continued) 

ECLIPSE COMPUTER 
INSTRUCTION EXECUTION TIMES 

The following table gives minimum, maximum, 
and typical execution times for all instructions in 
the basic instruction set. These times assume 

STANDARD INSTRUCTION SET 

ADD 
ADD COMPLEMENT 
ADD IMMEDIATE 
EXTENDED ADD IMMEDIATE 
AND 
AND IMMEDIATE 
AND WITH COMPLEMENTED SOURCE 

BLOCK ADD AND MOVE 
BLOCK MOVE 
COMPARE LIMITS 

number within limits 
number less than L 
number greater than H 

number within limits 
number less than L 
number greater than H 

COMPLEMENT 
COUNT BITS 
DECIMAL ADD 

DECREMENT AND SKIP IF ZERO 
EXTENDED DECREMENT AND SKIP IF ZERO 
DECIMAL SUBTRACT 
DISPATCH 

number within limits 
number less than L 
number greater than H 

DOUBLE HEX SHIFT LEFT 
DOUBLE HEX SHIFT RIGHT 
DOUBLE LOGICAL SHIFT 

ENTER WCS 
EXCHANGE ACCUMULATORS 
EXCLUSIVE OR 
EXCLUSIVE OR IMMEDIATE 
EXECUTE 
EXTENDED OPERATION 

HALVE 
HEX SHIFT LE FT 
HEX SHIFT RIGHT 
INCLUSIVE OR 
INCLUSIVE OR IMMEDIATE 
INCREMENT 
INCREMENT AND SKIP IF ZERO 
EXTENDED INCREMENT AND SKIP IF ZERO 

a system without the MAP feature operating with 
4-way interleaved core memory. All times are 
in microseconds. 

MINIMUM MAXIMUM TYPICAL NOTES 

0.6 0.6 0.6 1 
0.6 0.6 0.6 1 
0.6 0.6 0.6 
1.2 1.2 1.2 
0.6 0.6 0.6 1 
1.2 1.2 1.2 
0.6 0.6 0.6 

1.8+0.8N 1.8+ 1. 2N 1. 7 + LON 2 
2.0+0.6N 1. 4+ 1. 2N 1.85+0.85N 2 
specified AC's not the same 

1.8 2.2 1.9 
2.0 2.4 2.1 
2.2 2.6 2.3 

specified AC's the same 
1.6 1.6 1.6 
1.8 1.8 1.8 
1.6 1.6 1.6 
0 06 0.6 0.6 1 
1.0 10.6 1.0 +0.6N 3 
0.6 0.6 0.6 

1.4 1.6 1.5 4 
2.4 2.6 2.45 4 
0.6 0.6 0.6 

3.6 3.6 3.6 4, 11 
2.8 2.8 2.8 4 
2.6 2.8 2.65 
2.4 4.2 depends on shift count 
204 4.2 depends on shift count 
1.0 5.6 depends on shift count 

depends on user instruction 
0.8 0.8 0.8 
0.6 0.6 0.6 
1.2 1.2 1.2 
0.8 + time for instruction to be executed 
4.8 5.8 5.05 5 

1.0 1.0 1.0 
1.8 3.0 depends on shift count 
1.8 3.0 depends on shift count 
0.6 0.6 0.6 
1.2 1.2 1.2 
0.6 0.6 0.6 1 
1.4 1.6 1.5 4 
2.4 2.6 2.45 4 
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APPENDIX D (Continued) 

ECLIPSE COMPUTER 

INSTRUCTION EXECUTION TIMES 

ST ANDARD INSTRUCTION SE T MINIMUM MAXIMUM TYPICAL 

JUMP 0.6 0.8 0.65 
EXTENDED JUMP 1.6 1.6 1.6 
JUMP TO SUBROUTINE 0.6 0.8 0.65 
EXTENDED JUMP TO SUBROUTINE 1.6 1.6 1.6 
LOAD ACCUMULATOR 0.8 1.4 1.0 
EXTENDED LOAD ACCUMULATOR 1.8 2.4 1. 95 
EXTENDED LOAD EFFECTIVE ADDRESS 1.6 1.6 1.6 
LOAD BYTE 1.4 1.8 1.5 
LOAD MAP 2.4+0.6N 2.4+0.6N 2.3+0.6N 
LOCATE AND RESET LEAD BIT 1.2 7.2 1. 2+0. 4N 
LOCATE LEAD BIT 1.0 7.0 1.0+0.4N 

