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INTRODUCTION TO THE MANUAL

The reader of this manual should be familiar with
the operation of small digital computers. The
manual presents an overall view of the 706
computer hardware and software. Hardware and
software descriptions have been integrated
throughout the manual wherever possible. Cate-
gories are specified hardware or software when the
possibility of an ambiguity exists. This manual
does not replace either the Technical Operations
and Maintenance Manual or detailed software
manuals.

Specific reference to other Raytheon Computer
collateral material has been avoided, however.
Appendix 8, Applicable Publications Index, lists
support documentation that can be obtained from
Raytheon Computer.

This manual is a teaching aid for students of the
708 computer as well as a reference manual for
persons aiready familiar with its operation and use.

NOTE

There may be changes to either the
hardware or software not reflected in
this manual. Errata and addendum sheets
are issued periodically between edition
printings.

Please use the form in the back of the
manual to notify Raytheon Computer of
any errors you have detected in the
manual.

Section 1 — General Systems Description should be
read by everyone prior to reading the rest of the
manual. It is particularly important to understand
the sections on Word Formats (1-3), Addressing
(1-4), Input/Qutput (1-5) and the software syn-
opsis given in Section 1-6.

Section 2 — Instructions describes the operation of
the machine hardware instructions and the assern-
bler pseudo instructions. The instruction descrip-
tions are given in assembler breakdown order.
Appendices O, P, Q, and R provide indecies to
Section 2.

Section 3 — Interrupt, Section 4 — Input/Output
are prerequisites to unclerstanding Section 5 on
peripheral equipment operation. These two sec-
tions describe the operation and architecture of the
706 Input/Output System. The hardware interface
is also discussed in Section 4.

Section 5 — Peripheral Equipment Operation and
Programming reviews Direct Input/Output and
Direct Memory Access programming technigues.
The 706 Monitor Input/Output Software system is
described here rather than in Section 8 on pro-
gramming systems. The remainder of the section is
devoted to describing the characteristics of stan-
dard 706 peripheral controllers and devices.

Section 6 — Options explains the optional features
of the 706 Central Processing Unit and Memory.

Section 7 — Operation describes the functions of
the Central Processing Unit Control Panel. The
operations of turning power on and off, displaying
and changing the contents of registers and mem-
ory, and program execution including the boot-
strap are discussed.

Section 8 — Programming Systems Description
familiarizes the user with the four hardware and
five operational systems available with the 706
computer. The majority of this section describes
the characteristics of Raytheon Computer assem-
blers, compilers, loaders, operating systems, and
utility programs, This section represents a short
course in small computer software orientation

The operation of the /0 Drivers are described in
detail. This description in conjunction with the
Input/Output Software description (Section 5)
eliminates the coding of 1/O operations in machine
language.

Section 9 — Programming Systems Operation is a
review of the operating procedures for major 706
programs. The section is divided into four areas
that correspond to the four hardware system
configurations,

The Appendices provide quick reference informa-
tion. Of particular interest are the conversion
tables of Appendices C, D, E, and F. Appendix N
gives a comprehensive error message review of
nearly all Raytheon Computer software. The Math
Library Summary of Appendix J shows all perti-
nent characteristics of the Math Library, the
FORTRAN IV Library, and the Conversational
FORTRAN Library
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Section 1

GENERAL SYSTEM DESCRIPTION

1 INTRODUCTION

ae Raytheon 706 computer system is a general
irpose digital system designed primarily as the
ntral element for data acquisition processing and
sntrol  systems. The important hardware
raracteristics of the 706 are:

ARDWARE FEATURES

tandard
‘@ 16—bit word length.
Memory expandable to 32K

Byte and word addressing and
instructions.

2048 word memory pages.

Direct and indexed addressing.
74 hardware instructions.

900 nanosecond cycle time.
Automatic priority interrupt.
Operator console with lockout.
Hardware bootstrap.

Direct input/output to central
processor.

T2L integrated circuits.

Optional

@ Direct memory access — word transfer
rates to 1.1 MHz.

. @ Power fail—safe with automatic restart.

@® Hardware Multiply/Divide.
@® Memory parity.

@® Memory protect — User/Executive mode,

privileged instructions.
@ Full line of peripheral options.

1.1

The Raytheon 706 software is tailored to the
complete range of hardware configurations. The
706 program library includes over 300 programs
and subroutines, containing more than 200,000
instructions. The important software
characteristics of the 706 are:

SOFTWARE FEATURES

X-Ray Executives.

Real-time operating system.
Multi-programming system.

Conversational FORTRAN.

Real-time FORTRAN IV (ASA superset).

File oriented, device independent input/
output system.

1-pass and 2-pass relocatable assemblers.
True-isolation hardware diagnostics.
Batch processing.

Extensive utility programs.
Foreground/background processor.
Fixed and floating point math routines.
Multi-precision word formats.

Modularly expandable software.

1-1.1 System Description and Configuration

The 706 basic hardware configuration (Figure 1-1)
includes a central processor unit (CPU), a 4K
memory system, an ASR-33 teletype, and a Direct
Input/Output (DIO) bus. Up to 16 peripheral
controllers may be attached to the DIO bus
including high speed paper tape, card
reader/punch, line printer, X-Y plotter, disc
memory, magnetic tape, time-of-day clock, etc. Up
to six Direct Memory Access {DMA) devices may
transfer data to and from memory directly without



CPU intervention. Table 1-1 gives the computer functions are under control of an execut

hardware specifications. program that automatically controls the syst
operation according to user directives entered_

The 706 software capability (Figure 1-2) allows the the ASR-33 teletype keyboard on paper tape or

user to compile and/or assemble source application punched cards.

programs to produce object programs. The user

may then load and execute these object programs

using the trace/debug capability to detect any The remainder of this manual is dedicated -

errors. The object and source programs can be explaining and illustrating all of the facts necess¢

edited and the error-free program inserted into the for successful use of the Raytheon 706 compu-

system library. AIll of the aforementioned system.

BASIC 706
T e e — - -
| |
TELETYPE CARD CARD LiNE MAG.
| CONTROLLER ’ I TELETYPE ] : I READER ] l PUNCH I [ PRINTER I I TAPE UNIT l
| F= ===
______ J
| r
| I CARD LINE PRINTER DIO MAG.
| I CONTROLLER CONTROLLER TAPE CONT.
RAY THEON | e # e

| 706
| CENTRAL DIRECT INPUT/OUTPUT BUS (UP TO 16 CONTROLLERS)
| PROCESSOR \ e e e
| |
| | PAPER TAPE CONTROLLER MAGNETIC »| DISC
| I TAPE CONT. CONTROLLER
I | i { i i
| /\ r - PAPER TAPE PAPER TAPE MAGNETIC
| | READER PUNCH TAPE UNIT DISK UNIT
l |
| ! I
| ! DIRECT [0
| | MEMORY 245

| ACCESS 5
! ‘ —=-0
| MEMORY BUS 4
|
| | PTOSIX |5, |

| CONTROLLERS P
' | O
' |
I 1
I L]
| L T
i \/ |
: MEMORY :
| SYSTEM |
| |
L

Figure 1—1. 706 Hardware Block Diagram
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Figure 1—2. 706 Software Block Diagram
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Table 1—1. 706 Computer Specifications

FUNCTIONAL

CycleTime..........
Number System . .....
Word Length.,,......
Byte Length,.........
Instructions , ,........

Shift . ............
Test/Jump .. .......
Control, 1/0,
Data Generic. . . ..,
Registers, ...........
Addressable
Index
Memory
Type ............

Organization . . ... ..
Addressing Modes , . .
Direct Addressing . ...
Page Addressing , . ...
Input/Output

Interrupt

13

900 nanoseconds
Binary
16 bits

74 standard

4
20
18

19

Magnetic Core

4096 words expandable to
32,768 in 4K, 8K, or 16K
modules.

Page

3

2048 words

Extension Register

256 device functions are
available on standard D10
bus; 6 devices in addition
to the processor can be on

line to the Direct Memory
Access.

Up to 16-levels of priority
interrupt.

Peripheral Equipment

Standard ASR-33 Teletype, paper
tape reader and punch,
10 cps.

High Speed Paper Tape
Reader, 300 cps.

High Speed Paper Tape
Punch, 110 cps

Card Reader, 400 or 1000
cards/min.

Card Punch, 100-400
cards/min.

L.ine Printer, 315, 600, 1000
lines per minute.

DMA Magnetic Tape, 9-
or 7-track, 800 BPI,
36 and 75 ips.

D10 Magnetic Tape, 9~ or 7~
track, 25 ips.

Disc Memory, 385,024 words
143 KHz.

Incremental Digital Plotter

Real-Time Clocks.

Analog Instruments.

Buffered Input/Output
Channels.

Teletype Multiplexer.

Optional

Direct Memory Acess
(DMA),
Priority Interrupt
Expansion.
Memory Protect.
Multiply/Divide.
Memory Expansion.
Memory Parity.
Power Fail-Safe.

Options
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Table 1-1. 706 Computer Specifications {Cont.)

' MECHANICAL

System Cabinet
. Size

Weight

| Mainframe Components

Size

Weight

52 inches high, 25 inches
wide, 30 inches deep;
22.75 inches of spare
front panel space are
available for options and
user requirements.
175 pounds.

CPU -5.25 inches high,

19 inches wide,

26.0 inches deep;
Memory—7 inches high,

19.0 inches wide,

20.75 inches deep;
Power Supply—5.25 inches
high, 19.0 inches wide,

25.0 inches deep

165 pounds

Teletype
Size 33.0 inches high, 5
21.5 inches wide,
19.0 inches deep
Weight 56 pounds
Power

Source Power 115 volts, 60 cps, single phase,
(50 cps optional).

Power

Consumption 1200 watts.

Environmental

Storage Temperature: -20° to +65°C.
Humidity: 0 to 95% RH,
Operating Temperature: 0° to 40°C.

Humidity: 0 to 89% RH.

Air Conditioning _
Not required. Filtered air is forced throughout
the mainframe by self-contained blowers.,
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1-2 Central Processing Unit

The Raytheon 706 is a fully parallel 16-bit, 900
nanosecond computer that is capable of per-
forming both general purpose and real-time com-
putations. The advanced building block design
of the 706 supports simple, flexible expansion of
the system. The basic configuration provides a
word and byte oriented repertoire of 74
instructions. Included in the minimal central
processor configuration are a 4K core memory, an
ASR-33 teletype, a Direct Input/Output bus, one
level of Automatic Priority Interrupt, an automatic
4-device hardware bootstrap, and a cabinet
complete with an operator’s console.

All registers are connected through a high speed
adder. Major registers include the accumulator,
index register, program counter, extension register,
memory buffer register, and the instruction
register. See Figure 1-3.

1-2.1 Register Description and Operation

A brief description of the CPU registers is given in
Table 1-2. The operation of each register is
described more fully in the following paragraphs.

1-2.1.1 Program Counter

The program counter (PCR) is a 15-bit register that
is used to hold the address of the next instruction
to be executed. During normal program execution,
the PCR is incremented by one during every
machine instruction fetch from memory. This
causes the PCR to be pointing one location ahead
of the location of the instruction about to be
executed. Provided that the instruction to be
executed is not a jump or skip and an interrupt
does not occur, the PCR will continue to sequence
one location at a time until a halt instruction is
executed or until the HALT button on the control
panel is pressed.

A jump instruction (JMP, JSX) causes the PCR to
be set to the effective address created by the
contents of the M field (bits 5-15) of the
instruction, the index register and the extension
register (see Section 1-3, Addressing). Depending
on the condition tested, a skip type of instruction
may or may not cause the PCR to be incremented
by an additional one. Normally, if the condition
tested for is satisfied (ie, skip on sense switch false,
and the sense switch is false or off), the PCR will

1.6

be incremented. |f the condition tested for is no
satisfied, the PCR will not be incremented and th..
next instruction in sequence will be fetched.

An interrupt that is to be processed, will not alte.
the PCR. The PCR is saved in a fixed location (sec
Section 3) and a pre-stored address is loaded intc.
the PCR causing the next instruction to come from.
the beginning of an interrupt subroutine.

. The PCR may also be set by using the 706 console.

See Section 7.
1-2.1.1 Instruction Register

The instruction register (INR) stores the eight most.
significant bits of the instruction for decoding.

Instruction codes consist of one, two, or three.
hexadecimal characters (4, 8, or 12 bits). The first_
two characters of the instruction word (bits 0-7)

are stored in the INR. The third character, if.
required by the instruction, is decoded from the:
corresponding bits of the contents of the memory
buffer register.

If the first character of the instruction is anything
other than a zero, it is a memory reference type of
instruction. If the first character is a zero, the
instruction is a generic type of instruction. See
Section 1-3.1

1-2.1.3 Accumulator

The accumulator register {ACR) is a 16-bit register
that operates in conjunction with the adder to
form a conventional accumulator. 1t is also used as .
a shift register, either alone in single-length shifts _
or in conjunction with the index register in double
length shifts. Input data from peripheral devices is
received in the ACR, and output data is
transmitted from the ACR to peripheral devices.

1-2.1.4 Memory Buffer Register

The memory buffer register (MBR) is a 16-bit
register used to hold data and operand addresses
that are transferred between the CPU and the
memory. The MBR also holds the device address
during a DIO operation.

1-2.1.5 Index Register

The index register is a 16-bit register used primarily
for indexing operand addresses. See Section 1-4.5
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Table 1—-2. CPU Register Description

Name

Instruction
Register (INR)

Memory Buffer
Register (MBR)

Accumulator ((ACR)

Program Counter (PCR)

Index Register (1XR}

Extension Register(EXR)

Overflow (OVF)

Comparison
Indicators (CPI)

Local/Global
Indicator (GLB)

Function

Stores the eight most
significant bits of an
instruction for decoding.

A 16-bit buffer for trans-
fer of data, instructions
and operand addresses.

Temporary storage of re-
sults of all full word and
byte mathemat-
ical/logical operations in-
cluding Direct Input/O-
utput.

Contains 15-bit address
of next instruction to be
executed.

The 15-bit address is in-
dexed with byte and
word memory references.
Also used for double pre-
cision operations and by
the multiply/divide op-
tion.

The 5-bit address is con-
catenated with the in-
struction operand field
for extended addressing.
Points to selected page.

Arithmetic operations
and shifts with overflows
or underflows set the
1-bit OVF.

Two bits denote results
of word and byte com-
pares {equal to, greater
than, less than).

1-Bit GLB indicates
Local or Global ad-
dressing mode.
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1-2.1.6 Extension Register

The extension register (EXR) is a 5-bit register that
is concatenated with the instruction operand field
to point to the selected word or byte page. See
Section 1-4.3

1-2.1.7 Overflow Indicator

The overflow indicator (OVF) is set on overflow or
on underflow arising as the result of executing an
arithmetic operation. The OVF is reset either by
testing the OVF for being ““on”’ or performing an
arithmetic operation that results in no overflow or
underflow. The largest signed integer that can be
held in the ACR is +32, 767, (215-1). The
smallest signed integer is -32, 768, 0,(-21 5).

1-2.1.8 Comparison Indicators

The comparison indicators (CPl) store the results
of executing the compare ACR and memory
instructions and the compare literal byte (CLB)
instruction. The contents of the CPI can be tested
for less than, equal to, and greater than values. The
CP1 are also part of the machine status word (see
Section 1-3.3).

1-2.1.9 Local/Global Indicator

The local/global indicator {GLB) or the global
flip-flop, as it is technically known, stores the
index addressing state of the machine. The global
state can be entered by executing a Set Global
Mode (SGM) or a Jump and Store Return in Index
{JSX) instruction or by processing an interrupt.
The local mode of indexing is selected with a Set
Local Mode (SLM) instruction or by pressing the
RESET button on the CPU control panel. See
Section 1-4.6.1 and Section 1-4.6.3.

1-2.2 Internal Number Representation

The 706 uses two’s complement form arithmetic.

1.9

Unless otherwise specified, all internal fixed-point
positive numbers must have a binary zero for the
sign bit followed by the normal binary
representation of the magnitude portion of the
number. All internal fixed-point negative numbers
consist of a binary one for the sign bit followed by
the two’s complement of the magnitude portion of
the equivalent positive number.

For example:
A +12FCyq , is represented internally in
binary as  0001001011111100. A
-12FC, 45 is represented internally in

binary as 1110110100000100.

To convert any negative internal number to its
positive external counterpart, take the two's
complement (re-complement) of the negative
number. See Appendix F.

1-2.3 Timing

The basic time required for performing one
operation in the CPU is called a machine cycle. The
time required to complete one machine cycle is 0.9
usec. Instructions that reference memory (i.e., one
of the arguments for the completion of the
instruction resides in core memory), take two
machine cycles; one to fetch the instruction and
one to fetch the argument and complete the
operation. Instructions that do not reference
memory (generic instructions) normally take only
one machine cycle: one cycle to fetch the instruc-
tion and execute the operation. Shift operations
may take up to four machine cycles while the Inter-
rupt Return (INR) instruction takes three cycles.
See the individual description for each instruction
in Section 2 for the exact timing of every instruction.



1-3 WORD FORMATS

The 706 Computer Word is 16 bits in length. Bit
positions within a word are numbered from left to
right, bit O being the most significant bit and bit
15 being the least significant bit. There are four
types of computer word formats: instruction
words, data words, status words, and an address
word. Also, of interest to the user are the
assembler source statement formats.

1-3.1 Instruction Word Formats

Instruction words for the 706 are either memory
type instructions or generic type instructions. See
Figure 1-4. The memory reference instructions use
bits 5 through 15 to directly address any one of
2048 words or bytes of a word or byte page
specified in the Extension Register (EXR)}. Bits 0
through 3 specify the operation code (OP Code)
and bit 4 indicates either direct addressing or
indexed addressing. If bit 4 is a one, indexed
addressing is specified; if bit 4 is a zero, direct
addressing is specified.

The generic instruction has an operation code (bits
0-3} of zero and does not reference memory. The
six types of generic instructions are: 4-bit operand,
shift, halt, no operand, literal byte operand, and
input/output.

The optional double word instructions (multiply
and divide} reference memory with the second
word of the instruction. Bits 1 through 15 specify
the effective address of either the multiplicand or
the divisor.

All instructions are further defined in Section 2 of
this manual.

1-3.2 Data Word Formats

The 706 hardware treats data words as either
logical words, single precision fixed point full word
data, or single precision fixed point byte data.
Raytheon software uses data word formats for
double precision integer and multiprecision floating
point data. See Figure 1-5.

1-3.2.1 Logical Word and Single Precision Fixed
Point Data

A logical data word consists of 16 bits (0-15) that
are treated as an unsigned word by the logical
instructions (i.e., ORI, ORE, AND). Single

precision fixed point full word data is held in a .

16-bit two's complement number format. Bit-O,
the sign bit, is a zero for positive numbers and a
one for negative numbers. The fractional or integer
portion of a single precision fixed point data word
is held in bits 1 through 15. The number range for
full word data is

Fractional: —1 < N < +1

Integer: 218 ¢ N < +215 1

Byte data is contained in two 8-bit bytes per 706
computer word. Single precision fixed point byte
data is held in an 8-bit two's complement number
format. Bit-0 and bit-8, the sign bits, are zero for
positive numbers and ones for negative numbers.
The fractional or integer portions of single pre-
cision fixed point byte data words are held in
bits 1 through 7 and bits 9 through 15. The
number range for byte data is

Fractional: -1 < N < +1

Integer: —27 < N < +27 -1

1-3.2.2 Double Precision Integer and Multipre-
cision Floating Point Data

Raytheon 706 software provides the capability for
using double precision data words and floating
point data words (Figure 1-6). The double
precision integer data is held in two words with the
sign of the number contained in bit-O of the first
word. Bits 1-15 of word 1 contain the most
significant half of the integer and bits 1-15 of the
second word contain the least significant half of
the integer. The range for double precision integer
data is

Interger: —230 < N < +230 1

Floating point data consists of a sign, a mantissa
and an exponent. All exponents for this type of
data are in excess 8016 notation and contained in
8 bits (i.e., an exponent greater than 80
indicates a positive exponent; and exponent less
than 8044 indicates a negative exponent). Both
double precision integer and floating point data is
fully described in Section 2-2.2 of this manual.

1.10

o



1-3.3 Status Word Formats

The machine status word (Figure 1-7) is saved in
inemory during the processing of an interrupt.
Upon execution of an interrupt. return (INR)
linstruction the machine status is restored. The
Imachine status word contains the contents of
IEXR, the state of the comparison, overflow,
global-local mode, user state, memory protect, and
memory parity flip-flops. See operation of INR
.instruction in Section 2—1.1 of this manual.

|
IThe 1/0.status word meanings vary according to
ithe particular device being used. Normally, the
' status word from an 1/0 device is returned to the
accumulator after issuing a DIN X, O instruction
with ‘X’ being the individual device code. The
status word is useful in determining whether a
. device is operable, has had an error on the last
* operation and most important, if an interrupt has
| been generated and has not been serviced. Status
" word bit meanings are found in Section 5 of this
i manual.

. 1-3.4 Address Word Format

i The address word format (Figure 1-8) uses bits
l ' 1-15 to indicate any one of 32,768 words or bits
0-15 to indicate any one of 65,536 bytes. If
indirect addressing is desired, bit-0 is set to a one
otherwise, bit-0 is zero. Only word addresses or the
first 32,768 byte addresses may be indirectly

addressed (See Indirect Addressing, Section 1-4.7).

1-3.5 Assembler Source Statement Formats

Three types of source statements are acceptable to
the 706 assemblers {SYM |, SYM 1l): Title, Com-
ment and Instruction. Source statements may exist
on 80 column cards, paper tape, magnetic tape, or
disc. See Figure 1-9.

1-3.6.1 Title

A title card is designated by an apostrophe (') in
column one. Columns 2 through 19 replace the
previous listing title. The assembler spaces the
listing output to a new page and puts the title at
the top of the page. Any of the characters listed in
Appendix G, Character Codes, are permitted with
the exception of the carriage return, replacement
arrow («),and rub-out. No object text is produced
by this statement.

1-3.6.2 Comment

A comment-card is designated by an asterisk {*) in
column one. The remainder of the card is used for
comments and will appear in the listing output.
Any of the characters listed in Appendix G,
Character Codes, are permitted with the exception
of the carriage return, replacement arrow (<}, and
rub-out. No object . text is produced by this
statement.

1-3.5.3 Instruction

An instruction statement consists of four fields:
label {name of location), operation, operand, and
comments. The label field begins in column one;
however, the remainder of the statement is free
field (i.e.. fields are separated by at least one
blank). An instruction statement must contain an
operation field .

Label Field

The label is the symbolic name of an instruction,
constant, or storage location. It allows symbolic
referencing of this location elsewhere in the
program. A label begins in column one and is
composed of one or more alphanumeric characters,
the first of which must be alphabetic. There is no
limit to the number of characters in a label. If
column one is blank, the label field is assumed to
be blank. Some statements do not require a label
field.

Operation Field

Operation mnemonics are three or four letter codes
that specify a machine operation, procedure, or
assembler directive. More than four alphanumeric
characters may be given with a four letter code,
but only the first four letters are used. The one
column modification subfield is separated from the
preceeding operation field by one or more blanks.
It consists of one of the following four characters:

Character Modification Specified
* Indexing
D Double Shift
L Left Byte Shift
R Right Byte Shift



The modification characters may be used only with
certain instructions. |f they are used improperly,

the assembler will flag the instruction. For
example:
Operation Correct

LDW = Yes

LDW L No (L specifies left byte,

LDW load word)

SLCL Yes

SLLR Yes

SLL * No (Shift cannot be indexed)

Operand Field

Use of the operand field varies according to the
operation. Hence, an explanation is given with eacf
instruction. The operand field may contain any of
the following: a name, an expression, a constant;
a series of operands, or may be left blank.

Comment Field

The remaining columns following the first blank
after the operand are available for comments. If no
operand is required, comments may start after the
first blank after the operation field.



MEMORY REFERENCE

Memory Word Address OP Code X M (Word Address)

0 3 4 65 15
Memory Byte Address OP Code X M (Byte Address)

0 3 5 15

GENERIC

4-Bit Operand 0 0 Function Level

0 3 4 7 8 11 12 15
Shift 0 Type Direction Length

0 34 78 1112 15
Halt 0 0 0 0

0 34 78 1112 15
No Operand 0 Type Item (Not Used)

0 34 78 1112 15
Literal Byte Operand 0 Type M (Literal Byte)

0 34 78 15
Input/Qutput 0 Type Device Function

DOUBLE WORD (Optional)

Word 1 Operation Code

Word 2 M {Effective Word Address)

15

Figure 1—4. Instruction Word Formats
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Logical Word

Single Precision
Fixed Point Word

1 23 4 5 6 7 8 9 1011 1213 14 15

Fraction or Integer

1 15
Byte O Byte 1
Single Precision Eracti Int S Fracti Int
Fixed Point Byte raction or Integer raction or Integer
1 7 89 15
Figure 1-5. Hardware Data Word Formats
Double Precision Word 1 Most Significant Half of Integer
Integer L
Word 2 Least Significant Half of Integer
1 15
Least Significant . an
Single Precision Word 1 Part of Mantissa Exponent Biased by X'80
Floating Point
g ron Word 2 Most Significant Part of Mantissa
1 78 15
Word 1 0 Exponent Biased by X'80°
Mid Precision
Floating Point Word 2 Most Significant Part of Mantissa
Word 3 Least Significant Part of Mantissa
01 78 15
Word 1 0 Exponent Biased by X'80°
Double Precision Word 2 Most Significant Part of Mantissa
i int
Floating Poin Word 3 Mid Significant Part of Mantissa
Word 4 Least Significant Part of Mantissa
1 78 15

Figure 1—6. Software Data Word Formats
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Machine Status

| (ExR) lcF [ov] 6| user state RED 7]

Word
0 45 6 7 8 9 12 14
BIT(S) SYMBOL MEANING
0-4 (EXR) Contents of Extension Register
5,6 CF Comparison Flip-Fiops,
00 — Last Comparison Greater Than
. 01 — Last Comparison Equal
. 10 — Last Comparison Less Than
11 — Not Allowed
7 oV Overfiow Flip-Fiop
8 G Global/lLocal Flip-Flop
1 — Global State
0 — Local State
9-12 User State Flip-Flops
(See Memory Protect,
Section 6—7)
13 PR CPU Memory Parity Error Flip-Flop
14 DM DMA Memory Parity Error Flip-Flop
15 PT Protect Vielation Flip-Flop
1/0 Status
Word (Typical) l?[ DI (Other functions)l l I {Other Functions) I
01 2 6 7
BIT SYMBOL MEANING WHEN TRUE
0 Cc 1/0 Controller Not Ready
1 D /O Device Not Ready
7 | Interrupt Present, has not been serviced
15 E Error detected on last operation
2-6 Other Functions (See Section 5)
8-14 Other Functions (See Section 5)
Figure 1—7. Status Word Formats
: Direct Word Address IB | Word Address I
. 0 1 15
|
"; Indirect Word [1] Word Address |
Address 0 1 15
I
]
Direct Byte Address r Byte Address J
0 15
indirect Byte

Address for l Byte Address

[
First 32K BytesOnly O 1

Figure 1—8. Address Word Formats
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Source Instruction

. Operand &
Statement Label Mnemonic Comments
1 1314 15 16 80
Comment . Non-A bled T
Statement on-Assembled Text
1 2 80
Title ’ New Title
Statement
12 19 20 80
ASSEMBLER SYNTAX
Alphabetic Numeric Special
Character Set A through Z 0 through 9 T -, /$blank7=:*()
Decimal Integer Hex Integer Alphanumeric
32119 X ‘3F90’ ‘AB’
39 X A’ B
-706 X ‘FFFF’ ‘$
Concatenated Integer Hex Equivalent
[3:4, X'FF":8, Six:3] X'3FFC’
[Six + Six: 7, Six-1:3] X'1940’

Where Six Equ 6

Constants Dbl. Precision Decimal Integer | Sgl. Precision Floating Point
1 375
392457381 37.5 E-2 (37.5 X 10°2)
512 -5612
Mid Precision Floating Point Dbl. Precision Floating Point
1 375
- 378 E-2 1.23456789 E37
-47.1 5E—20
Literals =3 =SIN ="sL’
=JOE +47 = X'A7’
Name Factor Designator Operator
E . SAM $ -623 +
Xpressions A23 | SAM /ALPHA -
424

1.16

Figure 1-9. Assembler Word Formats and Syntax




| ADDRESSING

irteen of the 706's instructions reference core
'mory. In addition, the optional hardware divide
d multiply instructions also reference memory.
le remainder of the instructions are considered to

; generic and do not require a memory access-

her than the fetching of the instruction. By using
e memory reference format without indexing,
iy one of 32,768 words or 65,536 bytes may be
rectly addressed provided that the Extension
egister (EXR) has been pre-set to point to any
2e of 16 possible 2048-word pages or 32 possible
748-byte pages. See Figure 1-4.

sing the memory reference format with indexing,
1y memory location may be accessed regardless of
age selection (Global Mode) or indexing can be
sed relative to a given word or byte page (Local
lode).

-4.1 Page Numbering

|

jigure 1-10 shows the memory layout including
he byte and word page boundry addresses in both
‘ecimal and hexadecimal notation. The 32,768
ossible word locations of the 706 memory are
livided into 32 byte pages that are numbered from
)-1F16 and 16 word pages that are numbered
)>-F4g- The 706 memory reference instruction uses
leven bits (5-15) to contain a memory address
‘herefore, only 2048 (211) separate addresses can
se specified directly. The page in which the address
‘esides must be held in the Extension Register.
Figure 1-11 gives the conversion factors for
zalculating the word page number (WPN) to a byte
page number (BPN).

1-4.2 Word and Byte Addresses

One 16-bit word corresponds to two 8-bit bytes.
[Figure 1-12 shows the relationship between word
and byte addresses. For instance, word 3
corresponds to bytes 6 and 7 while byte 3
icorresponds to the right half of word 1.

Figure 1-12 also shows the formulas for converting
‘word addresses to byte addresses and vice-versa. All
tieft bytes {(bits 0-7) have even byte addresses and
jall right bytes (bits 8-15 have odd byte addresses.

| 1-4.3 Extension Register

;The Extension Register (EXR) is a 5-bit register
i that is used to either hold the operand’s word page

1.7

number during the execution of a memory word
type instruction {e.g., LDW, ADD) or hold the
operand’s byte page number during the execution
of a memory byte type instruction (e.g., LDB,
STB, CMB). During the execution of a non-indexed
instruction, the contents of EXR are concatenated
to the 11-bit address M, to form a 16-bit byte
address or a 15-bit word address (by using only the
first 4 bits of EXR).

For example, Figure 1-13 shows an effective word
address (08E4) being formed by the
concatenation of I]:'§(R (02)45 to the memory
operand word address (OE4) 16

Figure 1-14 shows an effective byte address
(1241)16 or the right byte of word address

(920) ]8’ being formed by the concatenation of
EXR 2)16 to the memory operand byte address
BYTE WORD

DECIMAL HEX PAGE NO. PAGE NO,
0000 0000

1023 03FF 0 0

102a oago |~ — o — 1

2047 07FF

2048 0800 2

3071 OBFF 1

3072 ocog - — — — — —— - 3

4095 OFFF

4096 1000

5119 13FF 41 2

5120 1400 [T T T T T T 4T 5 j

6143 17FF

6144 1800

7167 e | __ 1 61 3

7168 icoo [ 74

8191 IFFF

8192 2000

9215 23FF 81 4

9216 2400 [T — — — — — g J

10239 27FF

10240 2800

11263 2efF | _ Al 5
11264 2co0 8 f

12287 2FFF

12288 3000

13311 33FF cl 6
13312 3a00 [ = = — — — of

14338 37FF

14336 3800

15359 |FF L] E l, 7
15360 acoo F

16383 3FFF

16384 4000

17407 43FF P _______ 10 1 8
17408 4400 11 J

18431 4?5 ‘

18432 4801

19455 asFF | ] 12 1 9
10456 acoo 13

20479 AFFF

20480 5000 14 |

21503 s3ffF | o 8 A
21504 5400 16 }

22527 S7FF

22928 5800 16 |

23551 safF | 8
23552 scoo 17

24575 SFFF

24576 6000 18 )

25599 eFF | - C
25600 6400 19 §

26623 67FF

26624 6800

27647 68FF 1A | D
27648 €coo [— — — — = — 18 §

28671 6FFF

28672 7000

29695 73FF 1€ E
29696 7400 [T T T —

30719 77FF 1 f

30720 7800

31743 7BFF 1E E
31744 €00 [T T T T T T T 1F J'

32767 IFFF

Figure 1—-10. Memory Layout



WPN = M,, /2048, LEFT RIGHT
WPN = Mg /4096, } Integer Value 0 | Byteo Byte 1
Only
WPN = BPN/2 1 Byte 2 Byte 3
BPN = M,, /1024 2 4
_ w/ 10 I Integer Value Brte Byte 8
BPN = M/2048 Only Word3 — 3 | Byte6 Byte 7
BPN Cannot be determined from WPN above
Byte 8 Byte 9

WPN — Word Page Number
BPN - Byte Page Number
My — Memory Word Addre

Mg — Memory Byte Address

5SS

MB(Lef!) = 2'MW ’\—_V\_/\,.\

MaRight) = (2 Myl +1

My = Mg/2 integer portion only

< Byte 3

Figure 1-11. Word and Byte Page Number

Figure 1-12. Word vs. Byte Addressing

Conversion.
OP CODE X M
Word
Instruction 0f{0 0 01 1 1 001 00
0 345 15
Extension _"i
Register 0 0 01 _(1-:1——Not used
0 l 34
Effective 15-Bit
Word Address 600 1Tf0OO0OGC?1T 1T 100100
1 4 5 15
Figure 1-13. Direct Word Addressing Example
OP CODE M
1
e 0[0 1 0010000 0}1
Instruction !
0 3 45 15
Extension
Register 000 11TO
0 l 4
Effective 15-Bit
Word Address |0 0 0 1 0f0o 1 00 1 00000

Byte Indication

{L/R)

Figure 1-14. Direct Byte Addressing Example
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1-4.3.1 Loading the Extension Register
The Extension Register (EXR) is loaded by
:xecuting one of three hardware instructions or it
is loaded automatically during every memory fetch
of an operand.

The Copy Index to Extension Register (CXE)
copies bits 0-4 of the index register into bits 0-4-of
the extension register. The Set Memory Upper
(SMU) and Set Memory Lower (SML) instructions
copy bits 12-15 of the instruction word into bits
11-4 of the extension register while copying a binary
1 or O, respectively, into bit-0 of the extension
-register.

iDuring the operand fetch phase of a memory type
linstruction, the current word page number or byte
Ipage number located in the program counter
|{(PCR)4_g is automatically copied into (EXR)q.
{When a ump (JMP) or Jump and Store Return in
‘Index (JSX) instruction is executed, the page
Inumber of the next instruction (instruction being
Mjumped to’’) is copied into EXR. Therefore,
Iunless altered by a Set Memory Upper {(SMU), Set
Memory Lower (SML), or a Copy Index to
'Extension Register (CXE), the EXR is ’pointing”
;'co the word or byte page plus one memory word
. location used in the last memory fetch or store
type of instruction (including JMP and JSX).
: Figure 1-15 shows a pictorial representation of
every method used in loading the EXR.

 1-4.4 Direct Addressing

i Bit-4 of the instruction word specifies either direct

i or indexed addressing. |f bit-4 of the instruction
word is a zero or column 14 of the source code is a

. blank, direct addressing is specified. The base

: address formed by the concatenation of the
contents of EXR to the address field of the
instruction (M) is used directly as the effective
address. See Figure 1-16 and Figure 1-17.

Care must be exercised when using instructions
that directly address word or byte locations that
are outside of the /ocal page, (i.e., the page from
which instructions are being executed). In particu-
lar, a Set Memory Bank (SMB) should be executed
just prior to executing a memory type of instruc-
tion whose effective address lies outside of the
local page.

1.19

1-4.4.1 Set Memory Bank (SMB)

The Set Memory Upper (SMU) and Set Memory
Lower {SML) instructions establish in the exten-
sion register the word or byte page for the next
memory access instruction. The SML instruction
selects pages in the lower 16 K of memory while
the SMU instruction selects pages in the upper 16
K of memory (if available).

The SMB instruction (Ref. 2-1.11) is not really a
hardware instruction. It is an instruction to the
assembler to assemble either a Set Memory Upper
{SMU) or a Set Memory Lower (SML) instuction
using the first five most significant bits of the
operand address as the literal value (byte page) for
the SMU or SML instruction. If the programmer
were to code an SMU or SML instruction, he
would have to know from which page the operand
was coming from in order to fill in the operand
field. In most cases (especially with relocatable
programs) the programmer does not know where
the operand is located or it is too much trouble to
calculate the page location of the operand. By
using the SMB instruction with the same symbolic
operand address as the memory reference
instruction, the programmer can be assured of
having the EXR set properly before referencing
another word or byte page. If the programmer is
positive that the operand is located in the local
page there is no need to execute a SMB instruction.

As good practice, an SMB instruction should be
used before the first memory reference instruction
is executed, even if the first operand is known to
be in the local page. The reason for this is that the
EXR has not been initialized and may contain an
unknown page number. After initializing the EXR
it is only necessary to use SMB when referencing
operands outside of the local page or when
executing a Jump (JMP) or Jump and Store Return
in Index (JSX) insturction that transfers to a
location outside of the local page. It is not
necessary to wuse an SMB instruction when
transferring execution control (JMP, JSX) within
the local page.



1-4.4.2 Direct Addressing Example

Figure 1-18 shows the assembled coding of a
routine that simply moves the contents of three
words into the contents of three other words and
then jumps to the end of the routine and halts.
Two of the words lie outside of the local page in
word page 1. Lines 08 and 12 demonstrate the
proper use of the SMB instruction when
referencing effective addresses outside of word
page 0. After executing the Load Word (LDW)
instruction on line 09, it was not necessary to reset

at that time the program counter (PCR) had bits
1-6 (equal to 0) copied into the EXR, thereby
resetting EXR to the local page.

Note that the routine starts on line 05 with an_
SMB instruction that references some address (e.g., .
BILL) in the local page. This insures that the EXR _
has been initialized for the first memory reference .
instruction located on line 06. In addition, there is"
an SMB instruction that immediately precedes the _
JMP instruction on ling 15. The EXR must be set |
to word page 1 in this case. At the end of _

the EXR back to zero. This was done  executing the JMP instruction, the EXR remains :
automatically when the location ‘ED’ was accessed; set to word page 1.
INDEX REGISTER INSTRUCTION
[ I IR J [ 0 I 0 I SMU/SMLl ',’Jgi,;b,,J
] 45 15 0 34 78 1112 15
CXE SML, SMU
K BRI
SML 7T ]
Mamory Type
PROGRAM COUNTER

[ I PCR J

1 56 15
Figure 1-15. Extension Register Operation

WORD 0P CODE | 0 BASE WORD EQUATION
INSTRUCTION NUMBER (M) M
0 3465 15 5-18
EXTENSION WORD | (EXR)g_3
REGISTER PAGE J'
0 3
v [(EXR)0_3, M5_15]
EFFECTIVE 15-BIT WORD EFFECTIVE
WORD ADDRESS PAGE WORD NUMBER
1 45 15

Figure 1-16. Direct Word Addressing Operation

1
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| BYTE
! BASE WORD EQUATION
INSTRUCTION | OP CODE {0 NUMBER (M) —_—
0 345 14 15 Ms_14
EXTENSION BYTE
REGISTER PAGE (EXR)g_4
0 ‘ 4 '
|EFFECTIVE 15-BIT[  BYTE EFFECTIVE [(EXR)o_4, M5_14]
WORD ADDRESS PAGE WORD NUMBER Lef Riaht B
: 1 56 15' eft or Right Byte
BYTE L
i LOCATION R
|
Figure 1-17. Direct Byte Addressing Operation
1 &  DIRECT MEMORY ADDRESSING EXAMPLE
PR
S »
4 ORIG 0
07F1 uosl 5 START SMH gILL SET EXK T9 WURD PAGE 0
07F2 87FC 6 Lhw  BILL (ACR) « (RILL)
0IFs 77FD 7 STWw  TEM (TOM) « (RBILL)
074 3082 A SMH  ED SET EXR TO WORD PAGE 1
0/F% o000 9 LDW  ED (ACR) « (ED)
07F6 77FE 1n STw  DAVE (DAVE) « (ED)
Q7F7 o7FF 11 LDw  MIKE (ACR) e (MIKE)
Q7FB 082 12 SMH  BARBARA SET EXR T@ WORD PAGE 1
07v9 7001 13 STW  BARBAKA (BARBARA) « (M]Ke)
0/FA 0082 14 SMB  &D#2 SET EXR TH wWORU PAGE 1
0/F8 1002 15 JMP EDw2 GO TO HALT IN WORD PAGE 1
16 #
07FC Un01 17 BlLL DATA 1
07FD 9000 18 ToM DATA D
07FE o000 19 Uave DATA ¢
D7FF 0003 20 M]KE DATA &
21 ORIG  X1H0Q! WORD PAGE BGUNDRY
nang uNo2 22 kD DATa 2
0&n1 cooo 2% BARBARA DATA 0
0802 G000 24 HL T
25 END

Figure 1-18. Direct Memory Addressing Example
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1-4.5 Index Register

The index register (1XR) is a 16-bit register that is
used for a number of purposes. lts primary
function is to hold an address modifier for use in
forming effective addresses in indexed addressing
modes.

1-4.5.1 Decrementing and Incrementing

The number in IXR may be decremented or
incremented by means of DXS or IXS instructions.
This keeps track of the number of iterations of an
operation and causes a program to skip after a
preselected number of iterations. This function
may also involve address modification, but can be
performed without address modification as well.

1-4.5.2 Subroutine Linkage

The IXR is used to store the return address in
subroutine linkages. The JSX instruction is used to
effect the program jump to the subroutine and to
store the return address in IXR.

