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NOTICE

Data General Corporation (DGC) has prepared this manual
for use by DGC personnel, Licensee's, and customers.
The information contained herein is the property of DGC
and shall not be reproduced in whole or in part without
DGC's prior written approval.

Users are cautioned that DGC reserves the right to make
changes without notice in the specifications and materials
contained herein and shall not be responsible for any
damages (including consequential) caused by reliance on
the materials presented, including, but not limited to
typographical, arithmetic, or listing errors.

NOVA, SUPERNOVA and NOVADISC are registered trade-
marks of Data General Corporation, Southboro, Mass.

ECLIPSE is a trademark of Data General Corporation,
Southboro, Mass.
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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 compuiers.

This manual consists of several sections. Section I introduces the theory of 1/0 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
I 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
describes analog-to-digital and digital-to-analog conversion 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/0
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 NOVA line 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 technical nature, may be found in the Interface Manual
(DGC 015-000031), which describes the technical operation of the I/0 bus and explains
how to interface a nonstandard peripheral to any of the DGC computers.
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OVERVIEW OF INPUT /OQUTPUT

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 others, 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, bul 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 dis¢
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 additfional 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/0) bus.
The central portion of the 10O 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 hali-duplex bus; i.e.,
only one operation can occur at any time. The
direction of all information transfers on the 1/0
bus is defined relative to the computer. "Oufput”
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 conirol 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 controller. This type of transfer
occurs when an appropriate 1,0 insiruction is
executed in the program. An information transier
under data channel control generally moves a block
{

The block of data is transferred auto-

iy via the data channel once the program,
sing 1,0 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
plotiers. 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. )

Datag 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 iransferred
under data channel conirol. 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.

word at a time. between the computer’s
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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 fransparent
to the programmer with the exception that the time
reguired 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 1/0 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 epcounters a situation requiring processor
intervention, it can reguest 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 fo the state it was in when the
interrupt occcurred.



For computer systems which require large amounts SUMMARY
of 1/0 to many devices, a multi-level priority

structure up to 16 levels deep can be established, The following sections of this Introduction to 1/0O

This structure can be set up to provide rapid ser- Programming cover, in detail, the concepts in-

vice to those devices which are crucial to the troduced above, The instructions needed to per-

efficient operation of the computer sysiem; the less form a direct program controlled transfer are

critical devices are serviced in as efficient a man- discussed in terms of their interaction with the

ner as possible. The priority interrupt structure, controller and the CPU. The mechanics of the —
like the rest of the program interrupt facility, is program interrupt facility together with methods

under direct control of the program. 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
1/0. Finally, examples are presented which
illustrate the procedures discussed in this Intro-
duction to 1/O Programming.
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1/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
1,0 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,/0 instructions
used for these purposes: additional 1/0 instructions
used for special processor funetions and options
are fully described in the Programmer's Reference
Manuals for the ECLIPSE™ and NOVA® line com-
puters.

The effects of specific 170 instructions necessarily
depend on the peripherals to which they are ad-
dressed. However, the general functions provided
by the 1/0 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/0 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. Conirol registers are loaded by the
program and are used to control the operation of
the device. 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 controller. The additional
structure required for a peripheral using the pro-
gram interrupt {acility 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/0 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 computer. This buffer is needed be-
cause the computer and the device usually operate
at different speeds. Since the operation of nearly
all peripherals involve the transfer of a word or
part of a word of data between the compuler and
the device, nearly all peripherals conirollers
contain a data buffer. In the case of peripherals
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 170 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.

Contro! 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 peripheral units in a subsystem, the operation
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/0 instruction wherein the desired parameters
are coded into the appropriate fields of the accu~
mulator used in the transfer.

Status Registers

Status registers are used to indicate to the pro-
gram the detfailed 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 controlier 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 thisg
cccurrence 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 regisier 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 contreller and they serve a dual purpose.
Together they denocte 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 {lag 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 depends
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 {o 1
of the Done flag is defined to »initiate a program
interrupt request’”. At this peint, 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
0.

Other Sfatus 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 10 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 then
perform any test it requires on the status word
after it is read.

&



Error F!agfi

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 1/0 instructions is
shown below.

{o P [ AC i 0P CODE Icomnm}
i i i
o't 2 2'a 5 & 7 8 9°

DEVICE CODE
0 1 o213

i

4
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Bits 0-2 are 011 and identify this as an I/
tion, bits 3-4 specify an accumulator, bit
contain the operation code, bits 8-9 specify a
control function or test condition, and bits 10-11
specify the code of the device.

O i

Device Code Field

Bits 10-15 in an 1I/O instruction select the periph-
eral that is fo respond to the instruction. The
instruction format thus allows for 64 device codes,
numbered 0-77g. In all computers, device code 0
is not assigned to any peripheral, and device code
77g 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 computfer, 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 /0 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:

Mnemonic| Control Function
(none) (omitted)

Start S

F field
00
01

Command

None

Start the periph-

eral by setting the
Busy flag to 1 and
the Done flag to 0.

Clear (idle) the
peripheral by set-
ting both the Busy
and Done flags to
0.

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

10 Clear

11 Pulse




In the IO 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

Busy flag is 1 (Non-zero)

01 BZ Busy flag is 0 {Zero)
10 DN Done flag is 1 {(Non-zero)
11 D7 Done flag is 0 (Zero)

Two important features of the I/0 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 1/0 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 any one
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-
tion. It is entirely possible and, in fact, quite
common for two different 1/0 instructions, one
input and one ocutput, to reference the same reg-
ister in a controller. However, this is not in any
way required by the nature of the 1,0 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 1/0
instructicns 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

called the " A output buffer”, the ' B output buffer,
and the " C output buffer”, Thus, for example, to
read data from a peripheral controlier's A input
buffer, a DATA IN A instruction, with mnemonic
DIA, is issued to that peripheral.

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

Operation Code

field Mnemonic insiruciion

000 NIO No Input or Qutput
but perform the flag
control function

specified,
Read Data Into the

compuler from the
A input buffer,

Write Data Out from
the computer to the A
output buffer. N

Read Data Into the
computer {rom the B
input buffer.

Write Data Out from
the computer to the
B output buffer.

Read Data Into the
computer from the
C input buffer,

Write Data Qut from
the computer to the
C output buffer,

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

001 DIA

010 DOA

011 DIB

100 DOB

101 DIC

110 DOC

111 SKP
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Accumulator Field

Bits 3 and 4 in an I/0 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 170 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.

o



INSTRUCTIONS

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

AC or ac accumulator

Forf flag control command
Tort flag test command
device 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.,
< {>) may be coded or not, depending on
whether the associated option is desired.

Indicates a specific substitution 18 re-
quired. Substitute the desired number,
letter or letters, or symbols 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 72" 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 descriptive 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 1/0O TRANSFER

NIO<f™> device
o 1 1] Ac [0 0 ol | DEVICE CODE

i i i i H i H i
o1 2z 24 5 6 7 8 9 10 i 12 i3 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 0.
However, these bits are ignored and may have any
value. The contents of all the accumulators are
unchanged.
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1/0 sKipP

SKP<t> device

fo « 1] ac v o 1] 1 | DEVCECODE |
o 1 2 3 4 &5 B8 7 8 9 0 1 12 13 145

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 0.
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

DIA</f> ac,device

ERE ; ac (o o 1| F g [DEVICE CODE |
. N i { i

C T 2 s 67 8 s 0 0 2 13 14 s

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 0,

DATA OUT A

DOA- f> ac,device

[o, 1 1] aclo 1 of F | DEVICECODE |
o 1 2 3 4 5 & 7 8 30 11 12 i3 4 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.



DATAIN B

DIB- { ac, device

to v 1| ac o 1 (] F DEVICE CODE |
o 2 34 5 & 7 8B 3 10 2 13 18 5
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 sel according {o 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 0,

DATA QUT B

DOB<{> ac,device

o 1 11 Aac 1o o] F [ pevcecoe |
o 2 34 s 7 8 90 1 2 13 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 mumber 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

DIC<f{> ac,device

(0,1, [ ac [v o 1] F | DpEVICE cobE |
0Tz 3 4 5 e & 5

7 R CO R R - I T 74
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 sef to 0,

DATA QUT C

DOC< > ac,device

AC |11«

DEVICE CODE
oo 2 i4

]

5

i3

@

5
b

The contents of the specified AC are placed in the
C output buffer of 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.

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 assembie as 060112¢

{0 110 000 001 001 010} and cause the reader to read
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 iransfer 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 o 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 freats only the control functions
and the applicable I/0 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 0.
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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 required. The program can
test the state of the Done flag repeatedly with
1/0 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.

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
facility. By manipulating these flags, the program
can cheoose 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 fransmitted to it
along the Interrupt Request Line. Setting ION to

0 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 /O instruction directed to
the CPU (device code 77g) sets ION to 1, a Clear
command in such an instruction sets ION to 0.

(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 1/0 instruction.
This instruction, MASK OUT (MSKOQO). sets up the
Interrupt Disable flags of all peripherals connected
to the program interrupt facility according to a
mask conlained 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 {o 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 0. ‘

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 0. 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 insiructions 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.

2. At least one peripheral is requesting an inter-
rupt. g

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

[F<Y

No peripheral is waiting for a data channel
transfer; that is, there are no outstanding data
channel reqguests. The-data channel has priority
over program interrupis,

When the processor finishes an instruction it takes
care of all data channel requests before it starts
an interrupti: 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@1 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 reguires service, and service the A
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 sc 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 line and ECLIPSE computers, the
interrupt handler can execute a polling routine.
This routine is merely a sequence of 1/O SKIP
instructions which test the states of the Done
flags of all peripherals in use.
od peripheral priorities are determined by the
order in which the tesis are performed. Note
that the polling technique disregards the state
of the Interrupt Disable flags. Peripherals

With this meth-

which are masked out will be recognized if their

Done flags are 1, even though these peripherals
could not have caused the interrupt.

On the NOVA line and ECLIPSE computers, the
interrupt handler can issue an INTERRUPT
ACKNOWLEDGE instruction (INTA). This in-
struction reads the device code of the first
peripheral on the 1/0 bus that is requesting an
interrupt, into a specified accumulator. Note
that with this method the Inferrupt Disable flags
are significant. Peripherals which are masked
out cannot request an interrupt and, therefore,
cannot respond to the INTERRUPT ACKNOWL -
EDGE instruction.

On the ECLIPSE computer, the interrupt han-
dler can issue a2 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 describeda later in a section of its own.

o

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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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 nrogram.

St

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

a2

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

S

Jump back to the interrupted program.
(Usually a JMP @0 instruction is given.)

The instruction that enables interrupts (usually
INTEN) sets the Interrupt On flag to 1, but the
processor does not allow the state of the ION flag
to change 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 inter-
rupted 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 inter-
rupt facility use special device code T7g
{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).

SKIP IF INTERRUPTS DISABLED

SKPBZ CPU
0 éégA'Ci%‘ikiiO‘iifllA!S'i '
c t 2z 3 4 5 &' 7 8 9 10 i 12 13 14 i5

Skip the next sequential instruction if the Interrupt
On flag is 0.

INTERRUPT ENABLE MASK OUT

INTEN MSKO ac

NIOS CPU DOB<T$£> §=c,CPU

o 1 1]acfoooolo 1]t 1ttt 1] o, v JacTioo] F T v 1 1
ot 2z 3 4 5 & 7 8 90 U 2 I3 & 5 o1 2 34 5 6 7 & 9 0 11 12 i3 4 i5

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

o z{Acioooizoires o
] 1 4 i i H 1 £
o't 2 374 5 &'7 8 910 i1 2 13 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 [F INTERRUPTS ENABLED

SKPBN CPU

B"x’i AC ];‘: s]o!o{; oo
01 2 3'4 5 67 8 °o'i0 1 1213 14 15

Skip the next sequential instruction if the Interrupt
On flag is 1.

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 periph-
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<f{> ac,CPU
N i
P2

£ lini!i o

iACgOli !l }
3
9710 1 12 i3 14 15

3 5 &' 7

T

P g

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 0. 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
0. The assembler recognizes the instruction
INTA ac as equivalent to DIB  ac, CPU.




i/0O RESET

IORST

DIC<{>» ac,CPU

jo v [ A i o F 0
52 24 5 &'7 8 5 0 iz 4 5

Reset all peripherals connected to the 170 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
UINTEN INTERRUPT ENABLE NIOS CPU 060177
INTDS INTERRUPT DISABLE NIOC CPU 060277
I MSKO  ac| MASK OUT DOB ac.CPU| 062077
[ INTA ac | INTERRUPT ACKNOWLEDGE | DIB ac.CPU | 061477
(IOBST | 1O RESET DICC “0.CPU | 062877

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

MSKO 2
or
DOB 2,CPU
3

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 0. To set the flag to 1 while
resetting the peripherals give

DICS 0,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 reguest 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 1/0 SKIP instructions are given or,
if the INTERRUPT ACKNOWLEDGE or VECTOR
instruction is used, by the order of peripherals
along the I/0 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 imple-
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
microseconds, 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. BSave the state of the processor, that is, the
contents of the accumulators, the carry bit,
location 0, and the current priority mask.

2. 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 loeation
reserved for the ecurrent 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 oceur 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 interrupts.

10. Transfer control to the return address which
was saved from location 0.

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 computer incorporates an instruc-
tion which greatly reduces the burden of program-
ming a priority interrupt system. Since this
instruction is available only on the ECLIPSE com-
puter, it is described separately below. In effect,
the VECTOR instruction (VCT} can be used to per-
form the first five tasks listed above for the multi-
level priority interrupt handler,

VECTOR ON INTERRUPTING DEVICE CODE

VCT <@ >displacement

(O 7 10 0 0 b
01 2 3 4 5 87 8 9 0 1 12 3 I4 15
1@}  DISPLACEMENT | ;
L : : - . H | i i i
o 2 3 4 5 § 7 8 9 0 {1 12 13 14 1i5

This instruction provides a fast and efficient
method for transferring control from the main
1/0 interrupt handler to the correct interrupt ser-
vice routine for the inferrupting device., Bit 0 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 0 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
eniry 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 bif is 1,
a new stack is created by placing the contentis of
nemory location 8 in the stack limif, and the con-
tents of memory location 7 in the stack fault. The
previous contents of memory locations 40g-43g
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 0 followed by the address of the
device handler routine for the inferrupting 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 ina DCT
may contain information that is to be used by the
device interrupt handler.

1

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

Fellowing this procedure, the address of the DCT
is placed in bits 1-15 of AC2 and bit 0 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 any one 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. 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
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the interrupt system. These modes differ in the
amount of time and work that they devote to saving
the state of the machine.

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 problem
programs. 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 very 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 VECTOR instruction will save the stack
environment of the user so that it may be restored
before control is returned to the user.

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 B and C of the VECTOR instruc-
tion can be used.

The difference between modes D and E is the same
as the difference between modes B and C: modes
B and 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.
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DATA CHANNEL FACILITY

INTRODUCTION

Peripherals which need to transfer large blocks of
data quickly generally accomplish their data {rans-
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 computers
all provide a single speed for data channel opera-
tion. 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 per-
formed by the data channel in some computers.
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,

“trollers which use it.
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if the operation increased the contents of the mem-
ory 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-
ory 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 1,0 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-
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 NV 777
-2 177776 7776
-8 177770 7770
-100 177634 7634
-2047 174001 4001
-2048 174000 4000
-2049 173771 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.

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 cycle 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.

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 computers can break into program execu-
tion at certain other points in most instructions
(I/O instructions are included in those that cannot
be broken into.)
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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 inferrupt 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 rest.

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. 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
speed. )
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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.

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.

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

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

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 "access time’ .

When the program interrupt facility is not used,
access time has two components which can be cal-
culated from the 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.

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 dinﬁmshed 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, the
access time has at least four components:

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

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

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

The time required by the service routine to
transfer data to/from the peripheral and set
the Done flag to 0.

The access time 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).

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.)

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 computers, this is
usually a few microseconds {unless long indirect
address chains are used in several processors);
on the ECLIPSE computer it can be considerably
longer due to the presence of the WCS feature
which allows the programmer to code long instruc-
tions which do not allow program interrupts to
occur during their execution.



The second component is also machine dependent;
in general it is approximately three times as long
as a memory reference. The third, fourth, sixth
and seventh components are determined by soft-
ware and account for the bulk of the access time.
The fifth component is determined by the nature
and the number of the data channel devices operat-
ing in the system,

Access time is important because a peripheral
that must wait too long for program service from
the CPU may suffer from degraded performance.
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 periph-
eral and sets the Done flag to 0 is called the
"maximum access time" of the peripheral, When
the actual access time for a peripheral exceeds
the maximum access time, the specific effects
depend on the device in guestion. In the worst
case, data may be incorrectly read or written.
The maximum allowable access times for each
peripheral can be found under Timing in the sec-
tion devoted to that peripheral. :

A peripheral service routine must usually perform
certain computations (updating pointers to buffers,
byte counters, ete.), but rarely are these compu-
tations so complex that they cannot be accomplished
within the constraints of the maximum allowable
access time. However, if several peripherals are
competing for service at the same time, it may be
necessary to jeopardize the performance of some
of them be deferring their requests for program
service until the CPU has serviced the higher
priority requests., For this reason, all DGC
computers incorporate the priority interrupt facil-
ity 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 access time for each
peripheral,

2. the result of exceeding the maximum allowable
access time 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 wailing 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 CPL. 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-
um. 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 coniroller must be able to read a word
from memory before the surface is poesitioned
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 wail 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. The 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 ir
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 computers.

In addition, there is an upper limit on the number
of data channel transfers second that a computer
can support. In cases where this limit is ex-
ceeded, the only solution is to reduce the number
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.
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PROGRAMMING EXAMPLES

INTRODUCTION

The four programs in this section illustrate vari-
ous techniques of 1/0 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/autc restart
programming. The programs are complete; if
desired, each one can be assembled and run on any
DGC computer system with the necessary periph-
erals.

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. 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.

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,
utilizes the VECTOR instruction and stack facili-
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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 compared.

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 1/0, at

the completion of which the calculations are re-
sumed exactly where they were left off,

The operation of the programs is functionally
identical with respect to Teletype and punch I/0.
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
IORST instruction.} The status of the Teletype
keyboard (device TTI) 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 IOSR) and the character is read in (READC),
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

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 1/0. 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.
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EXAMPLE TWO (READC), if a line is being punched
{PCCNT ~0), the character is ignored and the

Example Two performs the same input output interrupt is dismissed immediately, In Exam-
operations that Example One does, but with ifs ple Three, use of a priority interrupt scheme
use of the interrupt facility it functions much eliminates this problem, so that characters
more efficiently. Two major benefits of the inter- can be accepled from the Teletype during

rupt are illustrated: punching.

1. The program ne“fi not check the TTI status A polling rouiine is used in Example Two to deter-
while it is performing ils calculations--the mine which peripheral caused the interrupt. The
ca‘;{fv’a’ ions are interrupted automatically 1°0 SKIP instructions (beginning at IHAND) are

i there is 1O to be done. This eliminates ()rﬁlerﬂ{i g0 that the higher-priority devices are

d in Example One; n{”z yeated first. Although the order is not
ieal for such slow devices as are used here

ig eenerally good practice to check the hwm“-v
pr;or*r peripherals first.

» slugegishness encounte
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 ; unch) 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 d}(m calculations being per-
formed while the punch is running. Note,
however. that while the punching is being done.,
TTI interrupts must be ignored. Otherwise,

a carriage return given while punching was
¢oing 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

Three other things should be noted. The first in-
struction (at START) is now DICS 0,CPU. This
resets all peripherals as does an IORST, but i
also enables, rather than disables, the interrupt
facility. Secondly, T@ieu“pe output (TTO) inter-
rupts are unconditionally ignored by m werely clear-
ing the Done flag and remrz mﬁ. Thirdly, for
computers with the power monitor and auto-restart
feature, a power fail service 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.

EXAMPLE TWO

.Loc 92
Q PP0 GTORED HERE OM TNTFRRUET
THAMD FINTEFREUFT HANDLER ADDRESS

BUFF-1 SAUTO-TNORFMENTING LODATION USET AR
POTNDEY TMTO CHARACTER RUFFER

Lo 400
B CHMATNT FROGRAM
STaRT:  NDICs  0.CFRU SIORST ANTL THTEHN
Catts Al 051 SETMULATE USFFUL COMPUTATION

LR 1.7

TN D3

NEG EXRe

&7 Lo

AME Al

JHE CAaLc NG ONFED TO OHECE HERE FOR TTI NONE
Lacs 2
H INTFRREUFT HawDl ER
THaMD:  SRPDZ OFU SROLL DEVICES TO !UFQTF SOURTCE OF TNTERRUFT

AME FFLEGE TROMER FATL TNTEREUPT
SKPTZ PTE
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EXAMPLE TWO (Continued)

-

FRLSR:

SAVEQ:
SAVEL:
SAVEZ2:
SAVEZ:
SAaveEC:

TTISR:

READCE

STORE:

Trips:

SPAPER TAFEF FUNCH TNTEFRRUFPT
STELETYFE TNFUT THNTEFRRUFT
FSFURTOUS TNTERRURT

FTELETYRE QUTRLT, TGHNORE INTERRUET

FENARLE TNTERRURTS
SRETURN TO INTERRUPTEDR FROGRAM

FAIL SERVICE ROUTINE

JMF FTFSR
SRFDZ TTI

JHF TTISR
SEFDN TTO
HALT

NIGC T7O
TNTEN

AMF 1]
FOWER

STéh 0 SAVED
SThA 1+ 5AVEL
STé 2ySAVED
8ThA 22 SAVEFZ
MOVL 0.0

5TA Qs SAVET
HaLT

Q

Q

Q

Q

0

TELETYFE

STA O SAVED
STa 32SAVED
MOWL 0.0

STA Oy SAVED
nIac 0,777

L DA EL0177
ANT 2.0

LA E.PCOONT
MOUE  Z.32.857R
JME TTID%
STa QrE20
SKFRZ TTO

AMF .1
noas 4.7170G
LIa . OR
SURE 3509 SN
JMF CRET
neey CHOHT
dME TTIDG
Moy

A

Lo

ST4A

SRFRY

SHE

DOAs

LD

Lo

GUE

LT
MR

O SAVEC

G i)

FREOWER FATLURE, S&VE ACCUMUL ATORS AND CARRY

SWATT FOR POWER TO GO DOWN

FACCHMUL ATOR SAVE L OCATTONS

FCARRY SAUE LOCATTION

INFUT SERVICE ROUTINE

FEAVE ACCUMULATORS THAT WILL RE USED

FSAUE CARRY

FREAD THE CHARACTER aNDl O EAR DONE
SNROE FARITY RIT

FIG PREUTOUS LTME BETNG FUNCHEDD

FTF YES. THEN TGMORE THIS CHARACTER
FSTORE CHARACTER IN RUFF

FTTO READY?

FNOy TRY AGATHN

FYESy ECHO CHaARADTER

FIS CHARADTER & CARRIAGE RETURNT

PYES GO FROCEZS TT

FMOy DECREMENT CHONT TO0 CHECK FOR LINE OUERFL O

FHNOOOUERFLOW. GO DYSMISE TNTERRIET
SLINE T8 FULL, L0AD & CR AND
§OUMP RADK TO TNSERT IT ITNTO RUFE
FALD LINE FEET TO0 RUFF

FWATT LUNTIL 770 READY

IVE LIME FEED
ALCUL ATE NUMBEFR OF CHARACTERS

’
¥

G
C

Fipd
FROIND
auyT g

SSAUE NULL AR CURRENT DHARACTER

FTTT TMTERE
FRESTORE L9




EXAMPLE TWO (Continued)

.

Loa T SAVED

L LA 3 SAVETR

IHTEN FEMARLE TNTFRRUFPTE

JME @90 FRETURN TO INTERRUPTED FROGRAM

Ci77: 177 ;
R 1%
LFz 17 ;

MAGK FOR DELETIMG FARITY RIT
CARRIABE RETURYM
LIMNE FFED

ETE TR T

aBUFF:  BUFF-1 & ; P ~ 1
MAax s 110 iAx I 0 N ACTERE IMPUT FPER L TNE
CHONT: 110 {COUNTS DOWM FROM MaX)

FCONT: 0O sEUMCH CHARACTER COUNTER

FRONT: 10 FRUNCH REFEAT COUNTER

MRFTZ 10 . FNLUMRER OF TIMFS TO PUNDH FACH CHARADTER
CCHaRT 0 FCURRENT CHARACTER SAVE LODATION

H FAPER TAPE FUNOH SFRVICE ROUTINE

PTRSR: 876 G BAVED FEAVE ACDDUMUML ATORS THAT WILL RE USED
STA I 5AVET FOCARRKY WILL MOT BE CHANGEM

GOHARD LI D9 COHAR FGET CURRENT CHARACTER
nsy FRONT FOFCHREMENT FUNCH REPEAT DOUNTEER
AME SAMEC SO PUNDCH SaMF CHARACTER AGATH
CaMRFT FREINITIALIFE PUNCH REPEAT COUNTER
{CHT

FOECREMENT FUNCH CHARADTER COUNTER
FLO PLIMOH MEW CHARATTER
FALL DONE, COLEAR PLUNOH
Qe Max FREINTITIALIZE CHARADTER RUFFER:
Ty CHONT POINITIALIZE CHARACTER COUNTER

Os ARLUFF POINITIALIZE CHARACTER BUFFER THDEY
Q920

FTRIE FO0O [TEMTS
QB20 FOET MNEW
O COHAR FURPDATE CL CTFR
Qs FTF SOUTERUT OHaRaDTER TO PLNOH

NEWL:

SaMEC:

AVED FETE OTHTERRUPT DISMTS
AVER FRESTORE ADCLMUL ATORS
IMTEN SENARLE INTERRUFPTE

JME 3] FRETURN TO INTERRUFTED PROGRAM a

Al

FTRDS: L& Qs
3

BUFF: ELR 112 FOHARADTER RUFFER - ALLOW FOR 2?2 CHARS + 0OR + L F

END START
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EXAMPLE THREE

Example Three creates a full priority interrupt
structure and provides even more efficient I/0
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/0 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
paper tape punch
Teletype input
Teletype output

The paper tape reader is given highest priority
because it has the shortest allowable access time.
In order to keep the reader operating at maximum
speed, response to its interrupt requests 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.
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The paper tape punch and Teletype keyboard (TTI)
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 oufput 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 interrupt will occur if power
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 interrupted 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 (INTA) to identify the
source of an interrupt. The device code read by
the INTA instruction is used as an index into a
84-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 (SIH).

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 AC0O. 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 SAVEOQ and SAVES3 to the protected area
special to each peripheral service routine {TSAVOD
and TSAV3 for Teletype-input service, for exam-
ple). (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 placing a JUMP instruction in location 0.
When auto-restart occurs, the computer auto-
matically simulates a JMP 0 instruction {note: not
a JMP @0 insiruction). 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 0.

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 interrupted program. The periph-
eral is cleared by executing an NIOC instruction
with the device code read by the INTA 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 other interrupt is allowed to occur.
Consequently, these routines need not manipulate
the priority mask nor safeguard the return address
stored in location 0.

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, interrupts
are enabled, and control is returned to the inter-
rupted program.