NOTES 

4 
4 
4 
4 
4 
4 
4 

2 
3 
3 

LOGICAL SHIFT 1.0 3.8 depends on shift count 
MODIFY STACK POINTER 2.2 2.4 2.25 12 
MOVE 0.6 0.6 0.6 1 

NEGATE 0.6 0.6 0.6 1 
POP BLOCK 4.0 4.8 4.2 7 
POP MULTIPLE ACCUMULATORS 2.2+0.4N 3.0+0.4N 2.4+0.4N 7, 8 
POP PC AND JUMP 2,4 3.2 2.6 7 
PUSH JUMP 2.2 3.6 2.7 6, 13 
PUSH MULTIPLE ACCUMULATORS 2.2+0.4N 3.0+0.4N 2.4+0.4N 5, 8 

PUSH RETURN ADDRESS 2.6 3.2 2.8 5 
RESTORE 6.0 8.0 6.85 
RETURN 4.4 5.0 4.55 7 
SAVE 3.8 5.2 4.08 5 
SET BIT TO ONE 2.4 2.8 2.45 6 

SET BIT TO ZERO 2.4 2.8 2.45 6 
SIGN EXTEND AND DIVIDE 2.2 9.8 9.5 
SIGNED DIVIDE 2.2 10.2 9.6 
SIGNED MUL TIPL Y 7.2 7.2 7.2 
SKIP IF ACS > ACD 1.0 1.0 1.0 

SKIP IF ACS > ACD 1.0 1.0 1.0 
SKIP ON NON-:'ZERO BIT 2.2 2.6 2.3 6, 10 
SKIP ON ZERO BIT 2.2 2.6 2.3 6, 10 
SKIP ON ZERO BIT AND SET TO ONE 2,6 2.8 2.8 6 
STORE ACCUMULATOR 0.8 1.4 1.0 4 
EXTENDED STORE ACCUMULATOR 1.8 2.4 1. 95 4 
STORE BYTE 1.8 2.0 1. 85 

SUBTRACT 0.6 0.6 0.6 1 
SUBTRACT IMMEDIATE 0.6 0.6 0,6 
SYSTEM CALL 4.2 5.0 4.45 5, 6 
UNSIGNED DIVIDE 1.6 8.2 8.2 
UNSIGNED MULTIPLY 7.2 7.2 7.2 
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APPENDIX D (Continued) 

ECLIPSE COMPUTER 
INSTRUCTION EXECUTION TIMES 

I/O INSTRUCTION SET MINIMUM MAXIMUM TYPICAL 

DATA INPUT 2.2 2.2 2.2 
DATA OUTPUT 2.6 2.6 2.6 
I/O SKIP 0.8 0.8 0.8 
NO I/O TRANSFER 1.2 1.2 1.2 

VECTOR ON INTERRUPTING DEVICE CODE 
MODE A 2.6 2.8 2.65 
MODE B 8.6 9.6 8.85 
MODE C 10.2 12.2 10.75 
MODE D 15.0 18.0 16.5 
MODE E 16.6 20.2 18.05 

PROGRAM INTERRUPT CYCLE 1.4 1.8 1.5 
DATA CHANNEL INPUT 0.8 0.8 0.8 
DATA CHANNEL OUTPUT 1.4 1.6 1.6 
DATA CHANNEL LATENCY+ 0.8 1.5 5.6 

NOTES 

9 
9 

10 
9 

5 
5 
5 
5 

4 

PROGRAM INTERRUPT LATENCY is the sum of the longest time that the program runs with the interrup· 
system disabled plus the time for the program interrupt cycle. The 
longest non-interruptable instruction is a Mode E VECTOR with a 
maximum time of 20.2 microseconds. Because this VECTOR also 
enables the interrupt system, an interrupt will not be honored until 
after the next instruction, unless the next instruction is interruptable 
(e.g., BLOCK ADD AND MOVE). Therefore, the time for the next 
longest instruction must be added. The next longest instruction is 
COUNT BITS WITH A worst case time of 10.6 microseconds. To this 
must be added the time for the program interrupt cycle of 1.8 micro
seconds. This yields an absolute worst case program interrupt 
latency of 32.6 microseconds. The interrupt latency for a specific 
application can be computed using the above method. 