1-4.5.3 General Purpose Use

The I1XR is also used as a general-purpose register
in data manipulation operations as an extension of
the accumulator register in double length shift
operations and in the double word operations of _
multiply and divide. Besides the shift operations =
and JSX instruction, the three commands for
altering the contents of the IXR are: Copy "
Accumulator to Index (CAX), Copy Extension °
Register to Index (CEX) and Load index Register
(LDX). Figure 1-19 gives a pictorial representation
of every method of loading the IXR. ‘

1-4.6 Indexed Addressing
A one in bit4 of the instruction word or an |

asterisk in column-14 of the source code specifies
indexing. Two modes of indexing are provided,

local and global. The machine may be set to either _

the local or global mode using SLM or SGM
instructions. FExecution of a JSX instruction _
automatically selectes the global mode.

l PCR | I {Effective Memory Address) J
1 L 15 0 15
JSX
EXR LDX
0 4
CEX
' vy
Shift T
ACR ] IXR I
1
[¢] 0 4 5
| 15 ? 5
T Shift T

Figure 1—19. Index Register Operation
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1-4.6.1 Local Mode Indexing

n the local mode of indexing, a base address is
formed using the extension register. The contents
of the index register (IXR), treated as a 16-bit
two’s complement number, are added to this base
address to form the effective address. See Figure
i1-20 and 1-21.
xln this mode, indexing is accomplished by
specifying the starting address of a table (or series
of values to be accessed by indexing) in the

.operand field of the load or store instruction.

if
the start of the table is located in the local page,
the EXR may be left alone. If the start of the table
is in a page other than the local page, the EXR
must be set with an SMB instruction prior to the
execution of the indexed instruction. Usually, the
fimit of the table length is put into the IXR. IXR is
decremented or incremented after each iteration of
indexing by a DXS or IXS command.

EQUATIONS
WORD L
OP CODE | | BASE WORD NUMBER (M)
INSTRUCTION Ms_1s
345 15 L
EXTENSION WORD | | (EXR)g_3
REGISTER PAGE | |
ASE ] Y {EXR)g_3, Mg_15
B
ADDRESS | WREP | sasewomDNumeER | |
1 46 (4‘_) 15 +}
v
DX | INDEX 1 IXR
REGISTER L 1-15
67 5 E |
v =)
EFFECTIVE15-BIT| WORD l UVBER
WORD ADDRESS |_PAGE | EFFECTIVE WORD N ]

15 HEXR)g_3. Ms_15! +1XRy_15

Figure 1—20. Local Mode Word Indexing Operation

EQUATIONS
BYTE
INSTRUGTION l OP CODE l1 [ BASE BYTE NUMBER (M) Ms_15
0 345 15 l
EXTENSION BYTE (EXR)g_q
REGISTER PAGE
0 3
Y \ Ex)
BASE BYTE | EXR)g_a.Mg_15
ADDRESS r PAGE | BASE BYTE NUMBER
0 75 0 15
* (+)
INDEX |
EX
REGISTER | IND
0 (.l_) 18 (IXH)0_15
EFFECTIVE 15-BIT | SZ;';: ‘ EFFECTIVE WORD NUMBER =)
WORD ADDRESS 1 L = HEXRYg_g. Mg ¥ 5] + (1XR)g_15
BYTE bg
LOCATION

LEFT OR RIGHT BYTE

Figure 1-21. Local Mode Byte Indexing Operation
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1-4.6.2 Local Mode Indexing Example

Figure 1-22 shows an example of indexing where a
table is searched for a given VALUE. If VALUE is
in the table the program halts with one less than
the number of places accessed before VALUE was
found. The end of the table search is detected by
sensing a word of all binary ones. The table starts
in the local word page and extends into the next
word page, therefore, an SMB command is not
needed before the indexed instruction.

1-4.6.3 Global Mode Indexing

In the global mode of indexing, zeros are
substituted for the contents of the EXR when the
base address is formed. The contents of IXR are
added to this base address to form the effective
address. See Figures 1-23 and 1-24.

In the global mode of indexing, the starting address
of a table (or series of values to be accessed by
indexing} is normally loaded into the index register
and a zero put into the operand field of the
indexed instruction. Whether the table starts in the
local page or not is of no consequence, since the
absolute address (including the page number) of
the table starting address must reside in IXR (16
bits).

1-4.6.4 Glohal Mode Indexing Example

Figure 1-25 shows an example of indexing where a
table is searched for a given VALUE. If VALUE is
in the table the program halts with the address in _
IXR, where VALUE was found in the table. The
end of the table search is detected by sensing a
word of all binary ones. The table starts in word
page 1 while the routine resides in word page 0. An
SMB instruction is not necessary before the
indexed instruction because in the global mode the
EXR is not concatenated to the base address.

1-4.6.5 Using Global Mode to Return From
Subroutines

Executing a Jump and Store Return in Index (JSX)
instruction causes the index register {IXR) to be
loaded with the address of the instruction
following the JSX (return address), the program
counter (PCR) to be loaded with the effective
address, and the local/global flip-flop to be set in
the global state. Being in the global state.allows the
programmer to return from the subroutine by
executing an indexed Jump (JSX = n) with a base
address of n {number of arguments in subroutine)
and the return address in 1XR. See Section 2-2.3,
SUBR Directive. Care must be taken to restore the
computer to the local mode, if necessary, after
returning from the subroutine.

SEY (OCAL INDEXING “UDE
SET ExR T8O wORD PAGE 0
(IXr) « 0

{ACR) * (TabLE ¢ [XR)
DOES (ACKR) ® FFFF

YES) HALTy VALUE NOT FOUND
DOES (ACHR) ® (VALUE)

YESy HALT, VALUE FOUND,COUNT IN XK,

N8, (IXR) » (IXR) 1
RETURN TO SEARCH

VALUE INITIALIZED BY Souk
OTHER ROUTINE

WORD PAGE HOUNDRY

1 ®  LOCAL MUDE [NDEXING FXAMPLE
2 »
3 .
4 ORIG U
0/FD 1040 5 STaRT SLM
N7FE nNg1 [ SMH  £EHO
07FF 9TFA 7 LDX 2ERN
07Fg &FFD R SEARCH LDw & TanLE
07F1 FIFR 9 CHMm  ALLONES
a7¢2 0870 10 SNE
87F5 4000 11 HLT
07F4 ¥7FC 12 CHA  VALUE
0/F5 yB70 13 SAE
n/re 1000 14 HLTY
07F7 u401 15 Ixs 1
N7E8 170 16 JMP  SFARGH
07F9 17FD 17 JKP  SEARCK
1R »
19 «
07FA& ynoo 20 ZERO DaTa 0
07FB FFFF 21 ALLONES WATA  X'FFFF!
87FC noon 22 VALUE Data 0
23 #
24
07Fp yoo1 25 TARLF Data 3
67Ft G002 26 Data 2
a7kt 00603 27 LATA &
28 ORIG  X'880"
0800 V004 29 UATA 4
0dr1 0A0S 30 UATA 5
nErZ a006 31 DATA o
asns uno7 32 DATA 7
08r4 0008 33 DATA 8
ndns FFFF 34 DATA XIFFFEY
3% END

Figure 1—-22. Local Mode Indexing Example
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m%'?E{UCT|ON OP CODE {1 BASE WORD NUMBER (M)
0 345 15
B Ecs 0000 BASE WORD NUMBER
l
1 45 ) 15
-
INDEX
REGISTER ! &ﬁg? INDEX WORD NUMBER
| I
0 1 45 A s
IVE 15-BIT WORD
\IJEVIZ)FRESTAS/S;;ESS PAGE EFFECTIVE WORD NUMBER
1 45 T

EQUATIONS

Ms_15

|

Ms_15

(+)

(IXR); _g

|

(=)

(IXR), _g +Mg_15

Figure 1—23. Global Mode Word Indexing Operation

EQUATIONS

Mg_15

Mg_ 15

(+)

{(IXR)g_15+ Mg _15

LEFT OR RIGHT BYTE

BYTE OP CODE .
TNSTRUGTION 1 BASE BYTE NUMBER (M)
0 345 l 15
BASE
ADDRESS 00000 BASE BYTE NUMBER
I 1
0 45 4 5
INDEX BYTE
REGISTER PAGE INDEX BYTE NUMBER
0 4 5 T 15
(=)
EFFECTIVE Var: +
15-BIT PAGE EFFECTIVE WORD NUMBER
WORD ADDRESS
56 15
BYTE L/
LOCATION R

Figure 1—24. Giobal Mode Byte Indexing Operation
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07F0
07F1
Q7F2
07F4
07¢F4d
07F%
n7Fe6
07F7
07F8
n7F9
D7FA
n/FB
07FC

nv7FD
07Fk
07FF

o800
08n1
08n2
0éng3
0804

ngnd
0806
08n7
ngns

0050
u0N8s
97FD
8800
F7FE
naz7o0
N0oo0
F7FF
G870
onoo
0401
17F3
17¢3

0800
FFFF
0000

onot
coo2
0003
3004
65005

0nae6
0007
0008
FFFF

# GLOBAL MODF INDEXING EXAMPLE

*
*

START

SEARCH

*

*
TARLEA
AL ONE
VAL UE
*

&

TARLE

grRIG 0

SGM

SME TABLEADR
LDX TABLEAUR

LDW & 0

CMw ALLONES
SME

HLT

CMwW VALUE
SNE

HLT

I1xs 1

JMP SEARCHK
JMP SEARCH

Dk DATA TaBLE
S DATA X'FFFF!
DATA 0

ORIG X1800"
DATA
DATA
DATA
DATA
DATaA

LSRR TR S

DATA
DATA
DATA
DATA X'FFFF
END

x~No

SET GLOBAL INDEXING MODE
SET EXR T WORU PAGE 0
(IXR) &« TABLE

(ACR) & (([XR)) OR (TABLE)
DOES (ACR)Y = FFFF

YES, HALT, VALUE NOT FOUND
DBES (ACR) = VALUE

YES, HALT, VALUE FOUND, ADDR IN IXR

NO, (IXR) « (IXR) + 1
RETURN TO SEARCH

VALUE INITIALTZED BY SOME
OTHER ROUTINE

WORD PAGE BOUNDRY

Figure 1—25. Global Mode Indexing Example
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-4.7 Indirect Addressing

wirect addressing means ‘that instead of the
perand field of an instruction specifying an
ffective address, the operand field specifies an
ddress where the effective address is to be found.
ee Figure 1-26. The 706 performs indirect
ddressing by doing an indexed instruction in the
lobal mode with the base address of the
Istruction set equal to zero and the indirect
ddress contained in the index register.

f single level indirect addressing is desired, two
instructions, LDX and LOW should be used and
they require 4 cycles for execution.

(0) ]

L OF Code l ! l Base Address

| Instruction
!

0 345 15

i' Y
; Index Register LO I Effective Address ]
| 01 15
|
: Memory | Dota I
I 0 75
i Cycles Code!

2 LLDX Address

2 LDW « 0

1Global Mode Assumed

Figure 1-26. Single Level Indirect Addressing.

1-4,7.1 Multilevel Indirect Addressing

Multilevel indirect addressing means that the

address that supposedly contains the effective
. address for single level indirect addressing contains
. another address where either the effective address

of more indirect addresses can be found.

. Multilevel indirect addressing is specified by having
‘ the “indirect bit” set true for each address that

points to another address. Figure 1-27 shows the

- 706 method of multilevel indirect addressing.

© Bits 1-15 directly specify any address in the 706

memory. Bit-0 is used to specify multilevel indirect
addressing. When bit-0 of the address word is true,
multilevel indirect addressing is specified, when
bit-0 is false the final level of indirect addressing

has been reached.

If multilevel indirect addressing is desired, the
routine shown in Figure 1-27 must be coded (it
may be a macro). If it is known that there is more
than 1 level of indirect addressing, the first SXP
instruction may be omitted.

. (0}
Instruction [ OP Code | 1 l Base Address J
0 3456 15
y
Indgx Ll [ Address 1
Register
[ 15
A
Index
Register | ! | Address -I
01 H 15
Index 01 Effective I
Register Address
01 15
4
Memory I Data —|
0 15
Cycles Code!
2 LDX Address
1 SXpP
2 LDX +0
1 Sxe
1 JMP S -2
2 Low -0
Timing
Levels Cycles
1 6 Where n is the number of
2 8 fevels of indirect addressing
3 12 greater than 1.
n 4-n

tGlobal Mode Assumed

Figure 1—27. Multi-Level Indirect Addressing
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1-5. INPUT OUTPUT
1-5.1 Direct Input/Output

The DIO channel, included in the basic 706
configuration, is used for program transfers
between the accumulator and up to 16 peripheral
controllers. Two instructions, DIN (data input to
the accumulator) and DOT (data output from the
accumulator), are provided for programmed
transfers. The DIO channel is used for data
transfers with slow speed devices and also for
control of peripheral devices which operate on the
DMA channel. This control is mainly used for
initialization; i.e., transmission of starting address,
block length, and select information to the
peripheral controller, for testing the current status
of peripheral devices on the DMA channel.

The paratlel DIO structure incorporates a 16-bit
data output path, a 16-bit data input path, an 8-bit
device and function address field, computer
clocking and strobe lines, sense line, and the
Automatic Priority Interrupt System. Any size
data up to 16 bits, including status information,
can be transferred via the 16-bit data output path
or the 16-bit data input path.

The modular design of the 706 input/output
system makes it possible to field expand or
reconfigure at any time. Simplified interface
requirernents facilitate addition of user-designed or
special purpose equipment. Flexibility and the
power of concurrent multiple device operation are
the results of each device having its own control
logic and data buffer.

Data transfers, device commands, and status re-
quests are executed in two machine cycles, 1.8
microseconds, by either the DIN or DOT instruc-
tion. Data and status are transferred between the
accurmulator and the selected device by either of
two methods, program controlied or interrupt con-
trolled. In the program controlled mode, the pro-
gram determines when to request or send data by
device status inspection or internal program-
developed timing. In the interrupt controlled
mode, transfer of data is made within an interrupt
service routine which is automatically keyed upon
hardware controfled program breaks. Whenever a
device is ready for a data transfer an interrupt is
generated which initiates a program break. Timing
of data transmission is thereby determined by the
speed of the device. This mode is most useful
where data is volatile or dependent upon irregular
conditions. See Section 4-2.
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1-5.2 Direct Memory Access

The DMA channel, available as an option, is usec

for direct access to memory without programmec

intervention. Once initialized, the transfer of dat¢_
between the memory system and high-speec
peripheral devices is coordinated by the DMA”
channel on a fixed priority basis. The DMA_
channel can accommodate up to 6 high-speed
peripheral controllers, each having its own level of_
priority. The priority is established according to.

the transfer rates and characteristics of the,
peripheral devices and is completely separate from.
the Automatic Priority Interrupt System of the
central processor. The DMA channel operates in a
cycle stealing mode; i. e., transfer of data with the,
memory steals one memory cycle from the central__
processor. When the central processor does not;
require the use of memory during the execution of.
an instruction, computation and memory access by~
the DMA channel can occur simultaneously.
Maximum transfer through the DMA channel can

be up to the speed of the memory, i.e, 1.1 mega-

words per second.

The DMA is most effectively used with devices._
such as disc, magnetic tape, and high-speed data
acquisition instruments where fast response to a.
data transfer request is required. Maximum wait_
time for the highest active input/output request is’
900 nanoseconds. Cycle stealing never requires’
more than one machine cycle per memory access. .
DMA devices are also interfaced to the DIO bus for |
the transmission of commands, memory data
transfer parameters and status information.
Memory address and data transfer block length are
functions of the device controller. When a DMA |
peripheral completes a block transfer, the
processor is notified by an interrupt via the
Automatic Priority Interrupt System. The program
can then determine whether to initialize the next
block transfer or discontinue channe! operation.

See Section 4-3.

1-5.3 Automatic Priority Interrupt System

The Automatic Priority Interrupt System has
access to the central processor via the DIO channel
and is used to provide rapid response by the central
processor to external conditions in the
Input/Output Systerm. The external conditions can .
typically be the end of a block transfer by a



gripheral device on the DMA channe!, a request
or service by a peripheral device on the DIO
hannel, a time marker from either the real-time
lock or the interval timer, or a condition unique
0 a custom interface. The basic 706 configuration
as one level of priority interrupt as standard and
an be expanded to 16 levels. Each level can be
ssigned to a specific peripheral device or it can be
hared by a number of devices. Each level is
illocated three unique memory locations in the
ower address portion of memory for storage of the
yrogram counter, an interrupt linkage address and
nachine status.

The Raytheon 706 has five instructions which
illow the programmer to achieve full utilization of
the interrupt system. The instructions are Mask
Interrupt  (MSK), Unmask Interrupt (UNM),

Enable Interrupt (ENB), Disable Interrupt (DSB),
and Interrupt Return (INR.)

Full interrupt response time is 2.7 microseconds
following receipt of an interrupt with a duration of
at least 900 nonoseconds. An automatic hardware
sequence verifies that no higher interrupt level is
pending or active and stores the program counter,
machine status, and jumps to the linkage address
for that particular level. No software polling of
devices is required to determine the source of the
interrupt. A higher priority level request can
immediately interrupt the service routine of an
active lower level. Whether a service routine or the
main program is interrupted, pertinent information
is efficiently saved under hardware control and an
automatic return can be made upon completion of
the service of the higher level. See Section 3.
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1-6 SOFTWARE

Included with the purchase or lease of a 706
computer system is a full complement of Raytheon
developed software. Section 8 and Section 9 of this
manual are devoted to a detailed description and
use of the 706 software. The remainder of this
section gives a brief overview of the programs
available to the 706 user.

1-6.1 Software Systems
There are essentially four different configurations

of peripheral equipment that can be added to the
706 CPU. The Raytheon software systems are

designed to support these four system
configurations.

1-6.1.1 BASIC Software System

The BASIC software system emphasizes

compactness of program components and is
provided for users of the minimum hardware
configuration (Figure 1-28). BASIC includes an
X-RAY executive for system control, a real time
device-independent input/output system.
Conversational FORTRAN, SYM | assembler and
relocating loader, symbolic editor, SENSOR
diagnostics math library, and utility routines.
FORTRAN or SYM | statements can be entered at
the teletype keyboard and executed immediately.

708
PROCESSOR
4K

PAPER TAPE ASR 33
170

XEYBOARD
PRINTER

Figure 1—28. BASIC Hardware Configuration

1-6.1.2 STANDARD Software System

If memory is expanded to 8,192 words and a high
speed paper tape reader or card reader is added to
the basic system, it becomes a STANDARD system
(Figure 1-29). In addition to the BASIC software,
SYM Il (2-pass assembler) and X-RAY Exec.
STANDARD can be used. Real-Time FORTRAN
IV is available in its entirety in 12K systems, while
a subset version is available for 8K systems.

PAPER TAPE
1o

HIGH-SPEED
PAPER TAPE

106
PROCESSOR ASR 33
8
r "*— A KEYBOARD
I ANALOG | PRINTER
I meur |

Figure 1-29. STANDARD Hardware Configuratio'
1-6.1.3 EXTENDED Software System

With the addition of a disc storage device ot
magnetic tapes and 4 priority interrupts, the
STANDARD system becomes the EXTENDEL
System (figure 1-30). EXTENDED includes the
Real-Time Operating System (RTOS) and/or the
Magnetic Tape Operating System (MTOS) in addi-
tion to the STANDARD system software. With
RTOS/MTOS one can have several high priority
real-time tasks executing in the foreground, while &
batch of computations, assemblies, and other lower
priority programs are automatically executed in
the background on a time-available basis. In order
to take advantage of the automatic batch capabil-
ities of RTOS/MTOS, a card reader should be.
substituted for the high speed paper tape reader.

1-6.1.4 ADVANCED Software System

ADVANCED systems require a 16K computer with
memory protect, 8 priority interrupts, ASR 33/35,
card reader, and disc (Figure 1-31). The
ADVANCED system includes software of the type
usually found only in large scale computer systems;
such as a Multi-Programming System {(MPS)} and
Real-Time FORTRAN V. MPS permits multiple ~
real-time tasks to be run concurrent with
automatic batch processing. System features
include dynamic task swapping and hardware
intertask protection.

Figures 1-28 to 1-31 define minimum hardware
requirements for the four software systems.
Additional peripherals may be added or device
substitutes made in order to improve performance -
characteristics for particutar applications. For
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.mclude device reassignment,

xample, in systems which use FORTRAN
xtensively or otherwise produce large volumes of
ata output, it is desirable to add a medium or high
f)eed printer to improve system throughput.
idditional disc devices or magnetic tapes may be
:quired in systems with large data storage
squirements. A fully expanded configuration is
nown in Figure 1-32.

ANALOG
INPUT

706 PROCESSOR
8K MEMORY

DMA
4LEVEL PRIORITY
INTERRUPT

HIGH SPEED
PAPER TAPE
READER

t 1
1
b e e CARD

-] READER

LINE —_——
PRINTER
; ; KEYBOARD
PAPE]R/OTAPE ASR 33

PRINTER

el

ANALOG |

TTY MUX

|

|

b
LT
L

|

INPUT |
|
1 | I |
706 PROCESSOR
16K MEMORY
MEMORY PROTECT HIGH-SPEED
DMA PAPER TAPE
8-LEVEL PRIORITY READER
INTERRUPT

CARD
READER
PUNCH

I |
| |
| |
LINE 3 L
PRINTER -
PAPER TAPE KEYBOARD
[I‘_’\\ ASR 33 / - PRINTER

Figure 1-30. EXTENDED Hardware Configuration

1-6.2 Monitors and Executives

|Each 706 operating system has a resident monitor
land an X-RAY Executive tailored to the hardware

,conflguratlon Included in all resident monitors is a
: file-oriented,
- system which is designed to allow the computer to
"be

device independent input/output

time-shared in real-time

environment.

a interrupt

Features of the 706 Input/Output Software (10S)
simultaneous 1/0
capablllty,centrallzedI/O monitor, end-action, and
; 10S macros. 10S provides a common /O system
for all configurations and alleviates the

‘ programmer’s need to understand the machine
" language 1/O operation of the 706, while still

i providing full utilization of the 706 capabilities.
; The user need only become acquainted with the

¢ 1/0  macros

OPEN, DOIO, and STAT to
communicate with any standard 706 peripheral.
See Section 5-4,
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Figure 1-31. ADVANCED Hardware Configuration

Device independence allows different physical
devices to be substituted for I/O operation at
execution time without requiring re-assembly or
compilation of the program. For example, a
program could be debugged by using a small set of
test data input from the teletype. During
production runs the input can be changed to
magnetic tape to process the active data files.

The End Action feature permits program operation
to be synchronized to 1/0 device operation. It
allows sharing of time, otherwise wasted during 1/0
operations, with other tasks. A core resident
program can initiate an /O operation and then exit
the system to allow it to initiate another-task.
Then, when the 1/O operation is complete, the
system will return to the resident program at its
specified end-action address. It can start another
I/0 operation and then exit. The system will
restore the interrupted task. End action may also
be used within a single task; for example, to
operate a double buffered 1/0 function.
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Figure 1—32. Fully Expanded Hardware Configuration

1-6.2.1 X-RAY BASIC

in BASIC systems the Resident Monitor and
X-RAY EXEC are combined into a single program
and made resident at the low end of core. The
BASIC X-RAY EXEC has 12 directives to assist the
programmer in preparation, debugging, and
execution of his application programs. Directives
control 1/O device reassignment, program loading,

data initialization, data dump, aiteration of
memory, punching memory, program transfer, etc.
Program dumps can be initiated dynamically
through program calls The entire system occupies
the lower 930 memory locations, while the i/0
monitor uses the lower 620 locations. Users may
choose to overlay the X-RAY EXEC with
applications programs or data.
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3.2.2 X-RAY STANDARD

i STANDARD systems the Resident Monitor
tides at the top of memory and is separate from
e X-RAY EXEC which is loaded as a relocatable
ogram. System directives allow the X-RAY
XEC to define itself as resident or non-resident.
1e size of the Resident Monitor ranges from 750

1750 locations depending on the number and
pe of 1/O drivers required.

$6.2.3 Magnetic Tape Operating System

he Magnetic Tape Operating System (MTOS) for
e 706 is a 1, 2, 3, or 4 magnetic tape based
ystem, which provides for rapid response to
jal-time events or external requests concurrent
f'ith automatic batch processing on a time avail-
ble basis. All features of the RTOS apply to the
ITOS except that the MTOS is operationally
auch slower than the RTOS due to the random
ccess feature of discs versus the sequential access
2ature of magnetic tapes.

i
;-6.2.4 Real-Time Operating System

‘he Real-Time Operating System for the 706 is a
lisc-based operating system, which provides for
‘apid response to real-time events or external
lequests concurrent with automatic batch
yocessing on a time-available basis. RTOS is an
‘ntegral hardware/software system which has been
designed to fully utilize a fast, fixed head disc
storage, the automatic priority interrupt system,
ind the powerful input/output structure of the
706.

|

The center of the system is a compact resident
monitor whose size ranges from 1000 to 2048
words depending on the number and type of
‘peripherals in the system. The resident monitor is
located at the top of memory and includes a
ifile-oriented, device independent input/output
isoftware system, as well as service routines for
‘queue maintenance, interrupt processing, operator
linterrupt and operator recovery. A disc-based
Jlibrary is organized for rapid response loading of
‘both absolute programs (about 50 ms total load
' time) and relocatable programs (between 1300 and
' 4000 words per second).

¥y non-resident Real-Time X-RAY Executive
icontrols the system configuration and manages the
rexecution of program tasks through a system

queue with 256 priority levels. With over 40
control directives the operator or user may make
1/0 device reassignments add or delete tasks in the
system queue, reconfigure the resident portion of
the system, connect or disconnect tasks to
interrupts, and control the execution of programs.
The ability to connect programs to interrupts and
define resident programs, subroutines, and data
blocks provides the user with a flexible means of
configuring his real-time systems.

1-6.2.5Multi-Programming System

The Multi-Programming System (MPS) provides the
ADVANCED system user all the capabilities of
RTOS plus facilities for dynamic task swapping
and hardware inter-task protection. Dynamic task
swapping is initiated whenever a higher priority
non-resident task is entered into the system queue
and insufficient memory is available in which to
load the task. At this time the current task in
execution is saved on the disc and the higher
priority task is loaded and executed. High priority
tasks can be entered into the queue by an external
interrupt, the operator, or through dynamic call by
the program currently in execution. The MPS
resident monitor, in conjunction with the hardware
memory protect option, protects the Resident
Monitor and other programs and data in memory
from inadvertent destruction by the current task.
The MPS Resident Monitor occupies between 3000
and 4096 words of memory, depending on the
number of 1/0O drivers and the amount of memory
allocated to the system queue.

1-6.3 Program Generation
1-6.3.1 Symbolic Program Preparation

Symbolic assembly programs can be prepared
on-line under computer supervision with PREP.
Free form source statements are accepted from the
ASR keyboard and dynamic syntax diagnostics are
performed. Immediate corrections to indicated
errors can be made. Statements are buffered in
memory and output onto the selected device.
PREP automatically inserts statement numbers in
order to facilitate subsequent editing. The
corrected source program can be processed by

gither assembler — SYM | or SYM 1,
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1-6.3.2 FORTRAN PREP

Free form source statements for Conversational
FORTRAN can be composed on-line from the
ASR keyboard with compiler assistance.
Statements are diagnosed on-line and errors can be
corrected immediately. Error-free statements are
retained in memory and output to the selected
device. Statement numbers are automatically
inserted in the output to facilitate subsequent
editing. The product, a diagnosed FORTRAN
program, can be compiled with minimum
turn-around time, since compiler detected errors
have already been removed. Subsequent debugging
of the executable FORTRAN programs is made
easy by a TRACE option in the FORTRAN
run-time system.

1-6.3.3 Symbolic Debugging

TRACE/DEBUG is a comprehensive utility
program which provides 15 functions for assisting
the user in the checkout of his programs.
Functions include provisions to list selected
portions of memory, modify selected memory
locations, punch or load absolute programs,
perform hexadecimal arithmetic, initialize data
arrays, search memory, and trace a program.
Functions can be selected directly via input
directive or dynamically through subroutine calls.

The trace may be complete or selective; the trace
range may be set within specified limits; and the
user may optionally halt or continue after each
trace output. Instructions may be traced
selectively. For example, the user may choose to
trace only JSX instructions. A masked memory
search permits the user to search memory for a
specific data value or set of values.

1-6.3.4 Symbolic Program Editor

The Symbolic Program Editor provides a
convenient means of revising SYM |, SYM I,
FORTRAN, and Real-Time FORTRAN IV
programs under computer supervision. Editor
directives provide for the insertion, deletion, or
replacement of symbolic program statements. Only
changes need be specified—unchanged statements
are reproduced exactly as they appeared in the old
program. The program operates in two phases; in
the directive phase all revisions and new,
statements are input; during the edit phase the old
source text is read, revised according to the
directives previously input, and a new source

program is output. The editor automatically insert
statement numbers in the new program. As a
option a listing of the new program can b
obtained. Since the editor operates under contrc
of the X-RAY EXEC, the user may assign inpu-
and output devices to any desired configuration. _

1-6.4 Assemblers and Compilers
1-6.4.1 SYM |

For BASIC systems with only 4K memory anc
ASR 33 the one-pass SYM | assembler provide:
unparalleled capabilities. The assembler is truly
one-pass in that it only requires one pass of the
source program to produce a source listing, object
listing, and object tapes. Many so-called “‘one-pass”
assemblers require one pass for each output. Object
program output may be either relocatable or
absolute. Advanced assembler features include
forward defined symbols, 11 pseudo operations
including  TRUE/FALSE conditional directives,
operand expressions, and MACRO subroutine calls.

Prior to assembly source input and object output

devices can be assigned by control directives. The

assembler includes a PREP option which allows the__
user to prepare his program in the conversational
mode with assembler assistance. Another option:
permits programs to be assembled directly into’
memory for immediate execution without.
requiring a load phase. Multiple assemblies or_
program PREP’s can be run without reloading SYM
I. The entire SYMI/PREP program, including all -
1/0, occupies only 2460 locations. Thus, the user -
can assemble absolute programs with as many as:
1000 instructions and 100 symbols and relocatable =
programs with 500 instructions and 100 symbols. =

1-6. 4.2, SYM 1

The SYM I} assembler is a fast and powerful :
two-pass system with procedural capabilities. SYM -
11 was designed for efficient operations in larger :
system configurations; STANDARD, EXTENDED,
and ADVANCED. The assembler processes .
statements internally at rates in excess of 3000 _
statements per minute for each pass and its-
throughput rate is only limited by the speed of the .
system peripherals. All input/output is double
buffered for efficient throughput. In STANDARD
systems the source statements are recirculated for



je second pass; thus eliminating the time con-
iming output of intermediate text by pass 1.
1 EXTENDED and ADVANCED systems the disc
" used to provide automatic assemble and go

deration. Options permit selective output of
inary text, assembly listing, and errors only
sting. The latter is particularly effective in

/stems which do not include a medium or high
)eed printer.

i-YM Il produces either absolute or relocatable
utput. Procedures, subroutine macros, and twenty
Wo pseudo operations simplify programming of the
i06. Debugging aids, include extensive documenta-
ion; such as, alphabetical symbol dictionary, literal
ist, and external names list. Conversion routines
!or all 706 math formats are ‘included: integer,
:Iouble integer, real, mid-precision, and double
yrecision. Multiple assemblies can be run without
eloading SYM Il. All input/output device assign-
nents are controlled by the X-RAY EXEC. The
*ntlre SYM 1l occupies 4600 locations.

|
|
1-6.4.3 Conversational FORTRAN

Conversational FORTRAN is designed specifically
for users of the small system where effective
programs must be developed without knowledge of
ithe computer’s internal structure. Conversational
.;'FORTRAN is a one-pass compiler which compiles
'programs directly into memory providing rapid
‘compile and go capabilities. In BASIC and
‘STANDARD systems programs can be prepared
jand executed in four simple steps: load the
jcompiler, input source statements, load the
‘run-time library (the library overlays the compiler),
-and execute,

ln EXTENDED and ADVANCED systems the
“entire process is automated by batch control
: directives. The compiler includes a PREP option
“which allows the user to prepare his program
on-line in the conversational mode. The run-time
“system includes a TRACE option to facilitate
. program checkout. Provisions are also included for
- interfacing machine language routines for data
i acquisition and real-time applications. The
: compiler is compact, requiring only 3024 locations
ilncludlng 1/0. A proprietary code generation
: technique optimizes the amount of memory used
by the object program. As“a result, the user can
i compile and execute large programs (about 125

i statements in a 4K computer and 500 statements
¢ in an 8K computer).

1-6.4.4 Real-Time FORTRAN IV

Real-Time FORTRAN IV is an extended superset
of ASA Standard FORTRAN. Extended features
include:

Relaxation of syntax restrictions.
Real-time capabilities.

Mixed expressions and compound

statements.

N-dimensional arrays and generalized
subscripts.

Multiple replacements in statements.
Mid-precision floating point numbers.

Double-precision floating point
numbers. Extended relational operators
and expressions.

In-line symbolic machine instructions.

The compiler in one-pass produces symbolic text
for input to the SYM | assembler at internal rates
in excess of 1200 statements per minute. All inputs
and outputs are double buffered so that
compilation speeds-are only limited by the user’s
peripheral devices.

Thorough diagnostics provide 68 unique error
messages. Each message is accompanied by an
arrow which points to the most probable character
in error within the statement. A proprietary
method of code generation minimizes object code
produced by the compiler,

Two versions of the compiler are available. A
subset, which includes all capabilites except the
DATA and EQUIVALENCE statements, occupies
6400 memory locations and operates in 8K
STANDARD and EXTENDED systems. The
complete compiler uses 7300 memory locations
and operates in ADVANCED systems, as well as
12K STANDARD and EXTENDED systems. Both

versions provide automatic compile and go
operations in EXTENDED and ADVANCED
systems.

For real-time applications 706 FORTRAN 1V
provides re-entrant and recursive operation and
allows in-line symbolic code for ease of interface to
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data acquisition or other system equipment.
Further extension of real-time capabilities is
provided by RTOS and MPS; such as, assignment
of resident subroutines and data, program
segmentation, connection of tasks to priority
interrupts, and dynamic queuing of programs.

1-6.5 Library Programs
1-6.5.1 System Generation

Several system processors are provided for
preparing and editing paper tape, magnetic tape
and disc libraries. Two System Generation
programs, SYSGEN 1 and SYSGEN 2, provide
automatic generation of the absolute and

relocatable disc libraries in EXTENDED and
ADVANCED systems. A library extension
processor (EXTEND) permits programs to be

replaced or added to the disc library after system
generation. A System Editor maintains libraries on
magnetic tape or paper tape.

1-6.5.2 Loaders

Relocatable and absolute loaders are provided for
all 706 software systems, even BASIC. The
absolute ioaders input core image programs
directly into memory. Relocatable programs are
input in relocatable loader text format. The loader
processes the text at load time in order to convert
the program into core image format in the
locations in memory. In this way programs and
subroutines are relocating in memory at load time
with the loader automatically allocating memory
for optimum utilization of word and byte pages.

The BASIC loader provides a convenient means of
selectively loading relocatable programs and
subroutines in BASIC hardware configurations
which contain no system library facilities. Loader
options are controtled via X-RAY EXEC directives.
The STANDARD loader features automatic library
search, augmented memory allocation, and
relocatable correction records. Options include
printing a load map, loading TRACE/DEBUG, and
executing despite missing subroutines. The loader
first loads a complete program in the primary or
non-selective phase and then enters the selective
library phase in which only those programs refer-
enced are loaded from the library. The library is
read from a high speed paper tape reader, card
reader, or magnetic tape.

1-6.5.3 Disc Loaders

EXTENDED and ADVANCED systems utiliz
absolute and relocatable disc loaders. RTOS an,
MPS both contain two libraries on the disc; th
processor library and the relocatable library. Th:
processor library contains programs which are i
core image format, while the relocatable librar
contains those programs and subroutines whos_
locations in memory are determined by the systen
loader at load time. Each library has its owi
directory which contains a list of the programs anc
their location on the disc. In this way programs arc
located directly without a time-consuming seria
search process.

The processor library contains frequently usec

programs which require very rapid loading. Only

two disc accesses are required to load a processor.
Once a processor entry is found in the directory,

loading is accomplished with a single direct

memory access operation. This is possible because

the program is in core image format. Thus,

absolute programs are loaded in approximately 50

milliseconds. Most major system programs; such as,

the Resident Monitor, the X-RAY Executive,

FORTRAN 1V, SYM II, etc. are located in the.
processor library. The user may choose to locate_
various application programs which require rapid

loading in the processor library.

In the relocatable library programs and subroutines_
are stored on the disc in relocatable loader text,
format. The system loader processes the text at,
load time, in order to convert the program to core_
image format in memory. The programs are found_
by means of a directory. The loader text records
for each program are spread around each track so

that access time is minimized and loader text .
processing is efficiently overlapped with disc input

time. As a result, the system loader loads between

1300 and 4000 words per second on 706 systems.

Actual load times will vary somewhat depending

on the size of the program units and the number of

external references. Small subroutines will tend to

load at the smaller figure because of initial disc

access time, while large programs will tend to load

at the higher figure.

1-6.5.4 Conversational FORTRAN Library

The library for Conversational FORTRAN contains _
16 intrinsic and external functions including all
those specified in ASA Basic FORTRAN. In
addition, logical functions have been added to -
facilitate internal operations on integer control
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: functions.

Jata. The entire library, including formatted and
;Jnformatted 1/Q), occupies 2750 locations of
memory. The floating point math routines and
functions provide nine decimal digits of accuracy.
AWl routines have been machine language coded for
fast execution speeds.

A run-time trace option makes program checkout
;easy. The trace has three options: data only,
control only, or both. in the data mode an integer
‘or floating point value is printed for each

replacement statement which is executed. The
‘control

mode traces the GO TO, IF, CALL,
RETURN, DO, and CONTINUE statements. The
FORTRAN program can be interrupted during

‘execution in order to initiate, terminate, or change
‘trace modes.

| 1-6.56.5 Real-Time FORTRAN 1V Library

‘The Real-Time FORTRAN IV Library is both
:comprehensive and fast. The library contains 107

subroutines which perform 74 intrinsic and
external functions, including all functions specified

‘in ASA Standard FORTRAN and 19 additiona!

Three floating point formats are

available: Real with 6 decimal digit accuracy,

. Mid-precision with 9 decimal digit accuracy and
Double-precision with 12 decimal digit accuracy.

: Exponents
: complex,
" hollerith.

include
and

for all floating formats
integer, double integer, logical,

~ All functions are designed for fast execution in

real-time environments. The routine can be made
re-entrant and recursive as a run-time option by an
X-RAY EXEC control directive. As a result only
one set of library routines is required. Execution
times in the recursive mode are almost as fast as in

the non-recursive mode, since temporary data is
" saved in a dynamic list only after it has been
i determined that a routine is being re-entered. The

entire FORTRAN 1V library has been coded in
machine language with algorithms chosen for fast
execution. For example, the mid-precision square
root and sine execute in .24 and 2.03 milliseconds,
respectively. All routines can be used in SYM ||
assembly language programs, as weil as FORTRAN
IV programs.

Formatted and unformatted output is double
buffered so that computation is overlapped with
data outputs. This is particularly important if the
users list device is a teletype or low speed printer.
The unformatted input/output routines provide for
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simulation of magnetic tape /O on disc in
disc-based systems. A thorough set of run-time
error messages identify argument errors, overflow,
computed subscripts outside dimension range, data
format incompatibilities, data transmission errors,
etc.

1-6.5.6 Math Library

A ‘comprehensive set of 37 mathematical
operations for SYM | and SYM Il users are
included in the Math Library. The library includes
Double Precision Fixed Point and Floating Point
Packages, in addition to Fixed Point
multiply/divide subroutines and Binary/BCD
conversion routines. No additional hardware is
required for operation of the above routines,
although - allowance is made for the hardware
MPY/DIV option for significant increased speed of
associated double precision/floating point
operations. A precision ‘of 9 decimal digits is
provided by both double precision fixed point and
floating point formats. The problems of fixed
point scaling are eliminated with floating point
operation and the programmer can take advantage
of its wide numerical range, 10 * 38,

A complete set of very fast floating point trig-
onometric and transcendental functions are also
provided. Scaling factors associated with fixed
point functions are eliminated and the full range of
10% 38 s incorporated with a precision of 9
decimal digits. Functions include sine, cosine,
square root, arctangent, expanential, hyperbolic,
tangent, and natural logarithm.

1-6.6 Sensor Diagnostics

Unique in the 706 class of machines, SENSOR
hardware diagnostics test and verify 706
operational integrity. SENSOR programs and
procedures are organized and documented to
simplify the job of maintenance personnel and
reduce system down time to minutes.

The SENSOR package includes technical programs
and procedures designed to detect and isolate
malfunctions in the central processing unit. When a
malfunction occurs, whether it's major or minor,
or in the event of routine system testing, diagnostic
programs are bootstrap loaded into the CPU.
SENSOR procedures provide fault detection and
isolation instructions in the event bootstrap
loading is unsuccessful. Once loaded, error



messages typed by the diagnostic program, and use
of technically annotated program listings with fault
isolation information, enable rapid repair of faulty
components. Typically, CPU faults are isolated to
six or fewer integrated circuits and, in many
instances to an individual IC element. A simple
light probe, available in all 706 computers, in
conjunction with annotated program listings,
assists maintenance personnel with detailed fault
isolation.

The fourth generation packaging concept of the
706 processor with dual in-line monolithic TTL
integrated circuits plugged directly into a single
master module provides a unique capability. A
faulty component can be quickly removed from its
individual receptacle and replaced without
soldering or wiring changes. Any signal checking of
the processor is limited to the standardized signals
of the IC’s themselves. The hundreds of unique
signals associated with plug-in circuit cards and the
tedious matching of test point to signal list is
eliminated.