EXAMPLE THREE

L0 o
0 SR STORED HERE ON INTERRUFRT
IHAND FINTERRUFT HAMDUER ANDRESS
CHASK: O SCURRENT MAGK SAVE LOCATION
RETA: RSTRT FAUTO-RESTART ADDRFSE
SAVEDT O FOAVE AREA FOR MATN TINTERRUFT HANDLER AND
SaVELD 0 iOFOWER FATL SERVICE ROUTINE
SAVEZ: O
SAVEZ:D O
SAVEC: 0 FPD aND CARRY SAVE LOCATION
FACTY: 0 FPUNCH aCTIVE FLAR
RACTV: 0 FRFADFR ACTIVE FLAG
[ 1=190 RV E Y] FHAG TAPE ACTIVE FLAG
.Lac 20 FAUTO-TMOREMENTING L OCATTIONS
EUFF-1 FFTRST THDEY INTOD FIRST CHaARADTEFR RUFFER
BUFF-1 FEFCOND THMDEX THMTO FTIRET CHARADTER RUFFER
RUFF2-1 FINDEX INTO SECOMD CHARACTER RUFFER
LLac 400
H THMAINTY PROGRAM
START:  ITORST SCLEAR T/0 DEVICES
L & Qs RUIMD FREWIND MaG TaRE
DOAS  O0.MTA
SURZL Q.0 FSET ACO TO 1
LORS  GLCFRU FMHASE QUT TTO (RIT 150 ANDC TURM ON THMTFRRUFTS
STA O CMASK FEAVE CURRFNT MASK
caLc: 4l PER FETMULATE USEFUL COMPUTATION
SUER 1.2
INC 2232
MNEG EERY
582 L.OC
JMF caL
JMF caLt
Lacs Q
RWIMO: 10 FREWIND DOMMAMD (SELECTS DRIVE O)
H IMTERRUFT HANDLER

IHaND:  STaA O SAVED FSAVE A0 AND ACE FOR USE WITH THTA
aTa 2,8AVEZ
SKFDZ CFU FOHECK FOR POWER FATL TNTERRUPT
SME FELER
LI ZeATDTR SGET ADNDREFSS OF TNTERBUFRT DNISFATOH TaRLE

INTa 0O sREAD DEVICE COnlE

Al 93 FROINT TO DORRFOT TARLE ENTRY

JME GO, 2 FUTSHFATOH TO0 PERIFHFRAL SERUTOE ROUTINF
AIDTR: TDOTAR FADDRESS OF INTERRURT NISPATOH TaARLE

FOWER FATLZ7AUTO-RESTART SFRUTCE ROUTTIME

.n

FELSR:D ST4 1 SaVEL FEAVE REHMATHING ACTUMUL ATORE
STé ZeSaVETD
Ly 0.0 FOET SAVED FCOFROM L ODATION O
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EXAMPLE THREE (Continued)

AU

RETORS

AMTAR:

e

SIH:

.y

TTISR:

READC:

MOVL
STA
LD
SThA
SKEFRZ
JpE
HE

JnE

L
MOVE
MIOS
Lha
ROVE
MICOS
Lha
MOVE
A5k

LA
nORC
LG
MOUTR
SThA
LA
LA
LA
L oA
INTEH
AME

HTaak

Ga

G SAVELD
Oy JUMF
(e}

Ry

=1
RSTOR

GRETAD

D FAaLTY
D BYR
FTF
GaRATTY
IERVER-VaN
FTR

D2 MACTY
ERIERSVA N
Gamiak

D« CHATE
RN T
Gy SAVELD
e

G

G SRVED
1 SaVEL
2y 8RVED
Ze SAVEE

#0

FAPFEND CARRY AT LOW END

FSAVE PO OAND CARRY

FEET UR RESTART THSTRUCTION TH LOCATION O
FLOOF HERE WaITING FOR FPOWUER TO GO DOWH
FIF IT COMES RACK UF GO aHEAD AND RFETORF

SIHSTRUCTION FOR JUMPING TO RESTART C0ODE

PHAT FTR ACTIVET

$IF YES. RFETART IT

WAL FPTR ACTIVE?Y

IR OYEE, RERTART IT

TWAE MTA ACTIUED

FIF YEFS, GO RESTART IT
FRESTORE CURRENT MASK

FMERO ANDU THTHS

SRESTORE CaRRY AMD ZAUED PO

FEET UP RETURN ahhRrbos
SRESTORE aACCUMUL ATORE

FEMNARLE THTERRUFTE
FRESTART FROGRAM

FADDRE

OF ROUTINE TO RESTART MAG TAPE

ROUTINE TO HANDUE SFURTOUSE TNTERRURTES

LD
Al
STA

O

Lo
LA
IHMTEN
AMF

MIOC

TELETYRE INFUY

LA
5TA
LI
STa
Lha
STa
Lig
L LA
[A1E
T4
MOUL
ST

nIisc
Loy
AN

Or SAVED
ZSAVES

oo

0

Q2 SAVED
Ty TEAVO
D SAVE S

G TRaUR
2s0

D THAGE
Qe CF U
Os CHASK
3.3

33 THAVE

LERE
20177
Zs0

FCLEAR UEVICE THAT CAUSET THE TMTERRUFT:

FFORM AN MIOD IMSTRUCTION WITH APPROFRTATE DEYVICE
FETORE THE TIMSTRUDTION :

SEXECUTE THE THNSTRUCTION

FRESTORE ACCUMUIL ATORS

FENARLE INTERRUFTS
FRETURN TO INTERRUFTED PROGRAM

FUSED TO CREATE AN NIOD (BFUTCE: THETRUCTION

SERVICE ROUTTINE

FSAVE ADD AND ADE TN TTT SAVE AREA

FEAVE CURREMT HASK

INTO ACZ3

i NT MAaSk SalE LOCATION
i T TOOo L oW ENDD OF RETURHN
FOAVE RETURN ADDRFSR AND CARRY

£ THE CHARACTER aAND OLEFaR DONE
FRROF FARITY RIT
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EXAMPLE THREE (Continued)

o
3
-
o
o
™
-

CRET:

Trips

I’

TS5AVO:
TSAVA:
TSAVC:
TSAUM:

THASK:

C177:
CR:
LF:
CNTLR:
RELL :

ARBUFF &
MAX:
CHONT :

FOONT:
FROMNT:
NRFT:

CCHAaR:

STA
LIA
SURS
Lha
SKEFEZ
JMF
naas
Ll
SURS
JMF
nsz
JmE
Moy
S
LA
STh
SKFRZ
JMF
noaas
LA
MOoVE
JHMF
Lla
LIa
SUR
STaA
LIiA
STha
STA
STa
SUR
INTIS
nOAas
182
INTEN
8TA

LIa
MOVZR
STa
LA
Lha
NORC
ST#
LIta
INTEN
JMP

COCOo O

ol

177

e
ot

e

22

BUFF-1
110
110

G B20
ZSONTLR
EERCER- 1
e BELL,
TYO

.1

Oy 1T
250K
KERSERN N
CRET
CHONT
Trins
350
STORE
Oy lF
G020
TY0

.1

G TTO
GaFPCONT
0s0987R
.2
Qs20

2y ARUFF
350

Dy FOCNT
Qs MAX
Oy CHONT
2420
921

[V FXY]

OsFTF
FAaCTY

Qs COCHAR

Qs THAYD
[e2R4]

Oy THAVD
2aTSAYE
Qs TEAUM
0yCFU
Oy CMASK
Qs TSAVO

BTSAVC

FSTORE CHARACTER TN HUFF
FCHECKE FOR CONTROL R

FECHO CONTROL R RBY RIMGING RELL
FTTO READYY

PNy TRY AGAIHN

SYES, EOHDO CHARACTER

FIS CHARACTER A CARRIAGE RETURNT

FYES, G0 FROCESS TT

INCe DECREMENT CHOMT 70O CHECK FOR L INE OUERFL OW
PMO QUERFLOW, GO DNISMISE THTERRUPT

SLINE TS FULL . LOaDll & OR AN

§oOUUME BACK TO INSFRT IT TNTO RUFF

FADn LINE FEED TO RBUFF

SWATT UNTIL TTO READY

SGIVE LINF FEED
FWALT IF FUNCHING OF FREVIQUS L INE TS NOT DONF

FCAL CULATE NUMRER OF CHARACTEFRS TN RUFF

SINITTALIZE FUNCH CHARACTER COUNTER

SREINITIALIZE CHARACTER RUFFER:

INTTIALIZF CHARACTER COUNTER

INTTIALIFE CHARADTER BUFFFR FOINTFRS TN
AUTO-TINCREMENTTING LOCATIONE 20 AND 21

FEIRST PUT OUT 8 FRAMES 0OF RLANK LEFADNFR

FMARE SURE THAT PUNCH STARTED aAND FLAG SET TOGETHER
FOUTPUT MULL CHARACTER

FSET FUNMOH ARTIVE FLAG

» aw as caw

FAAVE NULL AS CLURRENT CHARACTER

STTT INTERRURT DIsMIcsal
FRESGTORE CARRY AND SFT UP RFTURN ANDRESS

FRESTORE ACZ

FGET PREVIOUS MASK

FMSKO AND THNTRS

SRESTORE MASK S&VE LACATTON
FRESTORE ACO

FENARLE TNTERRUFPTS

FRETURN TO INTERRUFTED FROGRAM

STTT SAVE aRFA: ACO

FACE

FRETURN ADNDREESE ANl CARRY
FOURRENT MASK

FMASKS QUT TTT AND TTO

FMASK FOR DELETING PARTTY RIT
FCARRTAGE RETURN

FLINE FEFD

SCONTROL R

STELETYFE RFLL

FANNRESS OF CHARACTER RUFFER -~
FHAXIMUM OF 77 CHARACTERES TNFUT FER LINE
FCHARACTER COUNTER (COUNTS DOWN FROM MAXD

FPUNCH CHARACTER COLNTER

FEUNCH REFFAT COUNTER

FNUMRER OF TIMES TO FUNCH EACH CHARACTER
FCURRENT CHARACTER SAVE L QCATTON
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EXAMPLE THREE (Caontinued)

-
’

FIFSR

GUHAR

CONTF

FTRIR

BTROS

H

FAPER TAPE PUNCH SERVICE ROUTINFE

LA 0:8aVED FEAVE ACO aAND ACZ IN FTFR SAUF ARFA
STa O FEAVD

Lha 0:5AVF3

STA O FRAVIE

LDA Oy DHAGK FEAVE CUHRRENT HASKE

STA 0 FEAVK

SUE 20 FOLEAR FUNCH ACTIVE FLAG

STa 2y PACTY

LA 20 sLOAD RETURM ANDRFSE INTO ACZ

LA Oy FHASK FGET NEW MASK

BOgRs  O,CPU THMSKO AND THTEN

S5TA 02 CHAGK FURDATE CURRENT MASK SAVE

MOVL 2.3 FAPREND CARRY TO 10O EMDI OF RFTURN ADDRESS

STa s FSAVC FHAVE RETURM ADDRFES AMD CARRY

La 05 COHAR FGET CURRENT CHARACTER
LA ISONTLR sIS IT CONTROL R7
SUR 0+ 3y BNE S {ACE REFCOMES 0 TF CHARADTER TS COMTROL RO

SHF FTRIE FYES, INPUT FROM READER

naz PROMT PO, DECREMENT FUNCH RFPEAT COUNTER

JrE SAMEC FG0 PUNCH SaME CHARACTER aAGATHM

LA e MREFT FREIMNITIALIZE FUNCH REPEAT COUNTEER

STA Qs FRONT

nsz FOONT FRNECREMENT FUMOH CHARACTER COUNTER

JMF NEWT FLO PUMOH NEW CHARACTER

HIQC  FPTPR sAll DOME, CLEAR FPUMCH

JHF FTFLS SO0 NISHISS THNTFRRUPT

L& Q221 FOGET NEW CHaRACTER

STA O« COHAR FURPDATE CURRFNT CHARADTEFR SAUE

INTRE FHAKE SURE FUMCH STARTED anNll FLAR SFT TOGETHER
HOas  O-PTFR FOUTFUT CHARADTER T0O FUNCH

182 FaCTY FEET FUNCH ACTIVE FLAG

INTEN

JME FTFIS FG0 DITSMIEE THTERRLFT

182 REONT FIMOREMENT READFR RLOCK COLUNTER

Lha e RROMYT 318 THIS THE FIRST PTR RFOUEST?

ARCE  2s0.57F FISKIF IF ARG = 1)

JMF CONTE FHO. CONTIMUF PUNOCHING WITH MFXT CHARADTER
IMTRS FMAKE SURE READER STARTED AND FLAGR BFT TOGRETHEER
MIOS FPTR FETART RFADER

T&ez RACTY FEET READFR ACTIVE FLAG

THTEM

Lha Os ARUF? SIMNITTIAL IZE SFCONT CHARATTER RUFFFR

STaA Os27 FUSE AUTO-TNORFMENT LODATION P2 A5 TNIFX
JpE CONTFE FOOMTIMUE PUNMCHING WITH HMEXT CHARACTER

LA O FEAVE FETE IMTEREURT DTISMIGSAL

MOUZR 0.0 FREGTORE CARRY AMD SET UF RETURN ADNDNREERS
STa Oy PEAVE
L& s FEAVE
LD e FaAUM
DORC 0.0FU

FREVIGUE MARK
AMD THMTRES

STA TORE PREUTOHE MASK SAUE

LIé H TORE AlD

INTEN SEMARLE THTFRREUPTE

S GFoAVl FRETURM TO ITMTFRRUFTED FROGRAM

O FPTE SAVE aRFAD ACO

9 FACE

0 FRETURM ADDRESS aMh CaARRY

0 FCURRENT MASHE

7 SMAGKS OUT FTP. TTI. AND TTO

0 FHUMBER OF RLOCKS LEFFT 1O READ FROM PTR
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EXAMPLE THREE (Continued)

ABUF2:  BUFF2-1 FAONRESS OF SEFCOND CHARACTER RUFFFR -

wy

FAFER TarE READFR SERVICE ROUTTINE

FTRSR:T  STA 1y RBAVY FSAVE ONF MORE ACCUMLILATOR AND CARRY
MOUL 0,0 FEINCE PTR HAS HIGHEST FRIOGRITY. | FAVF TMTERRUFETS
STA Qs REAVE POOFFs AND DONTT ROTHER WITH RETURMN ANNRESE 0OF MAGK

Liac ; ANT CLEAR 10

LA : T FRAME RE

STA ; 13

HOUS PIS NEW FRAME = 07

M PYES

STA PNOs SAUE TT IN RUFFD
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EXAMPLE THREE (Continued)
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EXAMPLE THREE (Continued)
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EXAMPLE THREE (Continued)
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EXAMPLE FOUR

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 computer. Stack
context is changed from the (possible) user stack
to a "systems” stack when a base level interrupt
occurs. Other nested interrupts do not require a

EXAMPLE FOUR FOROUSE WITH

LGt O

REGERVED STORAGE

r

LOCATIONG — LANNOT

stack context change as the active stack is the
systems stack.

Interrupt dismissal involves refurning 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,
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EXAMPLE FOUR (Ceontinued)

SIMULATE USEFUL COMPUTATION
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EXAMPLE FOUR (Continued)
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EXAMPLE FOUR (Ceontinued)
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EXAMPLE FOUR (Continued)
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EXAMPLE FOUR (Continued)
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EXAMPLE FOUR (Continued)
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EXAMPLE FOUR (Continued)
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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 share
this line; thus only one of the two halves of the
terminal can be operating at any one time. This
use of a single line channel is termed '*half-duplex
operation’ .

When a terminal operates in full-duplex, the com-
puter must "echo' the information received from
the keyboard if it wants that information to be
shown on the display or printer. However, when
operating in half-duplex, the keyboard transmits
the information to both the computer and the dis-
play or printer.

-1 0f 16
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TELETYPES

MNEMONIC (FIRST CONTROLLER)

INPUT oot TTI

OUTPUT .+« oo, TTO
DEVICE CODE (FIRST CONTROLLER)

INPUT -+« v eeee e e 10g

OUTPUT -+« e e e, 11g
MNEMONIC (SECOND CONTROLLER)

INPUT « o oeoeeeee e TTI

OUTPUT -+ e e e, TTO1
DEVICE CODE (SECOND CONTROLLER)

INPUT « v oot ettt e, 50g

OUTPUT « e e oo 51g
PRIORITY MASK BIT

INPUT « + e e e e e 14

OUTPUT -+ e e e oo 15
CHARACTERS/LINE . .'oovneeeennnnn.. 72
LINES/INCH ...ttt it i i e . 8
DATA TRANSFER RATE

MAX (CHARACTERS/SEC)

33AND 35 oo 10

S 15

SUMMARY

ACCUMULATOR FORMATS

CHARACTER OR COMMAND E
.

! 273 4 15

9 ICc U

S, C AND P FUNCTIONS

S Set Busy to 1, Done to 0 and either load
the Input Buffer or write a character.
C Set both Busy and Done to 0 and ter-

minate all data transfers. If issued
before transmission is complete, partial
character codes are received.

P No effect.

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.

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
in the Operator' s Reference Manual (015-000034).




INSTRUCTIONS READ CHARACTER BUFFER

The following instructions and timing information DIA<{f> ac,TTI

are for the terminal when it is used in conjunction T

with a 4010 controller. {g P i AC iiO o 1 { F Io 01000
Giz 2 Siass 78 8 0 IR 13 4 05

The controller contains an 8-bit Input Buffer and

an independent 8-bit Qutput Buffer. The contents of the Input Buffer are placed in bits

8-15 of the specified AC. Bits 0-7 of the speci-

The controller's Busy and Done flags are con- fied AC are set to 0. After the data transfer, the

trolled using two of the device flag commands controller’'s Input Busy and Done flags are set ac-

as follows: cording to the function specified by F. The format

of the specified AC is as follows:

=8 Sets Busy to 1, Done to 0 and either
reads a character into the Input Buffer

or transfers the character in the Qut- 91 213 14 15
put Buffer to the printer or the punch.
i Bits Name Contents
f=C  Sets Busy and Done to 0, thus stopping
all data transfer operations. A Clear 0-7 - Reserved for future use.
command issued during a transfer will 8 Parity Parity bit selected at the
result in the partial reception of the terminal; even, odd or
code being transferred. none. ’
f=P  No effect. 9-15 | Character | The 7-bit character or
command read from the
Since the terminal is actually two devices, both a Input Buffer.
Busy and Done flag are available for input opera-
tions and a separate set of Busy and Done flags
are available for output operations. LOAD CHARACTER BUFFER
DOA<f> ac,TTO
o 1 1l acjoo 1] F loo1 oo
G T 2 374 5 677 8 s o 2 E o @s

Bits 9-15 of the specified AC are loaded into the
controller's Qutput 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:

CHARACTER OR COMMAND

¥

i i
3 10 11 12 i3 14 15

Bits Name Contents
0-7 ——— Reserved for future use.
8 Parity Even, odd or no parity for

the T-bit code.

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




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. Siriking 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.

Qutput

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

0 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 contrel (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 inpuf 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

I1-5

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 printer 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,

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.

CONSIDERATIONS
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.

Qutput

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



Hali-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.

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 kevboard, the teletvpe 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

READ f CHARACTER FROM EEYHROARD

-

SEFIN 771 FOHARACTER BUFFER LOADED YET®
LHE ol ERS L
LnIac 12771 sREAT CHARACTER ANl OLEFAR THE DONF FLAR

EXAMPLE 2

POREAD A CHARACDTER FROM PARER TAFE READDE

MIOS 77T

SREDN TTI LoalEn yeET?

JMF -1 iNG

DIAC 1771 TREAD FRAME AND CLEAR THE NONE FLAG
EXAMPLE 3

F0OFRINT AND/ZOR FUNCH & CHARACTER

SEFPRY TTo SPRINTER FREF™

dME .1 sl TRY AGATH

noas 1770 FPRINT CHaRAUTER

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

; SUBROUTINE TO READ AND ECHO TELETYPE CHARACTERS, TNTFRRUPTS DISARIED

TIYRD:  SKFIN 771 FHAS CHARACTER RBEEN TYRER?
Biuiy -1 POy THEMN WAIT
niac 0TI SYES, THEM READ CHARACTER AND CLEAR DONE
SRFRZ 170 IS 77O READYTY
JME .1 sNO» THEM WAIT
noas CryTTG FYES, THEM EFCOHO CHARACTER
JME 03 FRETURN




vpe may also be programmed using the interrupt priority struciure. It 3
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DGC DISPLAY
6012

INTRODUCTION

The DGC Display 6012 is two separate 1/0 devices;
a console and an alphanumeric CRT display, shown
below. The console is comprised of 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 festing the display, puts the ferminal
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.

=

r

The display is a 12-inch CRT with an active area
of 6 by 9 inches, formatied 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

SUMMARY

MNEMONIC (FIRST CONTROLLER)

INPUT .« TTI

OUTPUT ettt TTO
DEVICE CODE (FIRST CONTROLLER)

INPUT © oot 10g

OUTPUT et e 11g
MNEMONIC (SECOND CONTROLLER)

INPUT ©eoieeeit i TTIL

OUTPUT «voeeieaeciaiiaaian TTO!1
DEVICE CODE (SECOND CONTROLLER)

INPUT &t e et 50g

OUTPUT e eiiieeeiiaaaiieaan e 51q
PRIORITY MASK BIT

INPUT ©oottieei e 14

OUTPUT it 15
CHARACTERS/LINE .................... 80
LINES/DISPLAY . ...ovvniiieiiiaaiinn. 24
TOTAL STORAGE

CAPACITY (7-BIT CHARACTERS) ... 1920
DATA TRANSFER RATE

MAX (BAUD) ©@iiiaeiiaaniann, 4800

ACCUMULATOR FORMATS

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

CHARBCTER OR COMMAND

7 8 9 10 It 12 13 14 15

o]

2
LOAD CHARACTER BUFFER.......... (DOA)

3 4 5 8§

CHARACTER OR COMMANG i

g 10 i 2 13 4 I8

S, C AND P FUNCTIONS

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

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

P 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 simulia-
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 Oufput 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:

=5 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.

=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.

No effect.

READ CHARACTER BUFFER

DIA<i> ae,TTI

o 1 1
{
c 1 2z 3

Acieozgf

¥

io 0 1 0 0 0]
§ i i : i 1 H
4 5 8 7 8 3 0 1 12713 14 15

The contents of the Input Buffer are placed in bits

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

1TY|  CHARACTER OR COMMAND
8 9 10 il 12 13 14 5

g

Rits Contents

0-7 Reserved for future use.

8 Parity

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

The 7-bit character or com-
mand read from the Input
Buffer,

9-15 Character

LOAD CHARACTER BUFFER

DOA<f> ac,TTO

B 1 AC Eo I o% F go 01 0 0 sf
§ i : i f i ! i i

O 1 2 34 5 87 8 8 0 1 1z 13 14 185

Bits 9-15 of the specified AC are loaded into the
display's Qutput Buffer. After the data transfer,
the controller's Output Busy and Output Done flags
are set according fo the function specified by F.
The format of the specified AC is as follows:

CHARACTER OR COMMAND
i 1

T

S W o2 i3 4 18

Name Contents

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.
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CONTROL CHARACTERS

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

NAME-CODE (LOCATION) Y and/or

Functional Description

NAME: Command Name

CODE: Octal command code

LOCATION: Keyboard location

Destructive to some information
on the screen

Non-destructive to information on
the screen

FUNCTION: Effect of the command

START PROTECT-36 (CTRL SH N) [IBY

In 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/END 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/END PROTECT
character for that region.

Note that every START PROTECT character should
have a companion TAB STOP/END 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 STOP/
END PROTECT characters are displayed as spaces.

In Roll mode, START PROTECT has no effect.

TAB STOP/END PROTECT-35 (CTRL SH M) E

In Page -buffered and Page modes, TAB STOP,
END PROTECT is displayved 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 curscr moves to the first character position
following the first unprotected TAB STOP/END
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/END PROTECT character for that
region.

In Roll mode, TAB STOP/END PROTECT has no
effect.

HOME-10 (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) ENIn)

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/END 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 ()

In Page-huffered and Page modes, LINE FEED
moves the cursor down the screen one line. When
the cursor is in the boftom 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-T1 (CTRL 1) or TAB

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. 1If 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 ( 1)

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 C) or { — ) [N}

In Page-buffered and Page modes, CURSOR RIGHT
moves the cursor one character position to the
right. When the cursor is in the last characier
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 characler
position of the bottom line, CURSOR RIGHT has no
effect. If the command CURSOR RIGHT moves the
cursor into a protecied region, the cursor will
move to the first position following the TAB STOP/
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 { =— ) ND

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.

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 LINE-13 (CTRL K) or
(CLEAR EOL) m

In Page-buifered 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.
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CLEAR SCREEN-14 (CTRL L) or (CLEAR) n

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/END 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 SHL)  [oB

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,

BLINK-37 (CTRL SHO) [og

In Page-buffered and Page modes, BLINK causes
any character, or characters, between two BLINK
characters to flicker on the display screen. Ifa
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)

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.
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CONTROL KEYS

XMIT

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 fto 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

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
The SHIFT and CTRL keys produce commands or

alphanumeric codes when they are depressed to-
gether with other keys.

ESC  -33 (ESC) (CTRL) SHIFT K)

In all modes, ESC sends code 33, a protocol char-
acter. ESC does not work together with REPEAT.

cre ReseT PR
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.

Qutput

A character is loaded into the Output Buffer of the
controller by issuing a LOAD CHARACTER BUFFE
instruction (DOA). The character can then be
transmitted to the terminal by issuing a Start com-
mand. While the character is being transmitted,
the Qutput Busy {lag is set to 1. Upon completion
of the transmission, the Output Busy flag is set to
0 and the Qutput 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 Qutput 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.

R
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TIMING

Input Timing

After the Inpuf 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.

Time Available 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

Ovutput 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

1.68 600
.83 1200
.55 1800
.42 2400
.27 36800
.21 4800




CONSIDERATIONS

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.

Qutput

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 overwritien 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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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 300 136 -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 SUMMARY
Paper tape readers provide data input from stan- MNEMONIC (FIRST CONTROLLER) ..... PTR
dard fanfold eight-channel paper or mylar tapes at i
speeds of up to 300 or 400 frames/second (4011B DEVICE CODE (FIRST CONTROLLER)..... 12
and 6013 readers, respectively). The reader con- MNEMONIC (SECOI\TD CONTROLLER) .. PTR1

sists of a supply bin, a read station, and a receiv- ) ‘
ing bin. Tape is moved from the supply bin through DEVICE CODE (SECOND CONTROLLER). .. 525

the read station, where each frame is read, to the PRIORITY MASK BIT + o oo, 11
receiving bin where it may be removed.
BITS/FRAME .. ittt ittt it iiinieenns 8
FRAMES/INCH oot it iniiieiieinennnns 10
SUPPLY Y
BN CAPACITY OF HOPPER (FEET) ..... 100-150

READ STATION
AND BRAKE MECHANISM

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

ACCUMULATOR FORMATS

READ FRAME ....... ittt (DIA)

M_DIRECTION
OF MOTION

Un
U

RIVE NICHAN ‘,CHANiCHANiCRANiCHAN?CHANgCHAN
MECHANISM 12

i, j
716 ls 1320

S, C AND P FUNCTIONS

The tape format is shown below. The eight chan- > Set the Busy flag fo 1, the Dane"flag to
. ; N . 0, and load the Frame Buffer with the

nels across the width of the tape comprise a frame. contents of the frame

The sprocket hole is used as a timing strobe for :

each frame as it enters the read station. Both the C Set the Busy and Done flags to 0 without

code structure used for data and the interpretation affecting the contents of the Frame

of the input is determined by conventions decided Buffer.

upon by the programmer. Conventional ASCII P No effect

paper tape code may be found in Appendix C.

TAPE
CHANNEL AC
217
LY e
@ 15
2 2 A
32 LI 4
........ wesssscansaaaisarasassassocoasace s sk ke gind
S R SPROCKET
:2 o N\, HOLES
& 3
8 ® a8
0600449 e IRECTION OF TAPE MOVEMENT
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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 fo that
channel when the frame is loaded into the Frame
Buffer. The sprocket hole is not loaded into the
Frame Buffer, but signals the controlier when a
frame enters the read station.

One 1/0 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:

=8 Set the Busy 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<f> ac,PTR

1l ac jo o 1] F Jo o i 0o 1 0
; i ! ; i }
I S R TG R TR PR TR

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

CHAN CHANCHANICHANICHAN CHANICHAN mm%

;sg?gsgﬁ 403 20y
o I 2 3 4 5 8 7 8 9 10 il 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
annet » \ read places a 1 in the cor-
12 channel 4 responding accumulator
13 channel 3 position(s).
14 channel 2
15 channel 1 | J

nr-4

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 0. 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.

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 fo 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.

CONSIDERATIONS

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 0. 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 FTR FSTART READRER

SKFIN FTR SFRAME BUFFER LOADED YET?

JME .1 SNO

DIac 1sFTR SREAD THE FRAME aAND CLEAR THE DOME 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 60g frames and store them
sequentially, starting at location 4120, give:

Loa 1ySIXTY $GET NUMEER OF FRAMES TO RFAD

LIta 2sADDR  FGET BEGINNING OF RUFFER
JSR FTRE sG0 TO READER SURRQUTINE

-

SIXTY: 60
AllR: 4120
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This will call the following routine:

DISARLED

H FAPER TAFE REALER INFUT SURBROUTINE, INTERRUFTS
3 CHECK FOR aND IGNORE LEADER
FIRD: STA 1+CNT FESTORE COUNTER
STa 22 8BAVE F5AVE ALD
AGAINT HIOS IR FETART READER
SKFLON PTR SREADY?
JmE .—1
nia 1+FTH SREAD CHARACTER
HOVE 1s1+8SHR FNULL CHARACTER?
JAmE AGATIN FYES
JMF STORE INQ, ENTER LOOP
H READ DaTA
LOGF = #10E FTR SRESTART READFR
SRFIN FTR FREADY?
JE .1
BIa 15FTR SREAD DaTa
STORE:  STa 15052 FSTORE DATA
INC 2+2 P INCREMENT STORAGE LOCATION
sz CNT FRONET?
JmE Loar iNO
LA 15 8AV2  SRELDAD STARTING ADDRESS OF DaTA
JME 0+32 FRETURN
H v STORAGE
ONT 2 0 sCOUNTER
Savze O FACT GAVE 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.




PAPER TAPE PUNCH

INTRODUCTION

The paper tape punch provides data output to stand-
ard-fanfold eight -channel paper or mular 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.

4 SUPPLY
- IBIN

TO CONTROL
MECHANISM
R

i PUNCH
U o L\/} STATION
DRIVE

MECHANISM

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.

............ Ry
PO sPROCKET
HOLES

5

£6~00625 e DIRECTION OF TAPE MOVEMENT
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SUMMARY

MNEMONIC (FIRST CONTROLLER) ....... PTP
DEVICE CODE (FIRST CONTROLLER)....... 13g
MNEMONIC (SECOND CONTROLLER) .... PTP1
DEVICE CODE (SECOND CONTROLLER). . ... 533
PRIORITY MASK BIT .+ oo eeeeeaeeeeannn 13
BITS/FRAME
FRAMES/INCH .. ..ot 10
MAXIMUM TAPE LENGTH

IN STORAGE HOPPER (FEET)........... 300
MAXIMUM DATA TRANSFER RATE

(FRAMES/SECOND) ... vviiieeennn 63.3

ACCUMULATOR FORMAT

LOAD FRAME BUFFER.......... P (DOA)

CHAN| CHAN| CHAN | CHAN ) CHAN | CHAM | CHAN | CHAN
§ 78 08 4 I A

8 95 10 N 12 13 14 5

S, C AND P FUNCTIONS

& 7

o

Set the Busy flag to 1, the Done flag to 0,
punch the character in the Frame Buffer
and advance the tape 1 frame.