+ For highest priority peripheral on I/O bus. 
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NOTES: 1. 

2. 

3. 

4. 

5. 

6. 

7. 

8. 

9. 

10. 

11. 

12. 

13. 

APPENDIX D (Continued) 

ECLIPSE COMPUTER 

INSTRUCTION EXECUTION TIMES 

MINIMUM MAXIMUM 

If skip occurs, add: 0.6 0.6 

N is number of words moved. 
For each indirect reference in AC3, add: 0.8 0.8 
For each indirect reference in AC2, add: 0.6 0.8 
If N is less than 1, then time is: 1.2 1.2 

N is the count added to ACD. 
For LOCATE AND RESET LEAD BIT, if the 
count is 16, the time is: 7.4 7.4 
For LOCATE LEAD BIT, if the count is 16, 
the time is: 7.2 7.2 

For each indirect reference, add: 0.6 0.8 
For each indirect auto-index reference, add: 1.0 1.6 

If stack overflows, add: 3.2 3.8 
In addition, see note 6. 

For each indirect reference, add: 0.8 0.8 

If stack underflows and underflow protection 
is disabled, add: 0.4 0.8 
If stack underflows and underflow protection 
is enabled, add: 3.8 5.0 
In addition, see note 6. 

N is number of words pushed or popped. 

S, C, and P functions require no extra time. 

If skip occurs, add: 0.4 0.4 

For each indirect reference in the table address 
add: 0.6 0.6 

If stack overflows add: 4.2 4.8 

If stack overflows add: 4.0 4.6 
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TYPICAL 

0.6 

0.8 
0.65 
1.2 

7.4 

7.2 

0.65 
1.15 

3.45 

0.8 

0.7 

4.4 

0.4 

0.6 

4.65 

4.25 



APPENDIX D (Continued) 

ECLIPSE COMPUTER 

INSTRUCTION EXECUTION TIMES 

FLOA TING POINT 
INSTRUCTION EXECUTION TIMES 

Because the CPU and the floating point feature 
operate in parallel, there are two distinct times to 
consider when dealing with the execution time of a 
floating point instruction. These are" FPU time" 
and " CPU time" . 

FPU time is the amount of time taken in the floating 
point unit actually performing the calculation. 

CPU time is that amount of time that the CPU de
votes to a floating point instruction. This time is 
divided into three parts: setup time, wait time, 
and finish time. Setup time is the time devoted to 
decoding the instruction and computing the effective 
address if required. Wait time is the time spent 
by the CPU waiting for the FPU to finish a previous 
operation and become idle. Finish time is the time 
devoted to transferring to the FPU all required 
operands and initiating the floating point operation. 
The following example illustrates these times. 

D-6 

FPU 
FMS "1 3900ns 

Selup Setup 
#1 #2 

400ns 400ns 
CPU~~~-+--------------~~ 

Finish 
#1 

600ns 

Wait 290Cns 

Time Line for This Instruction Sequence: 
FMS 0, I 

06·00934 FMS 2, 3 

Finish 
#2 

600ns 

FMS"2 3900ns 

Wait time is given by the following equation: 

WAIT= FPU time for previous instruction - (finish 
time for previous instruction + total execu
tion time for non-floating point instructions 
between the floating point instructions + 
setup time for this floating point instruction 

If WAIT is less than 0, then a value of 0 should be 
used for WAIT. 



APPENDIX D (Continued) 

ECLIPSE COMPUTER 

INSTRUCTION EXECUTION TIMES 

INSTRUCTION 

ADD SINGLE (FPAC) 1 
ADD DOUBLE (FPAC) 
SUBTRACT SINGLE (FPAC) 
SUBTRACT DOUBLE (FPAC) 

ADD SINGLE (MEMORY) } 
SUBTRACT SINGLE (MEMORY) 

ADD DOUBLE (MEMORY) } 
SUBTRACT DOUBLE (MEMORY) 

MULTIPL Y SINGLE (FPAC) 

MULTIPLY DOUBLE (FPAC) 

MULTIPL Y SINGLE (MEMORY) 

MULTIPLYDOUBLE(MEMOR~ 

DIVIDE SINGLE (FPAC) 

DIVIDE DOUBLE (FPAC) 

DIVIDE SINGLE (MEMOR~ 

DIVIDE DOUBLE (MEMORY) 