Also included in the SENSOR package are
numerous performance test programs designed to
test the proper operation of 706 peripherals. These
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programs provide software performance test
capability as they exercise the X-RAY EXEC, i/C
drivers and other basic software elements in the
same way operational software utilizes the system®
These programs are listed below:

Interrupt System

ASR 33/35

High-speed Paper Tape Reader
High-Speed Paper Tape Punch
Disc

9-Track Magnetic Tape
7-Track Magnetic Tape

Line Printer
Minijverter/Multiverter
Teletype Multiplexer

Card Reader

Card Punch

Plotter



Section 2

INSTRUCTIONS

2-1 HARDWARE

This section defines the function of each hardware
instruction and its effect on the various registers
and memory of the machine. Unless a register or
the memory is specifically mentioned, it is

unaffected by the instruction. The equation terms

and symbols are defined in Table 2-1.

2-1.1 General

The instructions for the 706 processor are divided
into ten classes. The groups are divided based upon
the instruction formats and not their functions.
The classes from one to ten are: Word Reference,
Byte Reference, 4-bit Operand, Shift, Halt, No
Operand, Byte Literal, input/Output, Multiply and
Divide and Set Memory Bank. Appendices O, P,
and Q list the instructions alphabetically,
numerically, and functionally.

Included with every mnemonic description is the
timing (in cycles) of the instruction, the equation
representing the operation of the instruction, the
values of the variable fields, special conditions (i.e.,
affect on overflow), a verbal description of the
instruction, and an example of the use of the
instruction.

The example following each verbal description has
the following format:

AAAA 46" BBBB g CcCC DDD
{instruction (Hex (mnemonic) (operand)
location) code)
(ACR) (IXR) (DDD}...
Initial ACR; IXR; DDD;. .
Final “ ACR; IXR; DDD;...

*|nstruction locations are shown for JUMP and
SKIP type of instructions only.
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NQTE: Except for the operand, all numbers shown
are in hexadecimal notation unless otherwise
specified.

2-1.2 Class 1 - Word Reference

Class 1 instructions reference words by building an
effective address, M, from the extension register,
index register, and the 11-bit operand address.

Object Format:

OP Code X M(word address)
0 3 4 5 15
Source Format:
Label :EMnemonlc * Operand &
Comments
1 8 910 13 14 15 16 80

*Specifies indexing

JMP  Unconditional Jump
T:1

Equation: (PCR) < M,
OP Code: 1

Indexing: Permitted

The effective word address replaces the
contents of the program counter.
Execution of this instruction copies the
local page address to the extension register.



Table 2-1. Definition of Instruction Equation Terms and Symbols

Terms and
Symbols Definition

Tin ... ... Timing: n cycles

(ACR) ......... The contents ef the accumulator

(IXR) . ........ The contents of the index register

{17173 The contents of the memory word
location M

(PCR) ......... The contents of the program counter

Mg) ... The contents of the memory
byte location M

(EXR} ......... The contents of the extension register

M. The memory address field of the
instruction

Khpem o e The nth through mth bits of the
contents of the register or
memory location X

XMoo ee e e The absolute value of the nth through
mth bits of the contents of the
registeror memory location X

A«B........ A is replaced by B

+ o, Arithmetic sum

— e e Arithmetic difference

. S Arithmetic Multiplication

e Arithmetic Division

74 N Logical AND

Voo Logical OR

® L. Logical EXCLUSIVE OR {logical
difference)

Xy .. Logical inversion of the contents of X

(ADFNEG). .. ... The contents of the "'negative’
comparison flip flop

(ADFEQL) .. .. .. The contents of the ‘;equals”
comparison flip flop

[Expression] . . . .. The arithmetic value of the expression

2.2

Terms and
Symbols Definition

{Expression} ..... The logical value of the expression

(ADFOVF)...... The contents of the overflow flip flop

(CCFGLB) ...... The contents of the global flip flop

(CCFUSR;). ... .. The contents of the user mode flip
flops; where i =0,1,20r 3

(DMFPCER) ...... The contents of the DMA parity error
flip flop

(MMFPCER). . ... The contents of the CPU parity error =
flip flop

(MPFPRV) .. .. .. The contents of the priviledged
instruction flip flop )

(ITRijN) ........ The contents of the interrupt enable
flip-flop; where ij ranges from 00-15

(ITRGAN. .. ... .. The contents of the interrupt active
flip flop; where ij ranges from 00-15

(ITFINH) . ...... The contents of the interrupt inhibit
flip flop

SSE........... External Sense Line

SSi ... ... Sense Switch i, i = 0-3 _

(MPRL) ........ The contents of the Memory Protect -
Lower Register

{MPRU)........ The contents of the Memory Protect
Upper Register

(DIN). .. ....... The contents of the Direct Input Bus .

(DOT) . ........ The contents of the Direct Qutput Bus

. Location counter designation

. Indexing when in column 14,
Comment when in column 1

X Hexadecimal integer

T Alphanumeric constant

[ Byte location

? Variable field for DO directive



| UsX

STX

Example:

0100 1104 JMP X ‘104
[ ecr)

Initial 0100

Final 0104

Jump and Store Return in Index
T: 1
Equation:
(IXR) < (PCR) +1; (PCR) <« MW

OP Code: 2
Indexing: Permitted

The contents of the index register are
replaced by the contents of the program
counter. The contents of the program
counter are replaced by the effective word
address. Execution of this instruction
copies the local page address from the
memory address register to the extension
register after the generation of the effective
word address. Execution of this instruction
forces the computer into global addressing
mode.

Example:
0200 2104 JSX 260
|| (PCR)  (IXR)
Initial 0200 0
Final 0104 0201
Store Index
T2

Equation: (M) < (IXR) "~
OP Code: 6 ‘
Indexing: Permitted

The contents of the index register replace
the contents of the memory word location
specified by the effective address. The
contents of the index register remain
unchanged.” Execution of this instruction
copies the local page address to the
extension register.
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STW

LDW

Example:
6300 STX X ‘300'
I uxR)_ (300)

Initial || + 43 -20
Final | +43 + 43

Store Word

T: 2

Equation: (M) < (ACR)

OP Code: 7

Indexing: Permitted

The contents of the accumulator replace
the contents of the memory word location
specified by the effective address. The
contents of the accumulator remain
unchanged. Execution of this instruction
copies the local page address to the
extension register. h

Example:.
7300 STW BILL
[ (acr) _ (300)
Initial ||+ 1234 + 5678
Final ]|+ 1234 + 1234

Note: The expression “BILL" is equivalent
to hex location 300 in this example.

L.oad Word
T: 2
Equation: (ACR) <« (M)

- OP Code: 8
- Indexing: Permitted

The contents of the memory word location
spectfied by the effective address replace
the contents of the accumulator. The
contents of .memory remain unchanged.
Execution of this instruction copies the
local page address to the extension register.

Example:
8300 LDW 768
I (acr)  (300)
Initial FFFF 0
Final 0 0




LDX

ADD

Load Index

T: 2

Equation: (IXR) < (M)
OP Code: 9

Indexing: Permitted

The contents of the memory word location
specified by the effective address replace
the contents of the index register. The
contents of memory remain unchanged.
Execution of this instruction copies the
local page address to the extension register.

Example:
9302 LDX BILL + 2
[ (1XR)  (302)
Initial 0 + 4
Final + 4 + 4

Note: The expression “BILL" is equivalent
to hex location 300 in this example.

Add

T:2

Equation (ACR) « (ACR) + My,
OP Code: A

Indexing: Permitted

The arithmetic sum of the original contents
of the accumulator plus the contents of the
memory word location specified by the
effective address replaces the contents of
the accumulator. The contents of memory
remain unchanged. Execution of this
instruction copies the local page address to
the extension register. The overflow flip
flop is set if the result of an addition is less
than -215 or greater than 215-1,

Example:
A9FE ADD « X'0O1FE’
fl (ACR)  (IXR)  (200)
Initial J§ + 327 2 +20 .
Final + 347 2 + 20

2.4

SUB

ORIl

Subtract

T:2

Equation: (ACR} < (ACR) — (M)
OP Code: B

Indexing: Permitted

The arithmetic difference between the
original contents of the accumulator minus
the contents of the memory word location
specified by the effective address replaces
the contents of the accumulator. The
contents of memory remain unchanged.
Execution of this instruction copies the
local page address to the extension register.
The overflow flip flop is set if the result of

a subtraction is less than —219 or greater
than 215.1,
Example:

B100 SUB X "100°

[ (AcR)  (100)

Initial ||+004F +001C

Final [j+0033 +001C
Inclusive OR
T:2

Equation: (ACR) <« (ACR) V(M)
OP Code: C
Indexing: Permitted

The logical sum of the contents of the
accumulator and the contents of memory
word location specified by the effective
address replaces the contents of the
accumulator. The contents of memory
remain unchanged. Execution of this
instruction copies the local page address to
the extension register.

Example:
C200 ORl 512
fl (Acr) (200
Initial 041C 740F
Final 741F 740F




:ORE  Exclusive OR

| AND

T:2

Equation: (ACR) < (ACR) @ (M)
OP Code: D

Indexing: Permitted

The logical Exclusive OR between the
contents of the accumulator and the
contents of the memory word location
specified by the effective address replaces
the contents of the accumulator. The
contents of memory remain unchanged.
Execution of this instruction copies the
local page address to the extension register.

Example:

D700  ORE X ‘700
i (ACR)  (700)

Initial || 1234  5F6C

Final || 4D58  5F6C

Logical AND

T:2

Equation: (ACR) « (ACR) A M)
OP Code: E
Indexing: Permitted

The logical product of the original contents
of the accumulator and the contents of the
memory word location specified by the
effective address replaces the contents of
the accumulator. The contents of memory
remain unchanged. Execution of this
instruction copies the local page to the
extension register.

Example:
E200 AND X ‘200
Il (AcrR)  (200)
Initial || 1234 5F6C
Final 1224 5F6C

2.5

CMW  Compare Word

T:2
Equations:

(ADFNEG) « { (ACR) — (M) <0}
(ADFEQL) « {(ACR) — (M) = 0}

OP Code: F
Indexing: Permitted

The contents of the memory word location
specified by the effective address are
compared to the contents of the
accumulator. The result of the comparison
is stored in the comparison register
specifying whether the contents of the
accumulator are less than, equal to, or
greater than the contents of the memory
location specified by the effective address.
Neither the contents of the accumulator
nor the contents of memory are affected.
Execution of this instruction copies the
local page address to the extension register.
Words are treated as signed two's
complement 16-bit numbers.

Example:
FO20 CMW  X‘020'

[ (ADFNEG) (ADFEQL) (ACR) (020)

0 0 1234 1234
0 1 1234 1234

Initial

Final




2-1.3 Class 2 - Byte Reference

Class 2 instructions reference bytes by building an
effective address, M, from the extension register,
index register, and the 11-bit operand address.

Object Format:

QP Code X M{byte address)

0 345 15

Source Format:

Operand &

Label 4Mnemonic{ = Comments

1 8 910 13 14 15 16 80
*Specifies indexing
STB  Store Byte

T:2

Equation: (M;) < (ACR)g.

OP Code: 3 818

Indexing: Permitted

The contents of bits 8-15 of the

accumulator replace the contents of the
memory byte location specified by the
effective address. The contents of the
accumulator remain unchanged. Execution
of this instruction copies the local page
address to the extension register.

Example:
3020 STB X ‘020
[ (acr) (010
Initial || 1234 5678
Final 1234 3478

2.6

cmMB

Compare Byte

T:2

Equation:(ADFNEG) « {{ACR)g 45 — (Mg} < ¢
(ADFEQL) < {{ACR)g ;¢ — (Mg) = 0

OP Code: 4 818 8 ’

Indexing: Permitted

The contents of the memory byte location

specified by the effective address are

compared to the contents of bits 8-15 of

the accumulator. The result of the

comparison is stored in a comparison

register specifying whether the contents of

bits 8-15 of the accumulator were less than,

equal to, or greater than the contents of

the memory byte position specified by the

effective address. Neither the contents of

the register or memory are affected.

Execution of this instruction copies the
local page address to the extension register. _
Bytes are treated as signed two's

complement 8-bit numbers.

Example:
4021 cmB X ‘021
[[(ADFNEG) (ADFEQL) (ACR) (010)
Initial 0 0 1234 5634
Final 0 1 1234 5634
LDB Load Byte
'g: 2
quation: (ACR)g.. < (M)
OPCode: 5 =~ ° °

Indexing: Permitted

The contents of the memory byte location
specified by the effective address replace the
contents of bits 8-15 of the accumulator.
The contents of memory remain unchanged.
Execution of this instruction copies the lo-
cal page address to the extension register.

Example:
5800 LDB =+ O
fiacr)  (xr)  (0010)
Initial || 1234 0020 5678
Final || 1256 0020 5678




2-1.4 Class 3 - Generic with 4-bit Operand

Class 3 instructions control the interrupt system,
set memory protect state and set the extension
register. The operands are limited to values that do
not exceed 154

Object Format:

IFunctionI Level l
78 1112 15

o 5
0 34
Source Format:

Operand &
| Label Mnemonic C':)mments
q 8910 13 14 15 16 80

‘No Indexing Permited

“INR  Interrupt Return
T:-3 ‘e .
Equations: (PCR) « ({Level X 4]}

(EXR} « ([(Level X 4) + 2]} 4

(ADFNEG) < ({(Level X 4) +2])g
(ADFEQL) < ([{Level X 4) + 2])g
(ADFOVF) « {[(Level X 4) +2}),
(CCFGLB) « ([{Level X 4) +2))g
(CCFUSRO) + ([{Level X 4) +2])g
(CCFUSR1) « ([(Level X 4) +2]),0
(CCFUSI 2) « ([(Level X 4) + 21),,
(CCFUSR3) « ([(Level X 4) +21),,
(MMFPCER) < ([{Level X 4) +2]),4
(DMFPCER) < ([(Level X 4) +2]),,
(MPFPRV) < ([{Level X 4) +2]) ¢
“TR[LevellN) <« 1 !d!e State ((.)n.ly
QTR] s
Function: 1

The contents of the program counter are
replaced by the contents of the memory
location specified by bits 12-15 of the
instruction word multiplied by 4. The

machine status is restored (except for
MMFPCER, DMFPCER, and MPFPRV
which are reset upon entering the interrupt
service routine and remain reset until
another error occurs) and the interrupt

level specified in bits 12-15 of the instruc-

tion is returned from the active to the idle
state. (See Section 4.}

2.7

Example:

0100 0012 INR 2

[ (PcR) (008) Level 2 Int. _Status

initial

Final

0100 0200 Active

0200 0200 Idie Restored

ENB -

DSB

Enable Interrupt

T. 1

Equations:
“TR[LeveI]N) <1
“TR[LeveI]A) <0

Function: 2

Idle State (Only if
interrupt is in disabled
state).

The interrupt level specified in bits 12-15
of the instruction word is permitted to
respond to interrupts by putting the
interrupt flip-flops into the idle state.

Example:

0021 ENB 1

| Level 11nt
Initial Disabled
Final

ldie
Disable Interrupt
T:1
Equations:

UTR eetN! < 0% picabled State
“TR[LevellA) <0

Function: 3

The interrupt level specified in bits 12-15
of the instruction word is prevented from
responding to interrupts by putting the
interrupt flip-flops into the disabled state.

Example:
0030 DSB 0]
| Leveloint.
Initial Any State
Final Disabled




SML Select Memory Lower
T:1
Equations:
(EXR)0 <« 0
(EXR), , <« [Levell

. Jnction:8

The contents of bits 1 to 4 of the extension
register are replaced by bits 12-15 of the
instruction. Bit O of the extension register
is set to zero.

Example:
0082 SML 2
i (EXR)
Initial 13
Final 02

SMU  Select Memory Upper

T: 1

Equations:
(EXR)0 < 1
(EXR), 4 < [Level]

Function: 9

The contents of bits 1 to 4 of the extension
register are replaced by bits 12-15 of the
instruction. Bit O of the extension register

is set to one.
Example:
0095 SMU 5
[ xr)
Initial 00
Final 15

2.8

SUS  Select User State (Memory Protect Option;
See Section 6-7)
T: 1
Equations:

(CCFUSRO) <« [Level]14

(CCFUSR1) <« [Level]15
After performing SUS and then executing
JMP or JSX:

{CCFUSR2) <« (CCFUSRO)

{CCFUSR3) <« (CCFUSR1)

Function: C

The contents of bits 14 and 15 of the
instruction are copied into the User
Pre-Stage flags (CCFUSRO,1). Then upon
execution of a JMP or JSX instruction
the User Pre-State flags are copied into the
User State Flags (CCFUSR 2, 3). All four
flags are part of the machine status word -

fmd are storesj and restored during
interrupt processing.
Example:
00C3 sUs 3
" User Pre-State Flags
Initial 0 0
Final | 1 1

2-1.5 Class 4 - Shift

Class 4 instructions shift the accumulator and
index register, the latter is treated as a 16-bit right
extension of the former. Two classes of shift
instructions, arithmetic and logical are provided in
which the shift type is specified by bits 4-7 of the
instruction word. Open and circular shifts, as well
as their direction, and single or double precision
are specified by bits 8-11. All single length shifts
affect only the accumulator while double length
shifts affect both the accumulator and index
register. The shift length is designated by bits
12-15 of the instruction word. The timing of the
shift operation involves 1 cycle for access of the
instruction and the shifting of up to 5 bits for each
additional cycle.



)bject Format:

0 Type Direction L
3 4 78 11 12 15
Type: Bits 4-7=9 or A specifies a shift
i instruction
; Bits 6, 7 = 10 specifies logical/circular
‘ shift
Bits 6, 7 = 01 specifies an arithmetic
shift
Direction:
Bit 8 = 1 specifies Byte shift
Bit 8 = 0 specifies single/double shift

Bit 9 = 1 specifies circular shift
Bit 9 = 0 specifies logical shift
Bit 10 = 1 specifies double shift
Bit 10 = 0 specifies single shift
Bit 11 = 1 specifies left shift
Bit 11= 0 specifies right shift
L: O-F (Length of shift)
Note: A shift length of zero (0) results in
an effective NO-OP that takes 1 cycle.

SLA

. Source Format:

| Label

Mnemonic}| D/L/R

SRA

13+ 14

D: Double Length Shift
L:Left Byte

R: Right Byte

No indexing permitted

15 16

Shift Right Arithmetic

T: [L=+5] + 1 (Round to largest integer)
Equations:
(ACR)y_ 45 < (ACR)
(ACR)O <« (ACR)O
Type: 9

Direction: O

AT
0-15 * 2

The contents of the accumulator are
shifted L positions to the right, as specified
by bits 12-15 of the instruction word. The
sign bit of the accumulator is unchanged by
this operation and is shifted to bit 1 of the
accumulator, Bits shifted off the right end
of the register are lost.
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Example:
0904 SRA 4
(ACR)
initial || 8246
Final F824

Shift Left Arithmetic
T: [L. = 5] + 1 (Round to largest integer)
Equations:
- (L
(ACR)0_15 (ACR)g 45 X2
(ACR)y; < O
(ADFOVF) < 1if (ACR)
# (ACR) gy nitian)
(ADFOVF) <« 0 if (ACR)
= (ACR)

O[Final]

Ol lnitial]
O[Initial)

Type: 9

Direction: 1

The contents of the accumulator are
shifted L positions to the left, as specified

by bit positions 12-15 of the instruction
word. Bits shifted from position O are lost
and zeros replace the vacated bit positions
on the right end of the accumulator. If the
value of the sign bit of the accumulator
after the shift is different than the value of
the sign bit before the shift, the overflow
storage flip-flop is set.

Example:
0911 SLA 1
[ (acr) (ADFOVF)
Initial 8001 0
Final 0002 1




SRA D Shift Right Arithmetic Double index register is shifted to bit 15 of the
T: [L = 5] + 1 (Round to largest integer) accumulator. If the value of the sign bit ot

the accumulator after the shift is different

Equations:

a (ACR. IXR) - from the value of the sign bit before the

: 0-15,0-15 (L] shift, the overflow storage flip flop is set.
(ACR, IXR)O-15, 0-15 ~ 2
(ACR), « (ACR), Example:
0935 SLA D b

Type:® I (ACR)  (IXR) _ (ADFOVF)

rection:

rectt Initial || 0023 5002 0

The contents of the accumulator and index
register are shifted L positions to the right Final
as specified by bits 12-15 of theinstruction

word. The sign bit of the accumulator is Shift Right Logical
unchanged by this operation, and is shifted SRL : 9 ogica
to bit 1 of the accumulator. Bit 15 of the

046A 0040 0

T: [L = 5] +1 (Round to largest integer)

accumulator is shifted to bit O of the index Equations:
o - . . - {ACR) <~ (ACR), . + 21
register. Bits shifted off the right end of 0-15 0-15
the index register are lost. (ACR)y < O
Type: A
Direction: O
Example:

The contents of the accumulator are
0923 SRA D 3 shifted L positions to the right, specified
by bits 12-15 of the instruction word. Bits

shifted off the right end of the accumulator ..
" (ACR) _(IXR) are lost and zeros replace the vacated bit .
Initial 0200 8008 positions at the left end of the
Final 0040 1001 accumulator.
Example:

“0AOF SRL 15
SLA D Shift Left Arithmetic Double

T: [L = 5] +1 (Round to largest integer) u (ACR)
Equations: - Initial | FFFF
(ACR, IXR)g.15 0.15 < )
(ACR,IXR)g 15 .15 X It Final 0001
(IXR)yg < 0O
(ADFOVF) <«
1if (ACR)O[Finall # (ACR)OllnitiaI]
(ADFOVF) <«
0 1 (ACRIoeina = (ACRlopinivan SLL  Shift Left Logical o
T: [L < 5] +1 (Round to largest integer)
Type: 9 Equations:
Direction: 3 (ACR)y 15 < (ACRy 45 X 21
The contents of the accumulator and index (ACR),. < O
register are shifted L positions to the left, 15
as specified by bit positions 12-15 of the
instruction word. Bits shifted from bit Type: A
position 0 of the accumulator are lost and Direc.tion' 1
zeros_ replace vacated bit positions on the ’
right end of the index register. Bit O of the The contents of the accumulator are

2.10



shifted L positions to the left, as specified
by bits 12-15 of the instruction word. Bits
shifted off the left end of the accumulator
are lost and zeros replace the vacated bit
positions on the right end of the
accumulator.

Example:

0A10 SLL ©
;' (ACR)
f Initial || 1234
! Final || 1234

SRL D Shift Right Logical Double
T: [L = 5] +1 (Round to largest integer)

Equations:
(ACR, IXR)g 15 0.15 © o
(ACR, IXR)g 15 0.1 * 2
(ACR)y + 0

Type: A
Direction: 2

The contents of the accumulator and index
register are shifted L positions to the right,

~ as specified by bits 12-15 of the instruction

word. Bit 15 of the accumulator is shifted
into bit O of the index register. Bits shifted
off the right end of the index register are
lost and zeros replace the vacated bit
positions on the left end of the
accumulator.

SLL D Shift Left Logical Double
T: [L.=5] +1 (Round to largest integer)

Equations:
(ACR, IXR)g15 .15 <
(ACR, IXR)
(IXR);g + 0

Type: A

Direction: 3 .

The contents of the accumulator and index
register are shifted L positions to the left,
as specified by bits 12-15 of the instruction
word. Bits shifted off the left end of the
accumulator are lost and zeros replace the
vacated bit positions on the right end of
the index register. Bit O of the index
register is shifted to bit 15 of the
accumulator.

(w
0-15, 0-15 X 2

Example:
0A32 SLL D 2
[ (ACR) ~ (IXR)
Initial §j 8000 8000
Final 0002 0000

Example:
0A2A SRL D XA’
I (ACR) _ (IXR)
Initial § 8000 SOOQ
Final 0020 0020

SRC . Shift Right Circular

T: {L =5] +1 (Round to largest integer)

Equations: .
(ACR)g 15 < (ACR)g g + 2I]
V(ACR) [16_1 ;.15 X 2116~ L]

Type: A

Direction: 4

The contents of the accumulator are
shifted L positions to the right as specified
by bits 12-15 of the instruction word.
During this operation bit 15 of the
accumulator ‘is shifted to bit O in the
accumulator.

Example:
0A43 SRC 3
- (ACR)
Initial 8003
Final 7000




SLC

Shift Left Circular

T: [L = 5] +1 (Round to targest integer)
Equations:

(ACR)y45 < (ACR)g 15 X 2l

V (ACRlg i _; +21187Y

Type: A
Direction: 5
The contents of the accumulator are
shifted L positions to the left, as specified
by bits 12-16 of the instruction word.
During this operation bit 0 of the
accumulator is shifted to bit 15 of the
accumulator.

Example:

0A54 SLC 4

(ACR)
8003

| oozs

Initial

Final

SRC D Shift Right Circular Double

T: [L = 5] +1 (Round to largest integer)
Equations: ‘
(ACR, |XR)°_15’ o018
(ACR IXR)g 15 .15 7 21 V

[32-L]
UXR)(1g_1y.15 X 2
Type: A
Direction: 6

The contents oy the accumulator and index
register are shifted L positions to the right,
as specified by bits 12-15 of the instruction
word. During this operation bit 15 of the
index register is shifted to bit zero of the
accumulator. Bit 16 of the accumulator is
shifted to bit 0 of the index register.

Example:
0AB8 SRC D 8
[ (acr) (xR)
Initial {] 8003 4500
Final 0080 0345
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SLC D Shift Left Circular Double

T: [L = 5] +1 (Round to largest integer) :

Equations:
(ACR, IXR)g 15 0.15 <
(ACR, IXR) 15 .45 X 211 V
(ACR)g.(L_1) © 2132t
Type: A
Direction: 7

The contents of the accumulator and index
register are shifted L positions to the left,
as specified by bits 12-15 of the instruction
word. During this operation bit O of the
index register is shifted to bit 15 of the
accumulator and bit 0 of the accumulator
is shifted to bit 15 of the index register.

Example:
0A7C Stc D 12
[ (acr)  (XR)
Initial | 1234 5678
Final " || 4567 8123

SRL L Shift Right Logical Left Byte

T: [L = 5] +1'(Round to largest integer)
Equations:

(ACRy, « (ACR)y, + 2]

(ACR)y « 0

Type: A
Direction: 8

The contents ot bits 0-7 of the accumulator
are shifted L positions to the right as
specified by bits 12-15 of the instruction
word. Bits shifted out of bit position 7-are
lost and zeros are inserted into bit position
0. The contents of bit positions 8-15 of the
accumulator are not affected by this
instruction.

Example:

0A82 SRL L 2

ﬂ(ACR)
8145

2045

Initial

Final




3LL L Shift Left Logical Left Byte

T: [L = 5] +1 (Round to largest integer)
Equations:
(ACRlg, <« (ACRJ, , X 21U

(ACR}; « 0

Type: A

Direction: 9

The contents of bit positions 0-7 of the
accumulator are shifted L positions to the
left as specified by bits 12-15 of the
instruction word. Bits shifted out of bit
position O are lost and zeros are inserted
into bit position 7. The contents of bit
positions 8-15 of the accumulator are not
affected by this instruction.

Example:

0A98 StL L 8

(ACR)
Initial || FFFF
Final O0OFF

SRL R Shift Right Logical Right Byte

T: [L = 5] +1 (Round to largest integer)
Equations:

(ACRlg 15 < (ACR)g 4o + 21

(ACR)8 ~ 0

Type: A

Direction: A

The contents of bit positions 8-15 of the
accumulator are shifted L positions to the
right, as specified by bits 12-15 of the
instruction word. Bits shifted out of bit
position 15 are lost and zeros are inserted
into bit position 8. The contents of bit
positions 0-7 of the accumulator are not
affected by this instruction.

Eixample:

0AA1 SRL R 1

[ (acr)
Initial 8201
Final 8200
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SLL R Shift Left Logical Right Byte

T: [L = 5] +1 (Round to largest integer)
Equations:

(ACR)g45 « (ACR)g 4o X 21U

(ACR),5 « 0

Type: A
Direction B

The contents of bit positions 8-15 of the
accumulator are shifted L positions to the
left as specified by bits 12-15 of the
instruction word. Bits shifted out of bit
position 8 are lost and zeros are inserted
into bit position 15. The contents of bit
positions 0-7 of the accumulator are not
affected by this instruction.

Example:
OAB1 SLL R 1

|[ (ACR)
Initial 8201
Final 8202

SRC L Shift Right Circular Left Byte

T: [L. = 5] +1 (Round to largest integer)
Equation:

= olL]
(ACR),, < (ACR),_, +2
V (ACR)I8-LI

[8—-L]-7
Type: A
Direction: C

The contents of bit positions 0-7 of the
accumulator are shifted L positions to the
right as specified by bits 12-15 of the
instruction word. During this operation bit
7 of the accumulator is shifted into bit O of
the accumulator. The contents of bit
positions 8-15 of the accumulator are not
affected by this instruction.

Example:

DAC2 SRC L 2

(ACR) |
Initial || A455
Final 2955




SLC L Shift Left Circular Left Byte

SRCR

T: [L = 5] + 1 (Round to largest integer)
Equation:
(ACR),., « (ACR)y, X 2!

- o(8-L1
V (ACR) + 28874

Type: A
Direction: D

The contents of bit positions 0-7 of the
accumulator are shifted L positions to the
left as specified by bits 12-156 of the
instruction word. During this operation bit
0 of the accumulator is shifted to bit 7 of

the accumulator.

The contents of bit

positions 8-156 of the accumulator are not

affected by this instruction.

Example:

0ADA4 SLC L 4
[ (acr)

Initial A455

Final 4A55

Shift Right Circular Right Byte
T: [L = 5] +1 (Round to largest integer)
Equation:

(ACR)g15 < (ACRIg 45 + 2

[8—t1
V(ACR) 16 115
Type: A
Direction: E

The contents of bit positions 8-15 of the
accumulator are shifted L positions to the
right as specified by bits 12-16 of the
instruction word. During this operation bit
15 of the accumulator is shifted to bit 8 of
the . accumulator. The contents of bit
positions 0-7 of the accumulator are not
affected by this instruction.

Example:

OAES SRC R b
I (acr)

Initial 0436

Final 04B1
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SLC R Shift Left Circular Right Byte

T:[L=5]+1
Equation:
« [L]
(ACR)g 15 < [ACRIg 45 X 2
V(ACR) = 28t |
Type: A
Direction: F

The contents of bit positions 8-15 of the
accumulator are shifted L positions to the
left as specified by bits 12-16 of the
instruction word. During this operation bit.
8 of the accumulator is shifted to bit 15 of
the accumulator. The contents of bit
positions 0-7 of the accumulator are not
affected by this instruction.

Example:

0AF5 SLC R 5
[ (acr)

Initial 0436

Final 04C6

2-1.6 Class b - Halt

Class 5 has one instruction—the halt instruction. It,
has a 4-bit operand field which is not used by the
instruction; however, it is wuseful to the
programmer for identifying various halts. The
operand field, if used must contain a decimal
constant.

QObject Format:

0 0 0 {not used)
0 34 7 8 1112 15
Source Format:
Label HLT operand &
comments
1 89 10 1314 15 16 80

Operand may be decimal constant only.



LT Halt

T: 1
Equation: None

The central processing unit is placed in the
Halt state. To resume computation the run
switch on the control panel must be
activated.

21 .7 Class 6 - Generic with No Address
Class 6 instructions do not use any addresses in
their operand fields.

Object Format:
!

1 Type Item (not used)
0 34 78 1" 12 15
when Type = 0; Control
Type = 1; Accumulator or Index
Operation
Type = 8; Skip
Type = A; No Operation

'Source Format:

Label Comments
1 89 10 13 14 15 16 80
SLM Set Local Mode

T:1

Equation: (CCFGLB) « 0

Type: 0

Item: 4

The central processing unit is placed in the
local addressing mode causing the contents
of the extension register (EXR) to be used
in forming the base address of indexed
instructions.

Example:
0040 SLM
i (ccrGLB)
Initial Oor1
Final 0
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SGM

CEX

CXE

Set Global Mode

T:1

Equation: (CCFGLB) <« 1

Type: O

Item: 5

The central processing unit is placed in the
global addressing mode. The contents of
the extension register (EXR) are not used
in forming the base address of indexed
instructions. The bit positions normally
provided by the EXR are set to 0.

Example:
0050 SGM
i (ccFaLB)
Initial Oor1
Final 1

Copy Extension to Index
T:1
Equation: (IXR), , < (EXR)

Type: 0

Item: 6

The contents of bits 0-4 of the index
register are replaced by the contents of the
extension register. The contents of the
extension register and the contents of the
remaining bits of the index register remain
unchanged.

Example
0060 CEX
fl 1XR)  (EXR)
Initial FFFF 00
Final 07FF 00

Copy Index to Extension
T: 1
Equation: (EXR) < (IXR)y_,

Type: 0

ltem: 7

The contents of the extension register are
replaced by the contents of bits 0-4 of the
index register. The contents of the index
register remain unchanged.



MSK

UNM

Example: CLR
0070 CXE
[ (ExR)  (XR)
Initial 00 FFFF
Final IF FFFF
Mask Interrupts (See Section 4}
T:1
Equation: (ITFINH) « 1
Type: 0
Item: A
The interrupt system is inhibited from
processing any interrupts that may occur.
The interrupt condition of each level will
remain pending (WAIT state) and will be CMP
processed when the inhibit condition is
removed with a UNM instruction. An
interrupt sub-routine in process is not
affected by execution of this instruction.
Example:
00AO MSK
[ atFinm)
Initial Oor1
Final 1
Unmask Interrupts (See Section 4)
T:1
Equation: (ITFINH) < O
Type: O
ltem: B _
The interrupt system is unmasked to allow
enabled interrupts to be serviced as
required.
Example: INV
00BO UNM
[ aTrinm)
Initial Qori
Final 0
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Clear Accumulator
T:1

Equation: (ACR) < 0
Type: 1

ltem: O

The contents of the accumulator are.
replaced by 0.
Example:

0100 CLR

I (AcR)

initial 1234
Final

0000

Complement Accumulator

T: 1

Equations: (ACR) « [(ACR) + 1]
(ADFOVF) « {(ACR) = 8000,4}

Type: 1

Item: 1

The contents of the accumulator are
replaced by the two's complement of the
contents of the accumulator. The overflow
flip flop will be set if the number -215 is
complemented.

Example:
0110 CMP
(ACR)
Initial 1234
Final EDCC

Invert Accumulator

T: 1

Equation: (ACR) <« (ACR)

Type: 1

Item: 2

The contents of the accumulator are

replaced by the one’s compiement of the
contents of the accumulator.



CAX

CXA

Example:

0120 INV
(ACR)
Initial || 1234
Final || EDCB

Copy Accumulator to Index

T:1

Equation: (IXR) <« (ACR)

Type: 1

Item: 3

The contents of the index register are

replaced by the contents of the accumulator.

The contents of the accumulator are not

affected.

Example:
0130 CAX
{UXR)  (ACR)
Initial || 5678 1234
Final 1234 1234

Copy Index to Accumulator
T:1
Equation: (ACR) <« (IXR)

Type: 1
Item: 4

The contents of the accumulator are
replaced by the contents of the index
register. The contents of the index register
are not affected

Example:
0140 CXA
[ (ACR) _ (IXR)
Initia! || 5678 1234
Final 1234 1234
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SAZ

SAP

SAM

Skip on Accumulator Zero
T: 1
Equation: (PCR) <« (PCR) + 1 + {{ACR) = 0}

Type: 8
Item: O

If the contents of the accumulator are zero,
the next instruction in sequence is-skipped;
otherwise, the next instruction in sequence
is executed. The contents of the
accumulator are not affected.

Example:
0100 0800 SAZ
(PCR) (ACR)
Initial | 0100 0000
Final 0102 0000

Skip on Accumulator Plus
T:1
Equation:
(PCR) <« (PCR) + 1 + {(ACR) > 0}
Type: 8
Item: 1

If the contents of the accumulator are
greater than or equal to zero, the next
instruction in sequence is skipped;
otherwise, the next instruction in sequence
is executed. The contents of the
accumulator are not affected.

Example:
0100 0810 SAP
[ (PCR) _ (ACR)
initial || 0100 8004
Final 0101 8004

Skip on Accumulator Minus

T: 1
Equation:
(PCR) < (PCR) + 1 + {{ACR) < 0}

Type: 8



SAO

SLS

Item: 2

If the contents of the accumulator are less
than 0, the next instruction in sequence is
skipped; otherwise, the next instruction in
sequence is executed. The contents of the
accumulator are not affected.

Example:
0200 0820 SAM
| (Pcr)  (ACR)
initial |{ 0200 8004
Final 0202 8004

Skip on Accumulator Odd
T:1
Equation: (PCR) < (PCR) + 1 + {(ACR)15 - 1}

Type: 8
Item: 3
If the _contents of bit 15 of the
accumulator is equal to 1, the next
instruction in sequence is skipped;

otherwise, the next instruction in sequence
is executed. The contents of the
accumulator are not affected.

Example:
0200 0830  SAO
i ;Pcr)  (ACR)
Initial || 0200 8004
Final || 0201 8004

Skip on Compare Less
T: 1
Equation:
(PCR) <« (PCR) + 1 + {{ADFNEG} = 1}
Type: 8
Item: 4

If the contents of the negative comparison
flip flop specify that the contents of the
accumulator were less than the operand of
the last previous compare instruction, the
next instruction in sequence is skipped;
otherwise, the next instruction in sequence
is executed. Neither the contents of the
accumulator nor the contents of the
negative comparison flip flop are affected.

2.18

SXE

SXP

Example:

0100 0840  SLS
[ (cr)  (ADFNEG)
Initial || 0100 1
Final 0102 1

Skip on Index Even
T:1
Equation:

(PCR) <« (PCR) + 1 + {(IXR),. = 0}
Type: 8 15
ltem: b

If the contents of bit 15 of the index is
equal to 0, the next instruction in sequence
is skipped; otherwise, the next instruction
in sequence is executed. The contents of
the index register are not affected.

Example:
0100 0850 SXE
| (Pcr)  (XR)
tnitial | 0100 432F
Fina! 0101 432F

Skip on Index Positive*
T: 1+ {(IXR) = 0}
Equation:
(PCR) « (PCR) + 1 + {(IXR) > 0}
Type: 4
ltem: O
Bits 12-15: 0

If the contents of the index register are
greater than or equal to 0O, the next
instruction in sequence is skipped;
otherwise, the next instruction in sequence
is executed. The contents of the index
register are not affected.

*Skip on Index Positive is a special case of
the instruction: IXS, increment the index
and skip with the literal value added
always equal to 0.



ISXM

SEQ

Example:

0300 0400 SXP

i (PCR)  (IXR)
Initial || 0300 0004
Final || 0302 0004

Skip on Index Minus (Negative) **
T: 1+ {{IXR) < 0}
Equgtion:
(PCR) <« (PCR) + 1 + {lIXR) < 0}
Type: 5
Item: O
Bits 12-156: 0

If the contents of the index register are less
than 0, the next instruction in sequence is
skipped; otherwise, the next instruction in
sequence is executed. The contents of the
index register are not affected.

**Skip on Index Minus is a special case of
the instruction: DXS, Decrement the Index
and Skip with the literal value always equal
to 0.

Example:
0100 0500  SXM
[ (Pcr)  (1XR)
Initial || 0100 0001
Final || 0101 0001

Skip on Compare Equal
T:1
Equation: .
(PCR) « (PCR) + 1 + {(ADFEQL) = 1}
Type: 8
ltem: 6

If the contents of the comparison storage
register specify that the contents of the
accumulator were equal to the operand of
the last previous compare instruction, the
next instruction in sequence is skipped;
otherwise, the next instruction in sequence
is executed. The contents of the
accumulator are not affected.

2.19

SNE

SGR

Example:

0100 0860  SEQ
| (PCR)  (ADFEQL)
Initial 0100 1
Final || 0102 1

Skip on Compare Not Equal
T:1
Equation:
(PCR) « (PCR) + 1 + {(ADFEQL) = 0}
Type: 8
ltem: 7

If the contents of the comparison storage
register specify that the contents of the
accumulator were not equal to the operand
of the last previous compare instruction,
the next instruction in sequence is skipped;
otherwise, the next instruction in sequence
is executed. The contents of the
accumulator are not affected.

Example:
0100 0870  SNE
[ cry (ADFEQL)
Initial 0100 0
Final 0102 0

Skip on Compare Greater

T:1
Equation:
(PCR) « (PCR) + 1
+ {{tADFEQL) = 0} A {(ADFNEG) = 0}}
Type: 8
Item: 8

{f the contents of the comparison storage
register specify that the contents of the
accumulator were greater than the operand
of the last previous compare instruction,
the next instruction in sequence is skipped;
otherwise, the next instruction in sequence
is executed. The contents of the
accumulator are not affected.



Example:
0200 0880 SGR
[ (Pcr)  (ADFEQL) (ADFNEG)
fnitial | 0200 0 0
Final 0202 0 0

SLE

Skip on Compare Less Than or Equal
T:1
Equation:
(PCR) <« (PCR) + 1
+ {{{tADFNEG) = 1} V {(ADFEQL) = 1}}

Type: 8
item: 9

If the contents of the comparison storage
register specify that the contents of the
accumulator were less than or equal to the
operand for the last previous compare
instruction, the next instruction in
sequence is skipped; otherwise, the next
instruction in sequence is executed. The

contents of the accumulator are not
affected.

Example:

0200 0890 SLE

[ tPcr) (ADFEQL) (ADFNEG)

0200 0 0
0201 0 0

Initial

Final

SNO

Skip on No Overflow
T:1
Equations:
(PCR) <« (PCR) + 1 + {{ADFOVF) = 0}
(ADFOVF) < O
Type: 8
ltem: A
If the contents of the overflow storage flip
flop is zero the next instruction in
sequence is skipped; otherwise, the next
instruction in sequence is executed. The
contents of the overflow storage flip flop is
set to zero.
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SSE

§SO

Example:

0100  08A0  SNO
I tPcr)  (ADFOVF)
Initial || 0100 1
Final 0101 0

Skip on Sense External

T:1

Equation: (PCR) « (PCR} + 1 + {SSE = 0}
Type: 8

Item: B

If the external sense line is false, the next
instruction in sequence is skipped;
otherwise, the next instruction in sequence
is executed.