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

P No effect.




INSTRUCTIONS

The tape punch is driven by a contreller contain-
ing an eight-bit Frame Buffer. If g hole is fo 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/0 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 fo the device flag com-
mands as follows:
=8  Set the Busy flag to 1, the Done flag to 0,
and punch the contenis 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.
1t will not affect the contents of the Frame
Buffer.

f=C  Set both the Busy and Done flags to 0 with-
out affecting the contents of the Frame Buf-
fer.

f=P No effect.

LOAD FRAME BUFFER

DOA<E> ac,PTP

i H i 1
& 7 8 9 10 i1 2713 14 15

jo 1 1 a o110 F o0 1 0 1 1]
. :

o1z 34

Bits 8-15 of the specified AC are loaded into the
Frame Buffer. Bits 0~7 are ignored. Affer 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:

N CHAN | CHAW | CHAN | CHAN | CHAN | CHAN |
IR EREEREEEE

0 o2 13 14 65

Bits Name Contents
0-7 - Reserved for future use.

8 channel 8 D

9 channel 7

10 channel 6

11 chamnel 5 | 7 A 1 is placed in the bit
12 chame 4| Foion) corvespondin
13 channel 3 which a hole is to be punched.
14 channel 2

15 channel 1 |

PROGRAMMING

Onece 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 cvele 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. I 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 controlied ON/OFF option requires
approximately a 1-second delay before punching
may begin. If the Busy flag remains 0 for more
than 5 seconds, the punch will be turned off auto-
matically.

CONSIDERATIONS

To make lcading 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 zerces, 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 repeal 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

111-8



that sufficient tape is present for the daia 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 gefs 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.

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, ACI1
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
40g frames, stored sequentially, starting at loca-
tion 1000, the following series of instructions may
be used:

PROGRAMMING EXAMPLES LDA 1, FORTY
LDA 2, ADDR
In order to punch a frame on paper tape, only three JSR PUNCH
instructions are required. An example of punch- .
ing a frame during a program would be: .
FORTY: 40
SKPBZ PTP ADDR : 1000
JMP -1 «
DOAS 1,PTP These instructions would call the following sub-
routine:
; FAFER TAFE FUNCH OUTPUT SURRDOUTINFE
FUNCH: 874 IIRET FSAVE RETURN ANDRFSS
JBR LEANER  SPUNCH LEADER
NEG 191 FNEGATE COUNTER
LOOF: LI 3,02 FLOAD DATA
SHFERZ FTF TRTE READY?
JMF -1 PN
noas 2 TR FYESs FUNCH FRAME
INC 292 FINCREMENT FPOINTER
INC 151582ZR FINCREMENT COUNTER,SKIF IF 7ZFRO
JHE LOoF FFUNCH AGAIN
ouT s JaR LEADER  SFPRINT TRAILER
NIOC FTF SCLEAR FUNCH
JME GRET FGET ouT
H FUNCH SERIES OF EBLANK FRAMES
LEALER: STA 3,5AU3
LD 35 CNT FLOADN COUNTER FOR RLANKS
STa I,CNTR SSTORE IT FOR USE
SUR 3,3 FZERD ACZ
SRFRZ FTF FREADY?
JMF .1 FMOy THEN WalT
noas ZLRTE FOUTPUT NULL CHARACTER
nsz CHTH FDECREMENT COUNTER
JM L4 PLOOF RACK
JMF BSAVE FRETURN
5 STUORAGE
RET: o
SAVE: 0
CNT: 240 §16 INCHES WORTH OF FRAMES

ONTR = 0

Both of these programs must wait in loops for the
entire eycle 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 .43
4018H Mark 150 400 181%
Sense
40161 Mark 285 210 161+
Sense
40167 Mark 400 150 69
Sense
4016K Mark 600 100 69*
Sense
40161 Mark 1000 80 40*
Sense

*Divide this number by the number of columns/card to
obtain intercharacter times,

SUMMARY
MNEMONIC {(FIRST CONTROLLER)...... CDR
DEVICE CODE (FIRST CONTROLLER)...... 16g

MNEMONIC (SECOND CONTROLLER).... CDRI1
DEVICE CODE (SECOND CONTROLLER).... 56g

PRIORITY MASK BIT ... vt iiiie i 10
BITS/COLUMN it ittt it et et 12
COLUMNS/CARD....... PUNCHED......... 80

MARK SENSE. .. 20-160
MAXIMUM DATA TRANSFER RATE

(CARDS/MINUTE) . o eeee e eaans 150-1000
ACCUMULATOR FORMATS
READ COLUMN . ... i i i es (DIA)
ROW. ROW| ROW . ROW | ROW| ROW | ROW | ROW | ROW | ROW | ROW Ceow |
26 2 385 8 78 5
2 3 4 5 6 7 8 9 10 1 12 13 14 15
e (DIB)

€/ LRI | e o] g
/g | FaiL |EFROFIREAD REACER|

1o 13 1415

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 0.

P Set the Done flag to 0 without affecting

the Busy flag.
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The reader is comprised of a card supply hopper, INSTRUCTIONS
a read station, and a card stacker. A card is

selected from the hopper by a m ec%;am al pick, The card reader is driven by a controller which
and is moved info the read siation. Here if is contains a 12-bil Data Register and a 5-bit Status
read, one column at a time. Once the card has Register.

been read, it is moved to the card stacker where

it may be stored temporarily, before being re- Two /O instructions are used to program the
moved. 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:

(TR ¥
z;s*’i& N
,«*i%

i=5  BSet the Busy flag to 1, the Done flag to 0,
and bring a card from the hopper into the
read station.
{=C  Set both the Busy and Done flags to 0. If »
a card is in the reader, it will continue fo
move through the reader, but no program
The £ ¢ . d h bel h interrupt requests will be generated as
i T a S A7 2 kel - N - .
The formats of the cards are shown below. The the columns pass through the read station.
twelve rows across the width of the card comprise
a column. Cards are either standard 80-column, f=P  Set the Done flag to 0 without affecting the
punched or variable format mark sense ca rds. Busy flag.
Both the code structure used and the interpretation
of data is determined by the programmer. The
conventional Hollerith punched code is listed in READ COLUMN
Appendix C. \
DA > ac,CDR
}
o 1 1 AC Ot 1 F 0 0 1 1 1 O]
row 1z / CTTLE Gn hiaNnt AN S Lomerl | istiaie heriirerineire: ! i e } b e
HEL T [T 0o i 2 3 4 5 & 7 B 9 10 i 2 13 14 i85
i rEsgEzEng fREE1EH
o BEEsRLEY fiiiri 2 " . < ] =
i ' 5 v ' } The contents of the controller's Data Register are
0o 5 PO P : loaded into bits 4-15 of the specified accumulator.
S PV R s iy L Bits 0-3 are set to 0. Afier the data transfer, the
: : p | D oL o controller’s Busy and Done flags are set accord-
7 ing to the function specified by ¥. The format of
: the specified AC is as follows

o F‘)ﬁ’r P“Vv‘ 5&'?‘1 ?@W QPW R\Wv F‘Owl W ‘?@W; Rowi .»’%M
. - [

Lnpol el el s
o 1 2 3 4 5 6 7 8 9 10 # 13 14 15 N
Bits Name Contents
) 0-3 ——— Reserved for future use.
ROW ai 4 Row 12 »
0 5 Row 11
. 6 Row 0
3 7 Row 1
. 8 Row 2
5 9 Row 3 if the row on the card is
; 10 Row 4 punched or marked, the
B 11 Row 5 corresponding bit is set
12 Row 6 to 1.
Mark Sense Card Format i3 Row 7
14 Row 8 |
15 Row 9 i
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READ STATUS

DIB%;;{’?« ac, CDR
O 1 I AC 0O F 00 1 I I O]
o+ 2 374 5 87 8 9 0 i 2 3 14 5

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:

0 1 2 3 4 5 8 7 8 9 10 i 2 13 14 15
Bits Name Meaning When Set to 1
0-10 ——- Reserved for future use.

11 Hopper The input hopper 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
fransmit data, the program may issue a Start
command fo the controller. A Start command
sets the Busy flag to 1, the Done flag io 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 COLUMN 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 0 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-
ticn and Pulse commands are combined in o 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 {iming
information for the various card readers available
from Data General Corporation. The term

"eard cycle time” refers to the time it takes an

entire card to be loaded, processed, and put into
the stacker. The term “allowable access time”
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 wails longer
than this time, the data from that column is lost.

DATA CARD TIME EDGE OF START
DGC TRANSFER CYCLE BETWY CARD TO TO FIRST
MODEL CARD TIME CHARACTERS IRST COL. COLUMN
NUMBER TYPE {ms) {ms} ] [§2)] {ms) (A& B)
4n18C Punch 400 2.01 6. 25 59.3
40160 Punch 285 200 2.0 24 6.25 3G.2 8,05 1.3
4016E Punch 400 150 . B7 24 2.6 26.6 53.5 L4353
4016F Punch 600 100 .87 24 2.6 26.6 3.48 .43
4016G Punch 1660 80 4% 13 1.88 16. 8 1.81 .24
40164 Mark 150 400 161~ 53 43. 06+ Note 1 43, 06>+~ .80
Sense
40161 Mark 285 210 161+ 24 43, 08x+ Note 1 43, 06* =~ .60
Sense
401865 Mark 400 150 53% 24 100,67~ Note 1 100, 67*# .23
Sense
4018K Mark 800 100 65+ 24 100,67 Note 1 100, 67+ .23
Sense
4016L Mark 1600 80 40% 15 175,88+~ Note 1 175. 38+~ 213
Sense

* Divide this number by the number of columns/card to obtain intercharacter times.

** Divide the distance, in inc from the edge of the card to the
f s i

**x Divide the distance, in inches,

cond clock mark's leading edge by this {actor to obtain the time interval
rem 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.

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

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
Rusy flag remains set to 1. Therefore, the cnly
means of determining a bad pick is through the
Pick Failure flag. Even though a Pick Failure
may oceur, 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.
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PROGRAMMING EXAMPLES

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

the card reader, checking for errors. It is called
by a JUMP TO SUBROUTINE instruction (JSR)

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:

[SE AR S

[N S
ap
Riuisy
R
LT
Llk
AR
JE
Sy
AmE
A

ER ST

ER

T

e
£
P

WIE
v L
A
LoLis

S

READT

CaE

apdle

T D RAT R

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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RLCHRD:

CHECK S

LEAVE:

EXITe

ERROR:

SAaVos

SAavE:
READY:
FIRFL:
THRELES
FRTR:

Carl READER
00 i
THTRE

puMMY
SKRFIRZ
SMF
HaLT

INTERRUFT
ohR
CURSR

SURKIUITINEG T4

SEFRY TR
NS

Oy SAVD
21843
Py FNTER
EayY
Gy TR
As s TNR
FRREOR
Chf

L URE

LaPIRFL
Qs COR
UERSER-PAN
LEAVE
2500 SHE
CHECK

INTERRUFY

Qe 5AVO

R
Oy BENTR
FHTR
EXIT
CoR
ZrTRELE
G CIR
Zs0.87R
EREOR

D HAVO
3eGAVE

152
AME
[ERR NN
LA
Lie
AMIIY
AMP
Ld
Loa
THTEN
e

[E38]

HALT

STORAGE
0

3

10

0

SERVICE S

READ

CHECK S

SERVICE

USTHG INTERRUFTE

HAMILER

FODR INTERRUFT?
FYES, GO TO CIoR
INORMALLY HOULT

SERVIOE ROUTTINE

CHECR FOR OTHER THTERRUPTE

A CarD -

TREALER alREADY RUSYT
FYES, Walt Titl -
FETORE ACCUHMULATORS

FREF

FRTORE
sLaan

FOINTER
READY Mank

MAaY
iL0an
FREAD

RE OMITTED TF
FICK Fall MADK

WATTING TIME

CANYT RE

SUHCCESSFULLY

FRESTORE ACO

FRETURN T MATN FROGRAM

EOUTINE -~ UMPPED TO BY #Mald THTERRUET

FETORE ACTLUMUL ATORE

SRUEY?
FMOLEMD OF CARD
DATA AND
ORE [ATaH
FINCREMEMNT FOITNTER
SGEET OUT

sCLEAR CDR

;LOAD TROURLE MAGK
SREAD STATUER
STROUBLE™
PYER
FRESTORE

SET DONE TD O

ACCUHMUL ATORE

FENARLE INTFRRUPTE
SRETURN TO INTERRUPTED SROGRAM
sMORMaLLY WOULD

SEND THFE OPFRATOR A MESRAGE

SEARFT

HaMDLER
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LINE PRINTERS

INTRODUCTION

Line printers provide high speed, alphanumeric,
hard-copy output. Two major types of line printers
are available: one using character drum impact,
and the other using serial-dot matrix impact as the
means of printing. The 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
e, e i e s, e i,
1
' ;
PCHARACTERS PRINT !
i ! DRUM
rvep

Q@
«Q

i

i

é i

; ‘ |
X

T

H

!

BHGO0 800000000000 00 000000
CODOCHLOD VLD OVOLOVOOLE 0D BOOO

B
WHEN THE ZONE BUFFER IS
FULL, THE CONTENTS ARE
SENT TO THE SELECTED ZONE

e &
i #ONE I 5 ] i [ }zszuecrs TONE #)

ZONE
Q&:a& POINTER
FROM CONTROLLER

DE-O0870

SUMMARY
MNEMONIC (FIRST CONTROLLER)...... LPT
DEVICE CODE (FIRST CONTROLLER) .. ... 1'78
MNEMONIC (SECOND CONTROLLER)... LPT1

DEVICE CODE (SECOND CONTROLLER)... 57

8
PRIORITY MASK BIT...........oovenn. .. 12
MAXIMUM CHARACTERS/LINE ... 80/132/136
LINES/INCH......ooviiiiiiiiiinnnnnn. 6/8
ACCUMULATOR FORMATS
LOAD CHARACTER BUFFER .......... (DOA)

I

VFU{ CHARACTER OR COMMAND
; ¢ i : t ¢

9 10 i 12 13 14 45

S, C AND P FUNCTIONS

S Set the Busy flag to 1, the Done flag to
0, and load the contents of the Character
Buffer into the printer’'s Zone Buffer.

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

b No effect.
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Pointer” is automatically set to point to the next Line Printer Specifications

zone. The Zone Pointer fi{>iez‘ziz%x16% the zone to be
printed next. If the zone printed was the last zone
on the line, or the proper cc;zzkz“ul character had
been given. then the Zone Pointer returns to the
first zone on the line. The program may again
Zone Buffer for printing.

Type

o

load the

Leters

nner and in¢ o*“}}wzfim u ?:a
riage relurn, line
hs may range {rom
pon the printer. Tt
~ameters {or the Hi

1

1
a General Corporation.
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INSTRUCTIONS

The line printer is driven by a controller contain-
ing a T-bif Character Buffer and a 1-bit Status
Register.

Two 1/0 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:

=5 Set the Busy flag to 1 and the Done flag
to 0. The contents of the Character Buf-
fer in the controller are transferred to
the Zone Buffer of the printer. If a Start
command is issued when the Zone Buffer
is one character short of being full, or
the last code loaded into the Zone Buffer
is a control character which initiates
printing, the Zone Buffer will be printed.
On models 4034G and H, only a control
character will initiate printing.

f=C Set 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.

LOAD CHARACTER BUFFER

DOA<{> ac,LPT

Bits 9-15 of the specified AC are loaded into the
controller's Character Buffer. On serial-dot-ma-
trix printers, bit 8 is also loaded for vertical for-
matting. Bits 0-7 are ignored. 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 speci-
fied AC is as follows:

HVFU CHARACTER OR COMMAND
: : , ) | . )

i '

o] 12 3 4 5 6 7 8 9 0 it 2 i3 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.

The ASCII code for the
character to be transmitted.

9-15 Character

READ STATUS

DIA<{> ac,LPT

| F §o ot 1 1]
N i i i i 1
2 374 5 8'7 8 9 0 1 2 13 14 05

>
(9]
o
(@]

The contents of the controller's Status Register are
placed into bit 15 of the specified AC. Bits 0-14
are set to 0. After the data transfer, the control-
ler's Busy and Done flags are set according to the
function specified by F. The format of the speci-
fied AC is as follows:

Bits Name Contents
0-14 - Reserved for future use.
15 Ready The line printer is ready to
receive a character,
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PROGRAMMING

Line printers are output only devices with the
capability of sending status information to the pro-
gram, 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.

Qutput is done through a Character Buffer in the
controller. A LOAD CHARACTER BUFFER in-
struction (DOA) loads the contents of an accumula-
tor 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
get 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 0.

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 o 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 0. Upon completion of the print
cycle, the Busy flag is set to 0 and the Done flag

ig 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 2 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
gpecial 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 formatf 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 11in
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 fo 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 operate 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 <015g>

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 <012g>

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.

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 <016g>

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.

<007 >

Generates a 2 second audible tone in the
speaker at the rear of the printer. The con-
tents of the Zone Buffer remain unchanged.

Bell

The following two commands are implemented on
the model 4034D Serial-Dot Matrix Printer.

Select <0218 >

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 fakesa 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 refurn 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 line
printers, see the table of line printer specifica-
tions.

Line Printer Specifications

Paper Full Line Full Number | Character Print Line | Carriage
Width Print Line | Zone of Cyele Time Cycle Feed | Return Slew
Model Type (inches) Rate Length | Size | Zones (s} Time (ms) (ms) Speed
4034A | Character 4 to 2586 80 20 6 34 20 4 20
Drum 19 7/8 | Lines/Min ms/Zone ms/Line
4034B | Character 410 245 132 24 51/2 6 34 20 4 20
Drum 19 7/8 | Lines/Min ms/Zone ms/Line
4034C | Serial-Dot 4to 165 132 132 12 5.5 70 2.75 70
Matrix 14 7/8 | Characters/ ms/Character ms/Line
5x7 Sec
4034D | Serial-Dot 4to 165 132 132 12 5.5 70 2.75 70
Matrix 14 7/8 | Characters/ ms/Character ms/Line
%9 Sec
4034G | Character 4 to 300 136 136 2 50 ) 50 -- 8.3
Drum 18 3/4 | Lines/Min ms/Zone ms/Line
4034H | Character 4 to 240 138 138 2 50 50 -- 8.3
Drum 18 3/4 | Lines/Min ms/Zone ms/Line
{Upper+Lower
Case)

DG-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,

To initiate printing, a JUMP TO SUBROUTINE
instruction (JSR) to PRINT is used, where ACO
contains the starting location of the data in the
form of a byte pointer (format below).

L

¥ T T

0 ! 2 3 4 5 & 7T 8 9 10 i 23 i4 15

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.

Data is packed two characters per word, left o
right, and the end of data is signified by a null
character (00(38). 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.

If this routine is called again before it has printed
the entire file, the program waits until the file is

Bits Name Contents completed.
0-14 Address Address of first word
of output data.
15 Pointer Left or right byte of word
0 = left, 1 = right
H LINE PFRINTER SERVICE, USING INTEFRRUFPTS
LLOC 1
INTRF
; DUMMY INTERRUFT HANDLER
INTRF: SKFDZ LFT SLET INTERRUFRT?
JME LFTSR FYESy GO 7O SFRVUICE ROUTINFE
HAaLT FNORMALLY WOULD CHFECK FOR OTHER INTERRUFTS
.1.0C 300
H SUBRROUTINE TO FRINT A STRING OF RYTFS- JSR’FD TO RY HAIN FROGRAM
FRINT: ST 1, 5AVEL $SAUE ACH
LA 1+ BFTR FLOAD RYTE POINTER
MOV 1+158ZK §1IF BYTE FOINTER IS NOT 0y LFT TS IN USE, &0
NIt .2 SWATT TILL DONF
L 1»SAVEL SRESTORE ACH
STé O BFTR FINITIALIZE RYTE FQINTER
JME LETIR FENTER DRIVER SURROQUTINE
SaVvEl:r O
H LET INTERRUFT SERVICE ROUTINF~UMFIET TO BY MAIN INTEREUET HANDL FR
LPTSH: R IsSAVEZ FSAVE ACT
JBR LETOR FCALL DRIVER SURROUTINE
LIig 3:SAVES FRESTORE ACZ
INTEN
JE @0 FRETURN TO INTERRUFTED FROGRAM
SAVEZ: 0
(CONTINUED)
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H LFT DRIVER SURROUTINE-ENTERED FROM EITHER FRINT OR LPTSR.RETURNS VTa AC3
LPTRR:  STa O SAVG ISAVE ACO

STa 195aV1 F5AVE ACL
ST4a 2:8AV2  iSAVE ACZ
MOVL 3,3 FSAVE ACE WITH CARRY
STh 3,54V3C0C
LA OyRPTR  jLOAD RYTE FOINTER
0Ia 1sLFT SREAD STATUS
Movs 151 8NR FSTATUS OLK.7
JrF ERROR FNOs THEN ERROR
LA 23,0377 (MASK TO CHECK FOR END OF DATA
LOOF: MOVZR 02 SCHANGE RYTF POINTER TO WORD POINTER
LA 10,2 SLOAD DATA
MOVF 0r0s8NC JLEFT QR RIGHT BYTEY
MOVS 1l SLEFTy THEN SUWAF
INO-OFS FOR DELAY-CHECK FRIMTER AND PROCESSOR TIMING
NIO 0
NiO ]
NIO 0
JMF .1
SKFERZ LFT SLET STILL RUBY?
JMF ZONE FYESs THEN FRINTING 7ONE
ANDE 3,1 SNR FNULL BYTE?
JSMF NIONE SYESs THEN DONE
noss 1sLFT FNOs THEN FRINT
INC 0s0 FINCREMENT BYTE FOINTER
JHE LOOF SGET NEXT DATA
DONE = NIOC LT SCLEAR LFT
SUR 020 FSET ACO TO O
ZONE: 3Th O BFTR  §STORE ACO
LA 0y SaY0  SRESTORFE ACCUMULATORS AND CARRY
LIva 12 8AV1
LA 25858V2
LhA 35 5aVEC
MOVZR 313
JME 023 . FRETURN
H pUMKMY ERROR ROUTINE
ERROR:  HALT FNORMALLY WOULD TNDICATE LFT NOT READY

TORAGE AREA

S
SAVO o} iSTORE ACO
Savls Q FSTORE ACH
SaY2 0 SSTORE AC2
SAV3ICs 0 FSTORE AC3 WITH CARRY
D377 77 SRIGHT EBYTE HMAGHK
BFTR: Q SEYTE FOINTER-O INDICATES LFT NOT TN USE
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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.

SUPPLY

FLAT-BED
FAN-FOLD
TYPE

TAKE-UP TYp[::

REEL

FLAT-BED
SHEET
TYPE

SUMMARY
MNEMONIC (FIRST CONTROLLER)...... PLT
DEVICE CODE (FIRST CONTROLLER) ..... 15g

MNEMONIC (SECOND CONTROLLER}... PLT1
DEVICE CODE (SECOND CONTROLLER) ... 55g

PRIORITY MASK BIT ... . oo e e i 12
MAXIMUM PLOT SIZE

(INCHES)*........ 31x34; 30x1440; 11x1734
STEP SIZE* (INCHES) ............. .002-.01

(MM) © e . 05-.25
MAXIMUM RATE*

(STEPS/SECOND) . ..o voveeen 200, 300

ACCUMULATOR FORMAT

LOAD COMMAND BUFFER ............. {(DOA)

SRAISELOWER,
3 PEN | PEN |

o + 2 3 4 5 6 7 8 9 I0 1l 2 {3 14 15

-Yi#Ysﬂxgﬁ»XE

S, C AND P FUNCTIONS
S Set the Busy flag to 1, the Done flag to
0, and initiate the command.

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

P No effect.

*See plotter specification.
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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 Step/
Plotter| Type | {inches) | Step Size* | Sec
4017A Drum | 12x1440 . 01" . 005 | 300
Roll
4017C |Drum | 30x1440 . 01"
Roll or
. 01lmm
4017D [Flat- | 31x34 .01 L 005 ¢ 300
bed Sheet . 0027
or
C05mm L 10mm
4017F |Flat- | 11x1734 |.01" .005 | 300
bed Fan- . 25mm . 10mm
fold

*Each plotter must be ordered with a
designated step size.

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 8-bit Command Buffer, two bits for each
is of movement.

One 1/0 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:

£=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=P No effect.

LOAD COMMAND BUFFER

DOA<{> ac,PLT

[0 7 T[Ac Jo 1T o[ F 7001 1T 0]

G 1 2 3°'4 5 &' 7 8 9 10 1 1213 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 controlier'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:

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.

14 -X Move 1 step in the minus
X direction.

15 +X Move 1 step in the plus X
direction.
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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 {DOA) 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 Starf 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
100ms for execution.

CONSIDERATIONS

Before the plotier 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 plotiing routine. An al-
lowance 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.

H FROGRAM TO DRAW AN ISQOSCELEFS TRIANGLE ON PLOTTER
.Lac 400
; MAIN FROGHRAM
START: LDA 13 XLINE FLOADI DATA FOR +X LINE
LIA 0sCNT1  5LOAD # OF INCREMENTS
JBR LFEN FLOWER PEN
JSR LRAW SLRAW FIRST LINE
LA 15 ANGLE 3LOADL DATA FOR HYPOTENUSE
JER DRAW FORAW IT
LIa 1y YLINE LOADL DATA FOR Y LEG
JBK DRAW SORAW IT
LA 0sCNTZ  SLOAL NEXT 3 OF INOCREMENTS
LA 2,CNT3 5LOAL AC? WITH # OF LOOFS
5T4 2y 0SHCT SSTORE IT
LA 1y OSHD  FLOAN DATA FOR DASHED L INF
DLINE:Z  JSR LFEN FLOWER FEN
ISR IRaW SIRAW IT
JSK RFEN FRAISE PEN
JSR IRAW JORAW TT
LSz NSHCT FEND OF DASHED LINE?
NIt DLINE ;G0 RACK
HALT
JF START SPRESS CONTINUE TO REFEAT FPROGRAM
(CONTINUED)
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DRAW:

AGATING

LFENZ

REEM:

CNT =

CHT1:
CNT 22
OMT3:
KLINE 2
YLINE:

ANGLE

DOWN 2
RIS

DSHD:
SavE:
DEHCT:

SUERO
STA
STA
JSR
LoAs
nsz
JHE
JSHF

THIS
ST4
Lia
JEBR
noAas
JHF

THIS
ST4
Lia
JdSR
noasg
Miie

TEST
SKFRZ
Ehas
SME

s STOR
O

400
10

14

01

10

064

<o

DO b

SEND

UTINE TO DRAW A LINE
3,8AVZ  ISTORE AC23
0 CNT FSTORE COUNTER

TEST FREADY?
1-FLT FORAW INCREMENT
CNT FOONE?

AGAIN FNGs DRAW AGAIN
FSAV3 FYES, RETURN

ROUTINE LOWERS THE FEN
3, B8AVE §S5AVE AC3

2y DOWN 5LOAL AC2 WITH LOWER-FEN COMMAND
TEST SREADY?

2eFLT sLOWER FEN

B5aU3 FRETURN

ROUTINE RAISES THE FEN
3,8AVZ ISTORE ACZ
ZaUF sLOAD ACY WITH RATSE-PEN COMMAND
TEST FREADY?
25FLT SRATISE PEN
BSAVE FRETURN

FOR FLOTTER READY

FLT FREADY?

-1 iNO

O3 FYES
AGE AREA

FSTORAGE LOCATION FOR SUBROUTINE COUNTER
FLENGTH OF FIRST 2 LINES

FLENGTH OF DASHEEZ

s OF LOOPS FOR DASHED LINF

sDRAW LINE + X

sORAKW LINE - Y

FLRAW LINE —Xo+Y

FLOWER FEWN

FRAISE PEN

PORAW LINE +X,+Y
sCOUNTER FOR DASHED L INE

START
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INTRODUCTION TO
MAGNETIC TAPES

Data General offers two very different types of
magnetic tape subsystems, called "industry com-
patible” and "'cassette”. Since the two types are
different, they are treated separately here.

INDUSTRY COMPATIBLE MAGNETIC
TAPE TRANSPORTS

Industry compatible transports are popular for
storing large quantities of information which the
system can afford to have serially accessible.
They are called industry compatible because they
conform to an industry standard established so
that such tapes can be moved among systems with
compatible drives. These drives are therefore an
invaluable tool for passing information among nor-
mally incompatible computer systems.

The basic recording medium is a magnetic material
coated on one side of a long 1/2 inch strip of mylar
{(usually) tape. The tape is held on large inter-
changeable reels (up to 2400 feet per reel) which
are mounted on the supply hub of any conforming
transport. 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 parallel data
tracks along the surface 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 (PE). These systems format the tape
and record data bits differently. A tape written
on a transport using one system can not be read

on a transport using the other system. In general,
the methods used for PE recording allow greater
data density on the tape (higher bpi) than NRZI so
that a tape can store more information.

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
are written along the length of the tape. The num-
ber of data bits per inch (bpi) determines 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 dafa
and a parity bit in each character; a 9-track tape
contains an 8-bit byte of data and a parity bit.