LOAD SINGLE 
LOAD DOUBLE 

STORE SINGLE 
STORE DOUBLE 

FLOAT FROM AC 

FLOAT FROM MEMORY 

FIX TO AC 

FIX TO MEMORY 

CPU 
SETUP FINISH 

004 0.6 

1.2 0.8 
(Note 1) 

1.2 1.4 
(Note 1) 

0.4 0.6 

0.4 0.6 

1.2 

1.2 

0.4 

0.4 

0.8 

1.4 

0.6 

0.6 

1.2 0.8 
(Note 1) 

1.2 I 1.4 
(Note 1) 

1.2 0.8 
1.2 1.4 

1. 2 0.8 
1.2 1.2 

0.4 0.6 

1. 2 0.8 
(Note 1) 

0.4 I 0.6 
(Note 2) 

1.2 I 0.8 
(Notes 1, 2) 
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FPU 

{

2.2 
3.0 
3.1 
2.6 

{ 

2.8 
3.6 
3.7 
3.2 

3.9 

7.1 

4.6 

8.4 

4.2 
5.1 

7.4 
8.3 

4.9 
5.8 

8.7 
9.6 

1.6 
2.2 

0.5 
0.5 

1.9 
2.3 
2.3 
2.7 

2.1 
2.5 
2.3 
2.7 

REMARKS 

Exponent over- or underflow 
Mantissa overflow 
Normalization needed 
Normalization not needed 

Exponent over- or underflow 
Mantissa overflow 
Normalization needed 
Normalization not needed 

Exponent over- or underflow 
Mantissa overflow 
Normalization needed 
Normalization not needed 

Note 1 

Note 1 

Divisor mantissa> dividend mantissa 
Divisor mantissa < dividend mantissa 

Divisor mantissa> dividend mantissa 
Divisor mantissa < dividend mantissa 

Divisor mantissa> dividend mantissa 
Divisor mantissa < dividend mantissa 

Divisor mantissa> dividend mantissa 
Divisor mantissa < dividend mantissa 

Note 1 
Note 1 

Notes 1, 2 
Notes 1, 2 

Integer positive 
Integer negative 
Integer positive 
Integer negative 

Integer positive 
Integer negative 
Integer positive 
Integer negative 



APPENDIX D (Continued) 

ECLIPSE COMPUTER 

INSTRUCTION EXECUTION TIMES 

CPU 
INSTRUCTION SETUP FINISH FPU REMARKS 

NEGATE 0.4 0.6 1.3 
ABSOLUTE VALUE 0.4 0.6 1.3 
READ HIGH WORD 0.4 0.6 0.4 Note 2 
SCALE 0.6 0.6 1.7 
LOAD EXPONENT 0.6 0.6 1.6 
HALVE 0.8 0.6 1.8 
MOVE 0.4 0.6 1.0 
NORMALIZE 0.4 0.6 1.4 
COMPARE 0.4 0.6 0.9 

LOAD STATUS 1.6 0.8 0.7 Notes 1, 2 
STORE STATUS 1.6 0.8 0.5 Notes 1, 2 

PUSH FLOATING POINT STATE 1.4 7.0 7.0 
POP FLOATING POINT STATE 1.4 8.4 8.4 

TRAP ENABLE 
TRAP DISABLE 1.0 0.6 0 0 4 
CLEAR ERRORS 

SKIP TESTS 0.4 0.6 0.4 Note 3 

NOTES: L For setup time, add 0.4 for first indirect reference and 0.6 for each subsequent indirect 
reference. For finish time, add 0.2 for each indirect reference except for store instruc
tions, add 0.0 for each indirect reference. 

2. FPU time can begin concurrently with the beginning of setup time, if the FPU is idle. 
Otherwise, FPU time begins as soon as the FPU finishes the previous instruction. Finish 
time cannot commence until the FPU has completed this instruction. 

3. If skip occurs, add 0.2 to finish time. 
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APPENDIX E 
CODING AIDS 

In this manual, instructions are coded according to 
the following format: 

MNEMONIC [optional mnemonics] OPERAND STRING 

The mnemonic must be coded exactly as shown in the 
instruction description. Some instructions have 
optional mnemonics that may be appended to the 
main mnemonic if the option is desired. The operand 
string is made up of the operands for the given 
instruction. 