Example:
0100 08B0 SSE
[ (Pcr) sse
Initial 0100 1
Final 0102 1

Skip on Sense Switch O False
T: 1
Equation: (PCR) « (PCR) + 1 +{SSO - 0}

Type: 8
Item: C

If sense switch zero is false, the next
instruction in sequence is skipped;
otherwise, the next instruction in sequence
is executed.

Example:
0100 08C0O  SSO
| (PCR)  sSO
Initial | 0100 0
Final || 0102 0




SS1

SS3

Skip on Sense Switch 1 False

T: 1

Equation: (PCR) < (PCR) + 1 +{SS1 = 0}
Type: 8

Item: D

If sense switch one is false, the next
instruction in sequence is skipped;
otherwise, the next instruction in sequence
is executed.

Example:
0200 08D0 SS1
[ (Pcr) ssi
Initial 0200 1
Final 0201 1

Skip on Sense Switch 2 False

T: 1

Equation: (PCR) « (PCR) + 1 + {SS2 = 0}
Type: 8

ltem: E

If sense switch two is false, the next
instruction in sequence is skipped;
otherwise, the next instruction in sequence
is executed.

Example:
0200 08EO SS82
[ (Pcr)  ss2
Initial || 0200 0
Final 0202 0

Skip on Sense Switch 3 False

T:1

Equation: (PCR) < (PCR) + 1 + {SS3 = 0}
Type: 8

ltem: F

tf sense switch three is false, the next
instruction in sequence is skipped;
otherwise, the next instruction in sequence
is executed.

Example:

0100 08F0 SS3
fl (Pcr) ss3
Initial 0100 1
Final 0101 1
NOP  No operation*

T: 1

Equation: (PCR) « (PCR) + 1

Type: A

ltem: O

Bits 12-15: 0

This instruction does not do anything but
cause the next instruction in sequence to
be executed.

*No operation is a special case of the
instruction: SRL, Shift Right Logical with
the shift length equal to 0.

Example:
0A00 NOP
{ACR)
Initial 1234
Final 1234

2-1.8 Class 7 — Generic with Byte Operand
Class 7 instructions operate on their least
significant byte literal.

Object Format:

2.2

0 Type M (Literal Byte)

8 15

Literal Byte varies from 00 - FF1g (O - 2651q)



Source Format:

Label

Operand &

Mnemonick:
: Comments

IXS

DXS

8 910 13 14 15 16 80

Increment Index and Skip
T: 1+ {(IXR)= 0}
Equations:
(IXR) « (IXR) + [Mlg ¢

Type: 4 (PCR) « (PCR) + 1+ {0XR) > 0}

The algebraic sum of the contents of the
index register plus the unsigned literal, bits
8-15 of the instruction word, replace the
contents of the index register. If the sum is
greater than or equal to zero the next
instruction in sequence is skipped;
otherwise, the next instruction in sequence
is executed.

Example:

0100 0404 IXS 04

[ (pcrr  (xR)

0100
0102

FFFE
0002

Initial

Final

Decrement Index and Skip
T: 1+ {{IXR) < 0}

Equations:
(IXR) < (IXR) — [Mlg g
(PCR) <« (PCR) + 1 + {IXR) < 0}

Type: b

The algebraic difference between the
contents of the index register and the
unsigned literal, bits 8-15 of the instruction
word replace the contents of the index

register. If the contents of the index
register are less than zero the next
instruction in sequence is skipped;

otherwise, the next instruction in sequence
is executed.
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LLB

CLB

Example:
0100 0504 DXS 04
Il (PCR)  (IXR)
Initial 0100 0004
Final 0101 0000

Load Literal Byte
T:1

Equation: (ACR)g ;5 « [Mlg 45
Type: 6
The contents of bits 815 of the

accumulator are replaced by the literal, bit:
8-15 of the instruction word. The content:

of bits 07 of the accumulator are
unaffected.
Example:
06FC LLB —4
(ACR)
Initial 2300
Final 23FC

Compare Literal Byte
T:1
Equations:
(ADFNEG} < {(ACRlg 45 — IMlg 45 <0}

(ADFEQL) <« {{ACR)g 15 — [Mlg 45 = 0}
Type: 7

The contents of bits 815 of the
accumulator are compared to the literal,
bits 8-15 of the instruction word, and the
result stored in the comparison register
specifying whether the contents of bits .
8-15 of the accumulator were less than,
equal to, or greater than the literal. Both
the literal and the contents of bits.8-15 of
the accumulator are treated as 8-bit two's
complement numbers for the purpose of
this comparison.

Example:
070C  CLB X ‘C’
[ (Acr) (ADFEQL) (ADFNEG)
initial || 230C 0O 0
Final || 230c 1 0




LPL

Load Protect Lower

{Memory Protect Option; See Section 6-7)
T:1

Equations: (MPRL), g « [Mlg s

(MPRL) <0

9-15
Type: D

The contents of bits 8-15 of the instruction
word are loaded into bits 1-8 of the
Memory Protect Lower Register. Bits 9-15
are forced to zero.

Example:
0D40 LPL X '40°
(MPRL)
Initial || 0000
Final 2000

Load Protect Upper

{Memory Protect Option: See Section 6-7)

T:1

Equations: (MPRU), g « Mlg.15
(MPRU)g e < 1

Type: E

The contents of bits 8-15 of the instruction
word are loaded into bits 1-8 of the
Memory Protect Upper Register. Bits 9-16
are forced to all ones.

Example:
OE40 LPU X ‘40’
i (MPRU)
Initial 007F
Final 207F

2-1.9 Class 8 - Input/Output {See Section 4)
Class 8 instructions communicate with the
peripheral equipment. Two operands, 4 bits
each, are required to specify the device and
function, respectively. The two operands
must be separated by a comma.
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Object Format:

0 Type Device Function
0 34 78 15
Source Format:
Label Mnemoni Operand &
Comments
1 8910 13 14 15 16 80
DIN  Direct Input
T: 2 '
Equation: (ACR)y 45 < (DIN}g g
Type; 2

Device and Function:
{See Section 5 or Appendix L.)

Bits 8-15 of the instruction

are transferred to the DIO address bus and
an input strobe is generated. At the trailing
edge of the input strobe, the contents of
the accumulator are replaced by the data
applied to the DIO input data bus. Bits
8-11 of the instruction word designate the
device selected for input and bits 12-15 of

the instruction designate the selected
function.

Example:

02ED DIN X'E', X ‘D’

" (Address Bus) DIO Input Bus (ACR)
Initial 00 0002 FFFF
Final ED 0000 0002

DOT Direct Output
T:2
Equation (DOT), ;. < (ACR)y 46
Type: 3

Device and Function: (See Section 5 or
Appendix L.)



Bits 8-15 of the instruction are transferred
to the DIO address bus, the contents of the
accumulator are transferred to the DIO
output data bus, and an output strobe is
generated. The contents of the accumulator
are not affected. Bits 8-11 of the
instruction word designate the device
selected for putput and bits 12-15 of the
instruction word designate the selected

function.
Example:
0300 DOT X'E', X'F’
" Address Bus (ACR) DIO Out Bus
Initial 00 0020 0000
Final EF 0020 0020

2-1.10 Class 9 - Optional Hardware Double Word
Instructions

Class 9 instructions are these thal require two
words for their operation while using the
accumulator and index register as a double register.
The first word of the instruction contains the
operation code and the second word contains the
effective address, M.

Object Format:

Operation Code First Word

M (effective word address) Second Word

15

Source Format:

L.abel Mnemonic§ Operand &
¥ Comments
1 8 9 10 13 14 15 16 80
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MPY  Multiply (See Section 6-4)

N 2N
T 6;— ¥ _1;_ + .__52 (Round upward to whole in

where N is the number of ““ones’ in the
multiplier

Equations:

(IXR, ACR); 45 445 « (ACR)y 415 X (M)y 45

(ACR)y < (IXR)y < {(ACR}q © (M), = 1}

(ADFOVF) < {{(ACR)q_1g = 8000}V {{M) ;o
= 8000}}

OP Code: OBOF

The multiply instruction utilizes a 16-t
multiplier which resides in the accumulat
and a 16-bit multiplicand which resides
the memory location specified by tt
instruction. All negative numbers are e
pressed in 2's complement form.

Execution of the multiply instructic
produces a 31-bit algebraic product in tt
index register and the accumulator. Tfr_
most significant 16 bits of the produc
reside in the index register. The leas
significant 15 bits of the product reside i
bits 1-15,0f the accumulator. The mos<
significant bit (sign bit) of the accumulato
is set to the most significant bit of th_
index register. The product is expressel
in 2's complement form. The overflow fli}
flop will be set if both the multiplier anc
multiplican equal 80001g, the most nega
tive member.

Example:
0100  OBOF  MPY X ‘200'
0101 0200

[ trcr) (1xR) (ACR) (200)
Initial 0100 0000 4000 0040
Final 0102 0020 0000 0040

DIV Divide (See Section 6-4)

T: 10 +{(IXR)g A (M)}

Equations:
(ACR); 15 < UXR, ACR)y 15 1.5 ~ M), 45
(IXR).I_15 < Remainder of

[(IXR, ACR) + (M)

1151115, 1.15
(IXR)y < (IXR)g

(ACR)y < {(XR)y » (M)g = 1}



Special Conditions: Overflow
T: 4
Equations:

(ADFOVF) < {1(M}y_1s < 1(IXRy 15}
(IXR, ACR)y 15 .15 < (IXR, ACR)g 15 o.15
(ACR}y <« (IXR)y

OP Code: 0COF

The divide instruction utilizes a 31-bit
dividend which resides in the accumulator
and the index register. The most significant
16 bits of the dividend reside in the index
register and the least significant 15 bits are
located in bits 1-156 of the accumulator.
The most significant bit of the accumulator
has no effect on the divide instruction. The
16-bit divisor resides in the memory
location specified by the instructions. All
negative numbers are expressed in 1's com-
plement form.

Execution of the divide instruction
produces a 16-bit algebraic quotient in the
accumulator and a 16-bit remainder in the
index register. The sign of the remainder is
the same as that of the dividend. The sign
of the quotient is in bit 0 of the
accumulator. Both the quotient and the
remainder are in two’s complement form.

The execution time of the divide instruc-
tion is 10 cycles except when the divi-
dend is negative and the divisor is positive,
it is then 11 cycles.

Care must be exercised in the set-up of the
divide instruction to avoid an overflow
condition. An overflow condition exists
when the absolute value of the divisor is
equal to or less than the absolute value of
the most significant half (Index Register) of
the dividend. If this condition exists, the
overflow indicator will be turned on and
the dividend contained in the index register
and accumulator will remain unchanged;
except bit 0 of the index register is copied
into bit 0 of the accumulator. The
execution time of the divide instruction for
overflow is 4 cycles.
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Example:
0100 OCOF DIV X200
0101 0200

[ tPcr) (XR) (AcR) (200)
Initial 0100 0001 0000 0002
Final 0102 0000 4000 0002

2-1.11 Class 10- Set Memory Bank

The SMB, set memory bank instruction constructs
a 15-bit word address from the expression in the
operand field. This expression may consist of any
legal constant or variable with the exception of a
byte address, or an external if it is an absolute
program.

From the constructed 15-bit word address the five
most significant bits are copied into the extension
register. This will set the extension register to point
to the byte page in which the created 15-bit
address resides.

Object Format:

0 0 100 ‘Effective Byte Page No.
0 34 78 1011 15
Source Format:
Label SwB ég rcri{risesn%s
1 8 910 13 14 15 16 80
SMB  Set Memory Bank*
T:1
Equations:
(EXR)} 04 € Effective Byte Page Number
Type: 8or 9

The contents of bits 0 to 4 of the extension
register are replaced by bits 12-15 of the
instruction.

See Section 1-4.4.1.

*Set Memory Bank is assembled as either a

Set Memory Lower or Set Memory Upper
instruction.



Example:
0080 SMB BILL
(EXR)
Initial 05
Final 00

NOTE: The expression BILL represents an
address that resides in byte page 0 in this
example.

S —

2-2 PSEUDO INSTRUCTIONS

2-2.1 General

Pseudo instructions {or operations) are assembly
“directives that allow the user to specify program
parameters. The directives provided are classified as
1) Symbol and Data Definitions and 2} Assembler
Control. Types of addressing, data, symbols,
memory usage, and subroutine names may be
defined.

Not all speudo instructions are compatible with
every 706 assembler. Therefore, the usage of each
directive will be indicated by assembler title (e.g.,
SYM I, SYM I).

2-2.2 Symbol Data and Definition
The directives in this category provide easy
definitions of the following types of constants:

1. Data for one computer word.

2. Data for one computer byte.

. Alphanumeric data, two characters per word,
called a text string.

. Two word {double precision) integer.
. Multiword floating point real numbers.

. Symbol definitions may be accomplished by
equating symbols to expressions.

. Reserving core storage areas.
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Source Format:

Label

Pseudo
OP Code

8910 13 14 15 16 ‘

DATA Data

BYTE

Usage: SYM {, SYM 11

The DATA directive defines data to fill or,
(1) word. Its operand may be an
expression. To specify data for more tha
one word, separate each expression wit
delimiting commas. The pseudo op D ma
be used as an abbreviation of DATA
Repeated commas indicate operands wit
the value zero.

Examples:

Label
SOCK
TAP
ELE

Operation
DATA

D

DATA

Operand
R,S,/R./S

7 +ZERO, , 0

A, ‘BC’, X"ABCD’

Byte
Usage: SYM |, SYM |1

SYM L

The BYTE directive defines data to fill twc
bytes. The two operands are delimited by
comma. If more than two operands ar
given, only the first two are used.

SYM 1i:

The BYTE directive defines data to fill r,
bytes—two bytes per word. The operand:
are delimited by a comma. If n is an odc
number of bytes, one more byte will be
added by the assembler to make the string.
end on a word boundary. The additional
byte will be zero (0).

Examples:
Label Operation Operand
SQRT BYTE 1,'E’
BYTE X'BB’,JOE,SAM, O
e —
ignored fo.
SYM 1



XT

iPl

" Word 1
C Word2 | 0

Text
Usage: SYM |1

The TEXT directive defines alphanumeric
data to fill as many words as necessary to
accommodate the given data, two
characters per word. The text string is
initiated and terminated with an
apostrophe. |f an apostrophe is desired as
part of the text string, it must be indicated
by two successive apostrophes. Only one
apostrophe will be inserted into the data. If
the number of text bytes is odd, an extra
byte will be added by the assembler to
make the string end on a word boundary.
The additional byte will be a blank.

Example:

Label Operation Operand

KARL TEXT ‘ABCDEF12F3F5’

DAVE TEXT ‘ISN“T IT GREAT'
TEXT ‘A

Double Precision Decimal integer
Usage: SYM 11

The DPI directive is used to define a double
precision decimal integer data type. More
than one double precision integer may be
specified by separating each integer defini-
tion with delimiting commas. Repeated com-
mas indicate operands with the value zero.
The defined integer is assembled into the
next two words of the programs. These
words have the following format:

Sign|Most significant half of decimal integer.

Least significant half of decimal integer.

01 15

The sign bit {bit 0) of word one signifies the
algebraic sign of the decimal integer. Bit O
of word 2 is always 0.

Label Operation Operand

ME DPI -123456789
DPI 999999999
DPI 2, -8878876,,9
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REAL Two Word Floating Point Number

Usage: SYM I

The REAL directive defines a single
precision floating point real number. More
than one single precision real number may
be specified by separating the number
definitions with delimiting commas.
Repeated commas indicate an operand with
a value zero. The defined real number is
assembled into next two words of the
program. These words have the following
format:

Word 1 | least significant | exponent biased
part of mantissa | by X'80°
Word 2| sign most significant part of
mantissa
0 7 8 15

EPRL

The sign bit (bit 0) of word 2 indicates the
algebraic sign of the mantissa of the single
precision real number. This data type is
used only in FORTRAN IV.

Example:

Label Operation Operand

MY REAL -78546.23E+20,,27.4E2
REAL +2487.333E+2

Mid Precision Real Number
Usage: SYM 1

The EPRL directive defines a mid-precision
floating point real number. More than one
mid precision real number may be specified
by separating the number definitions with
delimiting commas. Repeated commas
indicate an operand with value zero. The
defined real number is assembled into the
next three words of the program. These
words have the following format:



exponent biased
Word 1 0 by X'80"
Word 2] sign most significant part of
mantissa
Word 3 0 least significant part of
mantissa
0 7 8 15

DPRL

Word 1

Word 2

Word 3 0

Word 4 0

The sign bit (bit 0) of word 2 indicates the
algebraic sign of the extended precision real
number. Bit 0 of word 3 is always zero.
This data type is used in FORTRAN,
FORTRAN 1V, and by the math package.

Example:

Label
SELF

Operation
EPRL

Operand
+2,776432.389E20

EPRL ~-123456.789E-9

Double Precision Real Number
Usage: SYM 1l

The DPRL directive defines a double
precision floating point real number. More
than one double precision real number may
be specified by separating the number
definitions with delimiting commas.
Repeated commas indicate an operand with
value zero. The defined real number is
assembled into the next four words of the
program. These words have the following
format:

exponent biased
0 by X'80’

most significant part of

sign .
g mantissa

mid significant part of
mantissa

least significant part of
mantissa

0 7 8 15
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EQU

The sign bit (bit 0) of word 2 indicates t
algebraic sign of the double precision rt
number. Bit 0 of words 3 and 4 is alwa
zero.

This data type is used only in FORTRA
AV

Example:
Label Operation Operand
1 DPRL -123456789.9873E-1
DPRL -2,999.9999876E12
Equate

Usage: SYM i, SYM I

The EQU directive equates a symbol to ai
expression. The expression must b
self-defining or completely defined by the
preceding source statements (i.e., no
forward defined).

Examples:

Label Operation Operand

JOE EQU X'3A’ SELF-DEFINEC
A EQU $+JOE PREDEFINEC
KARL EQU ‘NO’ SELF-DEFINED
HERE EQU $ SELF-DEFINEC
Is

Usage: SYM II

The IS directive equates a symbol to an
expression. The only difference between
the IS directive and the EQU directive is
that if a label appears in the label field of
more than one IS directive its value will be
redefined each time rather than being
treated as multiply defined.

Examples:

JOE IS 2

JOE IS X'4’
JOE IS JOE +3

If a label appears in more than one IS
directive its value at any time during the
assembly is determined by the last IS
directive assembled up to that point.



ES

Reserve END

Usage: SYM I, SYM II

The RES directive reserves a block of
words whose size is determined by the
value in the operand field. The value must

be a constant or a previously defined name.

Examples:

Label Operation Operand
VIC RES 10
TOBY  RES A

TOP RES 2048-%

2-2.3 Assembler Control Directives

The directives in this category control the
issembler’s location counter, conditional
arocessing of statements, external definitions and
loader directives. The label field of a control
directive is not used.

pme Origin

Usage: SYM |, SYM |1

SYM i:

The ORIG directive sets the location
counter to the specified value of the
operand field in absolute assemblies. Object
programs produced from such an assembly
are loadable by the bootstrap loader or the
XRAY executive. ORIG must precede
source statements that cause object code to
be produced by the assembler. An assembly
must reside in one 2048 word page.

SYM H

The ORIG directive sets the location
counter to the specified value of the
operand field in absolute assemblies. Object
programs produced from such an assembly
are loadable by the bootstrap loader. Only
one ORIG statement is allowed in an
assembly; however, it may be placed
anywhere in the program to fix the origin
of the next ceil.

Examples:

Label Operation Operand
ORIG 300
ORIG X'7AB’

LOAD
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NTRY

LiIBR

End
Usage: SYM I, SYM I

END causes the assembler to terminate
processing of input statements. It also
allows the option of specifying a transfer
address (a name or constant) in its operand
field on relocatable programs.

Examples:
Label Operation Operand
END
END START
Load

Usage: SYM [, SYM ||

LOAD directs the system loader to load
unconditionally the specified routines
along with the program at object time.

Examples:
Label Operation Operand

LOAD DUMP, DEBUG
Entry

Usage: SYM |, SYM (I

An NTRY statement identifies an entry
point to the program. The label is defined
to the loader which links it to routines in
which the same label was undefined and
external. The NTRY directive must not
preceed the definition of the entry point.

Examples: (Where ENT1,
HERE have been defined).

ENT2, and

Label Operation
NTRY

NTRY

Operand
ENT1, ENT2
HERE

Library
Usage: SYM I, SYM I

The LIBR directive is used to generate
identification labels for routines being
added to the system library. The LIBR
directive must precede all other source
statements. Names in theé LIBR list must
also appear in an NTRY list,

Examples:

Label Operation Operand
LIBR SiN, COS
LIBR DOIO, STAT



DO

Do
Usage: SYM Il

The DO directive provides for repetitive
code generation based upon the value of
the DO variable, a question mark (?). The
“range’’ of the DO directive is one
statement. When used with the PROC
capability, however, the range is extended
to multiple statements. The format of the
DO directive is:

Label Operation Operand

DO E,. E, E,

Where Eq is the initial value of the DO
variable, Eo is the terminal value, and E3 is
the increment for each repetition.

The operands may be expressions.
However, they must always be positive
values. If EqsEp, the next statement is
assembled with ? =Eq. The statement will
be repeated adding E3 to the value of ?
each time. The repetition will terminate
when a value of ? is encountered which is
larger than Eg (that value will not be
included). The repeated statement must
not have a label.

Example: Generate a table of numbers
from -100 to -200 in increments of 5.

Label Operation Operand Comment
TABLE RES 0 LABEL
DO 100,200,5
DATA ?

TRUE Conditional Statement Processing
FALS Usage: SYM I, SYM II

ENDC

The TRUE or FALS directives permit the
programmer to specify the conditional pro-
cessing of statements by the assembler. The
effect of the TRUE or FALS is terminated
by the appearance of the ENDC directive
(end of conditional processing). The label
field of the conditional directive is unused.
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PROC
ENDP

The operand field of TRUE or FALS is com:
posed of two expressions separated by ar
lational operator. Relational operators equat
(=), greater than (> ) and less than (<) are
allowed.

Examples:
Label Operation Operand
TRUE X=Y+3
w DATA 1
ENDC
FALS W=
TRUE Y<W +2
z DATA A
ENDC
B DATA Z=W+1
ENDC

In the first example, if X is equal to Y pius
3, the statement before the ENDC will be
assembled. If the condition is not true, the
DATA statement will not be processed by
the assembler.

In the second example both conditions
must be met, i.e., W# 1and Y<W + 2, fo
the statement labeled Z to be processed.
The statement labeled B will be processed,
if one condition is satisfied, i.e., W # 1.

Procedure Control
Usage: SYM Il

The user is provided with the capability to
create procedures through the use of the
PROC and ENDP directives. The procedure
capability permits the creation of operation
codes to represent frequently employed
instruction sequences. By using.procedures
the user can reduce both the effort and
time involved in developing debugged
programs,

To use a procedure the user defines an
instruction sequence in terms of the
dummy operands P(1), .. .. ,P(N).



The assembler retains this procedure
definition in memory. When the name of
the procedure is encountered in the
operation code field of a statement, the
instruction sequence from the definition is
assembled with the dummy operands
replaced by the values of the arguments in
the reference line. The procedure definition
must precede its reference lines.

The name of the procedure is defined in
the label field of the PROC statement. Only
the first four characters are used as the
procedure name. Labels should not be used
in procedure definitions with the exception
of the IS directive. A definition is
terminated by the ENDP statement.

The dummy parameter P{0) has a special
meaning when wused in a procedure
definition. P(0) is assigned a value equal to
the number of parameters in the procedure
reference line. This feature allows
conditional processing of the procedure
text, based on the number of parameters
given in the reference line. A reference line
to a previously defined procedure may
appear in a procedure definition (i.e.,
procedures may be nested to any level).

Example:

Label Operation Operand

SUM PROC
LDW P(1)
ADD P(2)
STW P(3)
ENDP

PROCEDURE REFERENCE
If the procedure reference line is:
SUM A1, A2, ..., AN
then the correspondence between the

dummy operands P(n)'s and the reference
line argument An's is the foliowing:

P(1) has the value A1
P(2) has the value A2

P(N) has the value .AN
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SUBR
EXIT

tf fewer reference line arguements are given
than are required in the definition, the
absent parameters are assigned the value of
zero.

Example:

Reference line for the previously
defined SUM procedure.

Operand
A, B, TOTAL

Operation
SUM

The equivalent symbolic code would be:.

Operation Operand
LDW A
ADD B
STW TOTAL

Subroutine Entry and Exit

Usage: SYM i1

Two pseudo operations are convenient for
subroutine entry and exit. If the subroutine
has been reached via the JSX calling
sequence, the index register contains the
address of the cell following JSX. To
preserve the return address SUBR pseudc

.op is used.
Label Mnemonic Operand
JOE SUBR

EXIT JOE, n

Where JOE is the entry point and n is the
number of arguments in the calling
sequence. The equivalent code is:

Label Mnemonic Operand
DATA 0

JOE STX $-1
LDX JOE-1
JSX * n

1f n = 0, the return can be given as:

Mnemonic Operand
EXIT JOE
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Section 3
INTERRUPT

I3.1 GENERAL
i The priority interrupt system of the Raytheon 706
i permits rapid response by the computer to events

1 occurring external to the central processing unit

(CPU). One level of interrupt is included with the
basic system; however, expansion up to 16 levels is
optionally available. Each level in the interrupt

| system may assume one of four states.

* Dis= The interrupt level is unable to respond to

, abled: an interrupt. An interrupt signal sent from
an external device is ignored.

" dle: The interrupt level is able to respond to an
interrupt  signal, but none has been
received. The interrupt signal must have a
pulse width greater than 900 nanoseconds.

Wait:  An interrupt signal has been received,
accepted, and the level is awating
processing.

Active: The CPU is processing the interrupt by

execution of a fixed hardware instruction
sequence. The interrupt remains in the
active state until the program executes
either an Interrupt Return or a Disable
‘nterrupt instruction.

Interrupt levels are numbered from 0 to 15, The
lowest enabled interrupt level has the lowest
priority. Level O is lowest. Level 15 is highest. Each
interrupt level is allocated three unique words in
the lower address portion of memory for storage of
the program counter, an interrupt linkage address
and machine status. Memory interrupt locations
are assigned as follows:

0000 Interrupt Level O PCR Save

0001 Linkage Address
0002 Machine Status
0003 Unused

3.1

0004 interrupt Level 1 PCR Save

0005 Linkage Address
0006 Machine Status
0007 Unused

003C Interrupt Level 15 PCR Save

003D Linkage Address
O03E Machine Status
003F Unused

3-2 PROGRAMMING WITH THE INTERRUPT
SYSTEM '

The Raytheon 706 has five instructions which
allow the user to achieve full utilization of the
priority interrupt system. These instructions are
Mask Interrupts (MSK), Unmask Interrupts
(UNM), Enable Interrupt {ENB), Disable Interrupt
(DSB}, and Interrupt Return {INR).

To allow an interrupt subroutine to complete at
least a few essential operations before it is itself
interrupted, the Mask Interrrupts (MSK)
instruction may be employed. Execution of the
MSK instruction inhibits all levels from causing
interruptions to the current program. However, the
interrupt conditions remain pending and will be
serviced by the 706 CPU when the interrupt inhibit
mask is removed. The interrupt inhibit mask is
removed by the execution of the Unmask
Interrupts (UNM) instruction.

Initialization of the Raytheon 706 (power ON or
RESET) sets all interrupt levels to the Disabled
state and removes the interrupt inhibit mask. Each
interrupt level may advance from the Disabled
state to the ldle state by execution of an Enable
Interrupt (ENB) instruction which specifies the
particular level.



The Disable Interrupt (DSB)

instruction changes the referenced interrupt level
from its present state (Idle, Wait, or Active) to the
Disabled state.

When the interrupt subroutine completes its
operation, the interrupt level can be returned to
the Idie state and control returned to the
interrupted program by execution of the Interrupt
Return (INR) instruction. The INR instruction
specifies the interrupt level being returned to the
Idle state and restores the program counter and
machine status to what they were at time of
the interrupt.

3-3 OPERATION OF THE INTERRUPT SYSTEM

The operation of an interrupt level is shown in the
flow chart, Figure 3-1. When power is turned on,
or when the RESET switch on the control panel is
activated, all interrupt levels are set to the Disabled
state and the inhibit interrupt mask is set off.
Interrupt levels, on an individual basis, may be
transferred from the Disabled state to the ldte state
by the ENB instruction.

When an interrupt leve! is in the ldle state, any
interrupt signa! to that level with duration greater
than 900 nanoseconds causes an advance to the
Wait state. An interrupt level in the Wait state is
advanced to the Active state when there is no
higher priority interrupt level in the Active or the
Wait state, the inhibit interrupt mask is off, and
the execution of the current instruction s
completed by the 706 CPU.

When an interrupt level advances to the Active
state a fixed hardware sequence stores the contents
of the program counter, stores the machine status,
places the central processor in global mode, and
transfers to the interrupt linkage address. Machine
status consists of the contents of the extension
register, the overflow indicator, the comparison
indicators, and the memory addressing mode
(local/global) at the time of interrupt. An interrupt
level remains in the Active state until the interrupt
subroutine is completed by execution of the INR
instruction. The INR instruction returns the
interrupt to the ldle state and restores the program
counter and the machine status to their previous
condition at time of interrupt.

3.2

An interrupt level in the Active state does not._

necessarily imply that the 706 CPU is still

processing this particular level of interrupt. The "

706 CPU can be under control of a higher priority

interrupt subroutine. Priority control allows the
in the Wait or Active state to.

highest level
postpone lower priority interrupts that are
pending. For example, if interrupt leve! 7 is in the

Active state, interrupt levels O to 6 that are in the .

Wait state will not be serviced by the 706 CPU.
The pending lower priority interrupts will not be

serviced until interrupt level 7 is changed to the

Idle or the Disabled state by either the INR or the

DSB instruction. However, if any interrupt level _

from 8 to 15 should change to Wait state while
interrupt level 7 is in the Active state, an interrupt
would occur and control transferred to the higher
priority subroutine.

POWER ON

CONTROL PANEL RESET OR
DISABLE (DSB LEVEL X)
DISABLED

i ENABLE (ENB LEVEL X}

INR LEVEL X
IDLE

' INTERRUPT SIGNAL X

WAIT

HIGHE

PRIORITY
EVEL IN ACTIV
-QRWAIT ?

INTERRUPT
MASK
ON?

ACCEPTED
BY
cPU?

ACTIVE
FIGURE 3-1.
INTERRUPT OPERATION FOR LEVEL X
(X=0,1,2........... 15 )



:3-4 INTERRUPT RANKING AND ASSIGNMENT
 Table 3-1 is a list of 706 options and peripheral
_devices arranged in descending order of relative
_priority for interrupt assignment. In any system

consisting of a set of peripheral devices and options
selected from the list, the interrupt level for each
may be assigned according to this ranking.

* When a system does not have sufficient number of
" interrupt levels to permit each option or peripheral
: device to have unique interrupts, then the available
. interrupt levels will be assigned according to the
! following rules:

1. The higher interrupt levels are first assigned
to those devices or options which must
have unique separate interrupts. Level
assignment within this group is according
to priority ranking.

2, The tower interrupt levels will be shared by
the remaining devices.

A maximum of sixteen interrupt lines are provided
in the DIO channel. Each line may be used
individually by a peripheral device or may be
shared by various devices. An interrupt line is used
individually when it is desired to minimize service
response time for a given peripheral device. An
interrupt on a shared interrupt line requires the 1/0
service routine to individually interrogate all active
peripheral devices by means of DIN instructions
for status since more than one device may have
caused the interrupt.

Table 3-1 Interrupt Ranking and Assignment

Interrupt
Levels
Peripheral Option Assignable
Power Fail Safe 1-15*
Memory Protect 1-16*
Memory Parity 1-15*
Interval Timers 1-15
DIO Magnetic Tape 1-15
Card Reader 1-15
Card Punch 1-15
DMA Magnetic Tape — Data Chaining 1-15
DMA Magnetic Tape 1-18
Disc 1-15
Line Printer 1-15
Digital Plotter 1-15
High Speed Paper Tape
Reader Shares One
High Speed Paper Tape { interrupt  0-15
Punch Level
Teletype 0
User Decision Required
A/D Converter 0-15
Buffered Input Channel(s) 0-15
Buffered Qutput Channel(s) 0-15
Time of Day Clock (Normally does
not use an interrupt)
Teletype Multiplexer 0-15

3.3

*Interrupt operation mandatory
NOTE:

Any peripheral may actually be assigned
to any interrupt level, but, the Raytheon
706 software only supports the teletype
and high speed paper tape on level O.
Any other device may be assigned to a
level other than zero.
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SECTION 4

INPUT/OUTPUT

"4 -1 GENERAL

: The Raytheon 706 has two 1/O communication

channels, the Direct Input/Output (DIO) channel
and the Direct Memory Access (DMA) channel
(Figure 2 -1).

The DIO channel transfers data between a periph-
eral device and the 706 CPU accumulator through
direct program control. Instruciions within the
CPU initiate the transfer of data between the
peripheral device and the accumulator, and be-
tween the accumulator and memory. The DIO
channel can service data transfer rates up to 278
kilowords™ per second and is especially suited to
peripheral controtlers of slow and medium speed
devices such as teletypes, card readers, paper tape
readers and punches. An interrupt system pro-
vided with the DIO channel assumes that the CPU
responds rapidly to word input/output requests.

The DMA channel allows peripheral devices to
by-pass the CPU by transferring data directly
between themselves and memory. Instructions
within the CPU initialize DMA data transfers.
The DMA channel can service data transfer rates
up to 1.11 megawords per second and is especially
suited to peripheral controllers of high speed
devices such as disc memory and magnetic tape.
An interrupt system provided with the DMA
channel assures rapid response by the CPU to
block input/output requests.

4 -2 DIRECT INPUT/OUTPUT (Di10O) CHANNEL

4 - 2.1 General Description

The DIO channel exchanges data between external
devices and the 706 CPU accumulator. The chan-
nel consists of an 8-bit address bus, a 16-bit in-
put bus, a 16-bit output bus, two strobe lines,
timing pulses, up to 16 interrupt signals, an
external sense and system reset line, and various
terminator voltages. These buses and signals are

4.1

shown in Figure 4 -1 and described in Table 4-1.

4 - 2.2 Channel Operation

The DIO channel is controlled by two instruc-
tions, Direct Input (DIN) and Direct Output
(DOT). The DIN instruction reads data from an
input device (e.g., card reader} and reports status
from both input and output devices. The DOT
instruction starts peripheral motion for both input
and output devices, writes data on an output
device (e.g., card punch) and terminates periph-
eral operations.

4 -2.2.1 DIN Instruction

The DIN instruction places bits 8—15 of the in-
struction word on the 8-bit address bus and gener-
ates an input strobe (DISB) signal (Figure 4-2).
the 8-bit address bus selects one of sixteen possi-

ble device controllers on the DIO channel and
designates one of sixteen possible functions of each
device controller. The selected device then places
data on the 16-bit input bus. This data is trans-
ferred to the accumulator at the trailing edge of
the input strobe signal (Figure 4-3). Each word
transferred requires the execution of a DIN
instruction.

4 -2.2.2 DOT Instruction

The DOT instruction places bits 8—-15 of the
instruction word on the 8-bit address bus and gen-
erates an output strobe (DOSB) signal (Figure
4 -4). The 8-bit address bus selects one of sixteen
possible device controliers on the DIO channel
and designates one of sixteen possible functions
of each device controller. Output data must be
loaded into the accumulator before the DOT
instruction is executed so that data is present on
the output bus when the output strobe is gener-
ated (Figure 4 - 3). Each word transferred requires
the execution of a DOT instruction.
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Table 4 - 1. Direct Input/Output Channel Signals

SIGNAL {No. of Lines)

PURPOSE

Address Bus (8)
DAD08-DAD15

Data Input Bus (16)
DINOO-DIN15

Data Qutput Bus {16)
DOT00-DOT15

Input Strobe (1)
DISB

Output Strobe (1)
DOSB

Clock and Timing Pulses (4)
KEXT, MTO, MT2, MT4

Interrupt Signals (16)
IRPTOO-IRPT15

External Sense (1)
EXSENS

An 8-bit address bus that transmits selection information
to the input/output system. This information is contained
in the input/output instruction being executed and is
transmitted from the memory buffer register. DAD0OS—
DAD11 defines the device being selected while DAD12—
DAD15 defines the function that the selected peripheral
device is to perform,

A 16-bit input bus that transmits data from the selected
peripheral device to the accumulator. |t is not necessary
for a device to use all of the 16 lines. For example, the
teletype controller uses only the lower 8 positions
(DINO8—DIN15} of the bus.

A 16-bit output bus that transmits data from the accumu-
lator to a selected peripheral device.

A single line that notifies all the peripheral controllers that
there is an address on the DIO Address Bus and that an
input (to the ‘¢omputer) function is being requested.

A single line that notifies all the peripheral controllers
that there is an address in the DIO Address Bus and that
an output is being sent from the computer.

These four lines enable the peripheral devices to synchro-
nize with the memory. MTO, MT2, and MT4 are pulses
with a period of 900 nsec. and a width of 180 nsec.
KEXT is a pulse with a period of 180 nsec. and a width of
50 nsec.

A maximum of 16 interrupt signals are optionally avail-
able within the DIO channel. Each signal corresponds to
one level of interrupt that alerts the 706 CPU of events
external to the CPU. The interrupt signals-have a mini-
mum duration of 900 nsec.

The external sense line informs the CPU when a peripheral
device reaches a given state. The CPU may then test this
line by using the Skip on Sense External {SSE) instruction.
The inclusion of the external sense line in the peripheral
is normally specified by the user.
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Table 4 - 1. Direct Input/Output Channel Signals (Cont)

SIGNAL (No. of Lines)

PURPOSE

System Reset (1)
REXT

Terminator Voitage (3)

The system is reset when the RESET pushbutton (Fig-
ure 7-1) on the CPU control panel is pressed, or when an
initial power-on sequence is performed. The reset line
initializes the peripheral device controller, i.e., reset regis-
ters and halt the device operation. When a reset occurs, the
CPU is placed in the HALT state, all pending interrupts
are eliminated, and all the CPU registers are reset.

This voltage is required for the resistor networks used to

V + 3.0 terminate the DIO lines.
DIN INSTRUCTION ACCUMULATOR
0 2 F1 F2
0 13 41 7 8 1112 15 0 15
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Figure 4 - 2. Direct Input Operation
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;1—3 DIRECT MEMORY ACCESS (DMA)
CHANNEL

=;-—3.1 General Description

“he direct memory access option permits up to
ix external devices to communicate directly with
he memory without going through the CPU data
:hannels. Direct memory accessing does not inter-
iere with normal CPU operation unless both
iequire access to memory during the same machine
sycle.

>rogram execution and direct-memory accessing
sroceed independently at the same time, until
soth require access to memory simultaneously.
At this point, the DMA is given precedence over
the CPU and program execution is suspended
until a machine cycle is available to the CPU.
Operation then resumes until both require access
simultaneously again. Program execution is sus-
pended by suppressing the distribution of clock
pulses in the CPU.

The DMA channel consists of a 15-bit address
i'bus, a 16-bit input bus, a 16-bit output bus, 6
imemory request lines, 6 memory write lines, 6
‘memory acknowledge lines, a system reset line
;and 4 terminator voltage lines. These buses and
;signals are shown in Figure 4-5 and described in
:table 4-2.

" 4 -3.2 Control

The DMA system requires a DIO interface in the
- peripheral controfler in addition to the DMA
¢ interface. The DIO (DOT and DIN) commands
 set the memory starting address for data trans-

fer, set device selection, set the word count to be
¢ transferred, and initiate the data transfer (either
: read or write). In addition, the DIO system

receives status and disconnects any of the periph-
- eral controllers.

After issuing the command to initiate a data

i transfer, the transfer of data between the periph-
eral device and the 706 memory proceeds auto-
matically and without further intervention by the
program. Data is transferred starting with the word
coming from or going to the initial memory ad-
dress specified by a previous DIO command. The
data transfer continues until the initial word count
has been decremented to zero.

4.7

When the word count finally reaches zero, indi-
cating that the data transfer has been completed,
the peripheral controller interrupts the 706 CPU.
The 706 program then reacts the same as when
data has been completely transferred via the DIO
method.

The main advantage of transferring data via the
DMA system instead of the DIO system is that
the overhead {memory space and execution time)
of handling every data word under program control
is eliminated. After the DMA peripheral device has
been initially set up and selected, the 706 user
can proceed with additional processing while await-
ing the transfer-complete interrupt (Figure 4 -6).

The device addresses for identifying DMA periph-
eral controllers are identical to those for D10 (see
Table- 6 -1). The function codes for each device
are defined in Section 5.

4 -4 CABLING AND INTERFACE

Both the DIO and DMA cables use twisted pair
wire for maximum noise rejection. All wires are
TFE coated, 22 gage, silver plated copper (Table
4-3).

The circuits used in the 706, including cable drivers
and receivers, belong to the DTL integrated circuit
family. ‘Logic levels for both DIO and DMA bus
signals are: True ‘1" is 0 to 0.6V and False 0"’ is
nominally +3.0V.

4 -4.1DIO Cable

All DIO signals are available on two Elco 90 pin
connectors which are connected in parallel. Each
connector carries a full set of the DIO signals.
These connectors are labeled J1 and J2, and are
mounted on the back panel of the CPU chassis.
Table 4-4 gives the pin assignment for the DIO
connector.

Cables used for the DIO channel may have a total
length of up to 50 feet.

The two ends of the DIO cable must be terminated
with resistive networks as shown in Figure 4-7.
These networks are packaged in standard DIO
termination caps. This facilitates changing location
of these terminations when the relative position of
the peripheral devices is changed.



4 -4.2 DMA Cable

All DMA signals are available on an Elco 120-Pin
Connector which is mounted on the back panel of
the CPU chassis. This connector is labeled J5.
Table 4-5 gives the pin assignment for the DMA
connector.