9-TRACK
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Since DGC computers utilize a 16-bit word length,
two bytes from the tape are used to form cone com-
puter word as shown below. When a 9-track tape
is used the two 8-v . vytes fill one computer word.
However, 7-track tapes provide only 12 data bifs
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 re-
formatted when writing a 7-track tape to avoid
losing the contents of those four bits.

G-TRACK WORD IN MEMORY 7-TRACK WORD N MEMORY

T
i
i
H
i

BYTE | BYTE D [0 BYTER

H
o 78 5
0G- 00876

78 8510 i5
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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.

NEIEE 5.8 /
A U I A U A VRO irg 1T RG A
\ £oe € 3 y
Y
RECORD X RECORD N +1
DG-00977
Files

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.

~

RECORDIRUCORD I RECORD | RECORD % RECORD
i 2 3 4 h i ?

v ;]

- I S N —

SECOND FILE THIRD FiLE

Beginning and End Of Tape Markers

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
{(EOT), is placed along the opposite edge of the
tape from the BOT marker. The function of the
EOT 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 con-
troller adds the correct parity bit and the resulting
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 o
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 longitudinal
parity check character (LPCC), which is separated
from the data by an End Of Record (EQOR) 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 cyelic redundancy
check character (CRCC) written after the record
to provide industry compatible tape formats.

{' 8 c L 5 J
Y EOR 'R EOR (P IRG |Y . >
( T GAP I gaP | C T

£ C c E
{7 UATERAL PARITY TRACK i

RECORD RECORD

DG-0ose7e

PE

Phase Encoded transports perform a similar read-
after-write error check system. If a character in
the record contains any errors, as determined by
the lateral parity, an error flag is set to 1. How-
ever when a record is read, the PE transports
have the capability of both detecting and correcting
2 bad track in the record. This error correction
system operates as follows: when one of the tracks
on the tape stops supplying data bits, that track is
icnored for the rest 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.

¥ 17

¢ W {
PREAMBLE | RECORD | POGSTAMBLE OR | PREAMBLE | RECORD | POST ;

i} AP

i
L ATERAL PARITY TRACK

-
RECORD
DG-00980

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.
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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.

BiBl8 sislela| )N]ele 8ls
DL e (FE
1112 14115 011 14115 a1
e et [——

WORD | WORD N
RECORD RECORD

DG-0098!

Records

Related words, forming a record, are grouped to-
gether and each record is separated from the
adjacent records by gaps on the tape called inter-
record (IRG) gaps. Just as in the industry com-
patible magnetic tapes, the record is the smallest
addressable unit of information on a DGC cassette.

ANIHE £on | on
T TiT ap | CRC|IRG
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Files

Records can be grouped together in files. A file
usually consists of related records and is separated

from other files by delimiters called End Of File
(EOF) marks.

Beginning and End Of Tape Markers

Just as the larger industry compatible tapes have
BOT and EOT markers, each cassetfte tape has a
reflective leader and trailer which delimit the end
of its tape. Since the cassette can be removed
from the transport when the tape is positioned in
any inter-record gap, each time a cassette is
placed on a transport, the programmer should as-
certain that the tape is at the BOT position before
attempting 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 controller 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 writing the record, the read portion of the
transport reads the data fram the tape and the
controller independently calculates another check-

word 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 check is performed each time a
record is read.

Summary of Magnetic Tape Subsystem Specifications

Storage
Transfer Rate . Capacity "Unit
N Maximum e \
{ / 1
Number (Words /Sec) Number (Million Words)
of Density | Tape Speed | 558 800 |of Transports/ 556 | 800
Subsystem | Controller | Adapter | Transport | Tracks {opi) {ips) bpi bpi Subsystem bpi | bpi
40301°P 7 556or | 45 12,600 | 18,000 7.5 | 11
800
4030J 'R 9 300 45 N/A 18, 000 N/A 11
P 4030K.'S 7 2560 | 4y 5 3,480 | 5,000 7.5 | 11
R 800
O 4030L/T 9 800 12.5 NA 5,000 N/A 11
. v - 8
NRzt 4030 I 4030M U 7 d6or 145 21,000 | 30,000 7.5 | 11
D 800
E 4030N W ] 500 K&l N'A 30,000 N/A 11
D
6020 6022 556 or a5 5
6024 ki 300 5 21,000 | 30,000 7.5 11
60216023 9 556 or 75 21,000 | 30,000 7.5 11
8025 800 i
Provided
with . 36,000 22
PE 4196 4196A 4196A B 9 1600 45 @ 4 @
only 1600bpi 1600bpi
4080, 4081 430 30
- Cassette 4076 Provided | 4084, 4087 1 750 8 087
4088, 4089 (Average) | (Average)

05-00%84
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INDUSTRY COMPATIBLE
MAGNETIC TAPE SUBSYSTEMS

SUMMARY
MNEMONIC (FIRST CONTROLLER). ...... MTA ACCUMULATOR FORMATS
DEVICE CODE {FIRST CONTROLLER) ...... 223 SPECIFY COMMAND AND UNIT . . . .. . .| (DOA)
MNEMONIC (SECOND CONTROLLER). ... MTA1 e . - -
217 COMMAND T
DEVICE CODE (SECOND CONTROLLER) .... 624 . - e T RSN
PRIORITY MASK BIT. ...\t 10 COMMANDS
MAXIMUM REEL SIZE (INCHES) 101/2 000 Read 100 Space Reverse
) - 001 Rewind 101 Write
/ ? i n
WORDS 'RECORD ................. 2 to 65,536 010 Reserved 110 Write EOF
MAXIMUM STORAGE CAPACITY 011 Space Forward 111 Erase
(WORDS) . ......... 7,500,000 to 22,000, 000
7 i < { y
MAXIMUM TRANSFER RATE READ STATUS.............. S (DIA)
(WORDS/SEC) ............. 3,480 10 36,000 lowen Dt ews it TS 0 P PRkt sl a o
MAXIMUM ALLOWABLE DATA ofi 2 3Ta 5 677 8 970 1 12713 1415
CHANNEL LATENCY (;SEC) | 439 {0 13.8 LOAD MEMORY ADDRESS COUNTER .... (DOB)
AT MERORY ADDRESS
DATA FORMATS 6 2 374 o5 el TE s YT ozE a8
READ MEMORY ADDRESS COUNTER .. ... (DIB)

SEVEN TRACK

MEMORY ADDRESS

—

B R B R e e N R TR AR TR
LOAD WORD COUNTER ... .vviiiin i (DOC)

G s a T E e

NINE TRACK

Lo T a5 s T e s to e A s
T 2 3T4d 5 &7
S. C AND P FUNCTIONS
S Set Busy to 1, Done to 0 and start the
command.
C Set all error flags to 0, select unit 0 as
the addressed transport and Read
command.
P No effect.
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NINE TRACK NRZI TAPE FORMAT

FORWARD
> TAPE
MOTION £08 AR 1RG e
ERERERE als R E [ ERERE 1 /
Z\ ¥yivy iy iy ¥ iy = o A § EREE T s
] TiTiT T TiT 4 ¥ TETGT 3
g '}z\ cle leie { ciel3 ; 3 !gvr‘gc, J & {NCHQS £iele e & WOHES
S tizivie | 4 £ € IR £
Bov] PARITY TRACK 1 L /
WORD | . ;1 L
2 {CRCC, jLscey LPET
ot S e
FIRST RECORD SECOND RECORD
FIRST FUE
e ss«é\ aae 58 ACTUAL é
STeTe 7 A N A §§ i 3 /{ Neor| | CcHANNEL |G e
PSS ER R R ) ! 8 B 2 ORDER |
flele Tl sevies | 1| 6 NCHES 3 INCHES | J i & INCHES 121
BEAR [ £ £ e
[ ’ :}S ‘i 131
1 AL J k¢ 7
] 1 15
CRCC! =
[t - -
08 -Q0G773
XXE SYTE § |#x| BYTE 2 ¢ MEMORY
i
comwary 077 TR 15
—TAPE
186 1RG EOF GAP SOR GAP 86
g B H £18 ] H T 7 f
{; ( % % Y ? ? Y i i ! 8 Yiy (f{ i i 1 EQTI
y TirlTls Tirl_ 1 1 |8 I S ¢ A\ 8| 4 |8 / y\
gjelele £le |3 8yves | Il 7owmcnEs| € (£ JE Y l7amcHes! 3ncnEs | T 3 BYTES |1 ?smcazsl 3
: BESERE 1 3 T 4 RESE 3 4 13 B 3 /
BARITY TRACK ) L p v {
BITY TF ; ) : 1A
WORD | wWoRD | 44 ] -
FR - furce 51
S NN it ACTUAL | 1
X CHANNEL | 3%
) FRST RECORD SECONS RECORD ORDER ! gg
1<) i

7
44
n
"
[

26-00774 £y
NINE TRACK PE TAPE FORMAT
N MEMORY
FORWARD
TARE MOTION IRG
{ H ERIE ERE ERE]
D L a4 I1d
8RS ves £le [P £ le eee | 6 monE
L 4 tj2 2
{Bati ) i
WORD |
1
iRG IRG EOF GAP "
R e e
I $§§i§§i.;: \ >{ : T Teor ]
N MERE R R T 24 i
£ e PREAMBLE celeie : POSTAMBLE P, AN >
J BNCHES 1 gigvres (ona elriedy e E 1 alvres Lomgttt | B ONOHES |3 moHES " {
vz 2 2 < §
P [ [ 5 i
Pt 7 [ R A { ' < <
EDF MARK g
L6 -20912 -
ime riptinn
poT BEGINNING OF TADP Ar at the beginning of the tape.
ORC CYC S BEDUNDANCY A check calrulated from and used to validote ull the data in the
CHECK CHARACTER preceding record on 9-track tapes,
EOR END OF RECORD GAP A v the controtler to indicate either
the end the end of the O
A reflective marker at the end
1DE A code written by the ¢ ded t
BURST them as such,
RG INTER-RECORD GAP A blunk section of tape w 1w the controller aft
when the tupe transport stog Prestarts for th L record,
POSTANMBLE
H
LPCC cier which pr )
& 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 accommeodate 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, wrifing or spacing at any one 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 reel 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 word 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:

f=S Set the Busy flag to 1, the Done flag to 0
and set the transport in operation for the
command contained in the Command Reg-
ister. Providing the Illegal flag is set to
0, all error indicating flags in the Status

Register are set to 0.

Set the Busy flag, the Done flag, and all
error indicating flags in the Status Reg-
ister to 0. The error indicating flags
are: Data Late, Illegal, Parity Error,
Bad Tape, End Of File, and Odd Char-
acter. After a Clear command is issued,
the selected transport is unit 0 and the
specified command is Read.

No effect.

f=C
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SPECIFY COMMAND AND UNIT

DOA <> ac,MTA

o 1 1] aclo 1 o] £ Jo s 00 1 0]
o

4 5 6°' 7 8 9 0 Il 12 13 4 i5

Bits 2-15 of the specified AC are loaded into the
combined Command, Transport Select Register.
Bits 0-8 are ignored. After the data transfer, the

controller's Busy and Done flags are set according
to the function specified by £ The contents of the
specified AC remain unchanged. The format of the
specified AC is as follows:

COMMAND T

Bits Name Function

0-8 | ----

9 Parity
{(NRZD

Reserved for future use.

For NRZI, 0 selects odd
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 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

Command

13-15 | Unit Select transport 0-7 for

NRZI or 0-3 for PE.

READ STATUS

DIA<{> ac,MTA

ot 1]acloo 1] F Jo
Bl 5 '

H i 1
o1 2 4 5 & 7 8 9

I 0 0 | O]
TR W SR B |

1

012 413 14 45

The contents of the Status Register are placed in
bits 0-15 of the specified AC. After the dala trans-
fer, 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 3 { w oo WGHE pamTy END END BEGIN. S BAD | SEND) FIRSTIWRITE| 00D | |

enpor DATA REWIG oL WG pamTy END . END RO ! i TE] 000 | uniT |

CaTe s | sk | Y ERROR (05 | (O | O (TRACK) TAPE CLOCK] CHAR | LOCK | CHAR REATY)
2 i 2 374 5 8 7 8 %10 1 1213 14 15

1v-8

Bits Name Meaning When 1

0 Error One or more of the bits 1, 3,
5, 6, 7, Band 10 is 1.

1 Data Late The data channel failed to re-
spond in time to a data chan-
nel 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:

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 Wrile,
Write End Of File or
Erase when the tape was
write-protected.

4 High The selected NRZI transport

Density is set to Read or Write at

800bpi. This bit is always 1

for PE transports (1600bpi).

5 Parity One or more bvtes in the re-

Error cord did not have the correct
parity,or in NRZI tapes the

LPCC read from the tape af-

ter the record did not match
the character calculated by
the controller.

6 End Of The transport has reached or

Tape passed the End Of Tape mark.
Executing either a Space Re-
verse or a Rewind operation
will .set this bit to 0.

7 End Of The transport has encountered

File an End Of File mark in read-
ing, spacing or after writing
an EOF mark.

8 Begin Of The tape is at the beginning

Tape of tape mark.

9 9-Track The selected transport is set
to Read or Write a @-Track
tape. This bit is always 1 for
PE transports.

10 Bad Tape The section of tape just pro-
cessed is of poor quality.

11 Send Clock | Used for maintenance.

12 First Used for maintenance.

Character

13 Write The tape on the selected
Lock transport is write-protected.
14 Qdd The record just read or writ-

Character | ten contains an odd number of
bytes.

15 Unit The selected transport 1s

Ready ready.




LOAD MEMORY ADDRESS COUNTER

DOB < {> ac,MTA

lo 1 1] ac]r o o]

0O i 2 34 5 & 7 8B 9 10 11 2

F o1 0.0 1 0
213 14 15

Bits 0-15 of the specified AC are loaded into the
Memory Address Counter. After the data trans-
fer, the controller's Busy and Done flags are set
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:

gwm MEMORY ADDRESS
i 1 i L h i i : i

ol 2 374 5 §°¢ 2713 14 5

7 8 910

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 for NRZI and 65,536 for PE. The
format of the specified AC is as follows:

Bits Name Function

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.

0 Maintenance

Location of the next word
in memory to be used for
a data channel transfer

Memory
Address

BN C Cweocan §
0T 2 374 5 & TF R s on izTiEaTE
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.

LOAD WORD COUNTER

DOC<f> ac,MTA

Lof L] AC i1}1}0} F o 1,00 1 0
o 1 2 34 5 6 7 8 9'10 11 12 13 14 15
Bits 4-15 of the specified AC are loaded into the
controller's Word Counter. Bits 0-3 are ignored.
After the data transfer, the controller's Busy and
Done flags are set according to the function speci-
fied by . 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 for NRZI and 65,536 for PE.

READ MEMORY ADDRESS COUNTER

DIB<{> ac,MTA

[o 1 0 0 1 0|
1 L 1 1 i
910 11 1213 14 15

O 1
H 1
o1 2

! A‘c]o‘rla[ F
374 5 6'7 8

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 function specified 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 speci-
fied AC is as follows:

| MEMORY ADDRESS i
: . | : |

.
s 7 8 910 1 2

ol 1 2 37a s 13 14 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 INITIALIZE

The preparation of a magnetic tape subsystem for
a data channel transfer can be divided into three
distinct phases: I, initializing the transport, II,
positioning the tape; and III, specifying the length
of the transfer, the starting memory address, and
issuing the tape command. Once the first two
phases are completed, the program can repeaftedly
execute the third phase. The results of issuing
commands in each phase should be checked for
errors before proceeding to the next phase.

REFOR

Phase I: Initializing

The desired transport is selected in Phase I by
issuing a SPECIFY COMMAND AND UNIT instruc-
tion {DOA) to the controller. The Status Register
is examined by a READ STATUS instruction {DIA)
to determine if the tape is 7- or 9-track, high
(800bpi) or low (556bpi) density, and whether the
transport is in the ready state. The 7- or 9-track
test is used to determine if the data has to be re-
formatted; the high or low density test is used to
determine the times needed for data transfer: and
the ready test determines if the transport is avail-
able to the program. The transport should be ini-
tialized by issuing a Rewind command if the tape is
not located at the Beginning Of Tape mark. The
Rewind command can be executed providing the
transport is ready and the Illegal flag is set to 0.
1f the Illegal flag is set to 1 in the Status Register,
a Clear command can be issued. The transport is
then selected and a Rewind command specified by

issuing a SPECIFY COMMAND AND UNIT instruc-
tion. The operation is initiated by issuing a Start
command. The Start command sets the Rewinding
flag to 1 in the Status Register but does not set
either the Busy flag or the Done flag to 1. The con-
troller does not initiate a program interrupt request
when the rewinding operation is completed. How-
ever, the Rewinding flag will be set to 0 in the
Status Register upon completion of the program.

Once the tape has been rewound and no error con-

ditions are detected in the Status Register, the
program may proceed to Phase II.
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Phase ll: Position the Tape SPACE FORWARD/REVERSE
In order to access the desired record on the mag-
netic tape for a Read or a Write operation, the tape
should be spaced to the position immediately pre-
ceding that record. During the spacing operation,
the Word Counter is used as a record counter, in-
crementing once for each record skipped. The
spacing operations terminates when the Word
Counter overflows or when an End Of File mark is
encountered. The minimum number of records
which can be skipped in one operation is one and
the maximum is 4096 for NRZI or 63,536 for PE.

The spacing operation is performed as follows: the
command is loaded info the Command Register with
a SPECIFY COMMAND AND UNIT instruction
(DOA), and the two's complement of the number of
records to be skipped is specified with a LOAD
WORD COUNTER instruction (DOC). The spacing
operation is initiated with a Start command ap-
pended to the last of these instructions issued. The
Busy flag is set to 1 and the Done flag is set to 0
during spacing. Upon completion of the operation,
the Busy flag is set to 0 and the Done flag is set fo
1, thus initiating a program interrupt request.

DO NG
SPACE FOF

If the desired record is contained in another file,
the Space Forward command must be issued at
least once for each file to be skipped. When a file
is to be skipped, the Word Counter must be loaded
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 maxi-
mum number of records which can be skipped in
one operation, the Space Forward command may
have to be executed several times (reloading the
Word Counter each time} before the file is skipped.
Every time an End Of File mark is encountered in

a spacing operation, the operation stops, both the
End Of File flag and the Error flag are set to 1 in
the Status Register, the Busy flag is set to 0, the
Done flag is set to 1, and a program interrupt re-
quest is initiated.

Once the tape drive has reached the correct file,
the tape should be positioned immediately before
the desired record in that file.

The Space Reverse command operates in a manner
entirely analogous to the Space Forward command.
After a Space Reverse command is executed as
many times as is necessary to skip a file, the tape
18 positioned immediately after the last record in
the preceding file.

Care should be taken so that a Space Forward com-
mand is not executed when the End of Tape flag is
set to 1 in the Status Register.

Once the tape is in position for a Read or a Write

operation and no errors are detected in the Status
Register, the program may proceed to Phase III.
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Phase lil: Read or Write

Phase III consists of specifying the starting location
in memory for the first word to be transferred,
loading the Word Counter with the two’'s complement
of the number of words to be transferred and is-
suing either a Read or a Write command together
with a Start command to the desired transport.

Read

Read operations are performed as follows: the
storage location in memory for the first word to be
read from the tape is specified by a LOAD MEMORY
ADDRESS COUNTER instruction (DOBj. The two's
complement of the number of words to be read is
then specified by a LOAD WORD COUNTER instruc-
tion {DOC). If the record to be read is of unknown
length, giving the two's complement of the longest
possible record, i.e., 0, assures that the entire
record will be read. The desired transport is se-
lected and the Read command is loaded into the
Command Register with a SPECIFY COMMAND
AND UNIT instruction (DOA}. A Start command in
the last of these instructions initiates the Read
operation.

Once the Read command is initiated, the tape is
moved past the heads and the first two bytes in the
record are assembled into one word. The word is
then written into memory via the data channel.
Each time a word is transferred to memory, the
Word Counter is incremented by one.

The Read operation will continue until either the
Word Counter overflows or the transport encounters
an End Of Record gap. If the record read was of
unknown length and was read by loading a zero in
the Word Counter, the length can be determined by
obtaining the address of the last word read into
memory. This address is obtained by issuing a
READ MEMORY ADDRESS COUNTER instruction
{DIB). The address returned is one greater than
the address of the last word written in memory by
the Read operation. Therefore, subtracting the
starting memory location from the address returned
by a READ MEMORY ADDRESS COUNTER instruc-
tion will yield the length of the record read.

Whenever the End Of Tape flag is set to 1 in the
Status Register, care should be taken to ensure
that the tape does not come off the supply reel.

g I OSET READ BETHY
§ L CLURNTER

SEND HEAD AND
UNET ANED START

READ

SPACE REVERSE
! RECORD

7 NO MORE RECORDS
N THIS FILE

e SATA TN
CES RECORD O
TAPE MAY BE
‘*\FF?C&%‘!P‘I}IT&
W
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Write

Write operations (Write, Write End Of File, and
Erase} are performed as follows: for a Write
command, the storage location in memory for the
first word to be written on the tape is specified by
a LOAD MEMORY ADDRESS COUNTER instruction
(DOB). The two's complement of the number of
words to be writfen is then specified by a LOAD
WORD COUNTER instruction (DOC). The desired
transport is selected and the Write command is
loaded into the command register with a SPECIFY
COMMAND AND UNIT instruction (DOA). A Start
command in the last of these instructions issued
initiates the Write operation. ‘

Once the Write command is initiated, a word is
read from memory, the tape is moved past the
heads, and the two bytes of the word are written on
the tape. Each time the controller receives a word
from memory, the Word Counter is incremented.
Once the Word Counter overflows, the NRZI con-
troller writes the cyclic redundancy check char-
acter and the LPCC character on 9-track tapes or,
on 7T-track tapes, the NRZI controller writes only
the LPCC. The PE controller adds the postamble
when the Word Counter overflows. In all cases,
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 and Erase commands are accom-
plished by selecting the desired transport and
loading the desired command into the Command
Register with a SPECIFY COMMAND AND UNIT
instruction. A Start command initiates the opera-
tion.

The Write End Of File command erases 3 inches of
tape and writes an End Of File mark on the tape
after the inter-record gap. Upon completion of
this operation, the Busy flag is set to 0, the Done
flag is set to 1 and a program interrupt request is
initiated. Since the transports perform a read-
after-write error check, both the End Of File flag
and the Error flag are set to 1 in the Status Reg-
ister each time a correct End Of File mark is
written.

NOTE An End Of File mark must be
written in even parity ona 7-
track NRZI tape.

The Erase command erases approximately 2 1/2
inches of tape each time it is issued. Erase can be
used to skip bad sections of tape. Once the Erase
operation 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.
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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 fransport

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.

nsport Specifications

Last acier
Transier Stop Delav Total Stop Time
Tape Rate {ms} Settie ims}
No. of | Speed | Density [{Kwords/sec) Head Read Write Headd Write Time Head
Model Tracks |lin/seq) {opi) 556 | 800 556 556 | 800 | 558 | 800 | 558 800 | 358 [ 200 | (ms) 558 800
483019 7 45 556/800 12.8 18 80 56 12 B4 122.5115.01 13 19,0 11] .07 3.5 3.5{2.511.7 5.0 3.3] 13.0 {15.6 | 14.8
4030J/R g 45 800 - i et 38 e 84 --- 115,00 --- 10,0} --- BT e 350 -~ T - 3.31 13,0 {e-- 14.8
4030K/8 7 12.5 | 556/800 3,48 5 1288 200 432 | 288 |90 &0 56 .37 4.5 3.0 312.512.5/8.5,3.7 118 12 33.0 {43.8 | 38.7 | 60.554.5
4030L/T ¢ 12.5 800 - 3 ~-- 1260 --~- 288 - 180 --- 137 eem 13,0 1 --- 112050 --< 50T L aee 132 30.0 | --- 38.7 | --- 134.5
4030M/U 7 75 556/800 | 21 30 48 1 33.3 72 50 120.3114.00 9.8! 6.4) .08 .05 2.0 2.0:1.5/1.0 ] 9.8 6.4} 10.0 {11.358] 11.05, 21.8(18.4
SO30N/W g 7% 800 -~ 3¢ --- 1 33.3 - 30 cmm 1400 e B4l - B 2.0 =110 -en 6.4 10,0 | --- 11,05 ... (18,4
£020/6022 d k) 556/800 | 21 30 48 | 33.3 T2 50 120.3114.07 9.8, £.4] .08 .08 2.0 2.0/1.5{1.0 9.6 6.4} 10.0 {11.58;11.05] 21.6118.4
£021/8023 £l 75 556/800 1 21 30 48 1 33.3 12 50 §920.3114.0] 8.61 6.41 .08, .05] 2.0 2.011.5{1.0] 9.6 6.4] 10.0 {11.58111.05] 21.6]16.4
6025 : .
4196A4/B 9 45 1800 36 27.8 13.8 12.9 10.5 5.8 3.9 1.8 3.5 14,0 16.4 21.4
ERROR CONDITIONS Register. Busy is set to 0, Done is set to 1 and a

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 com-
mand 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/Trans-
port Select Register to 0. Therefore, unit 0 is the
selected transport and Read is the specified com-
mand after a Clear command or an /O RESET
instruction is issued. The Status flags read by a
READ STATUS instruction (DIA) pertain to unit 0
until another fransport 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

program interrupt request is initiated.

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 recdrd 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 selected
transport is write-protected and a Write operation
is specified, the Start command will set the Error
flag, the Illegal flag and the appropriate error
condition flag in the controller's 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 to 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 from memory was not trans-
ferred to the tape.

1f 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 mark will also be inter-
preted as a data record during spacing operations.
The EOF mark must be written in even parity on
T-track NRZI tapes.
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DGC CASSETTE SUBSYSTEM

INTRODUCTION

Each DGC cassefie has a maximum storage capac-
ity of 687,000 words (134,000 eight-bit bytes). The
actual capacity of a DGC cassstte 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.

SUMMARY

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

AHENERRENRE s
i i | P [t -
TiT)T TiTiTiT TiT cap CRCIIRS
0li]2 14115/0 1 1415 /]
l WORD / WORD e LAST
T
! i 2 T WORD
. ,
RECORD
06-00982
BOT | RECORD iRGIRECORDIIRG EE:K iRG [ RECORD [ IRG RECO;%ECORD IRGIEOQT
i
___\\ § I
L . N —e
FILE FILE

MNEMONIC (FIRST CONTROLLER) ..... CAS
DEVICE CODE (FIRST CONTROLLER)... 34g
MNEMONIC (SECOND CONTROLLER) ... CAS1
DEVICE CODE (SECOND CONTROLLER)... T4g

PRIORITY MASK BIT ..o oo e, 10
LENGTH OF TAPE (FEET) .....c..ov... 200
RECORDS/FILE . oo osnenn, 1 to 4086
WORDS/RECORD . ..oovoveeeennnn 2 to 4096
MAXIMUM TRANSFER RATE

(WORDS/SEC) « v eveeeeeeeae 750
MAXIMUM STORAGE CAPACITY

(WORDS/CASSETTE) ........ . 67,000
ALLOWABLE DATA CHANNEL

LATENCY (uSEC)......... e 28

ACCUMULATOR FORMATS

SPECIFY COMMAND AND UNIT........ (DOA)

: COMMANDJ UNIT ]

T T H

8 2 10 R i3 45

o i 2 3 4
000 READ 100 SPACE REVERSE
001 REWIND 101 WRITE

010 RESERVED 110 WRITE EOF
011 SPACE FORWARD 111 ERASE

READ STATUS.......

RE

The data stored on a DGC cassette is verified by
the calculation of a cyelic redundancy checkword
(CRQ) in a read-after-write checking system. The
same system is used when a record is read.

won e T TPAR-TEND JeNo
2474 HLE- Floe
RROR 2 IWING-| oL Py OF 1o
Lare REGRL | gmw&ipe Fi
o 1 2 3 4 5 8

~ WORD COUNT i
/ L
H

H

7 8 o 0 11 123 & 15

o1 2z 374 5 8
LOAD MEMORY ADDRESS COUNTER... (DOB)

L | MEMORY ADDRESS L
C i 2 34 5 &7 8 9 10 1l (2' 13 14 I5
READ MEMORY ADDRESS COUNTER... (DIB)

MEMORY ADDRESS
. \ . ;

1 s i

T

O 4 2 3 4 5 B 7T 8 9 0 i 12 13 4 i5

S Set Busy to 1, Done to 0 and all error indi-
cating flags to 0 and start the command. I
Illegal is set to 1, S has no effect.

C  Set Busy, Done and all error indicating
flags to 0, select unit 0 as the addressed
transport and specify a Read command.

P No effect.
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INSTRUCTIONS

The DGC cassette controller contains four registers:

4 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-
her 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 cassetie 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:

£=§  Set the Busy flag to 1, and the Done flag to 0.
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.

Set the Busy flag, the Done flag, and all error
indicating flags in the Status Register to 0.
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<f» ag,CAS

fo 1 T AC o 1 o] F |O & 1 1 O Of
i H . 1 1 i 3 N

STz 3 4 5 6 7 o8 % 10 11z 13 405

Bits 10-15 of the specified AC are loaded into the
combined Command/Transport Select Register.
Bits 0-9 are ignored. After the data transfer,

the controller's Busy and Done flags are set ac-
cording to the function specified by . The contents
of the specified AC remain unchanged. The format
of the specified AC is as follows:

COMMAND oNT

T 1 12 13 14 15

Bits Name Function

0-9
10-12

Reserved for future use.