Certain coding conventions are used so that the 
instruction can be recognized by the assembler and 
translated correctly into machine language. These 
conventions are as follows: 

[ 1, [ 1 Square brackets indicate that the enclosed 
symbol is an optional operand or mnemonic. 
The operand enclosed in the brackets (e.g., 
[,skip] ) may be coded or not, depending on 
whether or not the associated option is 
desired. 

BOLD Operands or mnemonics printed in boldface 
must be coded exactly as shown. For example, 
the mnemonic for the MOVE instruction is 
MOV 

italic Operands or menmonics printed in italics 
require a specific substitution. Replace the 
symbol with the number of a desired 
accumulator, address, or user-defined symbol 
that the assembler can recognize as a specific 
name, address, number, or menmonic. 

The following abbreviations are used throughout this 
manual: 

AC Accumulator 
F Flag Control Function 

When describing the format of a word in an 
information transfer between an accumulator and an 
110 device, the various fields and bits in the word are 
labeled with names descriptive of their functions. Bits 
in the word which are not used by the device are 
shaded; they are ignored on output and undefined on 
input. 
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-. Data General 
users 

g roup Installation Membership Form 

Name _________________ Position ________________ Date _____ _ 

Company, Organization or School __________________________________ _ 

Address ________________ City ____________ State ___ Zip _____ _ 

Telephone: Area Code ______ No. __________ Ext. ___________________ _ 

1. Account 
Category 

o OEM 

o End User 

o System House 

o Government 

o Educational 

2. Hardware Qty. Installed I Qty. On Order 

M/600 
COMMERCIAL ECLIPSE 

SCIENTIFIC ECLIPSE 

AP/130 

CS Series 

Mapped NOVA 

Unmapped NOVA 

microNOVA 

Other 
(Specify) ___ _ 

3. Software 

4. Languages 

o AOS o RDOS 

o DOS o Other 

o MP/OS 

Specify ____ _ 

o Algol 

ODG/L 

o Cobol 

o PASCAL 

o Assembler 

o Fortran 

o RPGll 

o pur 
o Business BASIC 0 Other 

o BASIC 

Specify ______ _ 

5. Mode of 
Operation 

6. Communications 

7. Application 
Description 

8. Purchase 

9. Users Group 

o Batch (Centra\) 

o Batch (Via RJE) 

o On-Line Interactive 

o HASP o CAM 

o RJE80 o XODIAC 

o RCX 70 o Other 

Specify 

0 ________ _ 

From whom was your machine(s) 
purchased? 

o Data General Corp. 

o Other 
Specify ______ _ 

Are you interested in joining a 
special interest or regional 
Data General Users Group? 

0 ________ _ 

_. Data General 
Data General Corporation. Westboro. Massachusetts 01580. (617) 366-8911 
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DG OFFICES 

NORTH AMERICAN OFFICES 
Alabama: Birmingham 

Arizona: Phoenix, Tucson 

Arkansas: Little Rock 

California: Anaheim, EI Segundo, Fresno, Los Angeles, Oakland, Palo Alto, Riverside, 

Sacramento, San Diego, San Francisco. Santa Barbara. Sunnyvale, Van Nuys 

Colorado: Colorado Springs, Denver 

Connecticut: North Branford, Norwalk 

Florida: Ft. Lauderdale, Orlando, Tampa 

Georgia: Norcross 

Idaho: Boise 

Iowa: Bettendorf, Des Moines 

Illinois: Arlington Heights, Champaign, Chicago, Peoria, Rockford 

Indiana: Indianapolis 

Kentucky: Louisville 

Louisiana: Baton Rouge, Metairie 

Maine: Portland, Westbrook 

Maryland: Baltimore 

Massachusetts: Cambridge, Framingham, Southboro, Waltham, Wellesley, Westboro, 

West Springfield, Worcester 

Michigan: Grand Rapids, Southfield 

Minnesota: Richfield 

Missouri: Creve Coeur, Kansas City 
Mississippi: Jackson 

Montana: Billings 

Nebraska: Omaha 

Nevada: Reno 

New Hampshire: Bedford, Portsmouth 

New Jersey: Cherry Hill, Somerset, Wayne 
New Mexico: Albuquerque 

New York: Buffalo, Lake Success, Latham, Liverpool, Melville, New York City, 

Rochester. White Plains 

North Carolina: Charlotte, Greensboro, Greenville, Raleigh, Research Triangle Park 