The DMA cables are connected directly to the
memory cables which are terminated at the last
memory module. The DMA memory cables may
have a maximum total length of 24 feet.

The last DMA connector in a chain must be ter-
minated with resistive networks as shown in Fig-
ure 4 -7. These networks are packaged in a DMA
termination cap.

4 - 4.3 Cabling of Peripheral Devices

Figure 4 - 8 illustrates cabling of peripheral devices
to the CPU. These are interconnected as a daisy
chain, which requires two connectors for each D10 _
device and two connectors for each DMA device. _
Note that a DMA device also requires the DIO .
channel.

ADDRESS BUS (8)

>

<‘L DATA INPUT BUS (16}

DATA QUTPUT BUS {16}

INPUT STROBE (1)

706

cPU OUTPUT STROSBE (1)

PERIPHERAL
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CLOCK AND TIMING PULSES (4)

CONTROLLER(S)

INTERRUPT SIGNALS (16)

hd

DIO INTERFACE

EXTERNAL SENSE (1)

SYSTEM RESET (1)

TERMINATOR VOLTAGE {3}
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PERIPHERA:

» DEVICE(S)
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Figure 4 -5. Direct Memory Access System
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Table 4-2. DMA Channel Signals

SIGNAL (No. of Lines)

PURPOSE

Address Bus (15)
MMADO1-MMAD 15

Input Bus (16}
MMDI00—-MMDI 15

Output Bus (16)
MMDOO00-MMDO 15

Memory Request (6)
MRQ2-MRQ7

Memory Write (6)
MWT2-MWT7

Memory Acknowledge (6)
MAK2-MAK7

Clock and Timing Pulses (4)
KEXT, DMTO, DMT?2,
DMT4

System Reset (1)
REXT

Terminator Voltage (3)
VvV + 3.0

A 15-bit bus carrying the address of the memory location

-to be read from or written into by a peripheral device.

A 16-bit input bus carrying the data to be written into
the memory location specified by the DMA Address Bus.

A 16-bit output bus carrying the data read from the mem-
ory location specified by the Address Bus.

A DMA device uses one of the six request lines to request
a memory cycle from the CPU. Since it is not possible for
the CPU to grant a memory cycle to all the requesting
devices simultaneously, each request line has a fixed prior-
ity. These request lines are assigned numbers from 2 to 7
with the lowest numbered line having the lowest priority.

A DMA device utilizes a memory write line with its corres-
ponding Memory Request line to denote whether the
request is for a read or a write cycle. If the write line is
true, the request is for a write cycle; if false, the request is
for a read cycle.

The CPU responds to a memory request by setting the
correspond Memory Acknowledge line true. The Acknowl-
edge line informs the peripheral device that the data trans-
fer is enabled.

These four lines enable the peripheral devices to synchro-
nize with the memory. DMTO, DMT2, and DMT4 are
pulses with a period of 900 nsec. and a width of 180 nsec.
KEXT is a pulse with a period of 180 nsec. and a width of
50 nsec.

System reset is performed when the RESET pushbutton
(Figure 7 - 1) on the CPU control panel is pressed, or when
an initial power-on sequence is performed. The reset line
initializes a peripheral device controller, i.e., reset regis-
ters and halt the device operation. When a reset occurs
the CPU is in the HALT state, all pending interrupts are
eliminated, and all CPU registers are reset.

This voltage is required for the resistor networks used to
terminate the DMA lines.
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Table 4 -3. DIO/DMA Wire, Electrical and Cable Specifications

WIRE TYPE
Wire

Size

Twists
Coating
Insulation

Specification Dwg. No.

CIRCUITS

IC Type

Supply Voltage

Silver plated copper
19 strands of 34 gage
12-16 twists per foot
TFE, 0.010 thick
600 volt

531420

TTL

+6 volts £ 10%

DIO CABLE

Connector Type
Pin Assignment
Maximum Length

Part No. for 72-inch
cable

Termination

Termination Cap
Part No.

DMA CABLE

Connector Type
Pin Assignment
Maximum Length

Part No. for 72-inch
cable

Termination

Elco 90-pin

See Tabie 4-4

50 feet

Raytheon 279558-072

Resistor Network
(Figure 4.-7)

Raytheon 279767

Elco 120-pin

See Table 4-5

24 feet

Raytheon 2795567-072

Resistor Network

(Figure 4 -7)
Specification Dwg. No. 531503 Termination Cap Raytheon 279768
Part No.

I~INSTRUCTION FETCH i EXECUTE i NEXT FETCH——‘
CO,Q"E")?TT_ER CLocK To| [T1] [*2] [13][va] [To] [71] [r2] [va][7a] [T0 T3] [Ta

| —| |+ 50 ns | - |1—180nsi 0.9 ys i
DMTO- L] L L]
DMT2- L] ‘ L | L
DMT4-- L] L] LT
MRQ (2-7)
MAK (2-7)
MWT (2--7)

ADDRESS AND DATA INPUT
(tF WRITE TO MEMORY)

DATA AVAILABLE
(iF READ FROM MEMORY)

DATA AVAILABLE

Figure 4 -6. DMA Interface Timing
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Table 4 -4. Direct I/O Connectors J1, J2

Signal Ground Signal Ground

Signal Pin Pin Signal Pin Pin
DINOO— A J DAD10— BB BC
DINO1—~ B J DAD11— BH BC
DINO2-- H J DAD12— BD BK
DINO3— C L DAD13~ BE BK
DINO4-- D L DAD14— BJ BK
DINO5— K L DAD15— BL BN
DIN0O6— E N DOSB— BM BN
DINO7— F N DISB— BF BN
DINO8— M N KEXT— BP BX
DINO9— R AE EXSENS— BR BX
DIN10— X AE REXT~ BS BZ
DIN11-—- AM AE V+3.0A BT BZ
DIN12—~ S 4 V+3.0B cz DA
DIN13— T Z V+3.0C DB DA
DIN14— Y 4 MTO— BY BZ
DIN15— U AB MT2— BU cB
DOTO0- \Y AB MT4— BV CcB
DOTO1— AA AB IRPTOO— BW BX
DOT02— P w {RPTO1—~ CA CcB
DOTO3~— AC w IRPTO2— cC CE
DOTO4-- AD W {RPTO3—- CcD CE
DOTO05— AF AP IRPTO04—- cv CE
DOTO06— AH AP IRPTO5— CF CP
DOTO7— AN AP IRPTO6— CH CcP
DOTO8— AJ AS IRPTO7— CN CP
DOT09— AK AS IRPT08— CcJ CS
DOT10— AR AS IRPTO9— CK Cs
DOT11— AL AU IRPT10— CR CS
DOT12— AT AU IRPT11— CL CcuU
DOT13— AY AU IRPT12— CMm Cu
DOTi14—- AV BA IRPT13— CcT Ccu
DOT156— AW BA IRPT14— Cw CX
DADOS-— AZ BA IRPT15— CcY CX
DADO9— AX BC
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Table 4 - 5. Direct Memory Access Connector J5

Signa! Ground Signal Ground

Signal Pin Pin Signal Pin Pin
MRQ2- A L MMDI04— BH BW
MRQ3- B L MMDI05— 8P BW
MRQ4-— K L MMDI06— cC BW
MRQ5— C N MMDIO7 — BJ BS
MRQ6— D N MMDI08-- BK BS
MRQ7-~ M N MMDI09— BR BS
MAK2— E R MMDI10— BL BY
MAK3— F R MMDI11- BT BY
MAK4 - P R MMDI12- BX BY
MAKS— H T MMD!13— BU CB
MAK6- J T MMDI14— BV CB
MAK7— S T MMDI156— CA CB
MWT2— \ AE MMDOO0— BZ CF
MWT3- w AE MMDOO1T-— CD CF
MWT4-— AD AE MMDO02— CE CF
MWT5~ X AH MMDOO03— CH CK
MWT6— Y AH MMDO04—~ cJ CK
MWT7- AF AH MMDOO05— CL CK
MMADO1— AJ AK MMDO06— CcM CX
MMADO2— AB AM MMDOO07 - CN CX
MMADO3 - AC AM MMDOO08— cw cX
MMADO4 - AL AM MMDO09—- CcpP cz
MMADO5 - u AN MMDO10- CR cz
MMADO6- AW AN MMDO11— cY cz
MMADO7 - AX AN MMDO12— CS L8
MMADO8— AP AZ MMDO13- CT DB
MMADO9— AR AZ MMDO14— DA DB
MMAD10— AY AZ MMDO15— Ccu DD
MMAD11— AS BB MTO— DJ DU
MMAD12-- AT BB MT2— DT DU
MMAD13— BA 88 MT4— DM bw
MMAD14— AU 8D KEXT-— DV DW
MMAD15— AV BD REXT-- DN DY
MMDI00-— BC BD V+3.0G EF EE
MMDIO01— BE BN V+3.0H EH EK
MMDI02— BF BN V+3.0J EJ EK
MMDI03— BM BN V+3.0K EL EK
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- data transfer between the 706 and peripheral devices.

SECTION 5

PERIPHERAL EQUIPMENT
OPERATION AND PROGRAMMING

5-1 GENERAL

This section contains programming requirements for

: 5-1.1 Device Selection

All peripheral devices are selected for operation by
the issuance of a DIN or DOT instruction. Bits
8—11 and 12—15 (F2) of these instructions specify
the device and function selected respectively.
Table 5—1 depicts the assigned device/function
codes in hexadecimal along with their associated
operations. The function codes are listed for DOT
(Direct Output) instructions, unless the codes are
followed by “(1)”, in which case the assignments
are associated with DIN (Direct Input) instruc-
tions. Note: The “(1})" is nut part of the function
code and is shown in the table for clarification
only.

NOTE: Throughout Section 5 the abbreviated
notation for specifying device and function codes
in hexadecimal omit the hexadecimal identifier
(X"} — do not omit this identifier (without equat-
ing the symbols A—E) when coding for assembler
input.

For example:
DOT C, D as shown in text should be coded as

a. DOT X'C’, X'D’ or
b. DOT 12, 13 or
c. CEQU 12
D EQU 13
DOTC,D

Table 5-1. Device/Function Codes & Operations

Codes
Peripheral Operation
Device (F1) Function (F2)
Digital Plotter 0 0 Disconnect controller

1 Select plotter and plot with
data and command in accu-
mulator.

5 Plotter reskt.

o(n Return status to accumu-
lator.

Disc(s) 1 0 Disconnect controller.

1 Set memory address.

2 Set track and sector.

4 Set unit number, number of
words and write. The cyclic
code is not checked duringa
write (see code No. 7).

6 Set unit number, number of
words and read.
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Table 5-1. Device/Function Codes & Operations (Cont.)

Peripheral

Codes

Device (F1)

Function (F2)

Operation

DMA Magnetic Tape

o
1
2(N

3(

—

OO0 m >

o

10

Set unit number, number
of words and verify data
(no data is transferred to
the computer during the
verify operation; however,
the cyclic code is checked).

Return the status of disc
unit O into the accumulator.

Return the status of disc
unit 1 into the accumulator.

Return the status of disc
unit 2 into the accumulator.

Return the status of disc
unit 3 into the accumulator.

Disconnect controller.
Set memory address.

Continue last operation; i.e.,
read or write.

Set word count and write a
record.

Write an end-of-file.

Set word count and read a
record.

Write 3" of blank tape.
Optional — set data chain
address.

Optional — set data chain
word count.

Optional — stop data chain.
Rewind.
Backspace one record.

Advance tape to next end-of-
file.

Return status of unit 0 in the
accumulator.

Return status of unit 1 in the
accumulator.
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Table 5-1. Device/Function Codes & Operations (Cont.)

l

Peripheral Codes Operation
Device (F1) Function (F2)
2 (1) Return status of unit 2 in the
accumulator.
3 Return status of unit 3 in the
accumulator.
4 (1) Return current memory add-
ress to the accumulator.
ADC (s) 3 0 Disconnect
1 Reset error
2 Set random mode unclocked.
6 Set sequential mode
unclocked.
A Set random mode clocked.
E Set sequential mode clocked.
o{n Return status to the
accumulator.
1) Transfer data.
3(l) Transfer data and start.
DAC (s} 4 0-—F Transfer data.
Line Printer 5 0 Disconnect controller.
2 Move paper one space.
3 Move paper to top of form.
4 Load one character.
8 Print.
9 Print and move paper.
o (l) Return status to
accumulator.
Buffered Input 6 o (1) Return status to
Channel (s) accumulator.
1) Input data on channel 1.
2 (1) Input data on channel 2.
3l Input data on channel 3.
4 (1) Input data on channel 4.
Buffered Output 7 1 Transfer data and disconnect
Channel (s) channel 1.
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Table 5-1. Device/Function Codes & Operations (Cont.)

Peripheral

Codes

Device (F1)

Function (F2)

Operation

Card Reader

DiO Magnetic Tape
(Synchronous Read/
Synchronous Write)

o

OO wmW>» ©

m

- O

8
o (1)

4 0r5 (I}

WP O WwN

Transfer data and disconnect
channel 2.

Transfer data and disconnect
channel 3.

Transfer data and disconnect.
channel 4.

Transfer data on channel 1.
Transfer data on channel 2.
Transfer data on channel 3.
Transfer data on channel 4.

Return status to a
accumulator.

Disconnect controller.

Read cards continuously and
send interrupts for each
column.

Stop interrupts for the
remainder of the card in
process. Interrupts resume
with next card.

Do not select card after
card in process has been
read.

Offset the card in process in
output stacker.

Return status into the
accumulator.

Transfer 12 bits of data
from card reader into the
accumulator.

Disconnect controller.

Write EOF.
Write 1 Record.
Read 1 Record.
Rewind.
Backspace
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Table 5-1. Device/Function Codes & Operations (Cont.)

Codes
Peripheral Operation
Device (F1) Function (F2)
F Transfer data out.
o Return status device 0
to accumulator.
1 Return status device 1
to accumulator.
2l Return status device 2
to accumulator.
3() Return status device 3
to accumulator.
F (1) Transfer data in.
DIO Magnetic Tape 9 0 Disconnect controller.
(Synchronous Read/
Iincremental Write) 2 Write EOF.,
3 Write 1 Record.
9 Read 1 Record
A Rewind.
B Backspace
7orF Transfer data out.
on Return status unit O to
accumulator.
7 or F (1) Transfer data in.
Teletype A 0 Disconnect controller.
Multiplexer
1 Set input mode per
station.
2 Set output mode per
station.
3 Output Character.
o Return status to
accumulator.
1N Input Character.
Time-of-Day Clock B 0 Hold clock.
1 Write clock word 1 (option)
2 Write clock word 2 (option)
4 Stop clock.
5

Reset clock.
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Table 5-1. Device/Function Codes & Operations {Cont.)

Codes .
Peripheral Operation
Device (F1) Function (F2)
6 Start clock.
1(1) Read clock word 1.
2{l) Read clock word 2. )
3(n Read clock word 3. {option).
High Speed Paper C 0 Disconnect controller.
Tape Punch
2 Turn on punch power.
3 Turn off punch power.
6 Output character and turn
on punch power.
o{l) Return status to
accumulator.
High Speed Paper D 0 Disconnect controller.
Tape Reader
1 Read forward.
3 Read reverse.
o(n Return status to
accumulator.
4 (1) Transfer character &
disconnect.
5(1) Transfer character &
read forward.
ASR Teletype E 0 Disconnect controller.
1 Select paper tape reader
(ASCII-8).
2 Select printer/punch
(ASCII-8).
3 Select keyboard (ASCII-8).
4 Output character and
disconnect (ASCI1-8).
6 Output character {print/
punch ASCII-8).
8 Disconnect controller.
9 Select paper tape reader
{ASCII).
A Select printer/punch (ASCII).
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Table 5-1. Device/Function Codes & Operations (Cont.)

Codes
Peripheral Operation
P Device (F1) Function (F2) P

B Select keyboard (ASCII).

E Output character (print/
punch ASCII),

o) Return status to
accumulator.

4 (1) Input character & disconnect
(ASCI1-8).

5 (I} Input character (paper tape
reader — ASCII-8).

7{) Input character (keyboard
ASCI1-8).

c{l) Input character & disconnéct
(ASCII).

D (1) Input character (paper tape
reader — ASCII).

F () Input character (keyboard —
(ASCII).

Card Punch F 0 Disconnect controller.

1 Punch cards continuously
and send interrupt for every
two columns punched.

2 Last punch.

3 Stop punch.

4orb Load data.

8 Offset card.

9 Punch & offset card.

A Last punch & offset card.

B Stop punch & offset card.

C orD Load data & offset card.

5.7




5-1.2 Data Bit Assignment for DIO Transfer

All character transfers with DIO devices are made
to and from the 706 accumulator {ACR). Since
each device does not use the same bits of the ACR,
Table 5-2 shows the standard peripheral devices

Table 5-2. Peripheral Data Bit Assignment

with their respective ACR bit assignments includin¢
the unit of transfer these bits represent. Foi
inputing {DIN) unused bit positions are set to zero _
For outputing (DOT), unused bit positions are
unaffected.

Accumulator

Device Bits (msb-Isb) Unit
ASR Teletype 8-1b Byte
High Speed Paper Tape Reader 8-156 Byte
High Speed Paper Tape Punch 8-156 Byte
Card Reader 4-15 One Card Column
Card Punch 4-15 One Card Column
D10 Magnetic Tape
9 track 0-15 Word | 2 Frames
7 track o-11 Word
Plotter 2-7,10-156 Byte
Real Time Clock 0-15 Word
Line Printer 10-15 Byte
Buffered Input Channels 0-15 Word
Buffered Qutput Channels 0-15 Word
Miniverter 0-12 Word
Multiverter 0-14 Word
Digital-Analog Converter 0-156 Word

evices.

DMA 7 and 9-track Magnetic Tape and Disc do not use accumulator but are full word (0-15) transfer
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5-1.3 Status Bit Assignments

All peripheral devices {except Time-of-Day Clock
fand DAC) return a status word to the accumulator
‘within 1.8 useconds after issuing a DIN instruction
‘with a function code of ““0”. This status word can
I be used to determine the readiness of the controller
"and/or device to transmit data or accept a new
‘command. Error information (e.g., parity error,

hopper empty), terminal conditions (e.g., end of
tape) and general information (e.g., write enabled)
are also available via the status word. The normal
case is usually indicated by a status response word
of all binary zeros. Table 5-3 gives the status bit
assignment and meaning when the bit is true or
present.

Table 5-3. Feripheral Status Bit Assignment and Meaning

Device Bit Meaning When True (“on’’ or “1"'}
Plotter 0 Controller has been disconnected.
1 Controller power on.
7 Plotter controller busy (no interrupt).
Disc 0 Controller or device not ready.
13 Write command issued to a protected track.
14 Rate error.
15 Rate or CRC error
DMA Magnetic Tape 0 Controller or device not ready.
1 Device not ready.
2 Beginning of tape or load point.
3 End of tape.
4 Rewinding.
5 Density selected is 200 BPI, 7-track only.
6 Density selected is 556 BP!, 7-track only
7 Format switch is 1, 7-track only.
8 Format switch is 2, 7-track only.
9 Format switch is 3, 7-track only.
10 Magnetic tape continue was last operation.
11 End of file detected.
12 Transferred byte count (0 = even; 1 = odd).
13 Write enabled {write ring in).
14 Rate error.
15 Parity or CRC error, or rate error.
ADC 0 Device busy.
14 Frame Sync.
15 Error.
DAC No status necessary
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Table 5-3. Peripheral Status Bit Assignment and Meaning (Cont.)

Device Bit Meaning When True {“on” or "*1"")
Line Printer 0 Controller or device not ready
1 Device not ready.
7 Controller sending interrupt
Buffered Input Channel (s) 0] Channel 1 interrupting.
1 Channel 2 interrupting.
2 Channel 3 interrupting.
3 Channel 4 interrupting.
Buffered Output Channel (s} 0 Channel 1 interrupting.
1 Channel 2 interrupting.
2 Channel 3 interrupting.
3 Channel 4 interrupting.
Card Reader 0 Controller or device not ready.
1 Controller not ready.
2 Card moving through reader.
3 Reader input hopper empty.
7 Interrupt, no DIN received.
14 Response error. Late DIN from computer.
15 Response error or card reader malfunction.
D10 Magnetic Tape
(Synchronous & incremental} 0 Controller or device not ready.
1 Device not ready.
2 Beginning of tape or load point.
3 End of tape.
4 Rewinding.
6 Function finished interrupt true.
7 Data transfer request interrupt true.
11 End of file detected.
13 Write enabled (write ring in)
14 Rate error.
15 Parity or CRC error or rate error.
Teletype Multiplexer 0 Channel waiting to be serviced.
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Table 5-3. Peripheral Status Bit Assignment and Meaning (Cont.)

Device Bit Meaning When True (“‘on’ or 1"}
1 Unwanted message on remote TTY.
15 Controller not ready.
Time-of-Day Clock No status necessary.
High Speed Paper Tape Punch 0 Controller not ready.
1 Device not ready.
4 Tape low.
7 Interrupt has not been serviced.
High Speed Paper Tape Reader 0 Controller not ready.
1 Device not ready.
7 Interrupt has not been serviced.
ASR Teletype 0 Teletype has been selected.
7 Interrupt has not been serviced.
Card Punch 0 Controller or device not ready.
1 Controller not ready.
7 Interrupt has not been serviced.
13 Punch check error.
14 Response error — DOT late.
15 Response error, card punch malfunction,

or punch error,
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. 5-2 DIO PROGRAMMING

There are three methods of transmitting data via
the DIO channel: Status Testing, Burst, and

Interrupt.
5-2.1 Status Testing Method

The status testing method of programming the D10
channel involves requesting status with a DIN
DEV, O instruction. The response is then tested to
determine if the device is ready to send or receive
the next character. Interrupts are not used and the
interrupt level corresponding to the particular
device should either be disabled, with a DSB
instruction, or all interrupts should be masked with
an MSK instruction, prior to selection of the
device. Figure 5-1 and Table 5-4 show a sample
Status Test Method of programming for any device
that uses status bit 7 as an indicator of ‘‘device
ready to transmit or receive data’’.

The MSK and UNM instructions in the routine
shown in Table 5-4 are optional. As shown, no
other peripheral device will be serviced until the
device being serviced by the status method has
completed its data transfer and has been
disconnected. |t may be that the user wants the
above routine to be interruptable, in which case
the MSK and UNM instructions may be omitted.

There are five major sections that comprise a
routine using the status testing method of
programming: Protection, Selection, Wait for Data,
Ready, Service Data, and Test for End of
Transmission & Disconnect.

5-2.1.1 Protection

Protection controls the ability of any device
{including the device being serviced) to interrupt
the status testing routine. In the status test mode,
it is imperative that the device being serviced have
its corresponding interrupt level disabled and/or all
interrupts masked. |f other devices are to be
allowed to interrupt during the execution of the
status test routine, the MSK instruction must not
be used. (See Interrupt Method, Sec. 5-2.3).

5-2.1.2 Selection

Selection of the 1/O device enables its controller to
set the proper status bits, indicating that the device
is ready to send or receive data. For devices that
require motion (e.g., card reader), the data medium
{e.g., card) is fed into the read or write station.
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5-2.1.3 Wait for Data Ready

Wait for data ready is implemented by requesting
status with a DIN DEV, O instruction and then
examining status bit-7 (see Table 5-3). If the data is
not ready to be transferred, the routine normally
returns to the status request instruction.

5-2.1.4 Service Data

Servicing data is accomplished by issuing the
proper DOT or DIN instruction after it has been
determined the data is ready for transmittal. [f the
706 is sending data, the word must have been first
loaded into, the accumulator. If the 706 is receiving
data the previous word must have been processed
and the accumulator made ready for this word.

5-2.1.5 End of Transmission & Disconnect

Testing for end-of-transmission is a technique that
must be employed in order to determine when the
data transfer is complete. Normally, two methods
are used: Special Character and End-of-Function.

The Special Character method (Logical Record)
requires the routine to check for the transfer of a
“key’’ or ““end’’ character or count the number of
characters transmitted.

The End-of-Function method (Physical Record)
requires that the routine examines a status bit that
signifies that the physical record has ended (e.g.,
one card completely processed or one magnetic
tape record read). After the last word has been
transmitted a DOT DEV, O instruction will
de-select the peripheral device and prepare it to be
selected at another time.

Note:There are certain cases where the {/O de-
vice should not be disconnected and these
cases are described later in this section
under individual device descriptions.

5-2.2 Burst Method

The burst method of programming the DIO
channel uses the external sense feature of the 706
to notify the central processor when a device is
ready to be serviced. The burst method is very
similar to the status test method of programming;
the major difference being that the external sense
line is interrogated with an SSE instruction instead
of asking for and checking the status response
word (Table 5-5).



EXAMPLE
STATUS TEST

i

DISABLE INT,
LEVEL AND
MASK ALL

INTERRUPTS

Y

SELECT
DEVICE
FOR INPUT

Y

NO

DEVICE STATUS
TO ACR

Y

ADJUST BIT 7
FOR TEST

DATA

A

NO

READY ?

INPUT DATA

TO ACR

STORE
DATA

THROUGH

A

INPUTTING
DATA 7

DISCONNECT
DEVICE

v

CONTINUE

PROTECTION

SELECTION

WAIT FOR
DATA READY

L SERVICE DATA

TEST FOR END OF
> TRANSMISSION
& DISCONNECT

Figure 5—1. D10 Status Test Input Routine Flow
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Table 5—4. DIO Status Test Method Coding Example

1. D16 STATUS TEST METHOU COUING EXAMPLE (INPUT)
2 »
0000 0N40 3 SLM SET LOUAL INUEXING MODE
0001 U012 4 $MP COUNT
0002 9012 5 LDX CAUNT SET INDEX TO COUNT
0003 0030 6 use LEVEL INHIBIT DEVICE INTERRUPT
0004 UO0AD 7 MSK INHIBIT ALL INTERRUPTS (UPTIONAL)
0005 U300 a voT DEV,FUNCTY SELECT DEVICE
0006 0200 9 GETSTAT UDIN DEV,0 RETURN STATUS TO AGCUMULATOR
QUo7 QA17 10 SLL 7 WAIT FBR DATA KEADY
0008 @820 i1 SAM
0009 1006 12 JMP GETSTAT DATA NUT REAUY, GET STATUS AGAIN.
000A 0200 13 DIN LEV,FUNCT2 SERVICE DATA
ougBl /877 14 STW » BUFFER*100 STORE UATA
000C Q401 15 I%8 1 INCREMENT COUNTER
000D 1006 le¢ JMP GETSTAT
000E 0300 17 DjsCDEV Def DEV,0 END=gF »TRANSMISSION
0UO0F 00BO 18 UNM . ALLOW INTERRUPTS (UPTIONAL)
0010 0050 19 SGM SET GLOBAL MODE
0011 0000 20 HLLT
ouLe FF9C 21 COUNT DATA =100 TWOS COMPLEMENT OF BLOCK LENGTH
0000 22 DEv EQU '] DEVICE CBDE GOES HERE
0000 23 FUNCTL EQu 1] FUNCTION CODES GO HERE
0000 24 FUNCTZ EQU 0 (SEE TABLE 2~1)
0000 25 LEVEL EQU U INTERRUPT LEVEL
6 =
0013 0064 27 BUFFER RES 100 STORAGE AREA
28 END
Table 5—5. DIO Burst Method Coding Example
1 0* DI® BRURST METHOD CODING EXAMPLE (INPUT)
7
o0nQ Q040 3 SILM SET LOCAL JNDEXING MEDE
nooL 2010 4 5MB COUNT
0Qe2 9010 5 LDX COUNT SET INDEX T8 COUNT
nen3 vo3o 6 DsSh LEVEL INHIBIT DEVICE INTERRUPT
nor4 00AD 7 MSK INHIBIT ALL INTERRUPTS (ORTIONAL)
onnS N300 2] per DEV,FUNGCTY SELECT DEVICE
0006 G8BO 9 TESTEXTR SSE TEST EXTERNAL SIGNAL
pon7 1006 10 JMP TESTEXTR DATA NOT READY
nges Q200 11 DIN UEV,FUNCT?2 SERVICE DATA
0009 7875 12 STw # BUFFER+100 STORE NATA
0ONA (401 13 Ixs 1 INCREMENT COUNTER
nonNB 1006 14 JMP TESTEXTR
nonc 0300 16 BISCNEV  DOT DEV, 0 END=OF-TRANSMISSION
0onD GnBO 16 YNM ALLOW INTERRUPTS (OPTIONAL)
nuoE 0N%0 17 SGM SET GLOBAL INDEXING MODE
poofF 0000 18 HLT
19 =«
noio FFOC 2p0 COyYNT DAYA =100 TWO'S COMPLEMENT BLOCK LENGTH
$000 21 DEV EQV 0 DEVIGE CODE
Jnoo 22 FUNCTL EQU 0 FUNCTIuN CODES
G000 23 FUYNCT2 EQU 0
gooo 24 LEVEL EQY 0 INTERRUPT LEVFL
25 #
0013 0064 26 BUFFER RES 100 STURAGE AREA
27 END
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'6-2,3 Interrupt Method

‘The interrupt method of programming the DIO
.channel relies on the automatic priority hardware
;of the 706 CPU to automatically transfer to the
;routine that services the 1/0 device. The interrupt
‘method of DIO programming is normally
‘employed when two or more 1/O devices must
;operate concurrently and on a priority basis. In
; addition, the central processor can use the time
i between interrupts to process the data transmitted
I| or to process other portions of the program.

The user should be familiar with the
principles of operation of the Automatic
Priority Interrupt and 1/0 systems (Sec-
tions 3 and 4) before continuing with this
section.

'Note:
I

! Figure 5-2 shows a simplified block flow diagram

of a typical DIO interrupt sequence. Shown are
two interrupt service troutines (Routine 1 & 2), a

i main program (including interrupt working area

© Status word. The diagram implies that the second
' interrupt

), the Program Counter and the Machine

(level 1) is serviced after the first
interrupt (level 0) has been serviced. This need not

i necessarily be the case. The second interrupt could

be serviced while the first interrupt is being

¢ serviced provided that the interrupts were not
* masked, the second interrupt was enabled, and the

higher level interrupt occurred at some time during
1/0 Service Routine 1 time.

Figure 5-3 and 5-4 are flow diagrams of a typical
D10 interrupt method program using two interrupt
levels. Table 5-6 is the coding for the D10 interrupt
method. Two levels of interrupt do not necessarily
imply that two /O devices are being used. For
instance, the DIO magnetic tape has two interrupt
levels available, ‘‘data ready'’ and
“end-of-function”.

The main program of any DIO interrupt method of
programming must perform the following tasks:

5-2.3.1 Linkage Address Setup

The starting addresses of the 1/O routines must be
stored in the proper interrupt area locations. The
formula for comnuting the interrupt area location
for each level of ir terrupt is:

Interrupt Linkage Address = [4 X Level] + 1

5-2.3.2 1/0 Device Selection

Selection of an 1/0 device enables its controller to
initiate motion (if required), generate an interrupt
(read type device) or accept the first data transfer
from the CPU (write type device).

5-2.3.3 Interrupt and Mask Control

Before a device may interrupt the CPU it must not
only be selected but the appropriate interrupt level
must be enabled (ENB)} and the interrupt system
must be unmasked. Only those interrupts that are
to be used should be enabled.

5-2.3.4 Service First Character

If the /O devices(s) just selected is an output
device (e.g., Line Printer) the first characters must
normally be sent before the first interrupt can
occur. Some devices allow the selection and
sending of the first character at the same time,
while other devices (e.g., DIO mag tape, card
punch) require that the interrupt be processed
before the first character is sent.

‘ WAIN PROGRAM ’

A

SET UP LINKAGE
ADDRESSES OF
170
ROUTINES

A

SELECT
1/6 DEVICES

Y

ENABLE
INTERRUPTS

y

UNMASK
INTERRUPTS

tF OUTPUT,
SEND
A 1ST WORD

CONTINVE |
PROCESSING

l

Figure 5—3. DIO Interrupt Main Flow Diagram

5.17



LOWER PRIORITY 1/0 SERVICE

ROUTINE 1

_ SAVE INDEX
REGISTER &
ACCUMULATOR

TEST
END-OF-
TRANS.

YES

DISCONNECT SERVICE DATA
1/0 DEVICE
CONTROLLER OR FUNCTION

RESTORE INDEX
REGISTER &
ACCUMULATOR

INR

HIGHER PRIORITY

170 SERVICE
ROUTINE 2

SAVE INDEX
REGISTER &
ACCUMULATOR

TEST
END-OF-
TRANS.

YES

DISCONNECT SERVICE DATA
1/0 DEVICE
CONTROLLER OR FUNCTION

RESTORE INDEX
REGISTER &
ACCUMULATOR

INR

¥ TEST FOR END-OF-TRANSMISSION MAY NOT BE NECESSARY IF THE INTERRUPT IS
DUE TO THE END-OF-TRANSMISSION FROM THE DEVICE CONTROLLER.

Figure 5—4. DIO Interrupt Service Routines Flow Diagram
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Table 5—6. DIO Interrupt Method Coding Example

1« DIB INTERHUPT METHOU COUING EXAMPLE (OUTPUT)
2 # RELOCATABLE PROGRAM (ASSUMES PRUGRAM S NOT LGAUEU ACRUSS
3 = WNORD PAuGE BBUNURY)
4 »
5 w MAIN PROGRAM
6 »
0000 v049 7 LDw SROUTINED SeTUP LINKAGE ADURESS
0001 o080 8 SML 0
0002 /001 9 STwW 1
0003 B04A 10 LDwW SROUT[NEZ
0004 vuoD 11 SML Y
000 7005 12 STW 5
0006 ©04B 13 LDW sl
0607 703C 14 STh COUNTL INITIALIZE TABLE CUOUNTERS
0008 /704D 15 STW COUNTZ
0009 0300 le bor DEVL,FUNCTLO SELECY 1/8 DEVICES
000A 0300 17 oer DEVZ,FUNCTZO
000B ¢o020 i8 ENB 0 ENABLE INTERRUPT LEVELS
000C 0021 19 ENH 1 0 AND 1
o0¢oD goB0 40 UNM UNMASK ALL INTERRUPTS
000E 803E 21 LDNW TABLEL
00CF Q300 2 uer DEVL,FUNCTLIY OQUTPUT 1ST WHRLD TO DEVICE 1,
: 0010 8044 23 LDW TAdLEZ
i 0011 0300 24 uor DEV2,FUNCTZY OQUTPUT 15T WORL TG DEVICE 2,
25 #
26 » CONTINUE PROCESSING
€7 »
28 »
29 »
30 » 1/0 SERVICE ROUTINE 1
S1 «
0012 /7036 32 ROUTINEL STw TEMPLA SAVE ACCUMULATOR
0043 6034 $3 STX TEMP1X SAVE INDEX
No14 803C $4 LDw COUNTL TEST FOR END OF
0015 F043 35 CMHW ENUCNT1 TRANSMISSION
0016 0870 36 SNE
0017 1021 37 JMP DISCLEVL
0018 0140 $8 Cax SERVICE DATA
0019 0040 39 SiLM
0UlA 883E 40 LDW » TABLEL LOAD DATA
0018 0050 41 SGM
004C 0300 42 Dot DEV1,FUNCTLIL QUTPUT DATA
001D 0401 43 Ixs 1
001k 0410 44 NOP INUREMENT TABLE
0ULF 603C 45 STX CauUNTl COUNTER
0020 1022 46 JMP RESTUOREL
0021 0300 47 DIsCDEVL uLerY DEV1,0 DISCONNECT DEVICE 1
0022 B0s8 48 RESTHREL LDwW TEMPLA RESTORE ACCUCUMULATHR
0023 ¥Y03A 49 LDX TEMP1X RESTURE [INUEX
0024 00210 50 INR 0 exiy
21 »
22 »
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Table 5—6. DIO Interrupt Method Coding Example {Cont.)

Qu2b
0uze
Quz7/
o286
0y2e9
0v2a
ou2u
voz¢
ou2p
002k
002F
00390
0031
0032
0033
0034
0035
0v3e6
0037

0038
0039
003A
0038
0Q3C
003D

003€
003F
0040
0041
0042
0043

0G44
0045
0046
0047
0048

g0Q4y
0044
0udéy

/059
6048
803D
0870
Fo4b
1034
uLdo
J040
v844
U050
0300
0401
0410
603D
1035
0300
5039
9048
0011

0000
Qooo
0000
gaoo
Qo000
vooo

0001
0002
0003
]
0005
000>

goci
gocz2
goc3
00C4
0004

unago
goao
vooo
0000
youo
oQuo

voiz
vo2d
yoo1

D &« & & %

OUTINEZ

DIgChEVE
RESTOREY

*
*

»

TEMP1A
TEMP2A
TemP1X
TemMP2X
COuNnTl
COuNTZ

»
TABLEL

ENDCNTY

L}
TABLEZ

ENDCNT2
»

DEv1
DEvZ
FUNCTLO
FUnCT11
FUNCTZ0
FUNCTZ1

STwW
STX
LDwW
SNE
CMw
JMP
Cax
SLM
LOwW
SGM
ueT
1x8
NOP
STxX
JMP
vor
LDwW
LDX
INR

UATA
DATA
DATA
VATA
UATA
DATA

UATA
UATA
UATA
UATA
parta
DATA

DATA
DATA
UATA
UATA
DaTA

EQU
EQu
EQu
EqQu
Enu
EQJ
END

176 SERVICE ROUTINE 2

TEMPZA
TEMPZX
COUNTZ

LNUCNT
p1scoeve

TABLEZ

DEVZ,FUNCTZ2L
1

COUNTZ
RESTOREZ
UEVZ,0
TEMPZ2A
TEMPZX

1

LSRN R N AN N ccccacco

- -
oo »
- - - -

E

cococco

SAVE ACCUMULATOR

SAVE [wDEX

TEST FUR END OF
TRANSMISS[ON

SERV[CE UATA
LOAL DATA
QUTPUT DATA

INCREMENT TAELE
COUNTER

DISCONNECT DEVICE &
RESTORE ACCUMULATOR
RESTORE INDEX

EX]T

DEV]ICE CODES WERE
(SEE TABLE 5=1)
FUNCTION CODES HERE

(SEE TAdLE 5=1)
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5-2.3.5 Continue Processing

Before or between interrupts, the program may
continue to execute instructions. 1f no other
processing is required,: the main program .can
simply execute a JMP instruction to its own
location (JMP $) while waiting for the interrupt to
occur.

If a JMP $ instruction was being executed at the
- time an interrupt occurs and the user wishes to
i continue program execution from the point $ + 1
after servicing the interrupt, the cell containing the
program counter must be incremented by one via
the service routine.

5-2.3.6 1/0 Service Routine(s)

The |/O service routines generally follow the
format:
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1. Save accumulator and index register.

2. Test for end-of-transmission and disconnect.
(Interrupt may be due to end-of-function from
device controller, in which case the test may be
omitted, the device controller disconnected, and
the service data/function omitted.)

3. Service data/function.

4. Restore accumulator and index register.

5. Exit from 1/0 service routine via INR.

Higher priority (larger interrupt level number)
devices may interrupt during the execution of
lower priority service routines. The priority

interrupt system can be inhibited by use of the
MSK and UNM instructions.
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' 5.3 DMA PROGRAMMING

The main programming difference between using a

i DMA device or a DIO device is that of word versus

block transfer. A DIO device interrupts and
provides a status indication when each data word is

i ready while a DMA device interrupts and provides

a status indication when the block data transfer is
complete. Both /0 systems use the DIO bus for
control but only the DIO system uses the DIO bus

. for data transfer. The DMA system transfers blocks

of data directly between memory and the device
controller without the CPU having to issue a
separate command for each data word transferred.

DMA device operation (Table 5-7) is initialized by
executing a DOT DEV, 1 instruction with the
starting memory address of the data transfer in the
accumulator (ACRq_qg). If the DMA device is
addressable (e.g., disc track and sector), issuing a
DOT DEV, 2 instruction with the device address

residing in the accumulator, (ACR0_5 track,
ACR7_1gSector), initializes the beginning address
for the device.

The block data transfer is started with the next
DOT DEV, 4 instruction. The accumulator
specifies the unit number in bits 00-01 and the
number of words to be transferred (word count) in
bits 02-165.

When the block data transfer is complete or an
error condition exists (i.e., no write ring on
magnetic fape or disc track protected and a write
command issued), an interrupt is sent to the 706
CPU. After the CPU has been interrupted the /0
service routine usually interrogates the device(s)
for status. Information about read errors controller
and device ready, end-of-tape, are available from
the status response.

Table 5—7. DMA Read/Write Selection Instruction Sequence

DISC
FUNCTION INSTRUCTION ACCUMULATOR
SEND MEMORY STARTING ADDRESS poT1,1 |[ ] ADDRESS j
01 15
SEND TRACK AND SECTOR DoT1,2 |[TRACK [ SECTOR |
0 567 15
SEND WRITE COMMAND, DOT1,4 |[ | | WORD COUNT 1
UNIT NO. AND NUMBER 01 2 15
GF WORDS IN TRANSFER
SEND READ COMMAND, potT1,6 |[_JIWORD COUNT |
UNIT NO. AND NUMBER 012 15
OF WORDS IN TRANSFER
DMA MAGNETIC TAPE
FUNCTION INSTRUCTION ACCUMULATOR
SEND MEMORY STARTING ADDRESS pot2,1 |[] ADDRESS ]
01 15
SEND WRITE ONE RECORD, 00T2,4 |[ ] ][ WORD COUNT !
UNIT NO. AND WORD 012 15
COUNT
SEND READ ONE RECORD, D0T2,6 |[ | ] WORD COUNT ]
UNIT NO. AND WORD 012 15
COUNT
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5-4 INPUT/OUTPUT SOFTWARE (10S)

The Raytheon 706 Input/Output Software (I0S)
provides the user with a powerful and flexible file
oriented input/output system. Features of the
system include device reassignment, simultaneous
1/0 capability, centralized 1/0 monitor end-action,
and 1/O macros. |0S provides a common /O
system for all users and alleviates the users need to
fully understand the machine language 1/0
operations of the 706 computer {Sections 5-1, 5-2,
5-3).