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

Command

13-15 | Unit Select transport 0-7
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READ STATUS

DIA“f> ac, CAS
ot ijacloo i F Jo i 1 1 00]
o0 2 3 4 5 6 7 8 9 10 1 iz 13 14 5

he 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 £ The format
of the specified AC is as follows:

B
i

o'y 2 3'a 5 87 8 90 1 1213 14 15

Meaning When 1

One or more of the bits
1, 3,5,6,7, 8or 10
are 1.

The data channel failed

to respond in time to a
data channel request.

1 Data Late

The selected transport
is currently rewinding.

2 Rewinding

A Start command was
issued to the selected
transport when one of
the following conditions
existed:

3 Illegal

e The transport was
not ready.

e 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.

Parity Error | The cyelic 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

0.

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.

The tape is at the begin-
ning of tape mark,

8 Begin Of Tape

3 —— Reserved for future use.

10 Write Fail The last record written
has caused a failure in
the fransports write

electronics.
11 ———— Reserved for future use.
12 ——— Reserved for future use.

The DGC cassette on the
selected transport is
write protected.

13 Write Lock

14 ———— Reserved for future use.
15 Cassette The selected transport
Unit Ready and cartridge is ready

for use.

LOAD MEMORY ADDRESS COUNTER

DOB- {> ac, MTA
fo‘;EiEA‘czz:o!oi F lo 1 1 R
o't 2 2'4 5 67 8 9 w0 1 23 418

Bits 1-15 of the specified AC are loaded into the
Memory Address Counter. Bit 0 is ignored. After
the data transfer, the controller's Busy and Done
flags are set according to the function specified by
The contents of the specified AC remain unchanged.
The format of the specified AC is as follows:

MEMORY ADDRESS !1

2 3 4 5 6 7 8 9 w0 i1 12 iz 14 B

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

READ MEMORY ADDRESS COUNTER

DOC <f> ac, MTA DIB- > ac, MTA

o 1 i[ac i rto]F Jo 1 1 1 00| fo v 1lacjot 1] F Jo i1 11 00]
i i $ i : H 4 H H i

o H 2 3 4 5 & 7 8 ER I 32‘ i 14 i5 O T 2 3 4 5 & 7 8 9 0o 12 i3 14 5

Bits 4-15 of the specified AC are loaded into the
controller's Word Counter., Bits 0-3 are ignored.
After the data transfer, the controller’s Busy and
Done flags are set according to the function speci~
fied by . 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
i i ! i i 1 i
4 5 6 7 8 9 10 11 2 13 14 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.

The contents of the Memory Address Counter are
placed in bits 1-15 of the specified AC. ACDit 0

is sef to 0. After the data transfer, the controller's
Busy and Done flags are set according to the function
specified by £ When the Memory Address Counter
is read after a Read or a Write operation, the con-
tents point to a memory location one greater than

the location of the last word transferred. The format
of the specified AC is as follows:

MEMORY ADDRESS
i 1 1 H i i
P2 32 4 5 &7 8 8 10 i 2 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.

PROGRAMMING

The preparation of a DGC cassette subsystem for
a data channel transfer can be divided into three
distinect phases: I, initializing the transport;

11, positioning the tape; and III, specifying the
transfer parameters. Once the {irst two phases
are completed, the program can repeatedly exe-
cute the third phase. The results of issuing
commands in each phase should be checked for
errors before proceeding to the next phase.
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Phase I Initializing

Initialization of the transport is performed as
follows: the desired transport is selected by
issuing a SPECIFY COMMAND AND UNIT in-
struction {DOA) to the controller. The Status
Register is examined by a READ STATUS in-
struction (DIA) to determine if the tape is
positioned at the Beginning Of Tape mark, if
the Illegal flag is set to 1, and if the transport
is in the ready state. The transport should be
initialized by issuing a Rewind command if the
tape is not located at the Beginning Of Tape mark.
The Rewind command can be executed providing
the transport is ready and the Illegal flag is set
to 0.

If the Illegal flag is set to 1 in the Status Register,
a Clear command can be issued. The transport is
then selected and a Rewind command specified by
issuing a SPECIFY COMMAND AND UNIT instruc-
tion. The operation is initiated by issuing a Start
command. The Start command sets the Rewind-
ing flag to 1 and the Unit Ready flag to 0, but does
not set either the Busy flag or the Done flag to 1.
During this time, the program can issue instruc-
tions to any other transport which is in the ready
state. The controller does not initiate a program
interrupt request when the rewinding operation is
completed. However, the Rewinding flag will be
set to 0 and the Unit Ready flag to 1 upon com-
pletion of the operation.

Once the tape has been rewound and no error con-
ditions are detected in the Status Register, the
program may proceed to Phase II.

INITIALIZE

SEND CLEAR PULSE
TO SYSTEM AND
CORRECT CAUSE
OF ILLEGAL FLAG

!

SEND REWIND UNIT
AND START
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Phase l: Position the Tape

In order to access the desired record on the DGC
cassette for a Read or a Write operation, the tape
should be spaced to the position immediately pre-
ceding that record. During the spacing operation,
the Word Counter is used as a record counier,
incrementing once for each record skipped. The
spacing operations terminates when the Word
Counter overflows or when an End Of File mark
is encountered. The minimum number of records
which can be skipped in one operation is one and
the maximum is 4096.

The spacing operation is performed as follows: the
command for the spacing operation desired is
loaded into the Command Register with a SPECIFY
COMMAND AND UNIT instruction (DOA), and the
two's complement of the number of records to be
skipped is specified with a LOAD WORD COUNTER
instruction (DOC). The spacing operation is in-
itiated with a Start command appended to the last
of these instructions issued. The Busy flag is set
to 1 and the Done flag is set to 0 during spacing.
Upon completion of the operation, the Busy flag is
set to 0 and the Done flag is set to 1, thus initiat-
ing a program interrupt request.

If the desired record is contained in another file,
the Space Forward command must be issued at least
once for each file to be skipped. When a file is to
be skipped, the Word Counter must be loaded 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, the Space Forward command may have
to be executed several times (reloading the Word
Counter each time) before the file is skipped.
Every time an End Of File mark is encountered in
a spacing operation, the operation stops, both the
End Of File flag and the Error flag are set to 1 in
the Status Register, the Busy flag is set to 0, the
Done flag is set to 1, and a program interrupt re-
quest is initiated.

Once the transport has reached the correct file,
the tape should be positioned immediately before
the desired record in that file,

The Space Reverse command operates in a manner
entirely analogous to the Space Forward command.
After a Space Reverse command is executed as

many times as is necessary to skip a file, the tape
is positioned immediately after the last record in
the preceding file.

Care should be taken so that a Space Forward
command is not executed when the End Of Tape flag
is set to 1 in the Status Register.

Once the tape is in position for a Read or a Write
operation and no errors {other than the End Of
File, Error combination) are detected in the Status
Register, the program may proceed to Phase IIl.

POSITION

SEND CLEAR PULSE
TQSYSTEM AND
CORRECT CAUSE OF
ILLEGAL FLAG

DO NOT BSUE
L SPACE FORWARD

SEND HECORD
COUNT
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Phase lil: Specify Transfer Parameters

Phase III consists of specifying the starting loca-
tion in memory for the first word to be transferred,
loading the Word Counter with the two's comple-
ment of the number of words to be transferred

and issuing either a Read or a Write command
together with a Start command to the desired
transport.

Read

Read operations are performed as follows: the
storage location in memory for the first word to

be read from the tape is specified by a LOAD
MEMORY ADDRESS COUNTER instruction (DOB).
The two's complement of the number of words to be
read is then specified by a LOAD WORD COUNTER
instruction (DOC). If the record to be read is of
unknown length, giving the two's complement of

the longest possible record, assures that the
entire record will be read. The desired trans-
port is selected and the Read command is loaded
into the Command Register with a SPECIFY COM-
MAND AND UNIT instruction (DOA). A Start com-
mand in the last of these instructions initiates the
Read operation.

Once the Read command is initiated, the Busy flag
is set to 1, the Done flag is set to 0, the tape in the
DGC cassette is moved past the heads, and the first
16 bits in the record are assembled into one word.
The word is then written into memory via the data
channel. Each time a word is transferred to mem-
ory, the Word Counter is incremented by one.

The Read operation will continue until either the
Word Counter overflows or the transport encounters
an End Of Record gap. Upon completion, the Busy
flag is set to 0, the Done flag is set to 1 and a
program interrupt request is initiated. If the
record read was of unknown length and was read
by loading a zero (the two's complement of 4096)
in the Word Counter, the length can be determined
by first obtaining the address of the last word
read into memory. This address is obtained by
issuing a READ MEMORY ADDRESS COUNTER
instruction (DIB). The address returned is one
greater than the address of the last word written
in memory by the Read operation. Therefore,
subtracting the starting memory location from the
address returned by a READ MEMORY ADDRESS
COUNTER instruction will yield the length of the
record read.

Whenever the End Of Tape flag is set to 1 in the
Status Register, care should be taken to ensure
that any command which moves the tape forward
is not issued.

READ

I SPACE REVERSE
1 RECORD

REBS
UNT

SEND READ AND
UNIT AND START

CHECKWORD
ERRBOR
o

UNIT
READY?
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Write WRITE

Write operations (Write, Write End Of File, and —
Erase) are performed as follows: for a Write com- Q?
mand, the storage location in memory for the first |

word to be written on the tape is specified by a
LOAD MEMORY ADDRESS COUNTER instruction
(DOB). The two's complement of the number of
words to be written is then specified by a LOAD
WORD COUNTER instruction (DOC). The desired
transport is selected and the Write command is
loaded into the command register with a SPECIFY
COMMAND AND UNIT instruction (DOA). A Start
command in the last of these instructions issued
initiates the Write operation.

«/ RECORD SHOULD
BE REWRITTEN ON
ANOTHER TAPE

Once the Write command is initiated, the Busy flag
is set to 1, the Done flag is set to 0, a word is

read from memory, the tape in the DGC cassette is
moved past the heads, and the 16 bits of the word are
written on the tape. Each time the controller re-
ceives a word from memory, the Word Counter is

WRITE-RETRY
COUNTER=-WRITE-
HETHY COUNTER+L

NG | SEND CLEAR PULSE

incremented. Once the Word Counter overflows, the 7 | TosysTEM AND

CORRECT CAUSE OF
ILLEGAL FLAG

controller writes the cyclic redundancy checkword.
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 and Erase commands are ac~
complished by selecting the desired transport and
loading the desired command into the Command
Register with a SPECIFY COMMAND AND UNIT
instruction. A Start command sets the Busy flag
to 1, the Done flag to 0, and initiates the operation.

SEND STARTING
MEMORY ADDRESS
AND WORD COUNT

SEND WHITE AND

The Write End Of File command erases 2 1/2 inches [N WETE A
of tape and writes an End Of File mark on the tape PE—
after the inter-record gap. Upon completion of this %
operation, the Busy flag is set to 0, the Done flag
is set to 1 and a program interrupt request is in-
itiated. Since the transports perform a read-after-

write error check, both the End Of File flag and the
Error flag are set to 1 in the Status Register each
time a correct End Of File mark is written.

MO
X=INITIAL ADDRESS
+ WORD COUNT

The Erase command erases approximately 2 1/2
inches of tape each time it is issued. Erase can
be used to skip bad sections of tape. Once the
Erase operation has been completed, 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 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 Il-
legal flag and the Done flag are set to 1 and a pro-
gram interrupt request is initiated. The Illegal flag
can be set to 0 only with a Clear command or an
1/0 RESET instruction. The Clear command sets
all the error indicating flags in the Status Register
to 0 and sets the Command/Transport Select Reg-
ister to 0. Therefore, unit 0 is the selected trans-
port and Read is the specified 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 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.

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 o 1
if the record just written contains an error.
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SECTION V

DISCS

FIXED HEAD DISC SUBSYSTEM

4047A & 4047B DISC CARTRIDGE SUBSYSTEMS
4048A DISC PACK SUBSYSTEM

4057A DISC PACK SUBSYSTEM

4231A DISC PACK 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 -

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.

Moving Head Disc Drive

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 format. Data is recorded serially, bit
by bit, on one track at a time, Six’fﬂﬁn bits form
a word, and 256 contiguous words form a data
storage field called a sector. A %e@mr ig the
ma lhmsf 3 ddressable unit of information. The

5

number of sectors which ar € recor ‘ded on each
track is degendem on the particular disc drive
used.

In addition to the data contained in each sector, a
16-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 controlier to the drive, to be written on the
disc, Once the 258 words {4086 bits) in the record
have been written, this checkword is writien. Sub-
sequently, w at sector is read, the coniroller
again calculates a checkword from the individual
bits read frem 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. I 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 formaltting. All discs must be proper-

1y 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-

V-2
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quired for head sele n, (on the order of 1 milli-
second) :w:* the max ti me the head must wail
until the beginning of the desired sector appears,
i.e., one complete revolution of the platter (17
3540rpmj.

milliseconds @

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 required from 10 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 units 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)

TRACK

TEN TRADKES
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DGC DISC SUBSYSTEMS of which require their own particular drive units.

The following table lisis the specifications, equip-
Data General offers one fixed-head disc subsystem ment requirements and maximum sizes of the
which uses any one of four available drive units, subsystems.

and five distinct moving-head disc subsystems each

Transfer Maximum
Hate ¥ >f
Controller Adapter Drive Unit {Words /Sae)
8001/ Post
. . o None s P -
Fized-head 4018 Required B 122,700
T Bost maiion
40474 4049 40474 Cartridge . . 4
and 4046 Cariei " 90,000
40478 4047 40478 AFLTIAEE A0C 1 g03. 003 2.2 12 2,494,464 2
Noaremovable
40484 4046 4048 40484 Pack 203 10 5 118,080 78,000 4
4057A 40486 4057 4057A Pack 203 20 12 12,472,320 156,000 4
azata | firstdrive
4 4231 {comes with . 1 2 5,979, 3 402,000
4231A 4231 lcomes MU} Secondfourth Arve Pack 411 19 23 45,979,392 403,000 4
first drive) 42318

*The number of surfaces in a fixed head disc is {ransparent {o the programmer.




SHARED DISC CONSIDERATIONS
The following sections on programming the various
disc subsysiems all assume that the disc drive is
directed by one CPU. However, all disc subsys-
tems can be shared by two CPU’'s. In the case of
the Fixed Head Disc Subsystems, no change in
either the insfructions themselves or the order in
which they are issued is required. Access to the

is a conflict.
the time for accessing consecutively num
sectors by one CPU is extended to 10.5 1
seconds/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-
onds 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 fo 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-
lected drive is unknown to a CPU when if 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 out. When the Seek Done flag for the se-
lected drive is set fo 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 adapter is free to service any requests
from either CPU.

V-4

Although the adapter might transfer control to the
other CPU once the Read/Write Done flag is setf 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 {o the 6 second
time ocut 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 Recalibrale 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
condifion could cause damage to the access
mechanism of the drive unit,

In order to avoid ata 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 O 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.

1f, 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 if is repaired.




FIXED HEAD DI

SUMMARY
MNEMONIC (FIRST CONTROLLER)....... DSK ACCUMULATOR FORMATS
DEVICE CODE (FIRST CONTROLLER)...... 20g

MNEMONIC (SECOND CONTROLLER)....DSK1
DEVICE CODE (SECOND CONTROLLER). ... 60g

PRIORITY MASK BIT ... ooiieeennnnnn. 9
TRACKS © o iviiiiiiiiine e, 64-1024
SECTORS/TRACK . ..ottt eeeeaenan 8
WORDS/SECTOR ..ot vevive e 256

TOTAL STORAGE CAPACITY
MIN/MAX (WORDS) 131,072/2,097, 152

MAXIMUM TRANSFER RATE

......

(WORDS/SEC) -+ vveee i, 122,700
ALLOWABLE DATA CHANNEL

LATENCY (USEC). .o veee i 14
SECTOR ACCESS TIME

MAX/MIN (MSEC). o\ voeunnennnnnn.. 18/1

S, C AND P FUNCTIONS

Set Busy to 1, Done and all status flags to 0
and start a Read operation.

P Set Busy to 1, Done and all status flags
to 0 and start a Write operation,

SC SUBSYSTEM

SPECIFY DISC TRACK AND SECTOR... (DOA)

3 4

e] i

0 xz"za 341
LOAD MEMORY ADDRESS COUNTER ...{DOB)

D(Asn{
1 : 5 i

o i 2 3 4 5
READ MEMORY ADDRESS COUNTER....(DIB)

2 13 14 15

1

s

o 1z 3 5 8 o1 o2
DIAGNOSTIC. oo e et e e (DIC)
| UNDEFINED |
; i i i i i i i

o I 2 3 4 5 8 7 8 9

C Set Busy, Done, Data Late and Check
Error flags to 0 and stop all operations.

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 (0-77g) while
the maximum is 1024 (0-1777g). Each track con-
tains 8 (0-7) sectors; each of which stores 256
(400g) 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 (20g}
tracks.



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
containg the memory location of the next 16-bit
word to be read {rom 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 writien. 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 mainienance purposes.

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

f=8 Set the Busy flag to 1, the Done flag
and all the status flags to 0, and
initiate a Read operation.

{=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

o 1 i
o}

; 16 1 0 0 0 0O
: H i i
i 2 3 4 &5 6 7 8 9

o120 43 14 s

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 ¥, The

contents of the specified AC remain unchanged.
The format of the specified AC is as follows:

3 a4 5

Bits Name Function

0-2 ——— Reserved for future use.

3-12 Track Specify the track number
0-1777g.

13-15 Sector Select the sector number
0-7g for a Read or a
Write operation.

LOAD MEMORY ADDRESS COUNTER

DOB i~ ac,DSK

iO i1 AC §§ o ¢ F 10 1 C © O Oi
H 1 : . . ; 5 s N . ;
o' 1 2z 3 4 5 & 7 & 8 40 i (2 12 14 15

Bits 0-15 of the specified AC are loaded into the
disc controller's Memory Address Counter. If

AC bit is 1, the contrcller is put into the diagnostic
mode of operation. After the data transier, 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:

2 3 4 5 6 7 B S 10 U 12 3 4 i5
Bits Name Function
0 Diag Places the controller in the
diagnostic mode of opera-
tion. .
3
1-15 Memory Location of the next word in
Address memory to be used for a
data channel transfer.
-
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READ STATUS

DIA<f> ac,DSK
;cigzéacroosgf-";oy(o»o‘os{
o Z 3 4 5 & 7 5 570 23 4 B

The contents of the Status Register are placed in
bits 7-15 of the specified AC. Bits 0-6 are set to
0. After the data transfer, the controller's Busy
according to the function
The format of the specified AC is

and Done flags are set
specified by F.
as follows:

Lotk

10 it

s 2 3 4 5 8 7 8 9

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 f- ac,DSK

T
[0 i}A‘C{OXE‘Wf%OQIO’O o o]
o1 2z 34 5 67 8 5 10 1 271k e s

The contents of the Memory Address Counter are
placed in bits 1-15 of the specified AC. Bit 0 is
set to 0. After the data transfer, the controller's
Busy and Done flags are set according to the

function specified by F.

When the Memory Ad-

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:

MEMGRY 2

213 5
Bits Name Function
0 ——— Reserved for fulure 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
O!BEAC{lOMF’OiOOOO[
1 A b i i H i i H H }
o1 2 34 5 87 8 9 10 i1 1213 14 i

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
distinet 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 1I.

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 {DOA) 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 irack 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 L.

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 fo pass under the head. Eacu
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 if 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
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TIMING

The disc rotates at a speed of 3540rpm. There-
fore, the time for a complete revolution is 186, 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 milliseconds 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 search latency 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 O 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

V-9

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.

I

[ N

A. SECTOR LOCATIONS ON THE DISK

ORIGIN
GAP

TRACK ~—— SECTORS ——
XX0 4 7 & 3§ 3 7
XX 0 4 83 3
XX T 0 4 5 ¢
XX 7 4 I 5
X X 4 70 4 5
XX3 i 4
XX Q 4
X X7 I i 3 3 7 0
SEC CTRLS 2 45 8 7

B. TRACK - SECTOR LOCATIONS RELATIVE
TC THE SECTOR COUNTER




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 0 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 0 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.

V-10
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THE 4047A AND 4047B
DISC CARTRIDGE SUBSYSTEMS

MNEMONIC (FIRST CONTROLLER)...... DKP
DEVICE CODE (FIRST CONTROLLER) ..... 338
MNEMONIC (SECOND CONTROLLER) ... DKP1
DEVICE CODE (SECOND CONTROLLER) ... 738

PRIORITY MASK BIT ...t etiineennnnns 7
SURFACE/UNIT ....ueiuseseniennnnnns, 2
TRACKS/SURFACE (CYLINDERS)........ 203
SECTORS/TRACK e vt iteeereeennennnn. 12
WORDS/SECTOR .« v+ e e eeeereaennnn., .. 256
TOTAL STORAGE CAPACITY/UNIT

(WORDS) + e e veeeeeaanannn, 1,247,232
MAXIMUM TRANSFER RATE

{(WORDS/SEC) ...ovvnnn.. s eees 90, 000
ALLOWABLE DATA CHANNEL

LATENCY (4SEC).....ovverennn... 22.2
SEEK TIME MAX/MIN (mSEC)........ 135/15
SECTOR ACCESS TIME MAX,/MIN

(MSEC) © vt iiee e, 40.5/.5

ACCUMULATOR FORMATS
SPECIFY DISC ADDRESS AND

SUMMARY

SPECIFY COMMAND AND CYLINDER... (DOA)

s . L ]
8 9 10 1 12 13 14 I5
COMMANDS
00 Read 10 Seek
01 Write 11 Recalibrate

READ STATUS .. ..ot

| SEEKING ON DRIVE

OMMAND FINISHED
SE€ i

ikl R
Lo,z s

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

01523456789@” !2‘§3!4§5

SECTOR COUNT ........cv.unn.... (DOC) S, C AND P FUNCTIONS
]L””’f : secren ; TSRETOR couNT f S Set Busy to one, Done to zero and start
0 1| 2 3 4 5 & 7 8 9 10 1 12 13 141 a Read or a Write operation.
READ DISC ADDRESS ................. (DIC) C Set Busy to zero, Done to zero and stop
all operations.
S&‘ - 1 o T J P Set Done to zero and start a Seek or a
o 8 9 10 N 12 13 14 15 Recalibrate operation.
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.

Each drive unit contains a single disc with two sur-
faces, 0 and 1. Thus a cylinder contains two
tracks. There are 203 (312g) cylinders on a disc.
Each of the two tracks in a cylinder contains 12
(0-13g) sectors each of which stores 256 (400g)




16-bit words and containg a checkword., The data
storage capacity is 3072 words track, 6144 words:
evlinder or 1,247,232 words/ Lartz*sﬁéi}. Words
are transferred to and {rom the subsystem via the
data channel at a rate Qf ’SQ,GGQ words per second.
Up to 16 sectors conta nN 4086 (100004} words

can be {ransferred in one operation.

The controller for a disc cartridge subsystiem,
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 any one 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 Addressg 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.

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 dise controller's Busy and Done flags are con-
trolled using all three of the device flag commands
as follows

psn{uzm on the con mm,,, of the Commagﬁ
The error indicating flags are
the \99% Crror, the End Error, the Un-
safe, the Check Error, the Data Late,
and the Error flags.

f=C Set the Busy, the Done and all error in-
dicating flags to 0 and stop all positioning
and data transferring operations.

=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
(o 1 1] Ac T §O¥F§O!‘307%Aii
o 1 2 34 5 €7 8 8 10 i 2 1% 14 15

Bits 0-15 of the specified AC are loaded into the
Disc Address Register, s 3-6 are ignored.
After the data transfer, the Cfmiroi}er 5 Busy and
Done flags are set according to the iuncuon speci-
fied by F. The contents of the specified AC re-
main unchanged. The format of the specified AC
is as follows

i i
DRIVE SECTOR { =SECTOR COUNT |

o i T TR 33 14 5

Bits Name Function

Select the drive number, O,
1, 2 or 3.

0-1 Drive

1f 1, place the drive in
format mode, This mode
should not be used for the
4047A and 4047B subsystem.

2 Format

3-6 -—- Reserved for future use.

7 Surface Select the surface number,
0 or 1, for the start of a

Read Write operation.

g-11 | Sector Select the starting sector
number, 0-138. for a Read

or Write operation.

Specify the two's comple-
ment of the number of sec-
tors to be processed
{maximum of 16}.

-Sector
Count

12-15




SPECIFY COMMAND AND CYLINDER

DOA<f> ac,DKP

LOAD MEMORY ADDRESS COUNTER

DOB < {> ac,DKP

1o 1 1T AC oschIoaaoz:
Ly : : [ s

' AC ir ool FJo 1 1 01 ]

5

0’%23456?89'%55532:3«1;5

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 funec-
tion specified by F. The contents of the specified
AC remain unchanged. The format of the specified
AC is as follows:

i s i
o 23456’?89@ o2 13 4 s

Bits 0-15 of the specified AC are loaded into the
controller's Memory Address Counter. Bit 0 must
be 0. 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:

CLEAR DOML FLaGS

T ]
®e 4D/ N fe [IIICOMMAND |

" SEEX  SEEX SEEK  $EEK
j“"”& o4 142 5 § i : L

0223456?8910 o2 13 14 15

CYLINDER i

MEMORY ADDRESS T
i i i H 1 H 1
it 213 14 s

01 2z 3'4 5 677 8 510

Bits Name Function if Set to One

Name Contents

Set the Read /Write Done
flag, the Check Error, the
EOC, the Unsafe, and the
Seek Error flags to 0.

Set the Seek Done flags to
0 for the drives 0-3, re-
spectively.

0 Clear Read’
Write Done

Clear Seek
Done

1-4

5 -— Reserved for future use.

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 Specify cylinder number
0-3128 for the selected

drive.

Cylinder

Reserved for future use.

Location of the next word
in memory to be used in a
data channel transfer.

Memory
Address




READ STATUS

DIA <> ac,DKP

o 2 3 4 5 6 7 8 9 0 it 2 13 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:

o | seex | en JoRECK] DATA |

SEEKING DR DRIVE ! 0 L "
{reant jEaroa |cRRoR SRR crana | Lare (FRROF
i i i i ]

H
sex SEEK |
z 3 1 © P2 3

3 4 5 6 7 8 9 0 U 2 13 1415
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.
9 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-
fended 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.

The data channel failed to
respond in time to a data
channel request.

14 Data Late

One or more of the bits
10-14 is set to 1.

15 Error

READ DISC ADDRESS

DIC <{> ac,DKP

ac [1 o 1] F Jo 1t 0 1 1

' H L
o' 1 2 34 5 & 7 8 8 {0 il iz I3 14 i5

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:

T 1
| -secTomcount |

1112 13 14 15

Bits Name Contents

0-1 Drive

Number of the drive se-
lected.

The selected drive is in the
format mode. This mode
should not be used.

2 Format

Reserved for future use.

1f 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.

The surface number of the
active head on the drive.

7 Surface

The sector number of the

- sector immediately follow-
ing the last sector pro-
cessed. If the last sector
read or written was 13g,
this number will be 14g
even though there is no such
sector. If the operation is
still in progress, this is the
sector currently being read
or written.

8-11 | Sector

12-15 The two's complement of
the number of sectors left

to be processed.

-Sector
Count
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READ MEMORY ADDRESS COUNTER

DIB<f> ac,DKP

9

The contents of the Memory Address Counter are
placed in bits 1-15 of the specified AC. Bit 0 is
set to 0. 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 dise
cariridge. The format of the specified AC is as
follows:

MEMORY APDRES$

H

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.

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 0-13g; 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.




INITIAL SELECTION AND
HEAD POSITIONING

Phase il: Position the Heads

The heads are positioned over the desired cylinder
as follows: a SPECIFY COMMAND AND CYLINDER
instruction (DOA) is issued to the confroller. This
instruction should contain the number of the cylin-
der desired and the Seek command. The cylinders
are numbered from 0-312g. The instruction should
also set both the Read/Write Done flag and the Seek
Done flag for the selected drive to 0. 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 IIL.

The heads of the selected drive unit can be forced
to eylinder 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 0. The opera- o-co
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 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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Phose il 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.

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 (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 0 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.

v-17

READ




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 L 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 0.

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. el

YLINDER-CYLINDER+1
SURFACE-SECTOR-D

SECTOR COUNTERSECTOR
COUNTER
VE

e -00874

Note: Possible hardware error in head counter.

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. Inthe 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 thencontinues 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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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 312g, 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
(13g) 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 1/O RESET instruction {IORST).

During Heod Positioning

If the program issues a SPECIFY COMMAND AND
CYLINDER instruction which specifies a non-
existent cylinder { > 312g) 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 cperation 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 initiafed.

1f 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.