Ohio: Brooklyn Heights, Cincinnati, Columbus, Dayton 

Oklahoma: Oklahoma City, Tulsa 

Oregon: Lake Oswego 

Pennsylvania: Blue Bell, Lancaster, Philadelphia, Pittsburgh 

Rhode Island: Providence 

South Carolina: Columbia 

Tennessee: Knoxville, Memphis, Nashville 

Texas: Austin, Dallas, EI Paso, Ft. Worth, Houston, San Antonio 
Utah: Salt Lake City 

Virginia: McLean, Norfolk, Richmond, Salem 

Washington: Bellevue, Richland, Spokane 

West Virginia: Charleston 

Wisconsin: Brookfield, Grand Chute, Madison 

DG-04976 

INTERNATIONAL OFFICES 
Argentina: Buenos Aires 

Australia: Adelaide, Brisbane, Hobart, Melbourne, Newcastle, Perth, Sydney 

Austria: Vienna 

Belgium: Brussels 

Bolivia: La Paz 

Brazil: Sao Paulo 

Canada: Calgary, Edmonton. Montreal. Ottawa, Quebec, Toronto, Vancouver, 
Winnipeg 

Chile: Santiago 

Columbia: Bogato 

Costa Rica: San Jose 

Denmark: Copenhagen 

Ecuador: Quito 

Egypt: Cairo 

Finland: Helsinki 

France: Le Plessis-Robinson, Lille, Lyon, Nantes. Paris, Saint Denis, Strasbourg 

Guatemala: Guatemala City 

Hong Kong 
India: Bombay 

Indonesia: Jakarta, Pusat 

Ireland: Dublin 

Israel: Tel Aviv 

Italy: Bologna, Florence, Milan, Padua, Rome, Tourin 

Japan: Fukuoka, Hiroshima, Nagoya, Osaka, Tokyo, Tsukuba 

Jordan: Amman 

Korea: Seoul 

Kuwait: Kuwait 

Lebanon: Beirut 

Malaysia: Kuala Lumpur 

Mex.ico: Mexico City, Monterrey 

Morocco: Casablanca 

The Netherlands: Amsterdam, Rijswijk 

New Zealand: Auckland, Wellington 

Nicaragua: Managua 

Nigeria: Ibadan, Lagos 

Norway: Oslo 

Paraguay: Asuncion 

Peru: Lima 

Philippine Islands: Manila 

Portugal: Lisbon 

Puerto Rico: Hato Rey 

Saudi Arabia: Jeddah, Riyadh 

Singapore 
South Africa: Cape Town, Durban, Johannesburg, Pretoria 

Spain: Barcelona, Bibao, Madrid 

Sweden: Gothenburg, Malmo, Stockholm 

Switzerland: Lausanne, Zurich 

Taiwan: Taipei 

Thailand: Bangkok 

Turkey: Ankara 

United Kingdom: Birmingham, Bristol, Glasgow, Hounslow, London, Manchester 

Uruguay: Montevideo 

USSR: Espoo 

Venezuela: Maracaibo 

West Germany: Dusseldorf, Frankfurt, Hamburg, Hannover, Munich, Nuremburg. 

Stuttgart 





Yes No 

0 0 

0 0 

0 0 

0 0 

Name: 

Company: 

Address: 

State: 

DC-06895 

Please help us improue our future 
publications by answering the questions below. 
Use the space prouided for your comments. 

Is this manual easy to read? 

In what ways do you find this manual useful? 

Do the illustrations help you? 

Does the manual tell you aU you need to know? 

What additional information would you like? 

Is the information accurate? 

(If not please specify with page number and 
paragraph,) 

Engineering 
Publications 
ComDlent Form 
Title: __________________ _ 

Document No. ___ 0_14_-_0_0_06_3_2_-...::0...::1 ___ _ 

o You (can, cannot) find things easily. C; Other: 

o Language (is, is not) appropriate. 

o Technical terms (are, are not) defined 
as needed. 

o Learning to use the equipment o To instruct a class. 

o As a reference o Other: 

o As an introduction to the 
product 

o Visuals (are,are not) well designed. 

o Labels and captions (are,are not) clear. 

o Other: 

Title: 

Division: 

City: 

. Zip: Telephone: Date: 

t. Data General 
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