10S is able to perform 1/0O operations with the
devices listed in Table 5-8. By using the 706
automatic priority interrupt system, 10S allows a
rapid response to /O interrupts. To further
minimize time spent doing 1/0O, the software is file
oriented, i.e., all information necessary to perform
the |/O operation is contained in a File
Input/Qutput Table. (FIOT)

Several /O macros are available to 10S users.
These macros reduce the effort required to
program efficient input/output. The user need only
become acquainted with the macros OPEN, DOIO,
and STAT to communicate with any standard 706
device.

5-4.1 10S Functions

Not all functions are available for every type of 1/O

device. For example, one cannot rewind the
teletype. Refer to Table 5-8 for applicable
functions.

10S is an input/output contro! system which
provides a user the facility to perform 1/0
operations which are effectively independent of
the actual physical device being used. This is
achieved by allowing different physical devices to
be substituted for 1/O operations without requiring
re-assembly or recompilation of the program. For
example, a program can be debugged using a small
set of test data punched on cards and read from
the card reader. After debugging, during
production runs, the input can be changed to
magnetic tape to process the actua!l data files.

A user performs 1/0O by requesting data transfers
on logical units, which can be related to any
physical device. {n a typical 1/O request to 10S, the
user specifies a Logical Unit Number (LUN), the
address of the |/O data buffer and the number of
words to be transferred.
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The logical unit is associated with a particular
driver which performs a data transfer on a specific
{/O device. The user can, at load time, cause this
association to change so that a different driver and,
therefore, a different physical device is referenced
by the |/O request. This driver/device association is
kept in a Peripheral Equipment Assignment Table
(PEAT, see 5-4.2).

The device number or LUN assignment is made at
system creation time. The [0S user can use the
established LUNs and is free to reassign a given
LUN to one of a set of devices, through X-RAY
control directives. (Ref. Sec. 8 & 9)

All information pertaining to an 1/O operation is
kept in an 8-word File Input/Output Table, (FIOT,
see 5-4.3). This table details the specific opera-
tion for the 1/0 request, as well as the LUN, /0
buffer, and the number of words. FIOT also pro-
vides temporary storage area as needed by the
device driver,

5-4.1.1 10S Calls

Macros are communication links between the
programmer and [0S. All calls go through 10S
subroutines to the appropriate device drivers. They
translate information from an argument calling
sequence to a FIOT, perform the 1/O operation,
provide error checking and end-action.

5-4,1.2 10S Drivers

An /O driver is a subroutine designed to perform
data transfers between a specific peripheral device
and the 706. An |/O driver is never directly used
by a programmer, but only indirectly via 10S
macros. Thus, for example, a programmer requests
data to be read from some logical unit. 10S macros
pass the FIOT address to the drivers, and the driver
then extracts necessary information to start the
I/0 operation. The driver then exits back to the
user program.

5-4.1.3 108 Interrupt Service

Once initiated, /O operations are processed
independent of the user’s program. Data transfers
for devices on the Direct Memory Access (DMA)
channel (such as disc and magnetic tape) are
performed automatically by the hardware. The



interrupt service routine portion of each driver
performs all data transfer operations for devices on
the Direct Input/Output (DIO) channel (such as;
paper tape reader, teletype, card reader, etc.).
When the 1/O operation is finished, the interrupt
service routine for DIO and DMA devices perform
all operations required to conclude the /O
operation. Device status and ending buffer address
are stored in the FIOT. At this time an end-action
subroutine may be executed, which permits any
arbitrary operation to be performed as a part of
the interrupt service function.

5-4.2 Peripheral
(PEAT)

Equipment Assignment Table

I0S processes input and output operations via
logical equipment. Logical equipment is a
functional classification of 1/0 devices; such as,
symbolic input devices, listing devices, binary
output devices, etc. Therefore, since program
reference to |/O are by function, different devices
may be assigned to a logical unit without requiring
a compensating change in the program reference.

For example, the binary input device may be the
high speed paper tape reader for one job and the
teletype for the next, but neither the |/O monitor
nor the users program need be reassembled. The
device may simply be reassigned by an X-RAY
directive. (Ref. Sec. 8 & 9)

The peripheral equipment assignment table
contains the information about the correspondence
between logical and physical units. 10S uses this
table to select the appropriate drivers when input
or output requests are made.

5-4.2.1 Logical Unit (LUN) Definitions

The PEAT shown in Table 5-9 contains more
equipment than is included in a typical system, but
it is needed to show how logical units function.
The first 7 units are system logical units that are
referred to by name in the remainder of this
manual and in other manuals.

The definition of each of these names is listed
below:
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LUN Description

0

1

2

3

5

SYSF

SYSI

PRIN

LIST

BIN

BOUT

SCR

SYStem File. This is the
unit that contains the sys-
tem library. In Table 5-9
SYSF points to the disc.

SYStem Input. SYSI is the
unit for all directives input
to system programs; such as
the X-RAY EXEC or SYM
Il Assembler. In Table 5-9
SYSI points to the teletype.

PRimary INPUT. PRIN is the
unit for input to system

programs where the input is

neither a directive nor

binary; i.e., SYM |l accepts

the input source text from

PRIN. In Table 5-9 PRIN

points to the card reader.

LISTing. System programs
use LIST for tabular output
other than error messages.

SYM 1l outputs the
assembly listing on the
LIST device In Table 5-9

LIST points to the line
printer.

Binary INput. BIN is the
system binary input unit. In
Table 5-9 BIN points 1o the
card reader. Absolute or
relocatable binary programs
are input from this unit.

Binary OUTput. BOUT is
the system binary output
unit. In Table 59 BOUT
points to the card punch.
SYM 1l outputs absolute or
relocatable binary text to
the BOUT unit.

SCRatch. System programs
use SCR as temporary
storage. SYM Il uses SCR to
store intermediate text. In
Table 5-9 SCR points to the
disc.



7 LOGA, The next 5 units, LOGA-E, output device. LOGC is the
8 LOGB, are intended for users. system mass unit. LOGD
9 LOGC, Devices are divided into two and E are assigned
10 LOGD, classes; mass and non-mass. according to the assignment
11 LOGE A mass device is one that of other devices within the
can perform both read and system. The user should
write operations; i.e., disc, look at the PEAT in his |/O
magnetic tapes, etc. monitor listing to determine
Non-mass devices can how these units are
perform only a read or assigned.
write; i.e., card reader, card
punch, etc. LOGA is the 12 DUMMY This logical unit performs
systems highest level no 1/0 but allows program
non-mass input device. to be checked out without a
LOGB is the systems peripheral device being
highest level non-mass available.
Table 5-8. 10S Function Table
DEVICE FUNCTIONS

Teletype Keyboard
Teletype PTR
Teletype PTP

High Speed PTR
High Speed PTP
Card Reader

Card Punch
Line Printer

Teletype Multiplexer
Plotter

Disc

DMA Mag Tape

DIO Mag Tape

Read, Write, Status

Read, Status

Write, Punch Leader, Status, Write EOF
Read, Status

Write, Punch Leader, Status

Read, Status
Write, Status, Write EOF, Punch Leader
Write, Status

Read, Write, Status, Write EOF
Write, Status

Read, Write, Verify, Status, Device Status

Read, Write, Rewind, Backspace, Write EOF, Search EOF,
Write Skip, Status, Device Status

Read, Write, Rewind, Backspace, Write EOF, Write Skip,
Status, Device Status
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Figure 5—9. Card Reader (1000 CPM) and Card Punch Controls and Indicators
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Figure 5—9. Card Reader (1000 CPM) and Card Punch Controls and Indicators {Cont.}
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The remainder of the logical units are assigned to
the various physical devices contained in the
system. The following are currently assigned:

LUN Assignment

13 Console Teletype

14 Magnetic Tape Unit 0

15 Magnetic Tape Unit 1

16 Magnetic Tape Unit 2

17 Magnetic Tape Unit 3

18 Disc Unit 0

19 High Speed Paper Tape Punch
20 High Speed Paper Tape Reader
21 Card Reader

22 Card Punch

23 Line Printer

24 Multiplexer Teletype

25 Disc Unit 1

26 Disc Unit 2

27 Disc Unit 3

28 Digital Plotter

Physical assignments for all logical units are made
when the monitor is assembled for each system.
These assignments are determined by what units
are physically present in the system. The user can
determine what these initial (or standard)
assignments are by referring to the PEAT table as it
appears in the listing for his monitor. Following is
an example of how the first 12 words of the PEAT
might appear:

Comments
LoC Contents Source Text Field
3FD9 12003461 PEAT BYTE ASYSF,0 OSYSF
3FDA  0D0O 3462 BYTE ASYSI,0  1SYSI
3FDB 1500 3463 BYTE APRIN,0O  2PRIN
3FDC 1700 3464 BYTE ALIST,0 3 LIST
3FDD 1500 3465 BYTE ABIN,0 4 BIN
3FDE 1600 3466 BYTE ABOUT,0 5B0UT
3FDF 1200 3467 BYTE ASCR,0 6 SCR
3FEO 1500 3468 BYTE ALOGA,0 7LOGA
3FET 1600 3469 BYTE ALOGBO 8LOGB
3FE2 1200 3470 BYTE ALOGC,0 9LOGC

3FE3 0EO00 3471
3FE4 OF00 3472

BYTE ALOGD,0 10LOG D
BYTE ALOGE,0 11 LOGE
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To determine the assignment of a particular unit,

find the unit name {or number) in the comment:
field. The left byte of the contents field contains
the hex number of the assignment. Convert it to.
decimal and look further down the table for that_
number in the comments field. For example, the

device assigned to BIN (logical unit 4} has unit

number 1545. (154 is the left byte of the pointer

word corresponding to BIN). 1542 converts to

decimal 21 which is the unit number of the card

reader.

5-4.2.2 PEAT Table Description

There are two types of entries in the PEAT. There
are one word entries which define the
correspondence between a logical unit and another
logical unit, and there are two word entries which
define the correspondence between a logical unit -
and a physical unit.

Entries within the PEAT are in logical unit number
order; i.e., the first entry is for LUN 0, the second
entry is for LUN 1, efc.

The table is in two sections. The first eleven
entries, section 1, are always pointers to other -
LUNs. The remaining entries, section 2, are
pointers to physical devices.

Numbers 0-11 may be considered logical unit
numbers whereas units 12-31 may be considered
physical unit numbers, since they are not normally
reassigned.

In section 1 there is one word per LUN, for-
matted as follows:

NOT USED

where:

The O in bit O denotes a pointer to
another unit,

P is a 7-bit field pointing to the
location, relative to the top of the
PEAT table, for the entry of the next
LUN.



.In section 2 there are two words per entry. If the
unit has been reassigned, word one will have the
'same format as section 1, and word two will be
‘unused. If the LUN has not been reassigned, the
iformat is as follows:

1 1 D U
01 7 8 11 12 15
Word 1
DA
0 15
where:

The 1 denotes a pointer to a physical
unit.

1 is a 7-bit field used to denote the
priority interrupt level for the device.

D is a 4-bit field used to denote the
device code.

U is a 4-bit field used to denote the unit
number of the device number; i.e.,
maghetic tape may be units 0, 1, 2, 3,
etc.

DA is the device driver address for the
LUN.

When 10S is seeking the physical unit
corresponding to a logical unit, it will go from
logical unit to a physical unit (a 1 in bit position
0).

5-4.3 File Input/Output Table (FIOT)

The purpose of the FIOT is to provide user area for
I/O operation description and temporary storage
for device drivers. How each driver uses the
temporary storage is described in the individual
driver documentation. Each FIOT is 8 words in
lenath and formatted as follows:

FIOT 0| BB iBA

1| M ANW

2 LUN FC

3 S

4 WA

5 DS

6] F EAA

7

01 7 1112 15

Word O:

The Busy Bit (BB) is a one-bit field which is set to
1 while the |/O operation is being performed. it
will be reset to O when the operation has
completed. The Initial Buffer Address (IBA) is a
15-bit field which contains the word address of the
first location of the data buffer to be transferred.

Word 1:

Mode (M) is a one-bit field which has different
meanings for various physical devices and is
documented with each device driver (see Appendix
K). ANW is a 15-bit field which is the Address of a
location which contains the Number of Words to
be input or output.

Word 2:

Bits O through 6 are temporary storage. The
Logical Unit Number (LUN) is a 5-bit field
contained in bits 7 through 11. The Function Code
(FC} is a 4-bit field contained in bits 12 through
15, and defines the type of operation that is to be
performed. Certain function codes perform special
functions on specific devices; these are described in
the applicable driver documentation. Function
codes 9 and Bqg will perform a read operation for
every device capable of a read. Function code Eq4
will perform a write operation on every device
capable of a write, Codes 9 and B4 g are equivalent
for every device except the teletype. To preserve
device independence codes 9, B, and E should be
used for all read and write operations.
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Word 3:

Status is the status response word obtained from
the device upon completion of each 1/0 operation.
The response differs from device to device and is
documented separately for each device. Refer to
the appropriate driver documentation. For all
devices bit 15 true means that an error has
occurred during the {/0 operation.

Word 4:

Working Address. Upon completion of the I/0
operation word 4 will contain the byte address one
greater than the buffer address of the last byte of
data transferred. For certain devices this word
contains the address of the next byte to be
transferred throughout the I/O operation and may
be monitored to determine the progress of the
operation. Refer to individual driver
documentation for details.

Word 5:

Word 5 serves as temporary storage for most
drivers. For the disc driver, this word contains the
Sector Address to be read or written. When
performing device independent 1/0, where the disc
is a legimate assignment for the unit, word 5
should be set to the desired sector. Then, if some
other device is assigned, the disc sector
specification will be ignored. The format for this
word as a disc sector is described in the disc driver
documentation.

Word 6:

Bit O of word six is used for record Format
control. When bit O is false, those drivers which
generate or read formatted records will do so.
When bit 0 is true, all drivers generate or read
unformatted records. For unformatted records the
data in the external medium will be an exact image
of the internal buffer. For formatted records
certain drivers expect or supply additional
formatting data. In most discussions bit 0 is
referenced as ‘‘the special format bit” and
unformatted records are called “‘special format
records”, Details of record formatting are
described in the applicable driver documentation.

Bits 1 to 15 of word 6 are the End-Action Address
(EAA). This address is the address of an end-action
subroutine to which the 1/0 system will transfer
when a particular 1/0O is completed. If this address
is 0, no end action is specified. For a discussion of
end action, refer to section 5-4.6.

Word 7:

Word 7 is used by most drivers as temporary,
storage. It has a special use when the magnetic tap¢
chain feature is present in the system, as describec.
in the magnetic tape driver documentation.

5-4.4 Basic 10S Calls
10S provides the user with 3 basic calls.
a. OPEN
b. DOIO
c. STAT
With these three cails the user can perform an 1/0
operation on any standard 706 peripheral device.

In the discussion that follows the calling sequence
for the various 1/0 subroutine, calls are stated in
SYM Il assembly language format.

CALL ARG1, ARG2....ARGN
This will be assembled as though it were written:

SMB CALL
JSX CALL
DATA  ARGI
DATA  ARG2
DATA  ARGN + X‘8000'

Note that the sign bit of the last argument is set.
For more detail refer to the SYM Il manual for an
explanation of this form.

Entry points to the 1/O subroutines are through
fixed link points in the System Linkage Table
located in cells X'40" to X‘7F’. These points must
be defined to the assembler using equate cards.
Table 5-10 is a listing of the System Linkage Table.

For example, the programer who writes

DOIO INFIOT
must include the definition

DOIC EQU X‘44’

in this program. Programs written to execute on
page O of the computer (location 8016 through
7FF1g) may omit the SMB instruction by using -
the form:

JSX DOIO, INFIOT

Table 5-11 illustrates a sample input/output
program which is written in the SYM | assembly
language. The same program written in the SYM I}
assembly language is shown in Table 5-12.
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'5-4.4.1 OPEN

The first call for any 1/O operation is to subroutine
'‘OPEN. OPEN translates the arguments to the
.proper format and inserts them into the FIOT
table.

OPEN has a fixed length calling sequence as
follows:

,OPEN FIOT, BUF, WC, UNIT, OPER, MODE

where: FIOT is the first loction of an 8-word
' array for the file description table.

BUF is the data buffer starting address.

WC is the address of the number of
words.

UNIT is the logical unit number.

OPER is the type of operation {read,
write, etc.).

MODE defines binary or alpha
operation; 1= binary; 0= alpha.

It should be noted that the disc sector and the
end-action address are not inserted into the FIOT
by OPEN. These are less frequently used arguments
and were eliminated to shorten the OPEN calling
sequence. The user can assemble the arguments
into the FIOT or store them at execution time.

The use of the OPEN call is optional, insofar as the

FIOT may be assembled in the correct form.

However, the OPEN call will initialize the FIOT,
setting the busy bit off and clearing the status
response word and may provide a convenient way
of reinitializing. In addition, OPEN converts the
specified logical unit into the actual physical unit
number and stores it into bits 7-11 of word 2 of
the FIOT, so that the using program may
determine this assignment before beginning an 1/0
operation, if required.

5-4.4.2 DOIO

Actual /O operations are initiated with calls to
DOI0. DOIO changes the FIOT table as required,
calls a driver to initiate the 1/O operation, and
returns to the user.

The calling sequence is as follows:
DOIO FIOT,BUF, WC
where:  BUF is the data buffer starting address.

WC is the address of the number of
words,

DOIO has a variable length calling sequence. If
BUF or WC do not change from the previous call
or have been set by OPEN, they need not be
included. However, if WC is to be changed, BUF
must be included.

5-4.4.3 STAT

STAT provides the user with a means of waiting
until an 1/O operation is complete. STAT has a
variable length calling sequence as follows:

STAT FIOT, ERR

When a call to STAT is made, it will loop until the
FIOT busy bit is off. |f the ERR argument is not
included, STAT will make a return to the next
instruction following the calling sequence. If
argument ERR is in the calling sequence, STAT
will load the accumulator with the proper error
processor return, and transfer to the ERR address.
If the user wished to return from his ERR routine
to the program sequence, he can do this by saving
the accumulator as a return, then returning by
loading the return into the index and executing a
JMP * 2 (see sample program in Tables 5-11 and
5-12). If there were no errors, STAT returns to the
next instruction following the ERR argument.

5-4.5 Special 10S Calls

The following calls perform special functions; such
as Rewind, Write-End-of-File, and Backspace. Not
all devices can perform the specified operation; for
instance, the teletype will not rewind. If the device
cannot perform the specified operation, the
subroutine will return with the sign of the
accumulator negative. The program can test this
condition and determine an appropriate course of
action.
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Table 5-10 System Linkage Table

Cell (Base 16)

40-41
42-43
44-45
46-47
48
49
4A
4B
4C
4D
4E-4F
50-51
52-53
54

55
56-57
58

59
BA
5B
5C
5D-60
61-64
65

66

67

68
69-6D
6A-6B
6C-6D
6E-6F
70-71
72-73
74

75

76

77
78-79
7A-7B
7C
7D-7E
7F

Cell Use

Linkage to Monitor Subroutine EXIT

Linkage to Monitor Subroutine OPEN

Linkage to Monitor Subroutine DOIO

Linkage to Monitor Subroutine STAT

Linkage to Monitor Subroutine BKSP

Not Used

Linkage to Monitor Subroutine WSKP

Not Used

Linkage to Monitor Subroutine SEOF

Not Used

Linkage to Monitor Subroutine RWND
Linkage to Monitor Subroutine WEOF

Linkage to Monitor Subroutine STUS

Upper Bound of Low End Resident Memory
Save Cell for Relo Program Start Address
Special Links for Trace Program

Peripheral Equipment Indicator Word (STYPE)
Address of PEAT Table

Lower Limit of High End Resident Memory (ULIM)
Lower Limit of Resident Monitor

Address of Highest Location in Physical Core Memory
Save Cells for DATE

Save Cells for ID Name

Cell Contains JMP * 0, Self Relocating Programs may Locate
Themselves by doing a JSX X‘65'

Lower Limit of Loaded Program, set by Loader
RTOS Systems Job Control Word

Upper Limit of COMMON Storage, Set by Loader
Not Used

Linkage to Monitor Subroutine QUEUE

Linkage to Monitor Subroutine FETCH

Linkage to Monitor Subroutine TYPE

Linkage to Monitor System Flag Test Subroutine (FLAG)
Linkage to Monitor LOAD Subroutine

Points to DISC Vector

Upper Bound of Memory Available to Disc Loaders
DISC Sector Address of Processor Map

Queue Processor Control Word

Linkage to Monitor Absolute Load Routine

7A is the Relocatable Program Restart Location
Resident Task String Point

Power Fail Save Restart Linkage

Resident Entry Name Table Size
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Table 5—11. SYM | Sample Program

0800
oHnt
nén2
08n3
0804
0805
0806
pBo?7
ner8
oang
nE0A
N8B
086C
n8nDd
08k
080k
0810

0811
0812
0813
0814
0815
0816
0817
0818
0819
081A
0818
081C
0810
084k
081F
0820
0b21
ngze
0833
0834
0835
0836
08587
08348
ny39
0834

0838
0843

0844
0845

nooe
000k
0001
ono1
0noo
Doo3
D040
no42
0N&4
0n4é6
nnso
2042
0828
0821
0845
gont
noo9
8001
nneo
2042
0838
pez21
0845
onp3
ook
8000
0080

2044
8828
ungo
2046
0828
8834
0080
2044
0838
y843
B833
posn
2046
8838
noso
2040

0no2
703A
u080
2044
BB83b
F03A
16802
gogo

C4CF
CECS
000A

16
17

18

19

20
21

22
23

24

26
27

29
30
31
32
33

34
35
37
38

39
40

*

READ
WHYT
BINT
BIM

ALPH
L]sT
EXIT
OPEN
ne1o
STAT
STRT

RBUF
RF YT
THe
RERR

RER
TFIT
FMES

RWC

TEST PROGRAM T8 READ A RECORD FROM

THE B
GRIG
EQU
EQU
EQU
EGU
EQU
FQu
FQU
EQU
FQU
EQU
SMR
JSX

SMB
JEX

SME
JSX

SMRB
JEX

SMRE
J8X

SMR
J5X

sMB
J8X
RES
RES
STW
SME
J8X

LDbX
JMP %
NATA

RES

[TATA
FND

IJNT UNIT AND TYPE OUT LONE,
2048

9

X1EY

N O e

OPEN,RFIT,RBUF  RUC)BINT READBIN

OPEN
BPEN TFIT)RBUF yRWC)LIST  WRIT,ALPH

noto
DOIO,RF]T

STATY
STATRFITyRERR

noro
DOIO, TFIT,FMES, TuO

STAT
STAT,TFIT

EXIT

EXIT

10

8

2

RER
NOIG,TFIT
DO1O,TFIT

RER

2

0

8

DO, INE?

10
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:

Table 5—12. SYM 1l Sample Program

nény
nae1
o8n2
0803
pén4
08es5
néne
0807
nénsg
03ng
080A
o8nB
n8o0c
n8nD
0BNE
080F
6810
na11
0812
0813
0814
0815
0816
0817
0818
nB19
081A
(3L
n81C
081D
081E
081F
0820
naz1
-]
ne3s
0834
0835
0836
0837
0838
0839
03834
naa4qz
0R4S
0844

ngas

0009
300F
1001
o001
9000
0003
anan
npaz
004e
J046
o080
2042
yaze
oR21
0844
Q00
0009
8001
9080
2042
083A
082t
0844
0003
onoE
8000
0080
2044
8828
0080
2046
0828
8833
0nso
2044
0R83A
0842
8845
0080
2046
4834
poao
2040

7039
0080
2044
8834
9039
1802
0000

CacF
CECS
1004
(LT

nno2

O DN R D LN e

T
AN D

15

16

17

i8

19

20
21

23
24

25
26
27
F4]
29

30
31

READ
WwRYT
BINT
R

ALPH
LisY
NovyE
OPEN
DO10
STaT
§TRT

RBUF
RF1T
RERR

RER
17
FMES

LT

TEST PRAGRAM TO REAN A <ECORD FROM
TWE BINT UNIT AND TYPE 3UT NONE,
ORInR 2048

9

EQu

EQU XE
E0U 1
EQU 1
eny 0
EQU 3
EQU 64
EQU 66
EQU 68
Eou 70

OPEN RFIT.RBUF ;RWC,BINT,READ(BIN

OPEN  TFIT,RBUF ,RWC,LIST,WRIT,ALPH

pain  RF]Y

STAT RFIT,RERR

Do1o  TFIT,FMES,s?

STAT TFIT
DONE

RES 10
RFS 8
STw RER
pain  TFIY
Lnx RER
JMP & 2

0 0
RFS 8
TEXT 'DONE?
D in
END STRT
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‘;or example, the Loader accepts input from the
IIN device {logical unit 4). If an input error
«ccurs, the Loader backspaces the unit. If the unit
vas a mag tape, it backspaces and the Loader
e-reads the record. If the unit is not mag tape and
:annot backspace, the Loader requests operator
ntervention to reposition the record.

The disc unit cannot perform the special functions;
aowever, special calls for the disc return with the
jccumulator positive, since such functions as
sackspace and write end-of-file may be simulated
ay adjusting the sector address in the FIOT and
adjusting the disc logical file pointers, which may
be done arbitrarily and then allowing the program
to drop through the special calls. Refer to the disc
driver documentation.

|

The only information which must be in the FIOT
for special operation is the logical unit number
{bits 7-11 of word 2).

: 5-4.5.1 Device Status
|

| The physical status of any 1/O device may be
interrogated at any time. The call is

STUS FIOT

: The device’s physical status response is returned in
_the accumulator. The FIOT is not disturbed by this
! operation, except to substitute the actual physical

i device number for the logical unit, if this has not

. already been done. An 1/O operation in progress
will not be disturbed.

. 5-4.5.2 Write End-of-File

~ A file mark is defined for most 1/0 devices and

may be written on all output devices except the

i disc, line printer, and plotter. For magnetic tape
* the file mark is hardware supplied. For paper tape
i an ASCI! “Bell” (X'87') character is the file mark.

For cards a 2-7-8-9 punch is the file mark. All
input devices upon sensing a file mark conclude the
1/0 operation and return End-of-File status (bit 10
of the status word true). The write end-of-file call
is

WEOF FI0T

The FIOT will be busy until the operation is
complete.

5-4.5.3 Seek End-of-File

A file mark is sought on the specified unit. Only
the magnetic tape can perform this function. Refer
to the magnetic tape driver documentation. The
call is

SEQOF FIOT
5-4.5.4 Backspace

The specified unit is backspaced one record. Only
the magnetic tape can perform this operation. The
call is

BKSP FIOT
5-4,5.,5 Write-Skip

The specified magnetic tape unit will erase forward
three inches of tape. The call is

WSKP  FIOT

5-4.5.6 Rewind

The specified magnetic tape unit is rewound. The
call is

REWD FIOT

5-4.6 End Action

The End Action feature permits program operation
to. be synchronized to 1/O device operation. It
allows sharing of time, otherwise wasted during 1/0
operations, with other tasks. A core resident
program can initiate an 1/0 operation and then exit
to allow the system to initiate another task. Then,
when the I/0O operation is complete, the system
will return to the resident program at the
end-action address. It can start another /O
operation and then exit. The system will restore
the interrupted task.

End action may also be used within a single task;
for example, to operate a double buffered /O
function.

End action is requested by specifying a non-zero
service address in word 6 of the FIOT. Upon
completion of the 1/0 operation, the 1/0 system
will transfer to that address, after servicing but
before restoring the final interrupt of the 1/0
operation. Then, when the end action subroutine

5.37

e

iy



exits, the system automatically
interrupted task.

restores the

End action subroutines are largely arbitrary in
form and function. Any legal operation, including
I/0, may be performed as part of an end-action
subroutine. The system transfers to the end action
address with the return on the index, so that the
end action service routine may be in the form of a
subroutine:

STX RETSAVE
LDX  RETSAVE
JSX+ 0

Of course, the SUBR and EXIT pseudo operations
of SYM Il may be used.

The end action service routine may also simply exit
through the system EXIT link, cell X'40’. The
system intercepts this exit and restores the
interrupt Thus, the service routine may have the
form of a main program.

There are two restrictions on an end action service
routine which affects the initiation of new 1/0

5-4.7 Device Driver Reference

operations. When the new /O operation is on t
same device or on a device with the same interru’
level, as the device causing the end action, DO{

does not return after initiating the 1/0, but rath
exits the end action. Practically, this means th
the last thing which should be done in an er
action service routine is to initiate new /O for t
same device. It is emphasized that this restrictic
does not apply to /O for device on other interru;
levels, which return normally from the DOIOQ ca

The second restriction applies when the end actic
service routine is interrupting the interrupt servic
routine for the device for which the new I/
request is being made. When this occurs, the 1/0 i
progress on that device cannot complete anc
therefore, the new 1/O operation cannot b
initiated. In this event DO1O does not set the FIO'
busy bit, but returns a status response of X'00FF
in word 3 of the FIOT. A STAT call with an erro~
return will take the error return for this conditior.
This condition is virtually unrecoverable; howevet
it can occur normally only when two users ar
simultaneously attempting to use the same device
Cautious programming should avoid this situation
A possible solution to this situation, should i
occur, would be to initiate a dummy 1/0 operatiot
on an available device for example, the consoli
typewriter whose end action would attempt t¢
initiate the 1/0 on the unavailable device.

1/0 Code

See Section 8-6.

Title Drawing No.
BPU Disc and Magnetic Tape Driver 391040
BSU Card Punch Driver 390018
BSV Card Reader Driver 390019
BSW Line Printer Driver 390020
BUU Teletype Multiplexer Driver 391909
BYM Teletype — High Speed Paper Tape 30922902
1/0O Driver
BYP Plotter Driver 392295
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5-5 TELETYPE ASR-33

;The ASR-33 provides 8-channel paper tape input/
output, keyboard input and printer output for the
‘Raytheon 706 computer.

5-5.1 Speed

:Characters are read, printed or punched at 10 cps.

5-5.2 Data Type

Data are transferred to and from paper tape or the
keyboard/printer in one of two 8-level forms, ASCII
or ASCI1-8 {American Standard Code for informa-

_tion Interchange). Raytheon 706 Programming
| Systems utilize only the ASCII mode. Table 5-13

depicts the codes of the 706 ASR-33 in hexa-
decimal notation.

;_ 5-5.3 Data Format

The 8-bit data are transferred between the ASR and
bits 8-15 of the accumulator. The most significant

| 8 bits (0-7) of the accumulator are unaffected by
an output; however, they are replaced by zeros
i upon each input, Data transferred to and from the
keyboard/printer are in the form of characters
illustrated in Table 5-13. The data format of paper

tape is depicted in Figure 5-5 where “T*" Channel
Number represents the frame timing (sprocket).
Paper tape characters are shown in Table 5-13.

i 5-5.4 Modes

The ASR-33 teletype functions in either of two

© pasic modes, Local or Line, as selected by the posi-

tion of its manual local/line switch. Local mode
causes the ASR to be off-line and no data can be

transferred between the teletype and the 706

processor. The device may then be used as a local
tape perforator in the preparation and editing of
programs and data. Line mode allows the processor
to select the device on-line permitting data flow
between the teletype and the 706. Once the ASR is
on-line and the manua! paper tape control switches
are in the proper state, any of the following oper-
ations may be performed under program control.

5-5.4.1 Disconnect (DOT E, O)

The ASR is disconnected and put into an off-line
state. Its interrupt capability is inhibited. The
operator may use the teletype as though it is in
Local mode.

5-5.4.2 Paper Tape Read (DOT E, 1; DOT E, 9;
DINE, 5; DIN E, D)

This operation is primarily intended for reading
paper tape; however, data are also accepted from the
keyboard. The paper tape reader must be manually
turned ON. Erroneous data will result if a key is
depressed while reading paper tape.

5-5.4.3 Print/Punch (DOT E, 2; DOT E, A: DOTE,
6; DOT E, E)

Data are transferred to the printer. Paper tape is
punched if the paper tape punch has been manually
turned ON. Printing can be manually inhibited in
this operation on the ASR-35 only.

5-5.4.4 Keyboard (DOT E, 3; DOT E, B; DIN E, 7,
DINE, F)

This operation is primarily intended for data input
from the keyboard; however, data will also be
accepted from the paper tape reader if it is manually
turned ON.

5-5.5 Function Codes

The various 8-bit control codes are illustrated in
hexadecimal and binary formats in Table 5—14.
The ASR is put on-line by an initial select where-
upon it will immediately interrupt to request ser-
vice. Thereafter a service routine can transfer the
data and execute 1/0 housekeeping. Each character
request ({interrupt) requires a previous select.
Therefore, continuous data flow is accomplished
by executing input/output instructions (DIN or
DOT) which simultaneously specify Data Transfer
and select.

Whenever only one character is to be transferred,
there is no need for an initial select. The character
may be transferred by a combined select and trans-
fer command. No interrupt will follow since the
data was transferred along with the single select.

5-5.6 Status Codes

Status is returned to the accumulator from the tele-
type after a DIN E, 0 instruction is issued, The sta-
tus word consists of two bits (see Table 5-15). Bit
O true means that a select command has been
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Table 5—13. ASR-33 ASCII and ASCIi-8 Character Codes

Character ASCII ASCII-8 Character ASCII ASCII-8
BELL 87 07 ? BF 5F
LF 8A 0A @ Cco A0
CR 8D oD A C1 Al
BLANK AD 40 B Cc2 A2
! Al 41 C C3 A3
" A2 42 D c4 A4
# A3 43 E cs5 A5
$ A4 44 F Cc6 A6
% Ab 45 G Cc7 A7
& AB 46 H c8 A8
‘ A7 47 i Cc9 A9
( A8 48 J CA AA
) A9 49 K CB AB
* AA 4A L ccC AC
+ AB 4B M CD AD
/ AC 4Cc N CE AE
- AD 4D 0] CF AF
. AE 4E P DO BO
/ AF aF Q D1 B1
0 BO 50 R D2 B2
1 B1 51 S D3 B3
2 B2 52 T D4 B4
3 B3 53 U D5 B5
4 B4 54 Y D6 B6
5 B5 b5 w D7 B7
6 B6 56 X D8 B8
7 B7 57 Y D9 B9
8 B3 58 z DA BA
9 B9 59 [ DB BB
: BA BA \ DC BC
; BB 5B | DD BD
< BC 6C + DE BE
= BD 5D <« DF BF
> BE 5E
~— CHANNEL
NUMBER
o o o o o o o o o o) o)1
oo o o o o oo o o] 2
0O 00 O o0 ocolas
©Q o0 o o 0 o o o o o o (=] [ o o o Q o o T
00 0000 O 0O 0000 O00(a4
o o 5
0000 O0O0O 0O o 6
000 ©O 0000 00)7
000 00 O0O0ODOOOo o 8
A B C 98 * 4 / A 9 « /

ASCIt CODES

ASCI!I-8 CODE

Figure 5—5. Eight Channel Paper Tape Data Format

5.40




Table 5—14. ASR-33 Commands and Function Codes

Function Codes

Command
Binary Notation
Hexadecimal
DOT Notaﬁon Bit POSition

9 10 11 12 13 14 15
Disconnect Controller EO 1 1 0 0 o o O
Select PTR (ASCII-8) E1 1 1 0O 0 0 0 1
Select Printer/Punch

{ASCI1-8) E2 1 1 0O 0 0 1 0]
Select Keyboard {(ASCI1-8) E3 1 1 0 0 0 1 1
Transfer Data Select Printer/

Punch (ASCI{-8) E6 1 1 0o 0 1 1 0]
Disconnect Controller E8 1 1 0 1 0O 0 O
Select PTR (ASCII) E9 1 1 0 1 0O 0 1
Select Printer/Punch

(ASCII) EA 1 1 0 1 0 1 0
Select Keyboard (ASCII) EB 1 1 0 1 o 1 1
Transfer Data Select Printer/

Punch (ASCII) EE 1 1 0 1 1 1 0

DIN
Return Status to Accumulator EO 1 1 0O 0O O o0 O
Transfer Data Select PTR

(ASCII-8) Eb 1 1 0O 0 1 0 1
Transfer Data Select Keyboard

(ASCH-8) E7 1 1 0O o0 1 1 1
Transfer Data & Select PTR

(ASCIHI) ED 1 1 0 1 1 0o 1
Transfer Data & Select Key-

board (ASCH) EF 1 1 0o 1 1 1 1
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issued to the teletype and bit-7 true means that
the interrupt is true and has not been serviced by
the transmission of a character.

TABLE 5-15 ASR-33 Status

Meaning When Bit True Bit No.
Teletype has been selected. 0
Interrupt true and has not

been serviced. 7

5-5.7 Interrupt Meaning

An interrupt caused from the selection of the

printer/punch means that the teletype controller’s
character buffer is ready to receive a new character.
An interrupt caused from the selection of the paper
tape reader or keyboard means that the controller’s
character buffer is full and ready to transmit the
new character to the CPU.

6-5.8 Timing

When selecting the printer/punch a character must
be transmitted before the first interrupt can occur.
The first interrupt and all succeeding interrupts
occur at intervals of 100 milliseconds. In order to

keep the teletype options operating at th
maximum rate of 10 characters/second, th
interrupt must be serviced within 17 milliseconds
See Figure 5-6. B

5-5.9 Operation Notes

Before using the teletype on-line with the com
puter, turn the LINE-OFF-LOCAL switch tc
LINE. The paper tape punch must be turned on
manually prior to its selection. There will be no
paper tape movement until a Transfer Data com-
mand has been issued.

The paper tape reader must not be turned on:
before it is selected. After the Select command has
been issued, turn the START-STOP-FREE lever to
START. Thereafter the reader interrupts the pro-
cessor whenever data is ready to be transferred to
the accumulator.

Whenever a punching a reading operation has been .
completed, turn the device off to prevent errone-
ous data from being transferred.

Two indicator lights, Keyboard (KBD) and Paper
Tape Reader (PTR), on the console of the ASR
signify selected operation. The four operational
states are given in Table 5—15.

Table 5—15. Teletype Console Operation

Keyboard Paper Tape. Reader Operation
(KBD) Light (PTR) Light

OFF OFF Local Mode

OFF ON Paper Tape Read

OFF OFF Print/Punch

ON OFF Keyboard

SELECT DOT IR IR2 IR2
F.,._.l
FIRST INTERRUPT INTERRUPT MAXIMUM
TIME (FIT) TIME (IR) SERVICE
TIME (MST)
Device FIT MST Rate
Teletype 100 ms 100 ms 17 ms 10 cps

Figure 5-6. Teletype Interrupt Timing
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i6 HIGH SPEED PAPER TAPE READER AND
JNCH

he high speed paper tape reader and punch
rovides 8-channel paper tape input/output for the
06 computer. The photoelectric reader is a
nidirectional unit augmented by an optional
aper tape spooler.

i-6.1 Speed
|

Sharacters are read at 300 cps, and characters are
yunched at 110 cps.

5-6.2 Data Type

|

LL\II characters either read or punched are in binary
form.

5-6.3 Data Format

The 8-bit data are transferred between the high
speed reader/punch controller and bits 8-15 of the
accumulator. The most significant 8 bits (0-7) of
the accumulator are unaffected by an output;
however they are replaced by zeros upon each
finput. The data format for paper tape is depicted
in Figure 5-5 (ASCH) codes), where T’ channel
number represents the frame timing sprocket. All
‘paper tape characters are shown in Table 5-13.

:5-6.4 Reader Functions

IAIthough the high speed paper tape reader and
ihigh speed paper tape punch share the same
‘controller, they function as two separate devices
:and may be selected for concurrent reading and
:punching. .

'5.6.4.1 Disconnect (DOT D, 0)

| .

. The high speed paper tape reader is disconnected
iand put into an off-line state. Its interrupt
" capability is inhibited. Status bits 0 and 1 become
ftrue.

' 5-6.4.2 Read Forward (DOT D, 1)

' The read forward command initiates tape motion
. in the forward direction. When the first character is
" read, an interrupt is sent to the CPU and status
" bit-7 becomes true. If a character is over the
¢ photocell block when the operation is started, no
! interrupt is sent until the next character is read.

5-6.4.3 Transfer Character and Read Forward (DIN
D, 5)

After the interrupt is received or status bit-7 has
been tested and found true, the transfer character
and read forward command inputs the character
into the accumulator (bits 8-15), turns off the
interrupt and status bit-7, and causes tape motion
to continue forward. This instruction must be
issued within 250 useconds after the interrupt to
keep the tape moving continuously. If the
character is not transferred within this time, the
tape stops ““on character’” and waits until the
character is transferred into the CPU.

5-6.4.4 Transfer Character and Disconnect (DIN
D, 4)

The transfer character and disconnect is normally
used to input the last character to be read from a
tape. The character is transferred, motion stops, no
more interrupts are allowed, and status bits 0 and 1
are set true.

5-6.5 Punch Functions
5-6.5.1 Disconnect (DOT C,0)

The high speed paper tape punch is disconnected
and put into an off-line state. It$ interrupt
capability is inhibited. Status bit O becomes true.
Punch motor power is not turned off by this
function.

5-6.5.2 Turn on Punch Power (DOT C, 2)

Power to the punch motor is not turned on when
the computer power is turned on. Punch power
must be turned on by a separate power on
command prior to transferring the first character
to the controller or at the same time as transferring
the first character to the controller. A 1-second
delay is initiated when punch power is turned on
before status bit-1 is allowed to become true. No
interrupt is returned to the CPU because punch
power has been turned on.

5-6.5.3 Output Character and Turn On Punch
Power (DOT C, 6)

The punch power may be turned on with the same
instruction used to output a character. If the
punch has not been turned on previously, there is a
1-second power on delay before the character is
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punched and the interrupt sent to the CPU. The
maximum service time to keep the punch operating
at full speed is 4 milliseconds.

5-6.5.4 Turn Off Punch Power {(DOT C, 3)

Punch power is turned off by a separate
instruction. Disconnecting the punch does not turn
off punch power. When the punch power is turned
off status bit-1 becomes true.

5-6.6 Function Codes

The various 8 bit control codes are illustrated in
hexadecimal and binary formats in Table 5-16.