£ 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

MNEMONIC (FIRST CONTROLLER) DKP
DEVICE CODE (FIRST CONTROLLER) 33g
MNEMONIC (SECOND CONTROLLER)... DKP1

SUMMARY

SPECIFY COMMAND AND CYLINDER... (DOA)

o o2 i3 i5
DEVICE CODE (SECOND CONTROLLER). ... 738
PRIORITY MASK BIT . .................... 7 COMMANDS
SURFACES/UNIT ..., 10
00 Read 10 Seek
TRACKS/SURFACE (CYLINDERS)......... 203 01 Write 11 Recalibrate
SECTORS/TRACK .. o\veiiiiinie i, 6
/
WORDS/SECTOR . ..ot iiine i, 256 READ STATUS
TOTAL STORAGE CAPACITY - —
(WORDS) ...................... 3, 118, 080 gi; ”\iﬁ%iig,:?ifgg‘f‘] - K
MAXIMUM TRANSFER RATE o 1 2 3 4
(WORDS/SEC) .......oovvnnn 78,000 LOAD MEMORY ADDRESS COUNTER... (DOB)
ALLOWABLE DATA CHANNEL
LATENCY (USEC) .o v i i ian .., 25.6 MEMORY ADDRESS §
SEEK TIME MAX/MIN (mSEC).......... 60/10 £ 2 3 4 5 6 7 8 S 10 1l 12 13 14 15
SECTOR ACCESS TIME MAX/MIN READ MEMORY ADDRESS COUNTER.... (DIB)
(MSEC) .. v i 46.3/0 ‘
i MEMCRY ADDRESS |
AR sieifs ENTANT 23 s s
ACCUMULATOR FORMATS
SPECIFY DISC ADDRESS AND
SECTOR COUNT .. ..vnvveennn.., (DOC) S, C AND P FUNCTIONS
SECTOR i ~SECTOR COUNT | S Set Busy to one, Done to zero and
L b start a Read or a Write operation.
9 10 I 12 13 14 15
C Set Busy to zero, Done to zero and
................... (DIC) stop all operations.
secror | -secton count i P Start a Seek or a Recalibrate operation.
T S RS TR
9 10 N 12 i3 14 15
INTRODUCTION transferred to and from the subsystem via the

The 4048A disc pack subsystem utilizes a remov-
able disc pack containing 10 (0-11g) program
accessible surfaces. There are 203 (0-312g)
cylinders on the disc pack. FEach of the pre-
formatted tracks in a cylinder contains 6 (0-5)
sectors, each of which stores 256 (400g) 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

v-21

data channel at a rate of 78,000 words per second.
Up to 16 sectors containing 4096 (10000g) 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
any one 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-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.

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=8 Set the Busy flag to 1, the Done and all
error indicating flags to 0, and initiate
a Read or a Write operation, depending
on the contents of the Command Register.
The error indicating flags are: Seek
Error, End Error, Address Error or
Unsafe, Check Error, Data Late, and
Error.

£=C Set the Busy, Done and all error indicat-
ing flags to 0 and stop all positioning and
data transferring operations.

=P Initiate either a Seek or a Recalibrate
operation, depending on the contents of
the Command Register.
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SPECIFY DISC ADDRESS AND SECTOR COUNT

DOC é g_g,DKP
[0 1] Ac o1 o F io oot
o 1 2 3 4 5 & 7 8’9 0 1213 14 15

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 coniroller’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 | SELTIGR , ~ZECTOR COUNT
i 3 i 5 L
o 101 12 13 14 15
Bits Name Function
0-1 Drive Select the drive 0, 1, 2,
or 3.
2 Format 1f 1, place the drive in
the format mode.
3 ———— Reserved for future use.

4-7 Surface Select the surface (head),

0-11g, for the start of a
Read or Write operation.

8 e
g-11 Sector

Reserved for future use.

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).




READ STATUS

DIA > ac,DKP

O 1 1] AC 00 | F 0 1 1 0 |1 ;}
i 5 H i i H i i i ; i 3

0O 1 2 34 5 & 7 8 9 10 1 12 13 4 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:

SPECIFY COMMAND AND CYLINDER

DOA< f> ac,DKP

Lo t 1] ac To 1 ol F o 1T 1 0 1 ajé
1 i i H H 1 i H

o0 2 3 4 5 & 7 8 EN 01t 12 13 s s

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 ¥. The format of
the specified AC is as follows:

7

; ! 3 1 S S T
6§ 7 8 9% 10 1 12 i3 14 5
Bits Name Meaning When 1
0 Read/Write| The subsystem has com- Bits Name Funection
Done S;itfstszead or Write 0 Clear Read/ Set the controller’'s Done
Write Done | flag to 0; set the follow-
1-4 Seek Done Drive 0-3, respectively, ing error indicating flags
has completed a Seek or to 0: Seek Error, Ad-
Recalibrate operation. dress Error or Unsafe,
More than one of these End Error, and Check
bits can be set at any Error.
time. 1-4 Clear Seek | Set the Seek Done flags to
5-8 Seeking Drive unit 0-3, respec- Done 0 for the drives 0-3,
On Drive tively, is currently per- respectively.
forming a Seek or Recali-
brate operation. 5 -——— Reserved for future use.
9 Disc The selected drive is ready 6-7 Command | Specify the command for
Ready to carry out a command. the selected drive as
follows:
10 Seek The selected drive did not 00 Read with a Start
Error carry out the Seek or command.
Recalibrate operation which 01 Write with a Start
was initiated. command.
11 End The selected drive attempt- 10 Seek with a Pulse
Error ed to continue a Read or corpmand to H.}e.
Write operation which began Fyllgder specxﬁe_d
at a valid address but ex- in bits 8-15 of this
tended beyond the last accun}ulator. .
surface in the disc pack. 11 Recalibrate with a
12 Address Either the address read at pulse command.
Error or the beginning of the track 8-15 Cylinder Specify the cylinder
Unsafe did not match the speci- 0-312g, for a Seek, Read
fied address or a mal- or Write operation.
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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LOAD MEMORY ADDRESS COUNTER Bits Name Contents
DOB<f> ac,DKP 0-1 Drive Number of the selected
I i drive.
{ossgacseoIF o1 1 0 1 1]
st ?f 3 : 5 EO‘ TRETE T e 2 Format The selected drive is in
© °C ’ ’” oo the format mode.
Bits 0-15 of the specified AC are loaded into the 3-7 Surface The surface number of the
controller's Memory Address Counter. After active head on the drive.
the data transfer, the controller's Busy and Done Although bit 3 specifies a
flags are set according to the function specified surface which does not
by F. The format of the specified AC is as exist, if it were loaded
follows: by a DOC instruction, it
will be set when read back.
MEMORY ADDRESS ;
s T : bt 8-11 Sector The number of the sector
2 3 4 5 6 7 8 9 10 1l 12 i3 14 i5 ; . .
immediately following
- - the last sector read or
Bits Name Function written. Although bit 8
0 --- Reserved for future use. specifies a sector which
does not exist, if it were
1-15 Memory Location of the next word in loaded by a DOC instruc-
memory to be used for a tion, it will be set when
data channel transfer. Bit read back.
0 is loaded and read back ,
but it does not affect the 12-16 | -Sector The two's complement of
data transfer. Count the number of sectors left
to be read or written.

READ DISC ADDRESS

DIC “f> ac,DKP

I !
;o} ‘JACIi‘O!iIfIOJg&lOi! x}
Ot 2 34 5 67 8 9 10 i1 12 13 14 5

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 | FOR]: SECTOR ~SECTOR COUNT

i

READ MEMORY ADDRESS COUNTER

DIB- f* ac, DKP

;ozsiAc]ogtgsgoajlosa
L 1 i H H i

o 1 2 3'4 5 &'7 8 9 10 1 12 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:

MEMORY ADDRESS

E

o} 2

o' 1 2 34 5 & 7 8 9 10 1 12 13 14 5

Bits Name Contents

0-15 Memory Location of the next word
Address in memory to be used for

a data channel {ransfer.
If bit 0 was 0 in a LOAD
MEMORY COUNTER in-
struction and is a 1 when
read, the data transfer
exceeded the capacity of
a 32K machine. The ex-~
cess words transferred
are in low core.
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PROGRAMMING

The preparation of a moving head dise 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

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 0-11g; the sectors are numbered 0-5g; 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.
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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 0-312g.
The instruction should also set both the Read/Write
Done flag and the Seek Done flag for the selected
drive to 0. The Seek operation is initiated by a
Puise 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 0.
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.

POSITION THE HEADS

FATAL
{ nanpwane
A, ERROR

RECALIBRATION
OPERATION MODE

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 performing
Seek operations, one of the other drives can per-
form a Read or a Write opetation. 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 Ili: 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). 1t 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
walts 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.

2

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. Inthe case where
the last sector on surface 0-10g is read, and the
sector counter has not overflowed, the drive will

a8
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READ

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 L.

The Write command 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 0.

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 0-10g 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 writlen.
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

DOES
CYLINDER
EQUAL 3124
b

NOTE 1 GO YO SE

b5 HON ON (7
NOTE 2 POSSIBL]

ARDWARE

IR IN BEAD COUNTER
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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 latency
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 2 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 econtroller is double
buffered, the maximum allowable data channel
latency is 25. 8 microseconds. If the data chan-
nel does not respond within this time, both the
Data Late and the Ervor 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

(> 5g) 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 IO 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 114
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 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 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 113 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 secior counter is in-
cremented 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 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 wriften 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

a6 -00PEE

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 that
track on the second surface is inaccessible.
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THE 4057A DISC PACK
SUBSYSTEM

SUMMARY
MNEMONIC (FIRST CONTROLLER) ...... DKP SPECIFY COMMAND AND CYLINDER ... (DOA)
DEVICE CODE (FIRST CONTROLLER) .... 33g EAR TimnEs
MNEMONIC (SECOND CONTROLLER) ... DKP1 R R TR
DEVICE CODE (SECOND CONTROLLER).. .. 73g COMMANDS
1 7
PRIORITY I\FASK BIT 00 Read 10 Seek
SURFACES/UNIT . i i e i 20 01 Write 11 Recalibrate
TRACKS/SURFACE (CYLINDERS) ......... 203
SECTORS/TRACK . ... e, 12 READ STATUS ... . i, (DIA)
WORDS/SECTOR .. .. 256 o
TOTAL STORAGE CAPACITY R
(WORDS) it 12,472,320
MAXIMUM TRANSFER RATE LOAD MEMORY ADDRESS COUNTER.
(WORDS/SEC) ©veeeeeaee .. 156,000 =
ALLOWABLE DATA CHANNEL T
LATENCY (USEC) «.v v 12.8
SEEK TIME MAX/MIN (mSEC)........... 60/10 READ MEMORY ADDRESS COUNTER .
SECTOR ACCESS TIME MAX/MIN ]
(MSEC) © vt e 48.2/0.2 R T TR T
S, C AND P FUNCTIONS
ACCUMULATOR FORMATS
S Set Busy to one, Done to zero and start
SPECIFY DISC ADDRESS a Read or a Write operation.
SECTORCOUNT .....civiuunnnnnn. (DOC)
C Set Busy to zero, Done to zero and stop
DRIVE fﬁi% SURFACE i SECTOR | -secrom count all operation.
o 1 2 é 3 N 4 5 ‘ s 1 7 8 9 ' 10’ 0 ’ ;2{ 3 ; |4l 5 P Start a Seek or a Recalibrate operation.
READ DISC ADDRESS ..........iiui.. (DIC)
i aﬁfvz i;{,\’jz SURFACE i SECTOR 1 ~SECTOR 30Tv
0 1 2 3 4 5 & 7 8 9 10 11 12 13 14 15
INTRODUCTION data channel at a rate of 156,000 words per

The 4057A disc pack subsystem utilizes a remov-
able disc pack containing 20 (0-23g) program ac-
cessible surfaces. There are 203 (0-312g)
cylinders on the disc pack. Each of the prefor-
matted 20 tracks in a cylinder contains 12 (0-13g)
sectors, each of which stores 256 (400g) 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

second. Up to 16 sectors containing 4096
(10, 000g) 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
any one time.
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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 fo 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 fo 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 Set the Busy flag to 1, the Done and all
error indicating flags to 0, and initiate
a Read or a Write operation, depending
on the contents of the command register.
The error indicating flags are: Seek
Error, End Error, Address Error, Check
Error, Data Late, and Error.

£=C Set the Busy, Done and all error indicat-
ing flags to 0 and stop all positioning and
data transferring operations.

=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

fo v 77 Aac Tt 1 0ol F 7o 1 1 o i z%
H i i

0’1 2 3 4 5 & 7 & 9 10 u 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

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.

Select the surface (head),
0-23g, for the start of a
Read or a Write opera-
tion.

3-6 Surface

7-11 Select the starting sector,
0-13g, for the start of a
Read or a Write opera-

tion.

Sector

12-15 Specify the two's com-
plement of the number of
sectors to be read or
written in one operation

(maximum of 16).

-Sector
Count

V-32



READ STATUS

SPECIFY COMMAND AND CYLINDER

DIA<f> ac, DKP DOA~ f~ ac, DKP
P l AC ; 0 0 || F RO o I i o 1 1 AC o ! 0 § F 10 11 0 1 1
i | i L i i 3 | : i ! [ i ! [ i . S : i ; 1 :
0O T 2 32 4 5 B 7 8 9 G i1l 42 13 14 15 o 2 3 4 5 6 7 B 9 o2 i3 18 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:

SETKING 0N DRIVE

o
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.

V-33

Bits 0-15 of the specified AC uare 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:

g 9 0 0 12 13 14 15

Name Function If Set To One

Set the controller’s Done
flag to 0; set the follow-
ing error indicating flags
to 0: Address Error or
Unsafe, End Error,
Check Error and Seek
Error.

Set the Seek Done flags
to 0 for the drives 0-3,
respectively.

0 Clear
Read/Write
Done

1-4 Clear

Seek Done

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 Specify the cylinder,
0-312g, for a Seek,
Read or a Write opera-

tion.

Cylinder




LOAD MEMORY ADDRESS COUNTER

READ MEMORY ADDRESS COUNTER

BOB- £~ ac, DKP DIB<{>» ac, DKP
[0 1 1P AC P10 O] F O I 1 0 1 T] EQ!i,AC*O?%%F o 1 I o1 1]
{ i i : i i § H i i { i i § | § : :
o 1 2 3 4 5 & 7 8 8 0 i1 2 i3 14 15 ot 2 3 4 5 & 7 8 9 0 i i2 13 4 15
Bits 0-15 of the specified AC are loaded into the The contents of the Memory Address Counter
controller's Memory Address Counter. After are placed in bits 0-15 of the specified AC.
the data transfer, the controller’'s Busy and After the data transfer, the controller’s Busy
Done flags are set according to the function and Done flags are set according to the func-
specified by F. The format of the specified AC tion specified by F. The format of the speci-
is as follows: fied AC is as fnllows:
% O MEMORY ADDRESS ; MEMORY ADDRESS |
{ ) ‘ . ; i N 5 ¢ 5 i N i : H { i H H l : H H i H
¢ i 2z 3 4 5 & 7 & 9 10 i1 iz 13 14 15 o 2 34 5 6 7 8 9 0 1 12 13 i4 15
Bits Name Function Bits Name Contents
0 ——— Reserved for future use. 0-15 | Memory Location of the next word
1-15 | Memory Jcation of ti t word Address in memory to be used for
-15 | Memory ‘Lum ion of | e next wor a data channel transfer.
Address in memory to be used
for a data channel trans-
fer. If bit 0 is 1, the Read orthe

READ DISC ADDRESS

DIC £ ac, DKP
o v 7T AT 0o (] F Jo 1T 1T 0 11
i i i i : 3 i i | i i i

o' 1 2 3 4 5 & 7 8 8 0 i iz 12 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 ¥. The
format of the specified AC is as follows:

oAvE ;C; o secTor -SECTOR COUN
o 7z 34 s & 7 8 9 10 1 2 13 4 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 writien.
12-15 | -Sector The two's complement of
Count the number of sectors left
to be read or written.

Write operation exceededthe
capacity of a 32K machine and
the excess words were trans-
ferredeitherto (in a readjor
from (in a write) low core.
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PROGRAMMING

The preparation of a moving head dise pack for
data channel transfers is divided into three distinet
phases: 1, selecting the drive, the surface and the
sector; II, positioning the heads over the correct
cylinder, and I, 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.

¥
i,

Phase I: Select the Drive, Surfc:ce,'Sec?m 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 numbered 0-233:
the sectors are numbered 0-13g; 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.



Phase 1l: 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 eylinders are numbered from 0-3123.
The instruetion should alsc set both the DP Done
flag and the Seek Done flag for the selected drive
to 0. 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
II1.

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 0. 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-

POSITION THE HEADS

o
ENT L3

[
AN

N

P

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.

V-36



Phase Hl: 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 Wrife 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 L.

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 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 0-22g is read, and the
sector counter has not overflowed, the drive will

READ

ADDRESS
ERROR
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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-
ORY ADDRESS COUNTER instruction (DOB). The
number of sectors to be writfen 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 io 1
and the Done flag is set to 0.

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 0-22g 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.

WRITE

WO MORE
ROOM ON
DISC PATH

MEMORY ADDRESS:
| MEMORY ADDRESS
P
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WOTE 1 (A2 TO SECTION ON CHECK £RHORS
NOTE 2 POSSBLE HARDWARE ERHOR IN HEAD QOUNTER
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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 miiliseconds.
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 latency
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 13g 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 13g).

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 ecylinder 3124, 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-
quest 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
pass the head before each command can begin.
However, after completing the processing of a
track, 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 o start processing immediately
after a command is issued without having fo 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
{</13g) 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 (<312g) 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 23g
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 0. 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 fime 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 233 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 setto 1 if a
checkword error is detected when verifying the
home address of a track in either a2 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 (FIRST CONTROLLER)...... DKP  READ DISC ADDRESS .................. (DIC)
DEVICE CODE (FIRST CONTROLLER)..... 33, —
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TRACKS/SURFACE (CYLINDERS) ........ 411
SECTORS/TRACK ......o.nu.. eesereeea. 23 COMMANDS
/
WORDS/SECTOR .t .ot isininnreinnnnanns 256 00 Read 10 Seek
TOTAL STORAGE CAPACITY 01 Write 11 Recalibrate
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S, C AND P FUNCTIONS
S Set Busy to one, Done fo 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 subsysiem utilizes a remov-~
able disc pack containing 19 (0-22g) program
accessible surfaces. There are 411 (0-632g) cyl~-
inders on the disc pack. Each of the 19 tracks in
a cvlinder contains 23 (0-26g) performatted sectors,
each of which stores 256 (400g) 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 (10000g) 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 any one
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-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
igsued 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.

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:

=5 Set the Busy flag to 1, the Done and the
following error indicating flags to 0, and
initiate a Read or a Write operation, de-
pending on the contents of the command
register. The error indicating flags are:
Sector Error, Head Error, Address
Error, Seek Error, End Error, Check
Error, Data Late, Bad Sector, and
Error.

NOTE The Unsafe flag can be set to 0
only with an /O RESET instruc-
tion (IORST).

Set the Busy, Done and all error indicat-
ing flags to 0 and stop all positioning and
data transferring operations.

f=C

Initiate either a Seek or a Recalibrate
operation, depending on the contents of
the command register.

=P

SPECIFY DISC ADDRESS AND SECTOR COUNT

DOC<{> ac,DKP
o, 1 1| ac i 1 ol F Jo 1 1 01|
CT 1 2z 3'a 5 6 7 8 90 i 2 13 44 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:

DRIVE % SURFACE % sEcToR. ! - SECTOR GOUNT
5 1 2 3'4a 5 6'7 8 9 0 il 12 13 14 15
Bits Name Function ]
0-1 Drive Select the drive 0, 1, 2, or
3.
2-6 Surface Select the surface (head)
0-22g, for the start of a
Read or a Write operation.
7-11 Sector Select the starting sector,
0—268 for the start of a
Read or a Write operation.
12-15 | -Sector Specify the two's comple~
Count ment of the number of sec-
tors to be read or written
in one operation {maximum
of 16).
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READ STATUS

SPECIFY COMMAND AND CYLINDER

DIA<f{> ac,DKP DOA< f> ac,DKDP
0O 1 1| AC oo@? [0 1 1 0 1 1| O(iliiAQOi‘OiF o v 1 0o 1 1]
O 12 374 35 & 7 B 9 {0 I 12 13 14 15 0tz 3 4 5 &' 7 8 9 10 U1 12 i3 14 18

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:

Bits Name
0 DP Done

Meaning When 1

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 The disc subsystem is in a
Processor | dual processor configuration.
6 Sector Must appear in combination
Error with bit 8, Address Error.
The sector address portion of
the address field is incorrect.
7 Head Must appear in combination
Error 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 specified to the
disc controller. If this bit isg
1 and bits 6 and 7 are both 0,
the cylinder address portion
of the address field is incor-
rect.

3 Address
Error

9 Disc
Ready

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,

10 Seek
Error

11 End
Error

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.

12 Unsafe

The checkword read from the
disc at the end of a sector
does not match the checkword
calculated by the controller.

13 Check
Error

The data channel failed to re-
spond in time to a data chan-
nel request,

14 Data Late

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.

15 Error

Bits 0-15 of the specified AC are loaded into the
controller's combined Command/Cylinder Select
Register. After the data transfer, the controlier'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:

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 0 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,

0-632g, for a Seek, Read
or Write operation.
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LOAD MEMORY ADDRESS COUNTER

READ MEMORY ADDRESS COUNTER

DOB<{> ac,DKP DIB<{> ac,DKP
T
[or 1[Aac]i oo[F Jo 1 1 o1 1] [ol ac Jo 1 1] F Jo 1t 1 01 1]
} H ; 1 ; 3 | s
o] i 2 3 4 5 & 7 B 9 10 1t 12 13 14 15 o] 2 4 & 7 8 § 10 it 2 i3 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 contents of the specified AC remain unchanged.
The format of the specified AC is as follows:

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 0.
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:

After the

{
i
i

1

o7 2 374 5 57 8 9 0 2 i3 4 15 o 5 7 8 9 0 i 12 13 14 i5
Bits Name Function Bits Name Contents
0 Formatl If 1, place the drive in the 0 Bad Sector | If 1, the sector was found to
format mode of operation. be unusable during format-
1-15 Memory Location of the next word in ting.
Address memory to be used for a 1-15 Memory Location of the next word in
data channel transfer. Address memory to be used for a

data channel transfer.

READ DISC ADDRESS

DIC<{> ac,DKP

10120131

i 1 1 L

o, !
910 il 12 13 14 15

T

o] 12 3

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 specified
AC is as follows:

L ac[r o 1] F
4 5 6 7 8

[ DRIVE % | suRRACE SECTOR - SECTOR COUNT
o' 1 2 3'4 5 6'7 8 9 10 !l 213 14 15
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.
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PROGRAMMING

The preparation of a moving head disc pack for
data channel transfers is divided into three distinet
phases: I, selecting the drive, the surface and the
sector; II, positioning the heads over the correct
cylinder; and 111, 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
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 trans-
ferred in the operation. The drives are numbered
0-3; the surfaces are numbered 0-22g; the sectors
are numbered 0-26g; the maximum number of sec-
tors which can be transferred in one operation is 186.
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 1,
the program can proceed to Phase II, Ifitis O,
the program should not issue any commands to that
drive unit until it is in the ready state.

Phase Il: 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 cylinder
desired and the Seek command. The cylinders are
numbered from 0-632g. The instruction should also
set both the DP Done flag and the Seek Done flag for
the selected drive to 0. The Seek operaticn is in-
itiated by a Pulse command. While the drive is
seeking, the Unit Ready flag for that drive is set

to 0. When the heads have finished moving to the
specified cylinder, the Unit Readv and the Seek Done
flags for that drive unit are set to I, 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 TII.

POSITION

26-0097%

The heads of the selected drive unit can be forced
to eylinder O 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 0. 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. 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.
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Phase lll: 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 (DOB).
The number of sectors to be read and the starting
sector were specified in Phase L

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 258 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 0.

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.
Fach time a word is transferred to memory, the
Memory Address Counter is automatically in-
cremented.

When the 258 words {rom the sector have been read,
and the checkword at the end of the sector verified,
the sector counter is automatically incremented by
one.

READ

A
19

U
Note: Possible hardware error in head counter.

1f 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 0-21g 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 sef to 1 and a program interrupt re-
quest is initiated.
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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 (DOB). The
number of sectors to be written and the number of
the starting sector were specified in Phase .

The Write command is then loaded into the Com-
mand Register with a SPECIFY COMMAND AND
CYLINDER instruction (DOA). 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 0-21g 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.
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SPECIFIED CYLINDER
DOES NOT MATCH CYLINDER
NUMBER IN ADDRESS FIELD

SKIP THIS
SECTOR AND

CONTINUE WRITE
OPERATION

DEIVE
MALFUNCTION

i

HEAD ON N

CORRECT SURFACE

FOR ERROR
>

CYLINDER
NUMBER

NO MORE
ROOM ON
55T

=4
ADDHESS

YLINDES
A CTO
MORY ADDRESS
EXIT 7 3 5
DRIVE = DRIVE
05 - 0105 é

Note: Possible hardware error in head counter.




FORMAT

The disc pack used in the 4231A subsystem must
be formaitted 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 cccurs 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.

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).

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 88 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
0 to cylinder 632g, or vice versa, is 55 milli-
seconds, maximum.

A Recalibrate operation requires a maximum of
300 milliseconds. If either a Seek operationor 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 daia 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 0.
An 1I/O RESET instruction (IORST) is the only way
the program can clear this flag.

If the program specifies a non-existent sector
(>26g) 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 eylinder (>632g) 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 22g 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 0. The
Busy flag is set to 0, the Done flag is setto 1

and a program interrupt reguest is initiated.

Fach sector on the disc pack is preceded by an
address field. If the address read before any
sector does not malch 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 Ervor 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. 1If 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 0 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 22y 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. 1If 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 1. The
Busy flag is set to 0 and the Done flag is set to 1,
thus initiating a program interrupt request.
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INTRODUCTION TO DGC
A/D AND D/A 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

Angalog 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 2" different n-bit binary integers. They
are interpreted in the unipolar case as unsigned
integers within the range 0 to 2%-1, and in the bi-
polar case, with the most significant bit acting as
the sign, as signed integers between -20-1 and
2”“1-1, inclusive, where two's complement form
is used for the negative integers.

Analog/Digital Data Correspondence

In both cases these 27 numbers define only 2%-1
intervals, but the analog range is divided into 20
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'', i.e., the voltage in-
crement corresponding to the digital LSB, equals
1/2R 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, -2n-1
for bipolar) corresponds to the minimum analog
value (0 or -FS), but the maximum digital value
(2D-1 or 2n-1.7) actually represents an analog
value one analog L.SB 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
0 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/21 =
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 nominal 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. o
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When transferring digital values from the computer
to a D/A converter, only the righimost 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 A/D 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
0. This aliows 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 bif 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 A/D converter data formats are:

MAGNITUDE i

o]

O ! 2 3 4 5 6 7 8 9 0 4 12 13 14 15
10-bit unipolar

Although the digital values from the A/D 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 18-bit range of the computer. However, if
it is desired to keep the resulis within the convert-
er range (e.g., in order to convert them back to
analog form via a D/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 A/D
converter and the 12-bit A/D and D/A converters
with neminal 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 A/D converter which exceed
the range of the converter are clipped {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 A/D convert-
er; in D/A conversion the four most significant bits
(bits 0 to 3) are ignored and may have any value.

Analog and Digital Data Correspondence

:SEGNLStGN fS*GNESK}NE S;Gbiz.szm:%s:sw ] MAGNITUDE
; ! i i i i ; L : : . |
O 1t 2 3 4 5 6 7 8 9 0 1l 2 13 14 15 Converter
10-bit bipolar Analon 12-bit A/D and D/A 10-bit A/D
Voltage unipolar bipolar unipolar bipolar
MAGNITUDE >+ V -LSB 007777 003777 001777 000777
B e e S— L1/2V 004000 002000 001060 600400
0 1 2 3 4 5 6 7 8 9 10 H 12 13 {4 I5 LS8 000001 000001 500001 000001
12 -bit unipolar 0 060000 060000 0000600 000600
-LSB 177777 177777
-1,2v 176000 177400
st sion Tsian| -V +LSB 174001 177001
| SN SIGN BIGNIBIGN SIBN| ST -
::.bN\S G"é\,;i(s’vss JNiS !\‘ \ ‘ ‘ )MﬁGN! JOE, ‘ } ‘ \ v 174000 177000
0+ 2 3 4 5 & 7 8 9 10 1 12 13 14 I5 NOTE: V - FSR  {unipolar)

12-bit 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 folerances 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 (V) and its given input (V) to the full
scale range:

Vout - Vin
- x 100%

Relative accuracy “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 A/D and D/A
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 A/D conversion equal to

+1/2 LSB. In other words, for a given digital out-

put value, the actual analog input to the A/D 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 A/D converter subsystem.

On the other hand, except for errors introduced
into the D/A converter by actual circuif charac-
teristics and signal noise, the analog cutput 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/A conversion but
does not appear in the converter; it oceurs 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 L.SB 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

lange
Resolution :2.5V £5V =10V 0 to 5V 0 to 10V
10 bits 4.88mvV 9. 7TV 19.58mvV 4,38mV 9. 77mV
12 bits 1.22mV 2. 44mV 4.88mV 1.22mV 2.44mv

L6 ~00657
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4120 SERIES ANALOG/DIGITAL
CONVERSION SUBSYSTEM

SUMMARY
DEVICE MNEMONIC ................. ADCV [LOAD MEMORY ADDRESS COUNTER]... DOB
DEVICE CODE . .uuvniteaneneannn .. 214 : e
PRIORITY MASK BIT . ......ooivunnnnn.. .. 8 s s e e s e e s e
RESOLUTION.......... 10 bits ....... 12 bits [ READ MEMORY ADDRESS COUNTER] ... DIB
CONVERSION TIME i
(MAXIMUM)...... 13.3usec ....... 36usec L | wewomvadDRESs o
MAXI}\JIUM CON\,’ERSION 2 3‘ 4 5’7 8 7 g8 9 10 it 12’ 3 14 15
RATE (TYPICAL).... T5kHz ...... 28kHz [ LOAD WORD COUNT| AND
SYSTEM ACCURACY 5 <SELECT GAIN™ .......ivivinnnn... DOC
w/o Prog. Gain =. 075%:1/2LSB. 025%:1/2LSB o ; .
w/ Prog. Gain =.125%:1. 2LSB..075%+1/2LSB C wowcon
"5 6 7 8 3 0 0 12 13 14 15
APERTURE ... .o iniiniiannnnns 40+5ns
............................ DIC
ACCUMULATOR FORMATS , , oama - ]
0O 1 2 3 4 5 6 7 8 9 10 Il 12 13 14 I5
NOTES: [ | Data Channel Option only.
<> Programmable Gain Option only. S, C AND P FUNCTIONS
SELECT CHANNEL [ AND LIMIT] DOA S Set Busy to 1, set Done to 0, and either
: et trigger a single conversion or prime the
5 LIMIT CHANNEL | CHANNEL ; clock.
0 1 2 3 456 7 8 85 102 1345 c Set Busy and Done to 0.
P Set Busy to 1, set Done to 0, and trigger

READ CHANNEL SELECT [ AND LIMIT]|.. DIA

LIMIT CHANNEL

a sequence of conversions and data chan-
nel transfers or prime the clock.

. ‘CHANNE“L.
0 2 3 4 s 6 7 8 3 0 0 2 34 s
CONFIGURATIONS able) of +2.5V, 5V, 10V, 0 to 5V, or 0 to 10V.

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 fo
handle up to 32 analog channels.
available with a resolution of either ten or fwelve
bits and an input range (which is hardware select-

The subsystem is
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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 FSR 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 A/D 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-
lected 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 volis.

Sub> Gain 1 2 4 2
System
Range
=5V =5V £2.5V £1.25V +. 625V
=10V 210V =5V 2.5V £1.25V
0 to 10V 0 to 10V 0 to 5V 91t0 2.5V 0tp 1,25V

Effective input voltage ranges with Programmable Gain Option
26-00€58
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OPERATION

Modes of Operation

prog
on that channel, and read the digital result when
the conversion is done. This is called "single-
ersion mode’, since the program must sepa-
rately initiate each conversion. The second mode
allows a program o set up a sequence of conver-
sions and let them proceed automatically, with the
digital results being transferred directly to mem-
ory 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

Conversion Sequence

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 A/D 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 A/D 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.

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.

ONE T0 32 r 1
J——
v R VOLTAGE | PROGRAMMABLE |VOLTAGE
SIGNALS T RERRRE L Nl > GAIN [{aRAC 3 A/
g B NN I ORTIONAD) | CONVERTER
! )
i |
e - ——
{0-817 DATA OR
| 12-BIT_DATA
CONTROL CONTROL | CONTROL
SIGNALS SIGNALS SIGNALS
|
i —
M
i |
ANALGG / DIGITAL DATA CHANNEL
CONVERSION SUB/SYSTEM Cgﬁjgggﬁﬁ }
BASIC CONTROLLER !
OPTIONAL) |
———— .
H i
? * P
CONTROL FUNCTIONS - AT, i —BiT DAT,
AND INFORMATION 16-BIT DATA , |/57BIT DATA
285 MEMORY
DE-0C983
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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-
conversien signal causes a data channel request to
be made to the central processor in order to trans-
fer the convertier ouiput data directly to memory.
As soon as the data 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 A/D 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

sStart or Pulse command, and hence may occur at
any time up to the clock period. Succeeding con-
versions will be triggered at the clock freguency,
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 cach
clock period expires in order to maintain the
sampling rate. In data channel mode, the Busy
flag remains sel to 1 until the entire sequence of
conversions has been completed, so succesgive
clock pulses will always trigger new conversions.

(If, due to an overloaded data channel, the previous

converter result has not vet 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
anexternal one is installed, the
Start and Pulse commands will
directly trigger conversions.

Power-Up Conditions

When power for the A/D 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
always produce a value of minus full scale (-FS);
thereafter, conversions will yvield 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 this conversion.

An NIOS instruction is therefore sufficient to start N
he 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 17g).
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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. 1t 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 conirol
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 0, The Start command sets
the Busy flag to 1 and the Done flag to 0. 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-
mable 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.
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Instruction Set

SELECT CHANNEL
DOA < f> ac,ADCV

0 0 0 1

o1
4 5 &7 B 90 1 2 13 14 5

Il AC 10 I oj F 10
o 1 2z 3

H

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 ¥. The contents of the
specified AC remain unchanged. The format of
the specified AC is as follows:

LIMIT CHANNEL CHANNEL

SELECT GAIN

DOC < 1> ac,ADCV

OitEACiigsF o 1 0 0 0 1
i |

o 1 2 374 5 8 7 8 % 0 i iz i3 14 5

Bits 0 and 1 of the specified AC are loaded into the
Gain Select Register. Bits 2-15 of the specified
AC are ignored. After the data transfer, the con-
troller's Busy and Done flags are set according fo
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. (See
Basic Controller section. ) If this option is not
included in the subsystem, the instruction is a
functional "No-op’. The format of the specified

0 2 3 4 s 6
AC is as follows:
Bits Name Function )
0-7 -—— Reserved for the Data | o
Channel Option. c 1 2 3 5 6 7 8 8 10 1l 12 13 14 i5
8-15 Channel Select channel 0-37g for the -
next conversion. Bits | Name Function
0-1 Gain Select the gain as follows:
00 X1
READ CHANNEL SELECT 01 X2
10 X4
DIA<f> ac,ADCV 11 X8
O | 1] a [0 o 1; F 10 I 00 0 1! 2-15 | --- Reserved for Data Chan-
H i i i i i i E i i i i i } 1 t
o't 2 3'4 5 6'7 8 9 0 11 1213 14 15 nel Option.

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 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:

|
CHANNEL !

4

8 9 0 1l 2 13 14 15

Bits Name Contents
0-7 ——— Reserved for future use.

The next channel to be sam-
pled--in other 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.

8-15 Channel
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READ DATA

DIC<{> ac,ADCV

T F 1 00 o1]

o
o] P2

3 4 5

)
&

7 8 9 10 11 12 13 14 5

The n-bit output (n=10 or 12) from the A/D con-
verter is placed in the rightmost n bits of the
specified AC, If the A/D subsystem is unipolar,
the remaining high-order AC bits are set to 0. If
the system 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

|

MAGNITUDE i

0 1 2 3 4 5 6 7 8 8 100 12 13 14 15
or
12-bit unipolar
MAGNITUDE !
5 6 7 8 9 10 1l 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

|SIGN SIGN |SIGN/SIGN SIGN] SIGNISIGN

|
i MAGNITUDE
{ : $ : .

o] i

2

3 4 5

6

7 8 9 10 ¢ 12 13 14 5

or

12 -bit bipolar

| SIGN/SIGN, SIGNSIGN SIGN|
O |

H

T

i

MAGNITUDE

I 4 5

7 8 9 10 41 12 13 14 15

o 1 2 6
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 11-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 converter 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
DATA 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 sef to
0 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. 1t is called with a JSR CNVRT
instruction with the channel number in ACO and the
gain in AC1 {in bits 0 and 1). If returns to the in-
struetion following the JSR CNVRT instruction with
the converted data in ACO. The contents of AC3
are destroyved when the JSR is executed. The sub-
routine does not use interrupts: A/D subsystem
interrupts must be aisabled,

CNVRT: DOC 1,ADCVY ;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 A/D 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 A/D 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.

Vi-12

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 speci-
fied by the Limit Channel Register, the Channel
Select Register is set {o U instead of being incre-
mented. This allows the program to treat the
channels from 0 to the limif 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 reads
these two registers, is an extended form of the
READ CHANNEL SELECT instruction.

Normally, the end-of-conversion signal from the
A/D converter increments the Channel Select
Register, a comparison is made with the Limit
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 setto 0
after the first conversiononthe
specified channel, and all sub-
sequent samplings will be on
channel 0.

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 ignored
when the check against the Limit Channel Register
is made to determine whether o set the Channel
Select Register to 0. 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 coniroller includes the usual
Busy and Done flags. The Clear command sets both
flags to 0. The Pulse command sets the Busy flag
to 1 and the Done flag to 0. 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

puise following the Pulse command, Subsequent con-

versions are triggered on successive clock pulses,

Each end-of-conversion signal from the A/D con-
verter initiates a data channel transfer request to
send the converter ocutput fo 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 A/D 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

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 alsc 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

F |o
7 8 9 0 i

io:,

¢} i 2 3

z{ AC }o
§4 5 [

z‘oooai
1 H
273 18 s

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 THANNEL

O t 2 3 4 5 & 7 8 9 10 0 12 13 14 15

Bits Name Contents

Maximum channel number
for a series of conversions
transferred via the data
channel,

0-7 | Limit Channel

Starting channel for the
series of conversions.

Channel
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READ CHANNEL SELECT AND LIMIT

DIA<f> ac,ADCV

LOAD MEMORY ADDRESS COUNTER

DOB<f> ac,ADCV

01 1] A 0O 1] F |01 00 0O |
. ) L ; L

I 0 O, F

1 3

o'+ 2 3 4 5 6 7 8 9 0 1 42 I3 14 I5
The contents of the Limit Channel Register are
placed in bits 0-7 of the specified AC. The con~
tents of the Channel Select Register are placed in
bhits €-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:

T

o i 2 3 4 5 & 7 8 89 i iy 2 i3 4 i5

Bits 1-15 of the specified AC are loaded into the
Memory Address Counter, Bit 0 of the specified
AC is ignored, After the datfa transfer, the con-
troller's Busy and Done flags are set according to
he function specified by F. The contents of the
specified AC remain unchanged. The formal of
the specified AC is as follows:

§ LIMIT CHANNEL ; CHANNEL MEMORY ADDRESS
i $ H : L ; H i i : S : : 1 ; : ; ; ;
o'y 2 3'4 5 & 7 8 9 10 {1l 12 i3 14 I5 O+ 2 3 4 5 8 7 B8 9 10 i 12 13 1415
Bits Name Contents Bits Name Contents
0-7 Limit The Limit Channel Register 0 - Reserved for fufture use.
Channel specifies the highest-num - 1-15 | Memory Location of the next word
bered channel which will be . .
: Address in memory to be used in
sampled. Following a sam- a data channel transfer
pling on the limit channel, .
the Channel Select Register
will be set to 0 instead of
being incremented. READ MEMORY ADDRESS COUNTER
8-15 Channel The Channel Select Register DIB<{> ac,ADCV

always specifies the next
channel to be sampled--in
other words, the channel on
which 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.

o:tiAc}oylgFiosooox!
I ] LN W SN NN SN S .|

i
T T

0 i 2 3 4 5 & 7T B 89 g it iz 13 4 B

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 0. After the data frans-
fer, the controller's Busy and Done flags are set
according to the function specified by F.

The Memory Address Counter always specifies the
memory address which is to receive the next data
word output by the A/D converter. Affer a se-
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:

MEMORY ADDRESS
i 1 i i H i kY

0 1 123 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

LOAD WORD COUNTER AND SELECT GAIN

DOC<f> ac,ADCV

F'o 1 77 ac Tt 1 0] FJo1r o0 o0 1]
§ il 1 1 i

{eiilz! Af; j’;; oI F 10{& oio,oixi

T T T

o 2 3 4 % 6 7T 8 9 0 n 12 i3 i4 15

Bits 4-15 of the specified AC 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:

1
H

~WORD COUNT .
5 6 7 8 9 10 Il 12 13 14 i5
Bits Name Contents

0-3 -— Reserved for future use.

4-15 -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.

o1 2z 3 4 5 &' 7 B 9 i0 U iz i3 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:

~WORD COUNT

Il i L

5 6 7 & 9 10 1 12 13 14 15

Bits | Name Contents

0-1 | Gain Select the gain for the se-
quence of conversions as

follows:

00 X1
01 X2
10 X4
11 X8

2-3 - Reserved for future use.

4-15 | -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-
mable Gain Option is present.
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Programming

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.

[

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 coniroller 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
(NIOPj, 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 1/0
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 0 and

1 of the LOAD WORD COUNTER AND SELECT
GAIN instruction {DOC) are used to select the gain.
In this case the desired gain must be coded into
accumulator bits 0 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 0

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.

LDA

0, CHANS
DOA 0,ADCV  :Select channel and
; limit
LDA 0,ABUFF
DOB 0,ADCV ;Load Memory Ad-
; dress Counter
LDA 0,GWDCT

DOCP 0,ADCV  ;Load word count and
; gain and trigger se-
; quence of conver-

; sions

CHANS: 3405 ;Limit channel of 7,

; channel select of 5

ABUFF: BUFF ;Target location
GWDCT: 47772 :Gain of 2, word count N
; of -6

BUFF: .BLK 6 :6-word block for data
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PROGRAMMING:
SINGLE-CONVERSION MODE WITH
DATA CHANNEL OPTION PRESENT

The programming of single-conversions in a sub-
system that includes the Data Channel Option is a
cross between the programming of the fwo 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 0. 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 (377g), in which case sequences
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 smaller
value. In this case the channels from 0 to the limit
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.
(A/D interrupts must be disabled, as before.)
NEXTC: NIOS ADCV  ;Trigger next conver-
; sion

SKPDN ADCV  ;Wait until done

JMP -1
DIC G, ADCV :Read data
JMP 0,3 ;Return

Except for the limif channel effects described
above, single-conversion mode programming is the
same for systems with and without the Data Chan-
nel Option.

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 A/D 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 A/D subsystem. These times are 13. 3 sec
for 10-bit subsystems and 36, 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 A/D 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
specified. For the 10-bit and 12-bil 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 total interrupt latency in single-
conversion mode or the maximum data channel la-
tency in data channel mode,

Additional Considerations

The program should be careful nof 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 o 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 converfer. Once an
actual conversion has been started, it will neces-
sarily proceed to completion. Setting the Busy flag
to O 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 al 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 liftle reason {o 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 resuli, 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 which
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

way. 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
DIGITAL/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, 15V,
+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 .. ..oovoverrnnnnn. DACV
DEVICE CODE o\ vii e iteneee e, 23,
PRIORITY MASK BIT. ... oov e, None
RESOLUTION ..iiiiniaaanennnns 12 bits
SETTLING TIME TO 0.01%
OF FINAL VALUE............ .o...0p8€C
ACCURACY vovveeianann. +0.02% of FSR
ACCUMULATOR FORMATS
SELECT CHANNEL . ..ivvieieininnnn. DOB

0O I 2 3 4 5 6 7 8 9 10 Il 12 13 14

15

DATA

L 1 ! i

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

15

SCOPE CONTROL
SELECT SCOPEMODE.........c0uv.... DOC
woos |

i

14

15

S, C AND P FUNCTIONS

(SCOPE CONTROL ONLY)

S 7Z-axis control
No effect
P Erase scope




When power is turned on for the subsystem, the
data regisiers and the Channel Select Bit are in
indeterminate states. The initial cutputs 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.

2 BiTS DATA

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: D/A

The basic D/A conversion subsystem {without the
Scope Control Option) uses only two 1/0 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 <{> ac,DACY

%ozz%:xc i 0 0] F 10 1 0 O 1 |
Q ) ) A

Bit 15 of the specified AC 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 -
15 Channel

Reserved for future use.

Select the channel 0 or 1.

OUTPUT DATA AND CONVERT

DOA <f> ac,DACV

oaagAc o1 of F j0o 1 00 11
i i i i FR

0T 2 374 5 &' 7 8 9 10 1t 12 13 14 i5

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:

MAGNITUDE
1 L :

5 6 7 8 9 10 i 2 i3 4 15

Unipolar systems

MAGNITUDE |

i

"4 5 & 7 8 9 40 t 12 13 14 15

Bipolar systems

Bits Name Contents
0-3 —— Reserved for future use.
4 Sign Sign bit for magnitude
{bipolar) 0 = positive, 1 = nega-
tive.
. ?ﬁli ) ) Digital value to be con-
kung?(;sar, > Magnitude | verted o an analog
R s value.
{bipolar}
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PROGRAMMING: D/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-
lect the channel, For a seguence of conversions
on the same channel, the program need issue only
one SELECT CHANNEL instruction followed by any
number of OUTPUT DATA AND CONVERT instrue-
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
0 to 4095 (0 to 77171g); for bipolar systems it is
-2048 to +2047 (1740005 to 3777g).

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 5 5ec " 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 conversion 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. ACI1 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:

DATA icnm-}
H L | i 1 } i 1 Il 1 NEL
i 4 i5

4 5 6 7 8B 9 10 it 12 i3

The subroutine fetches each data word in turn, se-
lects 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 ;Fetch data to ACO
DOB 0,DACV ;Select channel
MOVR 0,0 ;Shift 12-bit data into
; place
DOA  0,DACV :Qutput data and convert

INC 2,2 ;Point to next data word
INC 1,1,8ZR :Increment word count
JMP  DASEQ :Loop back

JMP 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 io 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 tvpe 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 7~
axis pulse or no Z-axis conirolat
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 Contro! 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 uniil 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 displaved
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 a stor-
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 <£> ac,DACV

0 | u} AC ]; | oj F lo i 0 0 1 |
1 i 1 1 i i i i i i H
o' 1 2 3'"4 5 &'7 8 910 u 1212 & B

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 -

14-15

Reserved for future use.

Depends on the particular
scope used and the manner
in which it is interfaced to
the controller.

READ ERASE STATUS

DIA<{> ac,DACV

O!!}ACiOOIIF?O
Lo 3 1 S TN

c' 1 2 3 a4 5 &'7 8 9 10 1 12

I 0 0 I |
i i i
132 14 15

i

The scope erase status is read into bit 15 of the
specified AC. Bits 0-14 of the specified AC are set
to 0. After the data transfer, the function specified
by F is performed. AC is formatted as follows:

femnse |

o 12 13 14 i5

5 8 7 8 9

Bits Name Meaning if 1

Reserved for future use.

Scope is presently being
erased.

15 Erase
Status

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/0 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 1/0 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
5. sec).

For example, with the (blanking) Z -axis pulse de-
lay set at 1.4y sec and the duration set at 5 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 ACOto 0

DOBS 0,DACYV ;Select X axis and blank
; screen

DOAS 1,DACYV ;Set new X coordinate and
; continue blanking

INC 0,0 ;Set ACOto 1

DOBS 0,DACV ;Select Y axis and continue
; blanking

LDA 1,YCO ;AC1 holds Y coordinate

DOAS 1,DACV ;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 resulling 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. AC1 holds, throughout
the program, an incremental coordinate value
(INCRE) which is added to or subtracted from the

coordinates of the current point to produce the co-
ordinates of the next point. AC2Z 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 ACZ
enable the program fo tell when i 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
“graw’” the three sides of the triangle. The pro-
gram starts at the origin and draws the hypotenuse
at a 45° 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. Whenthe 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.
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NIAG:
LOOFL:
AGATIN:

VERT:
LOOF2:

HORTZ:

LOOgF3:

LAST:

THCRE:
LINTT:
TEME

FROGRAM TO DISFLAY AN ISOSCELES RIGHT TRIANGLE ON 4
NON-STORAGE SCOFE

UNBLANRING Z-4X1S IS ASSUMED

SCOFE

-LOC

SUBRZL
LIA
SUER
LI

INC
AL
DOE
noA
INC
DOk
noAs
SURZ%
JMF
STa

SURZ
JMF
Laas

JMF

noas
INC
DOR
LIa
SURZ
JMF
LDO&S
JME

noas
S

10
2000

LEND

= DACY

400

PERY]
15 INCRE
8.0

¥

IsLIMIT

Os 0

1s2

0 SCOFE
2+ 8SCOFE
0+0

0+ SCOFE
2+ SCOFE
3y 29 8NC
LOoF1
22 TEMF

1525 8NC
HORIZ
2, SCOFE

LOoF2

2 GCOFE
090

Qs SCOFE
2y TEMF

15 Z98NC
LAST

25 SCOFE
LOOFZ

2, GLOFE
AGATIHN

INIT

FACO HOLDS CHANNEL SELFCT - INITTALLY 1
sACT HOLDS COORDNINATE TNOREMENT

FAC2 HOLLS COORNINATE DATA - THITIALLY ©
FAC3 HOLDS LIMIT COORDNINATE FOR COMPARIGON

FINCREMENT CHANNEFL SFLECT

SINCREMENT COORDINATE DATA

FSELECT X AXIS

$SET X COORDINATE

FINCREMENT CHANNEL SFLECT

SSELECT ¥ AXIS

FSET Y COORDINATE AND INTENSIFY RFAM
sPAST LIMIT?

FNOs LOOF RACK

FYESy SAVE FINAL COORDINATE AND GO ON

FOECREMENT Y COORDINATE. SKIF TF INCRE LF COORD
iY COORDINATE IS O - REACHFD X AXIS

FSET NEW Y COORDINATE AND INTEMSTIFY REAM

s LY AXIS IS5 AlREADY SFLECTEDD

SLOOF RACK

FOISFLAY CORNER UFRTFX

P INCREMENT CHAMNNEL SELECT

SSELECT X aAXIS

FRESTORE X COORDINATE

SOECREMENT X COOQRDINATE, SKIF IF INCRE LF COORD
sEOTH COORDINATES ARE O

FSET MEW X COORDINATE AND TNTENSIFY REAM

sLOOF BACK

SHISFLAY ORIGIN
FREFEAT FROGRAM

Vi-25




This page intentionally left blank.

Vi-26



APPENDICES

I/O DEVICE CODES AND
DATA GENERAL MNEMONICS

OCTAL AND HEXADECIMAL
CONVERSION

ASCIl - 128 CHARACTER CODES
EBCDIC CHARACTER CODES

NOVA LINE COMPUTERS
INSTRUCTION EXECUTION TIMES

ECLIPSE COMPUTER
INSTRUCTION EXECUTION TIMES



This page intentionally left blank



APPENDIX A
1/0 DEVICE CODES AND
DATA GENERAL MNEMONICS

Device Priority
Code Mask
(Octal) Mnemonic Bit Device
00 - -- Power fail
019 WCSs -- Writeable control store
02° ERCC -- Error checking and correction
03° MAP -- Memory Allocation and Protection
01° MDV - Multiply/Divide
020 MMPU -- Memory Management and Protection Unit
02*0 MAPO --
030 MAP1 } -- Memory Allocation and Protection
04° MAP2 --
05
06 MCAT 12 Multiprocessor adapter transmitter
07 MCAR 12 Multiprocessor adapter receiver
10 TTI 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 / ;
3 B2 | 13 IBM 360/370 interface
33 DKP 7 Moving head disc
34 CAS 10 Cassette tape
*
gg ﬁ; } 11 Multiline asynchronous controller
36 IPB 6 Interprocessor bus--half-duplex
37 vT 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

9 ECLIPSE computer only
ONOVA line computers only
*code returned by INTA 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
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APPENDIX A (Continued)
1/0 DEVICE CODES AND
DATA GENERAL MNEMONICS

Device Priority
Code Mask
{Octal) Mnemonic Bit Device
42 DIO 7 Digital 1/0
43 DIOT 6 Digital I/0O timer
44 MXM 12 Modem control for multiline asynchronous
45 controller
46 MCATI1 12 Second multiprocessor transmitter
417 MCARI1 12 Second multiprocessor receiver
50 TTI1 14 Second teletype input
51 TTO1 15 Second teletype output
52 PTRI1 11 Second paper tape reader
53 PTP1 13 Second paper tape punch
54 RTC1 13 Second real time clock option
55 PLT1 12 Second incremental plotter
56 CDR1 10 Second card reader
57 LPT1 12 Second line printer
60 DSK1 9 Second fixed head disc
61
62 MTA1 10 Second magnetic tape
63
64*0 FPU1
650 FPU2 5 Alternate location for floating point
669 FPU4
67
70 QTY1 14 Second asynchronous hardware multiplexor
70 SLA1 14 Second synchronous line adapter
*
3; } 13 Second IBM 360/370 interface
73 DKP1 7 Second moving head disc
74 CAS1 10 Second cassette tape
;g* 11 Second multiline asynchronous controller
74%0 FPU1 |
750 FPU2 | 5 Floating point
76° FPU
77 CPU - Central processor and console functions

*code returned by INTA and used by VCT for ECLIPSE computer
ONOVA line computers only




APPENDIX B
OCTAL AND HEXADECIMAL CONVERSION

To convert a number from octal or hexadecimal to 5 4 3 9 1

decimal, locate in each column of the appropriate 16 16 16 16 16 180
table the decimal equivalent for the octal or hex
digit in that position. Add the decimal equivalents 0 0 0 0 0 0, 0
to obtain the decimal number. 1 1,048,576 | 65,536 4,096 256 16 1
1. Locate the largest decimal value in the 2 2,097,152 131,072 8,192 5127 32| 2
smpeoiste able Sat L o te 5 |5 145 1 1ae con 122 0| a1 3
2. note its octal or hex equivalent and 4| 4,194,304 262,144 116,384 1,024 64 4
column position; 5 5,242,880 327,680 | 20,480 1,280 80 5
3. find the decimal remainder. 6 | 6,291,456 393,216 24,576 1,536 96, 6
Repeat the process on each remainder. When the 7| 7,340,032 458,752 | 28,672 | 1,792 112 7
remainder is 0, all digits will have been generated. |8 | 8,388,608 | 524,288 32,768 2,048 | 128, 8
9] 9,437,184 589,824 36,864 2,304 144 9
85 84 83 82 81 80 A 110,485,760 | 655,360 | 40,960 | 2,560 | 160 | 10
B 11,534,336 | 720,896 45,056 2,816 176 11
0 0 0 0 0 01 |c 12,582,912 | 786,432 49,152 | 3,072 | 192 | 12
1} 32,768 | 4,096 12 | 64-1 8 | 1| 11113 631,488 | 851,968 | 53,248 | 3,328 | 208 | 13
21 65,536 | 5,102 | 1,024 | 128 | 16 | 2 | |51y 680 064 | 917,504 | 57,344 | 3,584 | 224 | 14
3. 98,304 112,228 | 1,536 | 192 | 24 3 | o lyg go0 640 | 983,040 | 61,440 | 3,840 | 240 | 15
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
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APPENDIX C
ASCIl - 128 CHARACTER CODES

ASCII
Graphic To Produce | To Produce ASHCII
Or On On Punched
Hexa- | 7-Bit Control TTY Mod TTY Mod Card 8-Bit
Decimal | decimal Octal [Characters Explanation 33,35 37 Code Octal
0 00 000 NUL Null pet Null* 12- 0-1-8-9 000
1 01 001 SOH Start of Heading A° A7 12- 1-9 201
2 02 002 STX Start of Text B° B” 12- 2-9 202
3 03 003 ETX End of Text [on 0N 12- 3-9 003
4 04 004 EOT End of Transmission D° D° 7- 9 204
5 05 005 ENQ Enquiry E° E° 0- 5-8-9 005
6 06 006 ACK Acknowledge F* F° 0- 6-8-9 006
7 07 007 BEL Bell G° G° 0- 7-8-9 207
8 08 010 BS Back Space H° backspace*|11- 6-9 210
9 09 011 HT Horizontal Tab I° tab 12- 5-9 011
10 0A 012 LF Line Feed line feed 012
J° new linex | 0- 5-9 012
line feed” 212
11 0B 013 VT Vertical Tab K® K° 12- 3-8-9 213
12 oC 014 FF Form Feed L° L° 12- 4-8-9 014
13 0D 015 CR Carriage Return return return 12- 5-8-9 215
M° 215
return® 015
14 OE 016 SO Shift Out N°? N° 12- 6-8-9 216
15 OF 017 SI Shift In 0° o’ 12- 7-8-9 017
16 10 020 DLE Data Link Escape p° P° 12-11-1-8-9 220
17 11 021 DC1 Device Control 1 Q° Q° 11- 1-9 021
18 12 022 DC2 Device Control 2 R” R” 11- 2-9 022
19 13 023 DC3 Device Control 3 S° S 11- 3-9 223
20 14 024 DC4 Device Control 4 T® T 4- 8-9 024
21 15 025 NAK Negative Acknowledge | U° U’ 5- 8-9 225
22 16 026 SYN Synchronous Idle Ve Ve 2- 9 2286
23 17 027 ETB End of Transmission w* w° 0- 6-9 027
Block
24 18 030 CAN Cancel X® X° 11- 8-9 030
25 19 031 EM End of Medium Y® Y® 11- 1-8-9 231
26 1A 032 SUB Substitute z° zZ° 7- 8-9 232
27 1B 033 ESC Escape esc escape 0- 7-9 033
K°* 033
28 1C 034 FS File Separator 1.°% \° 11- 4-8-9 234
29 1D 035 GS Group Separator me* ] 11- 5-8-9 035
30 1E 036 RS Record Separator N+ A7 11- 6-8-9 036
31 1F 037 Us Unit Separator o°* -7 11- 7-8-9 237
32 20 040 SP Space space space No Punches | 240
33 21 041 ! 1+ 1+ 12- 7-8 041
34 22 042 ” 2% 27 7- 8 042
DG-071076 [Sheet 1) )
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APPENDIX C (Continued)
ASCIl - 128 CHARACTER CODES