When reading, the high speed paper tape reader is
put on-line by an initial read forward. Upon
reading the first character into the controller
buffer, the high speed reader controller interrupts
the CPU to request service. Thereafter, a service
routine can transfer the data and execute |/0
housekeeping. Each character request (interrupt)
requires a previous read. Therefore, continuous
data flow is accomplished by executing input
instructions (DIN)} which simultaneously specify
data transfer and read.

When punching, the high speed paper tape punch is
put on-line and the punch motor power turned on
by executing either a Turn Punch Power On or
Output Character and Turn Punch Power On. Each
character request (interrupt) requires a previous
Turn Punch Power On. Therefore, continuous data
flow is accomplished by executing output
instructions (DOT) which simultaneously specify
Output Characters and Turn Punch Power On.
After the last character of a series is transferred,
the punch power may be turned off by issuing a
Turn Punch Power Off command. The interrupt
may be inhibited by executing a disconnect.

b-6.7 Status Codes

Status is returned to the accumulator from the
high speed paper tape reader or punch after a
DIN D, 0 or a DIN C, O instruction is issued,
respectively.

The high speed paper tape reader status word
consists of three bits {Table 5-17). Bit-0 true means
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that the reader controller has not been select.
bit-1 true means that the reader is not ready.
transfer data, and bit-7 true means that 1
interrupt from the reader has not been servic

The high speed paper tape punch status wol
consists of four bits (Table 5-17). Bit-0 true mea:
that the punch controller has not been selecte
bit-1 true means that the punch motor is not up 1
speed, bit 4 true means that the tape supply is lov
and bit-7 true means that the interrupt from ttr
punch has not been serviced.

5-6.8 Interrupt Meaning

The interrupt from the High Speed Paper Tap
Reader means that a character has been read int.
the reader buffer and is ready to be transferred t
the CPU.

The interrupt from the High Speed Paper Tap
Punch means that the previous character sent i
being punched and that a new character may b
sent from the CPU.

5-6.9 Timing

Figure 5-7 gives the interrupt timing for the Higt
Speed Paper Tape Reader and Punch.

After selecting the HSPT Reader, the first interrup
will occur within 3.3 milliseconds. All othet
interrupts will occur at a 3.3 millisecond rate
provided that each interrupt is serviced within 25C
microseconds after being sent.

The High Speed Paper Tape Punch will send the
first interrupt only after the first data word is
transmitted. Interrupts will occur thereafter at a
9.1 millisecond rate provided that each interrupt is
serviced within 4 milliseconds after being sent.

5-6.10 Operation Notes

5-6.10.1 Tape Spooler (Model No. 75603)

The tape spooler operates in conjunction with the
tape reader and responds to tape motion through
the reader. Forward or reverse rewind is controlled
by a switch on the front panel of the spooler. No
program control of the spooler is provided.



Table 5—16. High Speed Paper Tape Reader and Punch Commands and Function Codes

High Speed Paper Tape Reader

Function Codes

Commands Binary Notation
DOT Hexadecimal Bit Position
Notation 9 10 11 12 13 14 15
Disconnect Controller DO i 0 1 0 0 0 O
Read Forward D1 i 0 1 0 0 0 1
DIN
Return Status to Accumulator DO 1 0 1 0 0 0 o
Transfer Character &
Disconnect D4 1 0 1 0 1 0 O
Transfer Character &
Read Forward Db 1 0 1 0 1 0 1
Function Codes
High Speed Paper Tape Punch
Commands Binary Notation
DOT Hexadecimal Bit Position
Notation 9 10 11 12 13 14 156
Disconnect Co 1 0 0 O O o0 o
Turn On Punch Power Cc2 1 0O 0 0 o 1 0
Turn Off Punch Power C3 1 0O 0 0 o 1 1
Output Character & Turn
On Punch Power C6 1 0O 0 0 1 1 0
DIN
Return Status to Accumulator Cco 1 0O 0 0O O o0 o
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Table 5-17. Status Response from High Speed Paper Tape Reader and Punch.

HSPT Reader Status

Meaning When Bit True Bit No.
Controller Not Ready 0
Device Not Ready 1
Interrupt has not been serviced 7

HSPT Punch Status

Controller Not Ready

Device Not Ready — Punch Not up to speed
Paper Tape Supply Low

Interrupt has not been serviced

N oA~ =2 O

SELECT DOT IR1 IR2 IR3

n

FIRST INTERRUPT INTERRUPT MAXIMUM
TIME (FIT) TIME (IR} SERVICE
TIME (MST)
Device FIT IR MST Rate
HSPT Reader 0-3.3ms 3.3 ms 250 usec 300 CPS
HSPT Punch 4.5—-18.0 ms 9.1 ms 4.0 ms 110 CPS

Figure 5—7. High Speed Paper Tape Reader and Punch Interrupt Timing
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'5.6.10.2 Punching Leader

tLeader (sprocket holes only) can be punched
‘manually by pressing the TAPE FEED switch on
ithe front panel of the punch. Leader can be
ipunched under program control by issuing Output
‘Character commands with all zeros in accumulator
;'bits 8-16. There are 10 sprocket holes per inch.

1 5-6.10.3 Reading Leader

. The first characters transferred from the reader will
i normally be leader characters {sprocket hole only).
‘These characters are not normally stored in
~memory and an SAZ instruction is used to detect
i and reject them. When the first non-zero character
| is read, the SAZ test instruction should be changed
'to a store byte (STB) or store word (STW)
i instruction as required by the application. The
; disposition of the first non-zero character and
subsequent characters is determined by the specific
. tape format used in the application.

5-6.11 High Speed Paper Tape Reader (Model No.
75601} and Punch (Model No. 75602) Operation

" 5-6.11.1 Controls and Indicators

i The 706 Tape Reader has two switches on its front
! panel; POWER ON and RUN-LOAD. The POWER
: ON switch may be left on so that power is supplied
to the reader whenever computer power is on, or it
may be turned on only when this unit is to be

used. The RUN-LOAD switch must be in the
LOAD position to manually insert or withdraw
paper tape and it must be in the RUN position
before tape can be read under program control.

The 706 Tape Punch, which contains the punch
set, has one operating control: a TAPE FEED
switch on the front panel. When pressed, this
switch causes the punch set to feed out tape with
sprocket holes punched but otherwise blank. This
operation continues until the switch is released.

No operating controls or indicators are provided on
the paper tape controller.

5-6.11.2 Loading

Refer to the OEM manuals supplied with the
reader, spooler and punch for the proper loading
procedure. When loading the reader, the sprocket
holes go towards the cabinet.

5-6.11.3 Operation

The paper tape vreader requires that the
RUN-LOAD switch be in the RUN position before
tape can be read. Tape motion is initiated via
program control.

The paper tape punch is turned on and off via
program control.
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. 5:7.CARD READER AND PUNCH

! The card reader and card punch provide column
. punched card input/output for the Raytheon 706
computer.

5-7.1 Speed

! Cards are read at 1100 or 400 cpm; cards are
punched up to 400 cpm.

5-7.2 Data Type

Data are transferred to and from the card
reader/card punch in binary form.

5-7.3 Data Format

5-7.3.1 Read Data Format

The 12-bit data are transferred between the card
reader and bits 4-15 of the accumulator. The most
significant bits (0-3) of the accumulator are set to
zero. Table 5-18 shows the correspondence
between the card rows and the accumulator.

5-7.3.2 Punch Data Format

The 12-bit data are transferred between bits 4-15
of the accumulator and rows 12-9 of the card
punch. Two 12-bit data words (columns) are
punched at a time. The most significant bit (0-3) of
the accumulator are not punched. Table 5-18
shows the correspondence between the card rows
and the accumulator.

5-7.4 Card Reader Functions
5-7.4.1 Disconnect {DOT 8,0)

The card reader is disconnected and put into an
off-line state. Its interrupt capability is inhibited
and all data transfer comes to an immediate stop.
Status bit-0 becomes true.

5-7.4.2 Disconnect After Current Card is Read
(DOT 8, 3)

Same as Disconnect except that the interrupt
capability is not inhibited until the end of card has
been reached.

5-7.4.3 Select Card Reader (DOT 8, 1)

Card reading is initiated and an interrupt is issued
when data are available. The interrupt is
terminated when the data are transferred to the
accumulator (bits 4 through 15). Card reading
continues automatically until there are no more
cards in the stacker or until a Disconnect is issued.

Table 5-18. Card Row-Accumulator Bit

Correspondence
Card Row Accumulator Bit
No correspondence 0-3
12 4
11 5
0 6
1 7
2 8
3 9
4 10
b 11
6 12
7 13
8 14
9 15

5-7.4.4 Stop Interrupts for Current Card (DOT 8,
2)

Interrupts are inhibited for the remainder of the
card and are resumed on the following card.

5-7.4.5 Offset Card in Process in Output Stacker
(DOT 8, 8)

The card in process is offset stacked in the output
hopper (card stacked with left edge offset
approximately one inch). This operation can be
combined with any other instruction, i.e. a DOT
8, A (8 + 2) would stop interrupts for the card in
process while offset stacking that card in the
hopper.
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5-7.4.6 Transfer Data (DIN 8, 4 or DIN 8, 5)

Bits 4-15 of the accumulator receive individual
column rows 12-9, respectively, from the card in
process.

5-7.5 Card Punch Functions

5-7.5.1 Disconnect (DOT F,0)

The card punch is disconnected and put into an
off-line state. Its interrupt capability is inhibited
and no more data can be accepted by the
controller.

5.7.5.2 Stop Punch (DOT F, 3)

Same as Disconnect except that the interrupt
capability is not inhibited until the end-of-card has
been reached.

5-7.5.3 Punch Cards (DOT F, 1)

Card punching is initiated-and an interrupt is issued
approximately two seconds after the command to
punch cards is given. The card punch punches two
12-bit columns of data at a time.

5-7.5.4 Last Punch (DOT F, 2)

Interrupts are inhibited for the remainder of the
card in process and resume beginning with the next
card. See High Speed Skip Feature, Section
5-7.9.1.

5-7.5.5 Offset Card In Process In Output Stacker
(DOT F, 8)

The card in process is offset stacked in the output
hopper (card stacked with left edge offset
approximately one inch). This operation can be
combined with any other instruction , i.e., a DOT
F, A (8 + 2) would stop interrupts for the card in
process while offset stacking that card in the
hopper.

5-7.5.6 Load Data (DOT F, 4 or DOT F, 5)

Data to be punched is transferred from the
accumulator (bits 4-15) to the card punch (rows
12-9). Two Load Data commands must be issued
with each card punch interrupt.

5-7.6 Function Codes

The various 8 bit control codes are illustrated in
hexadecimal and binary formats in Table 5-19.

When reading or punching cards, the initial select
command starts card motion. The cards continue
to feed until there are no more cards in the stacker
or a Disconnect command is issued.

5-7.7 Status Codes.

Status is returned to the accumulator from the
card reader or card punch after a DIN 8, O or a
DIN F, O instruction is issued, respectively.

The card reader status word consists of seven bits
(see Table 5-20). An all zero status word indicates
that the card reader is ready to read. Bit-O true
means that the controller or device is not ready.
Bit-1 true means that the controller is not ready to
read. Bit-2 true means that there is a card in the
read station. Bit-3 true indicates that the card
reader hopper is empty. Bit-7 true means that the
card reader has issued an interrupt that has not
been serviced. Bit-14 true means that the DIN
instruction to read data was laté being issued by
the CPU. Bit-15 indicates either a card reader .
malfunction or a late DIN from the CPU.

The card punch status word consists of six bits (see
Table 5-20). An all zero status word indicates that
the card punch is ready to punch. Bit-O true means
that the controller or device is not ready. Bit-1 true
means that the controller is not ready to punch.
Bit-7 true means that the card punch has issued an
interrupt that has not been serviced. Bit-13
indicates there was a punch check error. Bit-14
means that the DOT instruction to transfer data
was late. Bit-15 means that there was either a
punch error or a late data transfer.

5-7.8 Interrupt Meaning

The interrupt from the card reader means that a
card column has been read and is ready to be
transferred to the CPU.

The interrupt from the card punch means that the
punch is ready for data. Two data transfers are
necessary to turn off the interrupt and status bit 7.
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Table 5—19. Card Reader and Card Punch Command and Function Codes

Card Reader

Function Codes

Commands Binary Notation
DOT Hexadef:imal Bit Position ‘
Notation 8 9 10 11 12 13 14 15
Disconnect Controller 80 1T 0 0 0 0 0 0 0O
Read Cards 81 1 0 0 0O O o o0 1
Stop Interrupts on Current
Card 82 1 0O O 0O o o0 1 0
Disconnect After Current
Card 83 1 0O 0 O o0 O 1 1
Offset Card In Process 88 1 0O 0 O 1 0O 0O oO
DIN
Return Status to Accumulator 80 1 0O 0 O 0O 0 o o
Transfer Data 84 1 0 0 0 O 1 0O 0
Card Punch Function Codes
Commands ] .
Binary Notation
DOT Hexadec.imal Bit Position
Notation 8 9 10 11 12 13 14 15
Disconnect Controller FO 1 1 1 1 0O 0 O 0o
Punch Cards F1 1 1 1 1 0 0 0 1
Last Punch F2 1 1 1 1 o 0 1 0
Stop Punch F3 1 1 1 1 0 0 1 1
Offset Card In Process F8 1 1 1 1 1 0O 0 O
Transfer Data F4 1 1 1 1 0 1 0 O
DIN
Return Status to Accumulator FO 1 1 1 1 0 0 0 0
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Table 5—20. Card Reader and Card Punch Status Response

Card Reader Status

Meaning When Bit True Bit No.
Controller or Device Not Ready 0
Controller Not Ready 1
Card In Read Station 2
Hopper is Empty 3
Interrupt Has Not Been Serviced 7
Late Data Transfer 14
Card Reader Malfunction on Late Data Transfer 15
Card Punch Status
Meaning When Bit True Bit No.
Controller or Device Not Ready 0
Controller Not Ready 1
Interrupt Has Not Been Serviced 7
Punch Check Error 13
Late Data Transfer 14
Card Punch Malfunction, or Late Data Transfer 156

5-7.9 Timing

Figure 5-8 gives the interrupt timing for the card
reader and card punch.

For the 1100 cpm card reader the time between
initiation of the reader operation and the first
interrupt is approximately 32 milliseconds. The
interval between interrupts during the reading of a
card is approximately 370 microseconds. The max-
imum time to service an interrupt is 300 micro-
seconds. Failure to service an interrupt within 300
microseconds after it occurs causes a response
error. Approximately 256 milliseconds are required
between the interrupt for column 80 of one card
and the interrupt for column 1 of the next card.

The time between initiation of card punch
operation and the first interrupt is approximately 2
seconds if the card punch has been disconnected
(DOT F, 0) or not previously selected. This time is
required to start the card transport motor. If the

card transport motor is running the first interrupt
is issued immediately. The interval between
interrupts during the punching of a card is
approxiamtely 12.5 milliseconds. The maximum
time to service an interrupt is 1 millisecond.
Failure to service an interrupt within that time
results in a response error. Approximately 100
milliseconds are required between the last interrupt
of one card-and the first interrupt of the next card.

5-7.9.1 Card Punch High Speed Skip Feature

The high speed skip feature, while not affecting the
maximum or minimum punching rate, provides a
significant increase in punching throughput on
applications that involve a gap between fields. This
increase is achieved by greatly accelerating card
movement for all card columns not punched. For
many punch patterns the speed increases 100% (see

5.62



Table 5-21. Punching Speeds Using High Speed Skip Feature
Punch Skip Punch Throughput
Columns Columns Columns Cards Per minute
1-80 - - - 100
1-10 11-70 71-80 215
1-10 11-50 51-60 228
1-10 11-30 31-40 246
1-20 21-80 - - 266
1-8 9-80 - - 400
CARD CARD COLUMN 1}
COLUMN 80 OF NEXT CARD
SELECT DOT IR1 IR2 IR3 IR80 IR81

FIRST INTERRUPT

INTERRUPT

MAXIMUM

TIME BETWEEN

TIME (FIT) TIME (IR) SERVICE CARDS (C)
TIME (MST)

Device FIT IR MST Cc Rate
Card Reader 32 ms 370 us 300 us 25ms 1100 CPM
Card Punch* 0-2 sec 12.56 ms 1.0 ms 100 ms 100 CPM
Card Punch** 0-2 sec 125 ms 1.0 ms 100 ms 400 CPM
Card Reaaer 90 ms 1.0 ms 825 us 70 ms 400 CPM

*Punches in all 80 columns (See Section 5-7.10.1)

**Punches in 8 columns or less (See Section 5-7.10.1)

Figure 5-8. Card Reader. & Card Punch Timing
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Tabie 5-21. In order to program this feature, the
Last Punch (ref. 5-7.5.4) instruction must be
issued.

5-7.10 Card Reader Operation (Model No. 75611,
1100 CPM)

5-7.10.1 Controls and Indicators

The controls and indicators for the card reader are
shown in Figure 5-9 and described in Table 5-22.

5-7.10.2 Loading

The reader input hopper holds a maximum of 1000
cards. Load cards with the 9 edge toward panel, 12
edge toward operator, and colum 1 toward read
station {operator’s left). Before loading a deck of
cards riffle both ends and flex the deck, then
square up the deck by jogging it on a smooth
surface. Place a one inch portion of the deck in the
hopper, holding the right side of the deck higher so
that the leading edge of the bottom card rests
against the picker throat block. Allows the cards to
fall into place in this position. Add the rest of the
deck. Additional cards may be added to a partially
full hopper during reading without stopping the
reader.

5-7.10.3 Operation

Press POWER switch-indicator if it is lighted white.
{If it is not lighted turn on the circuit breaker at
the rear of the cabinet.) It should light green,
START should light white, STOP should light
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yeliow, and CLEAR should light white. If CLEAF
is red check the indicators to determine the natur:.
of the trouble. Correct the trouble and press the
CLEAR switch before proceeding.

Press the START switch. START lights green, anc’
STOP lights white. The card reader is now ‘on line
and ready to be operated under program control.

Card reading may be stopped by pressing the STOP_
switch or allowed to stop automatically when the
input hopper is empty, the output hopper full, or
by a command from the CPU,

To remove cards from the stacker press down on-
the elevator and lift the deck straight out. The
stacker holds 1000 cards. Do not remove cards
from the stacker while cards are being read.

5-7.11 Card Punch Operation {Model No. 75613,
400 CPM)

The controls and indicators for the card punch are
shown in Figure 5-9 and described in Table 5-23.

To punch cards press the POWER ON switch and
then press the RUNOUT switch to clear the card
path.

Load the card input hopper with the cards face
down and with the nine edges first. Place the card
weight on the cards.

Press the START switch. The card punch is now -
on-line and ready to be operated under program -
control.



HOPPER | PICK CIGHT | TEST
POWE T | stop | cLear EMPTY | FAILURE |CURRENT| MODE
LT (RED) (RED) | (RED) | (RED)
(NOTE 1 | (NOTE 2) [ (NOTE 3) | (NOTE 4)| {STACKER [ CARD DARK
FULL | MOTION |CURRENT
(RED) (RED) (RED)
READER
NOTES:
1 GREEN-ON, WHITE-OFF
2 GREEN-START, WHITE-STOP
3 YELLOW-STOP, WHITE-START
4 WHITE-NO TROUBLE, RED-TROUBLE
CARDS TRANSPORT PUNCH
AUXILIARY
CHIPS INPUT
POWER
ON OFF START STOP RUNOUT

PUNCH MAIN PANEL

Figure 5—9. Card Reader (1000 CPM) and Card Punch Controls and Indicators
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Table 5—22. Card Reader {1000 CPM) Controls and Indicators

Control or Function
Indicator
POWER Switch-indicator Applies operating power and causes power on reset to

be generated which establishes the initial condition of
the reader logic. Lights green when on, red when off
{red in off condition indicates reader is connected to
AC source and circuit breaker is on).

START Switch-indicator Places reader logic in start condition (a requirement for
ready condition). Causes picking and reading to begin
when in TEST mode. Lights green in Start condition.
White in stop condition.

STOP Switch~-indicator Places the reader logic in stop condition and inhibits the
ready condition. Stops picking and reading in TEST mode
Lights yellow in stop condition. White in start condition.

CLEAR Switch-indicator Resets monitoring circuits after a trouble condition has
been corrected. Lights red when trouble.. White when no
trouble.

*HOPPER EMPTY Lights red when there is no card in the input hopper.

indicator

*STACKER FULL Lights red when output stacker is full.

Indicator

*PICK FAILURE Lights red when a card does not reach the read station
Indicator within a set time afetr the picker is energized

*CARD MOTION Lights red when a card fails to complete passage through
Indicator the read station within a set time or when a card is

more than approxiamtely 1/3 column out of synchronization
with the timing signals.

*LIGHT CURRENT Lights red when the read station fails to detect light after
Indicator a card is picked and before the leading edge of the card
reaches the read station.

*DARK CURRENT Lights red when read station is not darkened by the
Indicator leading edge of the card before column 1 is sensed.
TEST MODE Indicator Lights red when TEST/NORMAL switch is in TEST position.

*Once lighted these indicators remain on until trouble is corrected and CLEAR
switch is pressed.
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Table 5—22. Card Reader (1000 CPM) Controls and Indicators (Cont)

Control or
Indicator

Function

TEST/NORMAL Switch

Circuit Breaker

Causes continuous pick and read for test purposes.
(Located on reader logic assembly)

Applies primary AC power, (Located on rear of reader.)

Table 5-23. Card Punch Controls and Indicators

Control or Indicator

Function

*POWER ON Switch-Indicator

POWER OFF Switch

*START Switch-Indicator

*STOP Switch-Indicator

*RUNOUT Switch-indicator

**PUNCH Indicator

**CARDS Indicator

**CHIPS Indicator

Applies primary power to punch. Lights
TRANSPORT and AUXILIARY indicators.

Removes primary power.

Functions only when STOP switch/indicator is
lighted. Places punch in ready condition and
inhibits busy signal. Turns off CARDS and
INPUT indicators.

Causes busy signal to be generated. Stops punch
operation at end of card-in process. Turns off
START switch-indicator.

Functions only when STOP switch-indicator is
lighted. Causes card to be removed from card
path (used to clear a jam).

Lights when the holes punched in the card fail to
compare with the input data or when a jam occurs
in the card transport mechanism.

Lights when input hopper is empty, output stakcer
is full, the stacker pressure switch is released, a
card is jammed in the output stacker rollers, or
the chip box is either full or removed from

the machine.

Lights when the chip box is either full or
removed from the machine.
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Table 5-23. Card Punch Controls and Indicators (Cont)

Control or ]
) Function
Indicator

**TRANSPORT Indicator Lights when a jam occurs in the card transport
mechanism. The card transport motors are
turned off when a jam is detected.

**INPUT Indicator Lights when the wait station is not filled after
the START switch-indicator has been activated
or is not refilled following a punch instruction.

**AUXILIARY Indicator Lights when a condition occurs which the

operator does not normally correct. Either the
nature of the trouble is indicated on the
auxiliary control panel or the unit is in test mode.

Auxiliary Control Panel
TEST Switch Selects normal operation or one of nine test modes.

INTERLOCK Indicator Lights when one of the covers is open or the punch
head is not locked in position.

BREAKER Indicator Lights when a power circuit breaker opens.
PICKER Indicator Lights when the picker motor drive circuits fail in
such a manner as to cause the picker motor to run

at a speed injurious to the mechanism.

HEAT Indicator Lights when one of thecooling fans fail.

* Lights when activated. Activated upon release after being pressed.
**Visible only when activated.
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:6-7.12  Card Reader Operation
: {Model No. 75612, 400 CPM)
55-7.12.1 Controls and Indicators

gThe controls and indicators for the 400 CPM card
reader are shown in Figure 5-9.1 and described in

{ Table 5-23.1.

167.12.2 Loading

Check that both the stacker bin and hopper are

empty of cards. Load up to 500 perforated cards

i in the supply hopper, printed side down and column
. 1 toward the read station.

: B-7.12.3 Operation

Press and release the POWER switch. The switch

¢ indicator will be illuminated green. This indicates

; the d-c power supply is activated and the a-c cir-
' cuits are enabled.

i Press and release the MOTOR switch. This will
i cause the drive motor to start and the indicator will
' be iluminated green.

Press and release the START switch. The indicator

¢ will be illuminated green. The motor will continue
* to operate but card processing will await a read

command from the computer.

" When the read command is sent to the card reader,

cards will be fed to the stacker in the same rotation
they were in the supply hopper. When no trouble
occurs, cards will continue to be read until the hop-
per is empty or the STOP switch is pressed.

5-7.12.4 Operational Troubles

HOPPER EMPTY

To correct a hopper empty condition, proceed as

follows:
(a)
(b)
{c)
(d)

Reload the supply hopper.

Press and release the MOTOR push switch.
Press and release the START push switch.
When the external equipment sends a read
command, card reading will continue.
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PICK FAIL

A pick failure is normally the result of the leading
edge of a card being damaged or the card thickness
being out of tolerance. The pneumatic gate of the
picker assembly will pass cards up to 0.010 inch
thick and not pass cards 0.012 inch thick. Where
the leading edge of a card is damaged so its thick-
ness is greater than 0.010 inch, a picker failure will
result and stop the reader operation. To correct the
condition, proceed as follows:

(a} Remove the cards from the supply hopper
and examine the leading edge of the bottom
card for damage.

Smooth any burr on the leading edge of the
card and try to manually insert the leading
edge of the card in the picker pneumatic
gate.

Where the leading edge of the card entered
the pneumatic gate, leave just the edge of
the card entered in the gate and reload the
supply hopper.

Press and release the MOTOR push switch.
Press and release the START push switch.
When the external equipment sends a read
command (IRC), card reading will continue.

(b)

(c

{d)
{e)
(f)

LIGHT CURRENT OR DARK CURRENT
ERRORS

A light current or dark current error is normally the
result of a damaged card. The damaged card will be

‘the last card fed to the stacker. (Top card in the

stacker bin.} When either of these failures occur,
proceed as follows:

(a) Remove the top card from the stacker bin
and examine the ends of the card for dam-
age.

Place the card in the supply hopper as the
bottom card in the hopper.

Press and release the MOTOR push switch.
Press and release the START push switch.
Where the same error occurs, remove the
card from the stacker bin, repeat steps (c)
and (d).

Where card reading continues, the card re-
moved from the stacker bin contains dam-
age not noticed.

Replace card with a new card.

{b)

(c)
(d)
(e}

(f)

{g)



Table 5-23.1. Card Reader (400 CPM) Controls and Indicators
Control or Function
Indicator
POWER Controls AC power to DC power . L. .
(Switch/ supply. When ON, indicator isi- | CARD Indicator is illuminated RED
Indicator) juminated GREEN. MOTION when time |nterva! between a card
(Indicator) | entering and leaving read station
MOTOR Clears all trouble signals and starts does not correspond to prearrang-
(Switch/ drive motor. When motor activat- ed card column counts.
Indicator) ed, indicator is illuminated
GREEN. LIGHT Indicator is illuminated RED
CURRENT | when all phototransistors are not
START Puts card reader ON-LINE with (Indicator) | conducting when a card is not in
{Switch/ card controller. When ON-LINE, the read station.
Indicator indicator is illuminated GREEN.
STOP Puts card reader OFF-LINE with | DARK Indicator is illuminated RED
(Switch/ card controller. When OFF-LINE, | CURRENT | when all phototransistors do not
Indicator) | indicator isilluminated YELLOW, | (Indicator): | stop conducting (go dark) be-
tween the leading edge of a card
PICK Indicator is _illuminated RED and column 1, or between col
FAILURE when card fails to reach read sta- umg and the trailing edge ot a
{Indicator) tion. card.

POWER

MOTOR

MOTION

START

LIGHT

TOP

CURRENT
DARK

Figure 5-9.1. Card Reader (400 CPM) Control Panel.




5-8 LINE PRINTER

The line printer provides a high speed printing ca-
pability for the 706 computer. Specifications are
given in Table 5-23.2,

5-8.1 Speed

Data are printed at rates of 360, 600 and 1,000
lines per minute; 132 characters per line. Data
transfer rate is asynchronous to 125 kHz for the
360 and 600 Ipm printer and asynchronous to
167 kHz for the 1,000 Ipm printer.

5-8.2 Data Type

The character set for the printer is listed in Table
5-24. The hexadecimal codes that represent the

characters are a subset of the eight-bit ASCII codes.
The printer uses only six of the eight bits. The two
most significant bits are not used.

5-8.3 Data Format

The 6-bit data are transferred between bits 10-15 of
the accumulator to the printer buffer. The most
significant 10 bits (0-9) of the accumulator do not
affect the character to be printed.

5-8.4 Line Printer Functions

5-8.4.1 Disconnect (DOT 5,0)

The line printer is disconnected and put into an off-
line state. lts interrupt capability is inhibited and
no more data can be accepted by the printer buffer.
Status bit - 0 becomes true.

Table 5—23.2, Line Printer Specifications

Type Drum

Speeds 360, 600, and 1,000 Ipm

No. of

Characters 64 standard

Characters

per line 132

Character Size H?)ight Width
Upper Case  0.095 in. +.003 in.
(typical) 0.065 in. +,003 in.
Lower Case 0.065 in. 4,003 in.
(maximum) 0.065 in. +.003 in.
Horizontal 10 characters per inch or

Character 0.100 in. £ .006 in. center to
Spacing center

Vertical 6 characters per-inch or

Spacing 0.167 in. % .010 in. line to line
Line Deviation from mean horizontal

Straightness line does not exceed £ .010 in.
Paper Standard, edge-punched (% in. hole

Specifications center) fanfold paper up to 19 in.

wide

Single copy 156 Ib. bond

min. weight

Six part with 12 Ib. bond

carbon

Tabulation 0.007 in. thickness

card

Adjustments

Horizontal Left margin detents, form width
Paper lock, horizontal paper tension,
Adjustments horizontal paper position

Vertical Vertical paper tension, dynamic

Paper vertical paper position

Adjustments

Ribbon Vertical Feed roll type, 14 in. wide
x 20 yds. long

Vertical 8 channels

Format Tape

Step Count 1-7lines

Power

Specifications

Power 1.4 KW

Input Voitage 115 VAC £ 10%

Frequency 60 Hz+ 1 Hz

Operating

Environment

Operating

Temperature 50°F - 100°F
Nonoperating

Temperature  O°F - 126°F

Operating

‘Humidity 20% - 80%

Nonoperating

Humidity 5% - 95%

Physical

Characteristics

Dimensions  Height: 48 inches
Width: 47 inches
Depth: 26 inches

Weight 838 Ibs.
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Table 5-24. Line Printer Character Set

Hex. Hex. Hex. Hex.
Char. | Code | Char. | Code | Char.| Code}Char. | Code
@ co P DO Blank| AO 0 BO
A C1 Q D1 I Al 1 B1
B c2 R D2 "o A2 2 B2
c Cc3 S D3 No. | A3 3 B3
D Cc4 T D4 5 A4 4 B4
E C5 U D5 % A5 5 B5
F 5] Vv D6 & A6 6 B6
G c7 w D7 ! A7 7 B7
H cs X D8 ( A8 8 B8
[ c9 Y D9 ) A9 9 B9
J CA| Z DA * AA BA
K CB [ DB + AB ; BB
L cc \ DC , AC | < BC
M CcD 1 DD - AD | = BD
N CE t DE AE > BE
0 CF | « DF / AF ? BF
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Accumulator Bit

Hex Code 101112131415 Function
X0 XX0000 Slew to Channel 0 (1 ling)
X1 XX000 1 1(TOF)
X2 XX0010 2
X3 XX0011 3
X4 XX0100 4
X5 XX0101 5
X6 XX0110 6
X7 XX0111 Slewto Channel 7
X8 XX1000 MovePaper1Line
X9 XX1001 MovePaper1Line(s)
XA XX1010 2
XB XX1011 3
XC XX1100 4
XD XX1101 5
XE XX1110 6
XF XX1111 Move Paper 7 Lines

Note: At print time if Bit-10 is zero, paper is moved according to bits 12—15,
If Bit-10 is a one, paper motion is inhibited.

Figure 5-10. Slew Characters for Line Printer.
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5-8.4.2 Load Slew Register (DOT 5,1)

Bits 10—15 of the accumulator are loaded into the
slew register. No data are transferred and paper
motion is not initiated by this command. See
Figure 5-10 for slew character definitions. This
command may be issued any time before the Print
Line and Move Paper command is given.

5-8.4.3 Load (Transfer) One Character (DOT 5,4)

One character is transferred from the 706 accumu-
lator (bits 10—15) to the line printer data buffer
with this instruction.

No interrupt is generated because of a character
transfer. The line printer buffer accepts characters
as fast as the 706 can transmit them, provided that
the controller is not busy printing.

The line printer data buffer stores the characters
up to a maximum of 133 (132 data characters + 1
slew character). See Section 5-8.10.1 for overspill.
Unused character spaces are printed as blanks.

5-8.4.4 Print Line and Move Paper (DOT 5,8)

The Print Line and Move Paper command causes
bits 10—15 of the accumulator to be transferred
(last character), the line to be printed and paper
moved according to the slew character.

If bit-10 of the slew character is a one, paper
motion is inhibited. If bit-10 of the slew character
is a zero, paper is moved according to the slew
character (see Figure 5-10).

During the print cycle, status bits 0 and 1 are set
true. Upon completion of printing, an interrupt is
sent to the CPU and status bits O and 1 are set
false. The printer buffer is cleared. The slew
character remains and can be used for the next
line.

5-8.4.5 Move Paper (Dot 5,9)

This command causes bits 12—15 of the accumula-
tor to be loaded into the slew register. Bit-10 of
the slew character is forced to a zero.

Paper motion only takes place according to the
slew character just transferred. With bit-12 equal to
zero, paper may be slewed to any one of eight
channels to a punch in the control tape. If bit-12
equals a one, paper may be spaced from one to
seven lines (see Figure 5-10). The data buffer is
cleared and the slew character buffer is cleared.
Status bit-0 is false while paper is in motion.

5-8.5 Function Codes

The various 8-bit control codes are illustrated in
hexadecimal’and binary formats in Table 5-25.

5-8.6 Status Codes

Status is returned to the accumulator from the line
printer after a DIN 5,0 instruction is issued.

The line printer status word consists of three bits
(Table 5-26). An all-zero status word indicates that
the line printer is ready to receive characters, move
paper command, or a print command. Bit-O true
means that the controller device is not ready. Bit-1
true indicates that the device is not ready. Bit-7
true means that the line printer is interrupting the
CPU and has not been serviced.

5-8.7 Interrupt Meaning

The interrupt from the line printer means that
printing has been completed. If the line has been
printed, the line printer data buffer hasbeen cleared
and a new line of data may be transmitted.

58.8 Timing

The operational speed of the line printer is a func-
tion of the drum rotational speed, the paper speeds
and the information being printed. Figure 5-10.1
gives the line printer timing based on the drum and
line paper speeds listed in Table 5-26.1.
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Table 5—25. Line Printer Commands and Function Codes

Command Function Codes

Hexadecimal Binary Notation

Notation Bit Position
DoT 8 9 10 11 12 13 14 15
Disconnect Controller 50 0 1 0 1 0O 0 0 o
Load Slew Register 51 o 1 0 1 0 0 o0 1
Load One Character 54 0 1 0 1 0o 1 0 O
Print Line and Move 58 0 1 0 1 1 0 0 o
Paper
Move Paper 59 0 1 0 1 1 0 o 1
DIN
Return Status to
Accumulator 50 0 1 0 1 0O 0 0 o

5.65




Table 5-26.1. Drum, Paper and Print Speeds

Drum Rotational Speed*

360 rpm Nominat

Drum Rotational Time

160 msec/Revolution

Paper Speed
[<H]
§ One-Line Two-Line Three-Line Skip
s Advance Advance Advance Feed
-
& E 25 msec. max. 35 msec. max. 44 msec. max. 20 in/sec min.
- or 8.4 msec/line
i after 3rd line.
3
© Print and Slew Time
Up to 54 Adjacent Characters Over 54 Characters
Print Time Slew Time Print Time Slew Time
142 msec. 25 msec. 167 msec. 25 msec.
Drum Rotational Speed 600 rpm Nominal
Drum Rotational Time 100 msec/Revolution
Paper Speed
® One-Line Two-Line Three-Line Skip
:::':' Advance Advance Advance Feed
% ] 25 msec. max. 35 msec. max. 44 msec. max. 20 in/sec min.
o = .
o .S or 8.4 msec/line
2o after 3rd line.
£
8 Print and Slew Time
e}
Up to 48 Adjacent Characters Over 48 Characters
Print Time Slew Time Print Time Slew Time
75 msec. 25 msec. 100 msec. 25 msec.
Drum Rotational Speed 1,000 rpm Nominal
Drum Rotational Time 60 msec/Revolution
o Paper Speed
E One-Line Two-Line Three-Line Skip
= Advance Advance Advance Feed
& *3 15 msec. 25 msec. 30 msec. 35 in./sec max
2= or 4.8 msec/line
~ after 3rd line
8
=] Print and Slew Time
Up to 48 Adjacent Characters Over 48 Characters
Print Time Slew Time Print Time Slew Time
45 msec. 15 msec. 60 msec. 15 msec.

*64 character drum
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5-8.8.1 360 LPM Printer

{ Using a 64-character drum, the line printer prints

at 360 lines per minute when using any combination

. of up to 54 physically adjacent characters plus space

code assuming single-line paper stepping between
print operations. In this case, up to 142 msec of
each 167 msec rotational time is used for printing.
During the remaining 25 msec, the next line to be
printed is stored and the paper is advanced while

© the 10 unused characters are passing the print posi-
! tion. When printing more than 54 physically adja-

cent characters, an entire drum revolution may be
required to scan all desired characters. Thus, using
a 64-character drum, the printer prints at 300 lines
per minute when using any combination of between
54 and 64 physically adjacent characters plus space

i code, assuming single line stepping between print

operations. In this case, 167 msec is used for print-
ing and an additional 25 msec is required to step
the paper.

Alphabetics, numerics and commonly used punctu-
ation marks are usually located in adjacent posi-
tions on the drum so that the probability is high
that on most lines of print, the character set which
is used is 54 characters or less and the line printer

will operate at 360 lines per minute. It should be
noted that the print operation is asynchronous, i.e.,
character scanning is initiated as soon as all data is
loaded without waiting for any index point.

5-8.8.2 600 LPM Printer

Using a 64-character drum, the line printer prints at
600 lines per minute when using any combination
of up to 48 physically adjacent characters plus
space code assuming single-line paper stepping be-
tween print operations. In this case, up to 75 msec
of each 100 msec rotational time is used for print-
ing. During the remaining 25 msec, the next line to
be printed is stored and the paper is advanced while
the 16 unused characters are passing the print posi-
tion.

When printing more than 48 physically adjacent
characters, an entire drum revolution may be re-
quired to scan all desired characters. Thus, using a
64-character drum, the printer prints at 480 lines
per minute when using any combination of between
49 and 64 physically adjacent characters plus space
code, assuming single line stepping between print
operations. In this case, a maximum of 100 msec
is used for printing and an additional 25 msec is
required to step the paper.

PRINT
COMMAND (IR1)

FIRST DOT

—_ ;s

IR2 IR3

FIRST INTERRUPT PRINT SLEW+ MAXIMUM
TIME {FIT) TIME (PT)  INTERRUPT SERVICE
TIME (IR) TIME (MST)
*Up to 48 physically adjacent characters.

Device FIT PT 1R MST SPEED*
Line Printer 0.25 msec 142 msec 25 msec 167 msec 360 Ipm
Line Printer 0.25 msec 75 msec 25 msec 100 msec 600 ipm
Line Printer 0.25 msec 45 msec 15 msec 60 msec 1000 Ipm

Figure 5—10.1. Line Printer Timing
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Alphabetics, numerals and commonly used punctu-
ation marks are usually located in adjacent posi-
tions on the drum so that the probability is high
that on most lines of print, the character set which
is used is 48 characters or less, and the line printer
will operate at 600 lines per minute. It should be
noted that the printing operation is asynchronous,
i.e., character scanning is initiated as soon as all
data is loaded without waiting for any index point.

In no case should the printer be operated continu-
ously at greater than 750 lines per minute.

5-8.8.3 1,000 LPM Printer

Using a 64-character drum, the printer prints at not
less than 1,000 lines per minute when using any
combination of up to 48 physically adjacent char-
acters plus space code assuming single-line paper
stepping between print operations. In this case, up
to 45 msec of each 60 msec rotational time is used
for printing. During the remaining 15 msec, the
next line to be printed is stored and the paper is
advanced while the 16 unused characters are passing
the print position.

When printing more than 48 physically adjacent
characters, an entire drum revolution may be re-
quired to scan all desired characters. Thus, using a
64-character drum, the printer prints at not less
than 800 lines per minute when using any combin-
ation of between 49 and 64 physically adjacent
characters plus space code, assuming single line
stepping between print operations. In this case, a
maximum of 60 msec is used for printing and an
additional 15 msec is required to step the paper.

Alphabetics, numerals and commonly used punctu-
ation marks are usually located in adjacent posi-
tions on the drum so that the probability is high
that on most lines of print, the character set which
is used is 48 characters or less and the line printer
will operate at 1,000 lines per minute. It should be
noted that the print operation is asynchronous, i.e.,
character scanning is initiated as soon as all data is
loaded without waiting for any index point.

5-8.9 Vertical Format Tape

The vertical format tape is an 8-channel (0-7) paper
tape that controls page and line formatting for the
line printer output. Tapes come with prepunched
sprocket and feed strobe holes. The user must
punch the eight control channels according to his
specific requirement (see line printer OEM manual
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for punching instructions). The eight channels on
the format tape are normally punched as follows
(not required):

Hole provided for each line to be

Channel 0
printed
Channel 1 Top of Form

Channels 2-7 As required

5-8.10  Operation Notes

5-8.10.1 Data Buffer Overspill

If 134 or more characters are transmitted before a -
print command is issued, the line printer will auto-
matically replace the second character with the
134th character (1st or slew character unaffected) -
and continue to replace characters on a one for one
basis.