ASCI
Graphic To Produce  To Produce ASHCII
Or On On Punched

Hexa- T-Bit Control TTY Mod TTY Mod Card 8-Bit
Decimal decimal | Octal |Characters: Explanaiion 33,35 37 Code | Octal
35 23 043 3" 3* 3-8 243
36 24 044 3 4+ 4+ 11- 3-8 044
37 25 045 %o 5% 57 0- 4-8 245
38 26 046 & 6+ 6+ 12 246
39 27 047 ' T+ ' 5- 8 047
40 28 050 ( g+ 8+ 12- 5-8 050
41 29 051 ) 9+ g% 11- 5-8 251
42 2A 052 * L e 111- 4-8 252
43 2B 053 + ;o ;o 12- 6-8 053
44 2C 054 s , s 0- 3-8 054
45 2D 055 - -* - 11 055
46 2E 056 . X X 12- 3-8 056
47 2F 057 / / 0- 1 257
48 30 060 0 0 0 0 060
49 31 061 1 1 1 1 261
50 32 062 2 2 2 2 262
51 33 063 3 3 3 3 063
52 34 064 4 4 4 4 264
53 35 065 5 5 5 5 065
54 36 066 6 6 6 6 066
55 37 067 i 7 7 ki 267
56 38 070 8 8 8 8 270
57 39 071 9 9 9 9 071
58 3A 072 : : ¥ 2- 8 072
59 3B 073 ; ; 11- 6-8 273
80 3C 074 , 12- 4-8 074
61 3D 075 = -+ - 6- 8 275
62 3E 076 .t > 0~ 6-8 276
63 3F 077 ? /t / 0- 7-8 077
64 40 100 @ Pt @ 4- 8 300
65 41 101 A A A* 12- 1 101
66 42 102 B B B+ i2- 2 102
67 43 103 C C c* 12- 3 303
68 44 104 D D D+ 12- 4 104
69 45 105 E B E* 12- 5 305
70 46 106 F F F* 12- 6 306
71 47 107 G G G+ 12- 7 107
72 48 110 H H H* 12- 8 110
73 49 111 1 I I+ 12- 9 311
74 4A 112 J J J+ 11- 1 312

DG-01086 [ Sheer &7
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APPENDIX C (Continued)
ASCIl - 128 CHARACTER CODES

ASCII
Graphic To Produce | To Produce, ASHCII
Or On On Punched
Hexa- 7-Bif | Control TTY Mod TTY Mod Card | 8-Bit

Decimal | decimal | Octal |Characters | Explanation 33,35 37 Code | Octal
75 4B 113 K K K* 11- 2 113
76 4C 114 L L Lt 11- 3 314
717 4D 115 M M M+ 11- 4 115
78 4E 116 N N N* 11- 5 116
79 4F 117 O O o+ 11- 6 317
80 50 120 P P p+ 11- 7 120
81 51 121 Q Q Q 11- 8 321
82 52 122 R R R* 11- 9 322
83 53 123 S S s+ 0- 2 123
84 54 124 T T T+ 0- 3 324
85 55 125 U U U+ 0- 4 125
86 56 126 A% v v+ 0- 5 126
87 57 127 W w wt 0- 6 327
88 58 130 X X X+ * 0- 17 330
89 59 131 Y Y Y+ 0- 8 131
90 5A 132 Z Z Z* 0- 9 132
91 5B 133 [ K+ [ 12- 2-8 333
92 5C 134 \ L* \ 0- 2-8 134
93 5D 135 ] M+ ] 11- 2-8 335
94 5E 136 1A N* A~ 11- 7-8 336
95 5F 137 — (~) o+ -* 0- 5-8 137
96 60 140 ' @* 1- 8 140
97 61 141 a A 12- 0-1 341
98 62 142 b B 12- 0-2 342
99 63 143 ¢ C 12- 0-3 143
100 64 144 d D 12- 0-4 344
101 65 145 e E 12- 0-5 145
102 66 146 f F 12- 0-6 146
103 67 147 g G 12- 0-7 347
104 68 150 h H 12- 0-8 350
105 69 151 i I 12- 0-9 151
106 6A 152 j J 12-11-1 152
107 6B 153 k K 12-11-2 353
108 6C 154 1 L 12-11-3 154
109 6D 155 m M 12-11-4 - 355 -
110 6E 156 n N 12-11-5 356
111 6F 157 0 O 12-11-6 157
112 70 160 p P 12-11-7 360
113 71 161 q Q 12-11-8 161
114 72 162 r R 12-11-9 162

D6G-01016 {Sheet 3/
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APPENDIX C (Continued)
ASCII - 128 CHARACTER CODES

ASCII
Graphic To Produce To Produce | ASHCI
Or On On Punched
Hexa- |7-Bit | Control TTY Mod TTY Mod Card 8-Bit
Decimal |decimal | Octal |Characters | Explanation 33,35 37 Code |Qctal
115 73 163 S S 11- 0-2 363
116 74 164 t T 11- 0-3 | 164
117 75 165 u U 11- 0-4 | 365
118 76 166 v v 11- 0-5 | 366
119 7 167 w w 11- 0-6 167
120 78 170 X X* 11- 0-7 | 170
121 79 171 y Y 11- 0-8 | 371
122 TA 172 z Z 11- 0-9 | 372
123 B 173 1 [ * 12- 0 173
124 C 174 ! \* 12-11 374
125 7D 175 } ] 11- 0 175
126 TE 176 ~ . At 11- 0-1 | 176
127 TF 177 DEL Delete rubout delete* 12- 7-9 | 377
DG- 01076 [ Sheet 47
+ Shift
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APPENDIX C (Continued)

EBCDIC CHARACTER CODES

EBCDIC
Graphic or Punched
Control Card
Decimal | Hexadecimal| Characters Explanation Code
0 00 NUL Null 12- 0-1-8-9
1 01 SOH Start of Heading 12- 1-9
2 02 STX Start of Text 12- 2-9
3 03 EXT End of Text 12- 3-9
4 04 PF Punch Off 12- 4-9
5 05 HT Horizontal Tab 12- 5-9
6 06 LC Lower Case 12- 6-9
7 07 DEL Delete 12- 7-9
8 08 12- 8-9
9 09 12- 1-8-9
10 0A SMM Start of Manual Message 12- 2-8-9
11 0B VT Vertical Tab 12- 3-8-9
12 0C FF Form Feed 12- 4-8-9
13 0D CR Carriage Return 12- 5-8-9
14 OE SO Shift Out 12- 6-8-9
15 OF SI Shift In 12- 7-8-9
16 10 DLE Data Link Escape 12-11-1-8-9
17 11 DC1 Device Control 1 11- 1-9
18 12 DC2 Device Control 2 11- 2-9
19 13 ™ Tape Mark 11- 3-9
20 14 RES Restore 11- 4-9
21 15 NL New Line 11- 5-9
22 16 BS Back Space 11- 6-9
23 17 IL Idle 11- 7-9
24 18 CAN Cancel 11- 8-9
25 19 EM End of Medium 11- 1-8-9
26 1A CC Cursor Control 11- 2-8-9
27 1B Ccul Customer Use 1 11- 3-8-9
28 1C IFS Interchange File Separator 11- 4-8-9
29 1D I1GS Interchange Group Separator 11- 5-8-9
30 1E IRS Interchange Record Separator | 11- 6-8-9
31 1F 1US Interchange Unit Separator 11- 7-8-9
32 20 DS Digit Select 11- 0-1-8-9
33 21 SOs Start of Significance 0- 1-9
34 22 FS Field Separator 0- 2-9
35 23 0- 3-9
36 24 BYP Bypass 0- 4-9
37 25 LF Line Feed 0- 5-9
38 26 ETB End of Transmission Block 0- 6-9
39 27 ESC Escape 0- 7-9
40 28 0- 8-9
41 29 0- 1-8-9
42 2A SM Set Mode 0- 2-8-9
43 2B Ccu2 Customer Use 2 0- 3-8-9
44 2C 0- 4-8-9




APPENDIX C (Continued)

EBCDIC CHARACTER CODES

EBCDIC
Graphic or Punched
Control Card
Decimal | Hexadecimal| Characters Explanation Code
45 2D ENQ Enquiry 0- 5-8-9
46 2E ACK Acknowledge 0- 6-8-9
47 2F BEL Bell 0- 7-8-9
48 30 12-11-0-1-8-9
49 31 1-9
50 32 SYN Synchronous Idle 2-9
51 33 3- 9
52 34 PN Punch On 4- 9
53 35 RS Reader Stop 5- 9
54 36 UcC Upper Case 6~ 9
55 37 EOT End of Transmission 7- 9
56 38 8- 8
57 39 1- 8-9
58 3A 2- 8-9
59 3B CU3 Customer Use 3 3- 8-9
60 3C DC4 Device Control 4 4- 8-9
61 3D NAK Negative Acknowledge 5- 8-9
62 3E 6~ 8-9
63 3F SUB Substitute 7- 8-9
64 40 SP Space no punches
65 41 12- 0-1-9§
66 42 12- 0-2-9
87 43 12- 0-3-9
88 44 12- 0-4-9
89 45 12- 0-5-9
70 48 12- 0-6-9
71 47 12- 0-7-9
72 48 12- 0-8-9
73 49 12- 1-8
74 4A ¢ 12- 2-8
5 4B . 12- 3-8
76 4ac < 12- 4-8
77 4D { 12- 5-8
78 4E + 12- 6-8
79 4F | 12- 7-8
80 50 & 12
81 51 12-11-1-9
82 52 12-11-2-9
83 53 12-11-3-9
84 54 12-11-4-9
85 55 12-11-5-9
86 56 12-11-8-9
87 57 12-11-7-9
88 58 12-11-8-9




APPENDIX C (Continued)
EBCDIC CHARACTER CODES

EBCDIC
Graphic or Punched
Control Card
Decimal | Hexadecimal | Characters Explanation Code
89 59 11- 1-8
90 5A ! 11- 2-8
91 5B 3 11- 3-8
92 5C * 11- 4-8
93 5D ) 11- 5-8
94 5E 11- 6-8
95 5F - 11- 7-8
96 60 - 11
97 61 / 0-1
98 62 11- 0-2-9
99 63 11- 0-3-9
100 64 11- 0-4-9
101 65 11- 0-5-9
102 66 11- 0-6-9
103 67 11- 0-7-9
104 68 11- 0-8-9
105 69 0-1-8
106 6A H 12-11
107 6B . 0- 3-8
108 6C % 0- 4-8
109 6D - 0- 5-8
110 6E > 0- 6-8
111 6F ? 0- 7-8
112 70 12-11-0
113 71 12-11-0-1-9
114 72 12-11-0-2-9
115 73 12-11-0-3-9
116 74 12-11-0-4-9
117 5 12-11-0-5-9
118 76 12-11-0-6-9
119 77 12-11-0-7-9
120 78 12-11-0-8-9
121 79 1- 8
122 TA : 2- 8
123 B # 3-8
124 C @ 4- 8
125 D 5- 8
126 1E = 6- 8
127 F ! 7- 8
128 80 12- 0-1-8
129 81 a 12- 0-1
130 82 b 12- 0-2
131 83 c 12- 0-3
132 84 d 12- 0-4
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APPENDIX C (Continued)
EBCDIC CHARACTER CODES

EBCDIC
Card
|Decimal| Hexadecimal Eglamtiosa Code
133 85 12- 0-5
134 86 12- 0-6
135 87 12- 0-7
136 88 12- 0-8
137 89 12- 0-9
138 8A 12- 0-2-8
139 8B 12- 0-3-8
140 8C 12- 0-4-8
141 8D 12- 0-5-8
142 8E 12- 0-6-8
143 8F 12- 0-7-8
144 90 12-11-1-8
145 91 i 12-11-1
146 92 k 12-11-2
147 93 1 12-11-3
148 94 m 12-11-4
149 95 n 12-11-5
150 96 o 12-11-6
151 97 D 12-11-7
152 98 q 12-11-8
153 99 r 12-11-9
154 9A 12-11-2-8
155 9B 12-11-3-8
156 aC 12-11-4-8
157 9D 12-11-5-8
158 9E 12-11-6-8
159 9F 12-11-7-8
160 AD 11- 0-1-8
161 Al ~ 11- 0-1
182 A2 s 11- 0-2
163 A3 t 11- 0-3
164 A4 u 11- 0-4
165 AB v 11- 0-5
166 AB W 11~ 0-6
187 AT X 11- 0-7
168 A8 v 11~ 0-8
169 A9 z 11- 06-9
170 AA 11- 0-2-8
171 AB 11- 0-3-8
172 AC 11~ 0-4-8
173 AD 11- 0-5-8
174 AE 11- 0-6-8
175 AF 11i- 0-7-8
178 BO 12-11-0-1-8
177 Bi 12-11-0-1




APPENDIX C (Continued)
EBCDIC CHARACTER CODES

EBCDIC
Graphic or Punched
Control Card
Decimal| Hexadecimal | Characters Explanation Code
178 B2 12-11-0-2
179 B3 12-11-0-3
180 B4 12-11-0-4
181 B5 12-11-0-5
182 B6 12-11-0-6
183 B7 12-11-0-7
184 B8 12-11-0-8
185 B9 12-11-0-9
186 BA 12-11-0-2-8
187 BB 12-11-0-3-8
188 BC 12-11-0-4-8
189 BD 12-11-0-5-8
190 BE 12-11-0-6-8
191 BF 12-11-0-7-8
192 Co { 12- 0
193 C1 A 12- 1
194 C2 B 12- 2
195 C3 C 12- 3
196 C4 D 12- 4
197 C5 E 12- 5
198 Cé6 F 12- 6
199 C7 G 12- 7
200 C8 H 12- 8
201 C9 1 12- 9
202 CA 12- 0-2-8-9
203 CB 12- 0-3-8-9
204 CcC J 12- 0-4-8-9
205 CD 12- 0-5-8-9
206 CE v 12- 0-6-8-9
2017 CF 12- 0-7-8-9
208 DO } 11- 0
209 D1 J 11- 1
210 D2 K 11- 2
211 D3 L 11- 3
212 D4 M 11- 4
213 D5 N 11- 5
214 D6 ) 11- 6
215 D7 P 11- 7
216 D8 Q 11- 8
2117 D9 R 11- 9
218 DA 12-11-2-8-9
219 DB 12-11-3-8-9
220 DC 12-11-4-8-9
221 DD 12-11-5-8-9




APPENDIX C (Continued)
EBCDIC CHARACTER CODES

EBCDIC
Graphic or Punched
Control Card
Decimal] Hexadecimal | Characters Explanation Code
222 DE 12-11-6-8-9
223 DF 12-11-7-8-9
224 EQ 0- 2-8
225 El 11- 0-1-9
226 E2 S 0- 2
2217 E3 T 0- 3
228 E4 U 0- 4
229 E5 v 0-5
230 E6 W 0- 6
231 ET X 0- 17
232 E8 Y 0- 8
233 E9 Z 0-9
234 EA 11- 0-2-8-9
235 EB 11- 0-3-8-9
236 EC d 11- 0-4-8-9
237 ED 11- 0-5-8-9
238 EE 11- 0-6-8-9
239 EF 11- 0-7-8-9
240 FO 0 0
241 F1 1 1
242 F2 2 2
243 F3 3 3
244 F4 4 4
245 F5 5 5
246 F6 6 6
2417 F1 7 7
248 F8 8 8
249 F9 9 9
250 FA LVM 12-11-0-2-8-9
251 FB 12-11-0-3-8-9
252 FC 12-11-0-4-8-9
253 FD 12-11-0-5-8-9
254 FE 12-11-0-6-8-9
255 FF EO 12-11-0-7-8-8
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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. 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 af the right
is the minimum time between consecutive transfers. All times are in microseconds.

SUPERNOVA 1200 800,820 NOVA 2
NOVA sC CORE SERIES 840 830 8K 16K
LDA 5.2 1.2 1.8 2.55 1.8 2.0 1.6 2.0
STA 5.5 1.2 1.6 2.55 1.8 2.0 1.6 2.0
ISZ, DSz 5.2 1.4 1.8 3.15 1.8 2.2 1.7 2.1
JMP 2.6 0.6 0.8 1.35 0.8 1.0 0.8 1.0
JSR 3.5 1.2 1.4 1.35 0.8 1.0 1.1 1.2
COM, NEG, MOV, INC 5.6 0.3 0.8 1.35 0.8 1.0 0.8 1.0
ADC, SUB, ADD, AND 5.9 0.3 0.8 1.35 0.8 1.0 0.8 1.0
Each level of @, add 2.6 0.8 0.8 1.2 0.8 1.0 0.8 1.0
Each autoindex, add 0.0 0.2 0.2 0.6 0.2 0.2 0.5 0.5
Base register addr. add 0.3 0.0 0.0 0.0 0.0 0.0 0.0 0.0
If skip occurs, add 0.0 * 0.8 1.35 0.2 0.2 0.3 0.2
I/0 input (except INTA) 4.4 2.8 2.9 2.55 2.2 2.4 1.4 1.5
INTA 4.4 3.6 3.7 2.55 2.2 2.4 1.4 1.5
1/0 output 4.7 3.2 3.3 3.15 2.2 2.4 1.6 1.7
NIO 4.4 3.2 3.3 3.15 2.2 2.4 1.6 1.7
1/0 skips 4.4 2.8 2.9 2.55 1.4 1.6 1.1 1.2
If skip occurs, add 0.0 0.0 0.0 0.0 0.2 0.2 0.3 0.2
For S, C, or P; add 0.0 0.0 0.0 0.0 0.6 0.6 0.3 0.3
MUL
Average 11.1 3.7 3.8 3.75 8.8 9.0 6.1 6.2
Maximum 11.1 5.3 5.4 3.75 8.8 9.0 6.1 6.2
DIV
Successful 11.9 6.8 6.9 4.05 8.8 9.0 6.4 6.5
Unsuccessful 11.9 1.5 1.6 2.55 1.6 2.0 6.4 6.5
INTERRUPT LATENCY
With MUL/DIV 12.0 9.0 9.0 7.0 10.6 12.0 5.8 5.9
Without MUL /DIV 12.0 5.0 5.0 7.0 4.6 6.0 1.9 2.3
DATA CHANNEL
Input 3.5 2.3 2.3 1.2 2.0 2.2 2.0 2.1
Output 4.4 2.8 2.8 1.2/1.8 2.0 2.2 2.1 2.2
Increment 4.4 2.8 2.8 1.8/2.4 2.2 2.4 2.2 | 2.3
Add to memory 5.3 2.8 2.8 _— -— N/A _—— ——
Latency+ '
With MUL/DIV 17.3 11.8 11.8 9.4 5.8 6.4 5.2 5.3
Without MUL /DIV 17.3 7.8 7.8 9.4 5.8 6.4 5.2 5.3
HIGH SPEED DATA CHANNEL ‘
Input N/A 0.8 0.8 N/A 0.8 1.0 0.8 10.9/1,
Qutput 0.8/1.0 10.8/1.0 0.8/1.0 |1.0/1.2] 1.2 1.3
Increment 1.0/1.2 [1.0/1.2 1.0/1.2 1.2/1.4] 1.3 1.4
Add to memory 1.0/1.2 11.0/1.2 - N/A S -
Latency™
With MUL/DIV 5.7 5.7 4.8 5.4 4.3 4.4
Without MUL /DIV 3.7 3.7 3.2 3.6 4.3 4.4

*1f 2AC-multiple operation instruction is skipped, add 0.3; otherwise add 0.6.
* For highest priority peripheral on 1/0 bus.
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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

a system without the MAP feature operating with

4-way interleaved core memory,

in microseconds.

All times are

STANDARD INSTRUCTION SET MINIMUM MAXIMUM TYPICAL NOTES

ADD 0.8 0.6 0.6 1
ADD COMPLEMENT 0.6 0.6 0.6 1
ADD IMMEDIATE 0.6 0.6 0.6
EXTENDED ADD IMMEDIATE 1.2 1.2 1.2
AND 0.6 0.8 0.8 1
AND IMMEDIATE 1.2 1.2 1.2
AND WITH COMPLEMENTED SOURCE 0.6 0.6 0.6
BLOCK ADD AND MOVE 1.8+0.8N 1.8+1.2N 1.7 +1.0N 2
BLOCK MOVE 2.0+0.6N 1.4+1.2N 1.85+0.85N 2
COMPARE LIMITS specified AC's not the same

number within limits 1.8 2.2 1.9

number less than L 2.0 2.4 2.1

number greater than H 2.2 2.6 2.3

specified AC's the same

number within limits 1.8 1.6 1.6

number less than L 1.8 1.8 1.8

number greater than H 1.6 1.6 1.6
COMPLEMENT 0.6 0.6 0.6 1
COUNT BITS 1.0 10.6 1.0 +0.6N 3
DECIMAL ADD 0.6 0.6 0.6
DECREMENT AND SKIP IF ZERO 1.4 1.6 1.5 4
EXTENDED DECREMENT AND SKIP IF ZERO 2.4 2.6 2.45 4
DECIMAL SUBTRACT 0.6 0.8 0.6
DISPATCH

number within limits 3.6 3.6 3.8 4, 11

number less than L 2.8 2.8 2.8 4

number greater than H 2.6 2.8 2.65
DOUBLE HEX SHIFT LEFT 2.4 4.2 depends on shift count
DOUBLE HEX SHIFT RIGHT 2.4 4.2 depends on shift count
DOUBLE LOGICAL SHIFT 1.0 5.6 depends on shift count
ENTER WCS depends on user instruction
EXCHANGE ACCUMULATORS 0.8 0.8 0.8
EXCLUSIVE OR 0.6 0.6 0.6
EXCLUSIVE OR IMMEDIATE 1.2 1.2 1.2
EXECUTE 0.8 + time for instruction to be executed
EXTENDED OPERATION 4.8 5.8 5.05 5
HALVE 1.0 1.0 1.0
HEX SHIFT LEFT 1.8 3.0 depends on shift count
HEX SHIFT RIGHT 1.8 3.0 depends on shift count
INCLUSIVE OR 0.6 0.6 0.6
INCLUSIVE OR IMMEDIATE 1.2 1.2 1.2
INCREMENT 0.6 0.6 0.8 1
INCREMENT AND SKIP IF ZERO 1.4 1.6 1.5 4
EXTENDED INCREMENT AND SKIP IF ZERO 2.4 2.6 2.45 4

o
1
Do
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APPENDIX D (Continued)

ECLIPSE COMPUTER
INSTRUCTION EXECUTION TIMES

STANDARD INSTRUCTION SET MINIMUM MAXIMUM TYPICAL NOTES
JUMP 0.6 0.8 0.65 4
EXTENDED JUMP 1.8 1.6 1.8 4
JUMP TO SUBROUTINE 0.6 0.8 0.65 4
EXTENDED JUMP TO SUBROUTINE 1.6 1.6 1.6 4
LOAD ACCUMULATOR 0.8 1.4 1.0 4
EXTENDED LOAD ACCUMULATOR 1.8 2.4 1.95 4
EXTENDED LOAD EFFECTIVE ADDRESS 1.6 1.6 1.6 4
LOAD BYTE 1.4 1.8 1.5
LOAD MAP 2.4+0.6N 2.4+0.6N 2.3+0.6N 2
LOCATE AND RESET LEAD BIT 1.2 7.2 1.2+0.4N 3
LOCATE LEAD BIT 1.0 7.0 1.0+0.4N 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 8, 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 MULTIPLY 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 0.8 0.6 0.8 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

o
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APPENDIX D (Continued)

ECLIPSE COMPUTER
INSTRUCTION EXECUTION TIMES

g

I/O INSTRUCTION SET MINIMUM MAXIMUM TYPICAL | NOTES
DATA INPUT 2.2 2.2 2.2 g
DATA OUTPUT 2.6 2.6 2.6 g
1/0 SKIP ] 0.8 0.8 0.8 10
NO I/O TRANSFER 1.2 1.2 1.2 9

VECTOR ON INTERRUPTING DEVICE CODE

MODE A 2.6 2.8 2.65
MODE B 8.6 9.6 8.85 5
MODE C 10.2 12.2 10.75 5
MODE D 15.0 18.0 16.5 5
MODE E 16.6 20.2 18.05 5
PROGRAM INTERRUPT CYCLE 1.4 1.8 1.5 4
' DATA CHANNEL INPUT 0.8 0.8 0.8
- DATA CHANNEL OUTPUT 1.4 1.6 1.6
DATA CHANNEL LATENCY* 4.1 4.3 4.3

- PROGRAM INTERRUPT LATENCY is the sum of the longest time that the program runs with the interrupt

‘ system disabled plus the time for the program interrupt eycle. 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 1/0 bus.
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APPENDIX D (Continued)

ECLIPSE COMPUTER
INSTRUCTION EXECUTION TIMES

MINIMUM MAXIMUM TYPICAL
NOTES: 1. If skip occurs, add: 0.8 0.6 0.8
2. N is number of words moved,
For each indirect reference in AC3, add: 0.8 0.8 0.8
For each indirect reference in AC2, add: 0.6 0.8 0.65
If N is less than 1, then time is: 1.2 1.2 1.2
3. 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 7.4
For LOCATE LEAD BIT, if the count is 186,
the time is: 7.2 7.2
4. For each indirect reference, add: 0.6 0.8 0.65
For each indirect auto-index reference, add: 1.0 1.6 1.15
5. If stack overflows, add: 3.8 3.45
In addition, see note 6.
For each indirect reference, add: 0.8 0.8 0.8
. If stack underflows and underflow protection
is disabled, add: 0.4 0.8 0.7
If stack underflows and underflow protection
is enabled, add: 3.8 5.0 4.4
In addition, see note 6.
8. N is number of words pushed or popped.
. 8, C, and P functions require no extra time.
10. If skip occurs, add: 0.4 0.4 0.4
11. For each indirect reference in the table address
add: 0.6 0.6 0.6
12. If stack overflows add: 4.2 4.8 4.65
13. 1If stack overflows add: 4.0 4.6 4.25




APPENDIX D (Continued)

ECLIPSE COMPUTER
INSTRUCTION EXECUTION TIMES

FLOATING POINT
INSTRUCTION EXECUTION TIMES

Because the CPU and the floating point feature
operate in parallel, there are two distincet 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
=3
pa’}i}}{ unit astuali}; }3&‘1‘f01’3}3i}£2§1’ 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 {ime 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.

5

FMS #1 3900m

Setup
#2

Waoil 2800ns

Wail time is given by the following equation:

WAIT=FPU time for previous instruction - (finish
time for previous instruction - fotal execu-
tion time for non-floating point instructions

between the floating point instructions +
setup time for this floating point instruction).

If WAIT is 1
used for WAIT,

oy

than 0, then a value of 0 should be



APPENDIX D (Continued)

ECLIPSE COMPUTER

INSTRUCTION EXECUTION TIMES

CPU
INSTRUCTION SETUP FINISH FPU REMARKS
ADD SINGLE (FPAC) ? 1.5 Exponent over- or underflow
ADD DOUBLE (FPAC) 0.4 2.3 Mantissa overflow
SUBTRACT SINGLE (FPAC) 5 22. 4 Normalization needed
SUBTRACT DOUBLE (FPAC) 1.9 Normalization not needed
ADD SINGLE (MEMORY) } 1.2 2.2 Exponent over- or underflow
SUBTRACT SINGLE (MEMORY}; {Note 1) 3.0 Mantissa overflow
3.1 Normalization needed
2.6 Normalization not needed
§2.8 Exponent over- or underflow
ADD DOUBLE (MEMORY) } 1.2 ) 3.6 Mantissa overflow
SUBTRACT DOUBLE (MEMORY) (Note 1) l3. 7 Normalization needed
3.2 Normalization not needed
MULTIPLY SINGLE (FPAC) 0.4 3.9
MULTIPLY DOUBLE (FPAC) 0.4 7.1
MULTIPLY SINGLE (MEMORY) 1.2 4.6 Note 1
MULTIPLY DOUBLE (MEMORY) 1.2 8.4 Note 1 ,
DIVIDE SINGLE (FPAC) 0.4 4.2 Divisor mantissa > dividend mantissa
5.1 Divisor mantissa < dividend mantissa
DIVIDE DOUBLE (FPAC) 0.4 7.4 Divisor mantissa > dividend mantissa
8.3 Divisor mantissa < dividend mantissa
DIVIDE SINGLE {MEMORY) .2 4.9 Divisor mantissa > dividend mantissa
(Note 1) 5.8 Divisor mantissa < dividend mantissa
DIVIDE DOUBLE (MEMORY) .2 i 8.7 Divisor mantissa > dividend mantissa
{Note 1) 9.6 Divisor mantissa < dividend mantissa
LOAD SINGLE - .2 1.6 Note 1
LOAD DOUBLE .2 2.2 Note 1
STORE SINGLE .2 0.5 Notes 1, 2
STORE DOUBLE .2 0.5 Notes 1, 2
FLOAT FROM AC .4 1.9 Integer positive
2.3 Integer negative
FLOAT FROM MEMORY .2 . 2.3 Integer positive
{(Note 1) 2.7 Integer negative
i
FIX TO AC 0.4 | 2.1 Integer positive
{(Note 2) 2.5 Integer negative
FIX TO MEMORY 2 | 2.3 Integer positive
2.7

(Notes 1, 2)

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 1.8 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 0.4
CLEAR ERRORS
SKIP TESTS 0.4 0.6 0.4 Note 3

NOTES: 1. 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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