5-8.10.2 Overprinting

The line printer output may be overprinted (to
darken type) by issuing a print command without a
paper motion slew character and then issuing an-
other print command.

65-8.11 Line Printer Operation (Model Nos.
75622, 75623 - 360 LPM and 600 LPM)

5-8.11.1 Controls and Indicators

The controls and indicators for the 360 and/or 600
Ipm line printer are shown in Figure 5-11. and des- ~
cribed in Table 5-27.

5-8.11.2 Paper Loading

The paper feed mechanism is accessed by raising
the printer top cover and swinging the drum gate
forward. When the form to be loaded is identical
to that for the previous printout, the paper is simply
inserted up between the drum gate and the hammer
bank and the paper drive holes aligned with the
tractor paper drive teeth. Pressure plates then se-
cure the paper in the mechanism.

When the mechanism is not adjusted for the parti-
cular sized paper, the paper feed tractors must first
be positioned to obtain an approximate adjustment
for the form. The paper is then loaded and the
tractors are statically adjusted horizontally and ver-
tically until the paper is taut on the mechanism.
Vernier controls are provided to allow dynamic ad-
justment of the mechanism while printing. Addi-



POWER ON

END OF
PAPER

READY

SKIP TOP OF
FEED FORM

Figure 5—11.1 Line Printer Control Panel (360 and 600 Ipm)

Table 5—27. Line Printer Operating Controls and Indicators {360 and 600 Ipm)

Control or
Indicator

Function

POWER ON
pushbutton/
indicator

END OF
PAPER
indicator

READY
pushbutton/
indicator

SKIP FEED
pushbutton

TOP OF
FORM
pushbutton

Used to control application and
removal or primary AC power to
printer. Lights when power is on.

When lighted, indicates that the
paper has broken between the up-
per and lower tractors or that the
paper supply has been exhausted.
When this condition occurs, the
READY indicator will be extin-
guished and the printer will be in-
hibited from accepting any addi-
tional character information;
however, any line being printed
will be completed.

Lights to indicate the status of
the line printer (ready or standby)
after AC power is applied. In the
ready condition, data may be
sent to the line printer from the
controller. Depressing the lighted
READY  pushbotton-indicator
will place the printer in the stand-
by condition.

When depressed, the paper slews
at 20 inches per second until the
swifch is released. If a tape loop
is in the tape reader, the paper
will hold at the first channel 7
entry after the switch is released.

When depressed and released, with
a tape loop in the tape reader, the
paper is advanced to the next top-
of-form position. When a tape
loop is not in the tape reader, the
paper will advance one line and
stop each time the switch is de-
pressed and released.
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tional controls are provided to ensure optimum
print quality for various part paper.

The line printer should not be operated without
paper and ribbon loaded. The only time the ham-
mers are fired without paper or ribbon is when ad-
justing a newly installed hammer bank. Extended
operation of this kind will damage the hammers.

5-8.11.3 Ribbon Changing

The ribbon assembly is accessed by lifting the cover
and opening the drum.gate. The ribbon is easily re-
moved or inserted. The ribbon is rolled on two
spools which are secured to the frame by spring
loaded bearings.

5-8.11.4 Cleaning, Filter, Adjustments, and
Lubrication

Cleaning should be performed periodically, the
cleaning intervals being dependent upon operating
usage. The drum gate and hammer bank should be
vacuumed to remove accumulated paper dust. When
required, the drum should be cleaned to remove ink
and any paper dust.

The printer chassis has two aluminum mesh filters
which should be checked regularly and cleaned
when dirty. The electronics gate uses two fiber glass
filters which should be checked regularly and re-
placed when dirty.

The only adjustments incorporated are those re-
quired to ensure optimum printing quality and op-
erational flexibility. No periodic adjustments are
required to compensate for any deterioration or
variation in component performance.

The only operational adjustments are those required
when using paper of various dimensions and thick-
ness. Hammer adjustment is required only at the
time of installation or replacement. The paper drive
belt should be checked quarterly and requires less
than two minutes to adjust.

Lubrication is normally a semi-annual procedure.
The lubrication points are the ribbon motors, tape
reader bearings, vertical positioning and tension
controls, chassis blower motors and muffin fans.

5-8.12 Line Printer Operation

(Model No. 75624 - 1,000 LPM)
5-8.12.1 Controls and Indicators

The controls and indicators for the 1,000 ipm Iinef
printer are shown in Figure 5-11.1 and described in
Table 5-27.1.

5-8.12.2 Paper Loading

The paper feed mechanism is accessed by raising
the printer top cover and swinging the drum gate
forward. When the form to be loaded is identical to _
that for the previous printout, thé paper is simply
inserted up between the drum gate and the hammer

bank and the paper drive holes aligned with the

tractor paper drive teeth. Pressure plates then se-
cure the paper in the mechanism.

When the mechanism is not adjusted for the parti-
cular sized paper, the paper feed tractors must first _
be positioned to abtain an approximate adjustment _
for the form. The paper is then loaded and the _
tractors are statically adjusted horizontally and ver-
tically until the paper is taut on the mechanism.
With the manual vertical paper positioner option,
controls are provided to conveniently orient the
vertical position of the initial entry. Vernier con-
trols are provided to allow dynamic adjustment of _
the mechanism while printing. Additional controls _
are provided to ensure optimum print quality for
various thickness of paper.

5-8.12.3 Ribbon Changing

The ribbon assembly is also accessed by lifting the _
cover and opening the drum gate. The ribbon is =
easily removed or inserted. The ribbon is rolled on
two spools which are secured to the frame by
spring loaded bearings.

5-8.12.4 Cleaning, Filters, Adjustments and
Lubrication

Cleaning should be performed periodically, the
cleaning intervals being dependent upon operating
usage. The drum gate and hammer bank should be .
vacuumed to remove accumulated paper dust. When
required, the drum should be cleaned to remove ink
and any paper dust.

The printer chassis has two aluminum mesh filters
which should be checked regularly and cleaned
when dirty. The electronics gate uses two fiber glass
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POWER ON OPERABLE RUN
PAPER OUT STOP

MASTER SINGLE SKIP
CLEAR LINE FEED

F
Figure 5—11.1 Line Printer Control Panel {1000 Ipm)
Table 5—27.1 Line Printer Operating Controls and Indicators (1000 Ipm)

Control or
Indicator

Function

POWER ON
pushbutton/

OPERABLE/
PAPER OUT
dual
indicator

RUN/STOP
pushbutton/
indicator

MASTER
CLEAR
pushbutton

SINGLE
LINE
pushbutton

SKIP FEED
pushbutton
(Top of
Form)

Used to control application and
removal of AC power to the print-
er. Lights when power is on.

Operable portion lights when
printer is ready and on line to
accept data. Paper out portion
lights when paper is torn or supply
is exhausted.

Alternately puts printer on-line
and off-line with the controller.

Resets all logic circuits, clears
one-line buffer and initializes
printer.

Advances paper one line. Paper
motion is initiated upon release
of the pushbutton.

When no tape loop option is used,
depressing this pushbutton causes
paper to slew at 15 inches per
second until pushbutton is re-
leased.

When tape loop option is exer-
cised, this pushbutton causes pa-
per to advance according to paper
tape channel 1.
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filters which should be checked regularly and re-
placed when dirty.

The only adjustments incorporated are those re-
quired to ensure optimum printing quality and op-
erational flexibility. No periodic adjustments are
required to compensate for any deterioration or
variation in component performance.

The only operational adjustments are those required

when using paper of various dimensions and thick-,
ness. Hammer adjustment is required only at the
time of installation or replacement. The paper drive
belt should be checked quarterly and requires less
than 20 minutes to adjust.

Lubrication is normally a semi-annual procedure..
The lubrication points are the ribbon motors, tape:
reader bearings, vertical positioning and tension:
controls, chassis blower motors and muffin fans.
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. 5-9 DISC MEMORY

The disc memory provides up to 385,024 words of
auxiliary storage for the 706 computer. Up to four
disc drives may be attached to the disc controller.

. Data is transferred directly to and from memory via

the Direct Memory Access (DMA) Channel.

: 5-9.1 Speed

' Disc units are available with disc rotation rates of

1800 RPM. Data may be transferred between the
CPU and core memory at the rate of 1,110,000
words per second. The disc provides an average
access time of 16.7 milliseconds and a data transfer
rate of 187,000 words per second and requires
approximately one-sixth of the core memory
access time.

5-9.2 Data Type

Data are transferred between the disc and memory
in binary form.

5-9.3 Data Format

Full 16-bit data words are transferred directly
between the disc controller and the 706 core
memory via the DMA bus.

5-9.4 Sectors Per Track and Words Per Sector
Selection

The number of sectors per track and the number of
words per sector are interdependent. There may be
24 to 512 sectors per track and 10 to 256 words
per sector and with 512 sectors there are 10 words
per sector. Most units use 128 sectors per track and
47 words per sector so that programming may be
standardized.

The sector counter and word counter in the
controller must count to values determined by the
prerecorded sector marks. The count for the sector
counter is selected by installing jumpers on master
module connectors. The count for the word
counter is selected by installing jumpers on the
master module connectors. See Disc Memory
Manual RC2024, P/N 391346 for jumper
installation instructions.
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To determine the number of sectors per track
when the number of words per sector is known,
multiply the number of words per sector by 16 and
add 21. This result is the number of bits per sector.
Next, divide the number of bits per track
(100,000) by the number of bits per sector. The
quotient equals the number of sectors per track,
and the remainder equals the fraction of a sector at
the end of the track.

If the disc controller reaches the end of a track in
the read mode, and there are still words to be
transferred, the track register is incremented at the
end of the last sector. The read operation then
resumes at the first sector of the next track. Since
200 microseconds are required to stabilize the read
amplifier after a track change, the unused part at
the end of the track must be at least 600 bits for
an 1800 RPM disc.

For 47 words per sector the number of sectors is
determined as follows:

47 words per sector
x16 bits per word

752
+21 (13 error bits + 8 sector gap bits)

773 bits per sector

100,000 sectors per track

= 129 sectors per track with

773 bits per sector 283 bits remaining

Since the remainder in the example above is less
than the minimum number of bits required to
stabilize the read amplifier, the disc is sectored
with 128 sectors of 47 words each. This allows the
129th sector and the remainder, or a total of 1056
bit times to stabilize the read amplifier.



5-9.5 Disc Functions
5-9.5.1 Disconnect (DOT 1, 0)

The disc controller is disconnected and put into an
off-line state and its interrupt capability is
inhibited.

5-9.5.2 Set Memory Address (DOT 1, 1)

Both the read and write operations require that the
controller address the core memory location into
or out of which data are to be transferred. The Set
Memory Address command causes the core
memory address of the first word to be transferred
and loaded into the memory address counter from
bit-1 through bit-15 of the accumulator. Bit-0 of
the accumulator is not used. See Table 5-7.

5-9.5.3 Set Track and Sector {DOT 1, 2)

The location of data in the disc memory is defined
by unit number, track number, and sector-number.
The Set Track and Sector command causes the
starting sector number to be loaded into the first
sector register and the track number to be loaded
into the track number counter. The track number
is contained in bit-0 through bit-6 of the
accumulator. The sector number is contained in
bit-7 through bit-15 of the accumulator. Bit-6 of
the accumulator is not used. See Table b-7.

5-9.5.4 Set Unit Number, Number of Words, and
Write (DOT 1, 4)

This command causes the number of words that
are to be transferred from core memory into disc
memory to be loaded into the number of words
counter, the unit number to be loaded into the disc
unit selector, and a write cycle to be initiated.
The word count is contained in bit-2 through
bit-15 of the accumulator. The unit number is
contained in bit-0 and bit-1. See Table 5-7.

Data are transferred from core memory to disc
memory starting with the data from the core
memory address specified by the Set Memory
Address instruction. The ending core address is
computed by adding ihe number of words to be
transferred to the starting core memory less one.
At the end of each section the cyclic redundancy
check code is added. See Section 5-9.5.5 for
description and checking.

The data transfer is handled automatically by the
DMA channel. There is no need for any user
intervention once the write command has beer.
given. At the completion of the data transfer, the
disc controller will interrupt the CPU. Status bit-C
and bit-1 will be set false.

b-9.5.5 Set Unit Number, Number of Words, anc
Read (DOT 1, 6)

This command causes the number of words that
are to be transferred from disc memory into core
memory to be loaded into the number of words
counter, the unit number to be loaded into the disc_
unti selector and a read cycle to be initiated. The.
word count is contained in bit-2 through bit-15 of
the accumulator. The unit number is contained in.
bit-0 and bit-1. See Table 5-7.

Data are transferred from disc memory to core

memory starting with the data from the track and.
sector location specified by the Set Track & Sector

instruction. The core memory starting address, as

specified by the Set Memory Address instruction,

receives the first word transferred from the disc .
memory. The ending core address is computed by

adding the number of words to be transferred to .
the starting core mernory address less one.

The data transfer is handled automatically by the
DMA channel. There is no need for any user
intervention once the read command has been .
given.

Simultaneously with its transfer to core memory .
during write, the data is applied to a cyclic
encoder. The cyclic encoder is part of an error
detecting loop that treats data as a binary number
which it divides {module two) by the polynomial
1+ X+ X3 + X4 + X13, The remainder produced
by this operation is stored at the end of each sector
in the write operation. When the sector is read the .
division is again performed and the remainder is
compared with the stored remainder. Failure to -
compare causes status bit-15 to be set.

At the completion of the data transfer, the disc
controller interrupts the CPU. Status bit-0 and _
bit-1 are set false.
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i5-9,5,6 Set Unit Number, Number of Words, and

Verify (DOT 1,7)

: This command causes the same operation to be

: performed as the read operation (Ref. 5-9.5.5)
. except that no data is transferred into the core
. memory.

5-9.6 Function Codes

* The various 8 bit control codes are illustrated in
. hexadecimal and binary formats in Table 5-28,

. The disc system performs three basic operations;
. write, read, and verify. In the write operation data
. is transferred from the disc into the core memory.
¢ In the verify operation data is read from the disc
i and the accuracy of the read operation is verified
© but no data is transferred.

Each of the basic operations require that the disc
unit, track, starting sector, and the number of

I words involved in the operation be specified. In the

read and write operations the starting core-memory
address must also be specified.

5-9.7 Status Codes

Status is returned to the accumulator from one of
four possible disc units after issuing a DIN 1, O;
DIN1,1:DIN1,2:0oraDIN1, 3command.

The disc status word consists of four bits (Table
5-29). An all zero status word indicates that the
disc unit and controller are ready to receive a new
command. Bit-O true indicates that either the disc
controller or device are not ready to receive a new
command.

Bit-13 true means that the previous command
{other than status) issued was a write command to
a protected track. Bit-14 true means there was a
rate error in the last read or write command. Bit-15
true indicates a rate error or a cyclic redundancy
check (CRC) error on the previous read or verify
commands (see 5-9.5.5 for CRC description).

5-9.8 Interrupt Meaning

Since the disc is a DMA type of device, there is no
need for the disc controller to interrupt the CPU
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for each word transfer. The interrupt from the disc
signifies that the data transfer (read, write) or
verification has been completed.

5-9.9 Timing

Unlike D10 devices (e.g., card reader, line printer,
etc.), all interrupt times depend entirely on the
number of words being transferred and the speed
(Ref. Sec. 5-9.1) of the disc drive. There is no
maximum service time because the disc controller
will save the results (i.e., rate or CRC error, write
to protected track) of the previous operation
indefinitely.

5-9.10 Operation Notes
5-9.10.1 Rate Error

A rate error occurs whenever there is an
interruption in the flow of data during a transfer
between core memory and the disc controller. Rate
errors do not normally occur and they are usually
the result of a hardware malfunction. Note that a
rate error causes both bit-14 and bit-15 of the
status word to be true.

5-9.10.2 Track Protection

The track protect feature of the disc allows the
user, by using the WRITE INHIBIT switches on the
disc controller, to “lockout” or write protect
selected tracks. If the program specifies one of the
protected tracks with Set Track & Sector and Write
commands, the protected track will not be written
on and an interrupt will be returned immediately
to the CPU. Status bit-13 will also be set true.

5-9.10.3 Bootstrap Load

The contents of sector 0O, track O of disc 0 can be
read into core memory, starting at location 0, by
pressing the LOAD button on the disc controller
operating panel.

5-9.11 Disc Operation (Model No. 74601, 74602)
Disc controller controls are listed in Table 5-30 and

shown in Figure 5-12. The disc units have no
operator controls or indicators.



Table 5—28. Disc Commands and Function Codes

Disc Commands

Function Codes

Binary Notation

: Hexadecimal Bit Position
DoT Notation 8 10 11 12 13 14 15
Disconnect Controller 10 0 0 1 O 0 0 O
Set Memory Address 11 4] 0 1 0o 0o o0 1t
Set Track & Sector 12 0 o 1 0 o0 1 0
Set Unit No., Number
of Words and Write 14 0 0 1 0 1 0 O
Set Unit No., Number of
Words and Read 16 0 0o 1 0o 1 1 0
Set Unit No., Number of
Words and Verify 17 -0 o 1 0 1 1 1
DIN
Return Status of Disc
Unit 0 to Accumulator 10 0 0 1 o 0 0 O
Return Status of Disc
Unit 1 to Accumulator 11 0 0 1 0O 0 O 1
Return Status of Disc
Unit 2 to Accumulator 12 0 0 1 o 0 1 0
Return Status of Disc
Unit 3 to Accumulator 13 0 0 1 o 0 1 1
Table 5-29 Disc Status
Meaning When Bit True* Bit No.
Controller or Device Not Ready 0
Write Command Issued to Protected Track 13
Rate Error 14
Rate or CRC Error 15

*Response is for one of four possible units. Unit number must be specified in bits 12-15
of the DIN instruction for status.

5.76




Table 5—30. Dis¢ Controller Controls

Control Function
WRITE INHIBIT Switches
PROTECTED TRACK Protects data stored on selected tracks
DISC0-3 of corresponding disc by inhibiting
writing on these tracks as follows:
OFF
Position Tracks Inhibited
OFF None
0 0
0—-1 Oand 1
0-3 0 through 3
0-7 0 through 7
0-15 0 through 15
0-31 0 through 31
0—-63 0 through 63
LOAD Switch Loads contents of sector 0, track O of
disc O into core memory starting at
location O.
WRITE INHIBIT
PROTECTED TRACK PROTECTED TRACK PROTECTED TRACK PROTECTED TRACK
03 07 0.3 0.7 03 0.7 0-3 0.7 0AD
01 0-15 01 0-15 01 0-15 0.1 015 LoA
@ [ . 0.31 0 ‘ 0.31 0 . 031 ‘ 0.3 O ©
OFF © 0.63 OFF @ 0.63 OFF @ 0.63 OFF @ 0.63
DISK 0 DISK 1 DISK 2 DISK 3

706 DISC CONTROLLER

Figure 5-12. Disc Controller Controls
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- 5-10 DMA 9-TRACK MAGNETIC TAPE

i The DMA 9-track magnetic tape controller and

unit(s) provide mass program and/or data storage
for the 706 computer. Up to four magnetic tape
drives may be attached to the magnetic tape

i controller. Data is transferred directly to and from
! memory via the Direct Memory Access (DMA
i Channel. Table 5-31 shows the system and unit

* characteristics for

the 9-track magnetic tape
controller, 36 ips, and 75 ips tape transports.

A data chaining option permits automatic transfer
to the start of another memory buffer at the end of

a buffer without stopping tape motion or inserting
i end-of-record gaps. The option thus facilitates
. maximum data transfer rates and the handling of

' blocks of data larger than the normal maximum

record length (16,383 words; 32,766 characters).
5-10.1 Speed

Magnetic tape transports are available with tape
speeds of either 36 ips or 75 ips. Both units have a
packing density of 800 bpi or byte transfer rates of
28.8 ke and 60 kc respectively. Data may be
transferred between the CPU and core memory at a
rate of 1,110,000 words per second. Therefore, the
magnetic tape requires approximately 1/80 of the
core memory access time when the 36 ips unit is
used. When the 75 ips unit is used it requires 1/36
of the core memory access time.

5-10.2 Data Type

Data transfer between the magnetic tape controller
and DMA is full word, 16-bit binary. Data transfer
between the magnetic tape controller and the tape
unit is 9-bit binary ( 8 data bits plus parity). It
takes two tape frames (characters) to equal one
computer word.

5-10.3 Tape Unit Number Assignment

Each of the magnetic tape units in the system may
be assigned any number from O through 3, or may
be turned off. The UNIT SELECT switch (Table
5-35) allows the operator to make the assignment
manually.

5-10.4 DMA 9-Track Magnetic Tape Functions
5-10.4.1 Disconnect (DOT 2, 0)

The disconnect instruction is used to reset the
magnetic tape controller and is not addressed to a

particular tape unit. Therefore, no command word
is placed into the CPU accumulator register prior
to executing the instruction.

The effect of the Disconnect instruction is the
same as the system reset signal received from the
CPU. When the instruction is executed, all mode
control, tape motion control, (except rewind) and
word assembly register flip-flops are reset. The
status, tape error, and interrupt flip-flops in the
controller and the EOT latches in each of the
switchers are also reset, and the read inhibit
flip-flop is set. The memory address and word
count registers are not reset because they are
normally reset just prior to loading the address or
word count into them.

The reset does not affect the rewind control logic,
and any rewind that may be in progress when the
reset instruction is executed will be completed
normally. The rewind control logic for each tape
unit is reset at the completion of each rewind
operation.

No interrupt is returned to the CPU when the
Disconnect Controller instruction is executed.

5-10.4.2 Set Memory Address (DOT 2, 1)

The Set Memory Address instruction is used to
load the core memory address of the first data
word to be transferred into the memory address
register of the controller. In magnetic tape systems
with dual-speed tape units, {special option) this
instruction also sets the tape speed.

Bit-0 of the accumulator specifies low tape speed
when it is true and remains false to select high
speed. This bit has no significance in systems with
single speed tape units. Bit-1 through Bit-15 of the
accumulator specify the starting memory address.

5-10.4.3 Set Word Count and Write a Record
(DOT 2, 4)

This instruction loads the number of words to be
transferred from memory to magnetic tape into the
word count register of the controller and then
initiates a write operation. Bit-2 through bit-15 of
the accumulator specify the word count, while
bit-0 and bit-1 specify the tape unit number.
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Table 5-31. DMA 9-Track Magnetic Tape System Characteristics

Co ntroller
Tape Units Controlled
Operating Modes

Data Word (DMA bus)
Tape Character

Tape Format

Tape Speed Selection
Parity Checks

Parity Conventions

Error Checking and Correcting Code

Parity Gap Length

Record Gap Length

Word Transfer Rate

Power Requirement

Power Supply Input Requirements
Operating Temperature

Storage Temperature

Relative Humidity

1 to 4

Write forward

Read forward

Write end-of-file

Advance to end-of-file

Write skip

Back space

Rewind

Data chain (option)

16-bit binary, two 8-bit characters per word
9-bit binary (8 data bits plus parity)

IBM 9-track, System 360/2400 compatible
Single speed

Lateral and longitudinal (read and read-after-write)
Lateral — odd

Longitudinal — even

Cyclic redundancy check character, IBM System
360/2400 compatible

3 characters

0.6 in., nominal

One-half transport character transfer rate
+5vde, 6 amp

115 vac = 10%, 60 cps, 1.4 amp

0 to 40°C

-20 to 65° C

90% (max) without condensation)
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Table 5-31. DMA 9-Track Magnetic TapeSystem

Characteristics (Cont.)

Tape Unit

Tape Speed

Transport Model

No. of Tracks

Packing Density

Writing Mode

Character Transfer

Tape Width

Reel Size (Max)

Tape Speed Accuracy

Wos and Flutter

Start Time

Start Distance (in.)

Stop Time

Stop Distance {in.)

Skew, any 2 channels
Static (max)

Dynamic

Start-Stop Command

Interval (Min)
Rewind Time (2400 ft)
Operating Temperature

Power Requirements

36 ips 75 ips

MT36 MT75

9 9

800 bpi 800 bpi
NRZ Mod NRZ Mod
28.8 k¢ 60 kc

Y in, Y2 in.

10% in. 10% in.

2% 2%

2% 1%

5 ms 3 ms

0.100 = 0.020 0.100 £ 0.035
3ms 1.75 ms
0.054 = 0.020 0.090 £ 0.020
8 usec 4 usec

6 usec 3 usec

5 ms 5 ms

3 min 3 min

0—50°C (within tape limitations)

115 vac £ 10%, 60 cps, 6.5 amp cont,
9 amp surge
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If the write enable ring is not installed on the file
reel when a write instruction is executed, the write
operation will not be performed, and an interrupt
will be returned to the CPU. This would constitute
a programming error since absence of the write
enable ring should have been detected in the status
check, and this situation should not occur. If it
does occur, the interrupt allows a means of
program recorvery.

If the unit is at the BOT marker when the
operation is started, a 3.5-inch BOT gap is written
before data transfer commences.

The number of words specified are transferred
from memory, starting at the specified memory
location, and are written onto the tape in two
characters (bytes) per word. When the specified
number of words has been written on tape, a
three-character gap is generated, and the cyclic
redundancy check (CRC) is written. After another
three-character gap, the longitudinal redundancy
check {LRC) character is written.

The write operation is terminated when the
read-after-write electronics has detected an
‘‘end-of- block’ condition. The end-of-block
condition occurs fourteen blank characters after
the LRC character has been read and causes the
continue status flip-flop to be set and an interrupt
to be sent to the CPU.

Upon processing the interrupt, the program should
check status to determine if there was a rate or
tape error or if the end-of-tape (EOT) marker has
been sensed.

If the ““continue’’ status bit is true, a continue
command may be issued. If a continue command is
not issued during the allowed period (i.e., a few
milliseconds after detecting end-of-block), tape
motion will be halted and the controller will
initiate a b-millisecond duty cycle delay that must
expire before antoher write operation can be
initiated. No interrupt is sent to the CPU to
indicate the end of the continue period or the end
of the duty cycle delay.

5-10.4.4 Set Word Count and Read a Record (DOT
2, 6)

This instruction loads the number of words to be
transferred from magnetic tape to memory into the
word count register of the controller and then
initiates a read operation. Bit-2 through bit-15 of
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the accumulator specify the word count while bit-0 _
and bit-1 specify the tape unit number.

If the unit is at the BOT marker when the
operation is started, a 3.5-inch BOT gap is skipped
before data transfer commences. i

In a read operation, the number of words specified
may be equal to, greater than, or less than the
number of words in the record to be read. If the
number of words specified is less than the number
of words in the record, only that number of words
will be transferred to memory, but the entire
record will be read. If the number of words
specified is equal to or greater than the number of
words in the record, the entire record will be read
into memory, and the operation will be terminated
regardless of whether the word count has reached
zero or not.

The read operation is terminated by reading the
data on the tape and detecting an “end-of-block”
condition. The end-of-block condition occurs
fourteen blank characters after the LRC character
has been read and causes the continue status
flip-flop to be set and an interrupt to be sent to the
CPU.

Upon processing the interrupt, the program should
check status to determine if there was a rate or
tape error or if the end-of-tape (EOT) marker has
been sensed.

If the continue status bit is true, a continue
command may be issued. If a continue command is
not issued during the allowed period (i.e., a few
milliseconds after detecting end-of-block), tape
motion will be halted and the controller will
initiate a b-millisecond duty cycle delay that must
expire before another read operation can be
initiated. No interrupt is sent to the CPU to
indicate the end of the continue period or the end
of the duty cycle delay.

5-10.4.5 Continue Last Operation (DOT 2, 3)

The continue instruction enables a read or write
operation to be repeated on the same tape unit
without stopping tape motion and waiting for the
expiration of the 5-millisecond duty cycle delay.
This instruction can only be used to continue a
read or a write operation.

The period during which the continue instruction
may be executed is indicated by the continue



| status bit (bit-10) of the status response word.
However, the status response word does not
indicate which of the operations was just
completed, and it is necessary to keep track in the
programs whether a read or write operation was
just performed in order to know whether the same
mode of operation should be continued or a new
mode selected.

The continued read or write operation may start at
the memory address remaining in the memory
address register at the conclusion of the previous
operation, or a new memory address may be
transmitted to the controller by means of a set
memory address instruction prior to executing the
continue instruction.

A new word count must be placed into bit-2
through bit-16 of the accumulator prior to
executing the continue instruction. The unit
number is not significant in this command word
becuase the operating mode is continued on the
same tape unit.

When the continue instruction is executed, another
record is read or written without stopping tape
motion.

5-10.4.6 Write End-of-File (DOT 2, 5)

The write end-of-file (EOF) instruction is used to
write an EOF character on tape and must be
addressed to a particular tape unit by means of a
command word that is placed into bit-0 and bit-1
of the accumulator. Bit-2 through bit-15 of the
accumulator are not used.

When the write EOF instruction is executed, the
rate error and tape error flip-flops in the controller
are reset, and the tape on the addressed unit is
driven forward. After a normal end-of-record gap,
an EOF character is written onto the tape,
followed by a seven-character gap and an LRC
character. (No CRC character is written in this
operation, which accounts for the single
seven-character gap rather than a three-character
gap, a CRC character, and another three-character

gap.)

Lateral and longitudinal parity, but not the CRC,
are checked during the read-after-write operation
and the tape error flip-flop is set if an error is
detected. Tape motion is halted when the
end-of-block condition is detected (fourteen
characters after the LRC character is read), but no

interrupt is generated at this time as in a write
operation. After a delay (which varies with tape
unit speed) to allow tape motion to stop, a
5-millisecond duty cycle delay is initiated. At the
end of the duty cycle delay, an interrupt is sent to
the CPU signifying that the operation has been
completed.

The EOF character is normally written after one or
more records have been written, and operation
would not normally progress to this point if the
write enable ring were not installed on the file reel.
However, if the write EOF instruction is executed
and is addressed to a unit that is not enabled to
write, the write EOF operation will not be
performed, and an interrupt will be returned to the
CPU immediately.

5-10.4.7 Advance to End-of-File (DOT 2, D)

The advance to end-of-file (EOF) instruction is
used to advance the tape to the next EOF mark on
the tape and must be addressed to a particular tape
unit by means of a command word that is placed
into bit-0 and bit-1 of the accumulator. Bit-2
through bit-15 of the accumulator are not used.

When the advance to EOF instruction is executed,
the rate error and tape error flip-flops are reset,
and the addressed tape unit starts to read forward.
No data is transferred in this operation, and the
rate error flip-flop remains reset. The data on the
tape is read and the tape error flip-flop will be set

.if a lateral parity, longitudinal parity, or CRC error

is made.

At the end of each record, a check for the EOF
character is made. If no EOF character is found,
the next record is read. This process is repeated
until an EOF character is found. If no EOF
character is found on the tape, the unit will read-
off the end of the tape and stop due to a ‘‘tape
break’ being detected. The end-of-tape (EOT)
status bit will be set if the EOT marker is passed,
but this will not stop the EQF search operation.

When an EOF mark is detected, the
EOF-character-detected status flip-flop is set, and
the read operation continues until the LRC
character associated with the EOF mark is read.
When the end-of-block condition is detected
(fourteen blank characters after the LRC character
is read), tape is driven approximately 0.2 inch
before the run command is terminated.
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When the run command is terminated, a
5-millisecond duty cycle delay is initiated to allow
the tape to stop and the tape unit to become ready
for another motion command. At the end of the
duty cycle delay, an interrupt is sent to the CPU
signifying that the operation has been completed.
The status request in responseé to the interrupt
should check the state of the EOF character status
bit (bit 11) to verify that an EOF character has
been found. This status bit will remain true until a
new operation is initiated.

5-10.4.8 Write Skip (DOT 2, 7)

The write skip instruction is used to advance and
erase approximately 3.5 inches of tape and must be
addressed to a particular tape unit by means of a
command word that is placed into bit-0 and bit-1
of the accumulator. Bit-2 through bit-15 of the
accumulator are not used.

When the write skip instruction is executed, the
rate error and tape error flip-flops in the controller
are reset, the unit is enabled to write (which turns
on the erase head), and the tape is driven forward.
Since no data is transmitted by this instruction, the
erased tape is left blank. A write-skip delay
terminates the erase operation after approximately
3.5 inches of tape have been erased.

After a delay (which varies with tape unit speed) to
allow tape motion to stop, a 5-millisecond duty
cycle delay is initiated. At the end of the duty
cycle delay, an interrupt is sent to the CPU
signifying that the operation has been completed.

The write skip instruction is normally used only to
erase a section of tape during a write operation.
There is therefore no provision for not performing
the operation and interrupting if the write enable
ring is not installed on the file reel. If the
instruction is executed when the write enable ring
is not installed, the tape will be moved the normal
distance, but will not be erased because absence of
the write enable ring disables the erase and write
circuits in the record/playback amplifier.

5-10.4.9 Rewind (DOT 2, B)

The rewind instruction is used to rewind a tape to
the beginning-of-tape (BOT) marker and must be
addressed to a particular tape unit by means of a
command word that is placed into bit-O and bit-1
of the accumulator. Bit-2 through bit-15 of the
accumulator are not used.

Separate unit select and control logic is used for
the rewind operation, and execution of a rewind
instruction has no effect on the remainder of the
controller. One or more tape units may be
rewinding at the same time that other operations
are being performed on other tape units.

When the rewind instruction is executed, a rewind
command is transmitted to the addressed tape unit.
If the unit is already sensing the BOT marker, the
rewind command is terminated immediately. If the
unit is not sensing the BOT marker, a rewind
operation is initiated and continues until the BOT
marker is passed. The tape is then automatically
stopped, loaded into the vacuum columns, and
advanced at capstan speed to the BOT marker.
When the BOT marker is sensed as the tape is being
advanced, the rewind command from the
controller is terminated. No interrupt is returned
to the CPU at the completion of the operation.

Execution of the rewind instruction does not reset
the rate error and tape error flip-flops and does not
affect the status of the controller. The status of the
tape unit will be “not ready” during the rewind
and will return to “ready’” when the tape stops at
the BOT marker.

5-10.4.10 Read Memory Address (DIN 2, 4)

This instruction causes the current contents of the
magnetic tape controller’'s memory address register
to be returned to bit-1 through bit-15 of the
accumulator. Bit-0 of the accumulator is set to
zero., This instruction allows the program to
determine just where in the DMA data transfer the
read or write process is at any given moment.

5-10.4.11 Backspace One Record (DOT 2, C)

The back space instruction is used to back up the
tape one record and must be addressed to a
particular tape unit by means of a command word
that is placed into bit-0 and bit-1 of the
accumulator. Bit-2 through bit-15 of the
accumulator-are not used.

When the back space instruction is executed, the
rate error and tape error flip-flops are reset and
remain reset at the end of the operation. If the
addressed tape unit is sensing the BOT marker the
operation is ferminated and an interrupt is sent to
the CPU immediately. If the unit is not sensing the
BOT marker, the backspace operation is
performed. The manner in which the backspace
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operation is performed depends on the last
previous operation performed.

if this operation was write a record, write EOF, or
write skip, the write-enabled condition would still
exist. If the write enable were turned off and the
tape backspaced from this point, a mark would be
left on the tape that could cause reading errors
later. For this reason, the tape is advanced and
erased approximately 3.2 inches before the write
enable is turned off. The mark on tape thus made
will cause no trouble in subsequent read operations
and will be erased if a write operation is performed
over that portion of the tape.

If the tape is advanced as described above, a
5-millisecond duty cycle delay is initiated when the
tape is stopped. At the end of a duty cycle delay,
the reverse mode is entered, which turns off the
write enable.

If write is not enabled on the addressed tape unit
when the backspace instruction is executed, the
reverse mode is entered directly. Operation in the
reverse mode is the same if it is entered directly or
after advancing and erasing the tape. The tape is
driven in reverse until a character is detected
{normally the LRC character of the record to be
backspace over), then continues until an
end-of-block condition is detected (fourteen blank
characters after the first character of the record is
read).

Tape motion is halted approximately 0.45 inch
after the end-of-block condition is detected, and a
5-millisecond duty cycle delay is initiated. At the
end of the delay, an interrupt is returned to the
CPU signifying that the operation has been
completed.

If no data is detected on the tape, the tape will
continue to be driven in reverse until the BOT
marker is sensed. The operation will then be
terminated in the same manner as if an
end-of-block condition had been detected, and the
interrupt will be sent to the CPU at the end of the
duty cycle delay.

5-10.5 Data.Chain Option

The data chain option permits records longer than
16,383 words (32,766) characters) to be read or
written. It also permits the same buffer in memory
to be used repeatedly in continuous data
acquistion or retrieval applications without
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introducing inter-record gaps after each repetition.

Two data chain modes of operation are available.
In ordinary data chain operation, an interrupt is
returned to the CPU each time that the word count
in the controller reaches zero and also at the
completion of the data chain operation. In the
“data chain special” mode no interrupts are
returned to the CPU except at the completion of
the operation.

The data chain option employs two .auxiliary
storage registers to contain a memory address and a
word count. When the count in the controller word
count register reaches zero, the contents of these
auxiliary registers are automatically transferred to
the memory address and word count registers, and
the read or write operation continues
uninterrupted. Before executing any of the data
chain instructions a read or write operation must
first be initiated.

5-10.4.1 Load Data Chain Address (DOT 2, 8)

The data chain address is loaded into the data
chain address register from bit-1 through bit-15 of
the accumulator. Bit-O of the accumulator is not
used. This is the address of the first word of the
next block of data that will be read or written and
may specify the same buffer in memory as the first
operation or a different buffer.

5-10.5.2 Load Data Chain Mode and Word Count
(DOT 2, 9)

The data chain mode is selected in the controller,
and the data chain word count is loaded into the
data chain word count register by means of a load
data chain mode instruction. This may be the same
word count used in the first operation or a
different word count. Bit-2 through bit-15 of the
accumulator contain the new word count. Bit-0
and bit-1 contain the mode selection code.

The first two bits of the command word (bits-0
and -1) specifying the data chain mode and are
copied into two data chain mode flip-flops. Data
chain mode is not selected when both mode
flip-flops are reset.

Therefore, mode code 00 is an improper code and
cannot be used. Code 01 specifies data chain
special mode, and code 10 specifies ordinary data
chain mode. Code 11 also specifies ordinary data
chain mode and is redundant.



When the count in the word count register reaches
zero, the contents of the data chain address register
is automatically transferred to the memory address
register, and the contents of the data chain word
count register is transferred to the word count
register. In the ordinary data chain mode, an
interrupt is sent to the CPU at this time to signify
that the transfer has occurred and that a new data
chain address and word count may be sent to the
controller. No interrupt is sent in the data chain
special mode.

The contents of the data chain address and word
count registers are not altered by the transfer to
the memory address and word count registers. If
new data is not placed into these registers before
the word count reaches zero again, the same
address and word count will be transferred again.
This will cause the same buffer in memory to be
used again. The data chain special mode is thus
best adapted to reading or writing the same buffer
repeatedly where no interrupts are required to
transfer new addresses and word counts. The
ordinary data chain mode is best adapted to
reading or writing consecutive or separate buffers
where the interrupt is used to transfer the address
and word count of the next buffer.

5-10.5.3 Stop Data Chain (DOT 2, A)

Data chain operation will continue until stopped
by a stop data chain instruction (or a reset).
Failure to transmit a new data chain address and
word count will not stop the operation because the
previous address and word count will be used
repeatedly as explained above. When the stop data
chain instruction is executed, both data chain
mode flip-flops are reset, and the contents of the
data chain address and word count registers will
not be transferred when the word count reaches
zero the next time. The operation is terminated in
the same manner as a normal read or write
operation.

The controller is no longer in either data chain
mode during the termination of the operation, and
the CRC and LRC characters are read or written as
in an ordinary read or write operation. The
interrupt normally sent during the termination of a
read or write operation is also sent at this time
regardless of the previous data chain mode.
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5-10.6 Function Codes and Command Words

Table 5-32 is a summary of the instruction,

function and accumulator format for DMA 9-track _

magnetic tape.
5-10.7 Status Codes

Status is returned to the accumulator from one of
four possible magnetic tape units after issuing a
DIN 2, 0; DIN 2, 1; DIN 2, 2, or a DIN 2, 3
command.

The DMA 9-track magnetic tape status word
consists of 11 bits {(Table 5-33). An all zero status
word has no significance as to the readiness of a
magnetic tape unit.

Bit-0 and Bit-1 indicate if the controller and/or
tape unit are busy. The tape unit is busy if itisin
the process of rewinding; it is not ready if it is in
manual mode, the vacuum lights are out, tape is
broken or the power is off.

Bit-2 and bit-3 indicate beginning-of-tape (BOT)
and end-of-tape (EOT) markers sensed respectively.
The status word should be tested for EOT after
each read or write operation because no
indicationn other than the status bit is given when
the EOT marker is passed; it is possible to read or
write off the end of the tape if the EOT status bit
is ignored. Bit-4 remains true while the selected
unit is in the rewind process.

Bit-10 remains true during the period that a
continue command may be issued. The length of
this period depends on the speed of the tape units
and varies from less than a millisecond to a few
milliseconds.

When an end-of-file (EOF) mark is detected, bit-11
of the status word is set true. The EOF mark may
be detected because the tape was advanced to
EOF, or an EOF mark was read as a normal record
via a read command.

The byte count bit may be of interest if a tape not
written on the 706 is being read. Such tapes may
contain an odd or even number of character; all
tapes written on the 706 system have an even
number of characters. Bit-12 is true when the
number of characters in the record is odd.

If a write operation is to be performed, the state of
bit-13 of the status response word should be



checked. If the write enable ring is not installed on indicate whether a rate error (bit-14) or a tape
. the file reel, bit-13 will be false. error (bit-15) has occurred. Tape errors are lateral
; parity, longitudinal parity {(LRC), and cyclic
i Bit-14 and bit-15 of the status response word redundancy check (CRC) errors.

| Table 5—32. DMA 9-Track Magnetic Tape Function Codes

Instruction Function Accumulator Format
DOT 2,0 Reset controller (disconnect) None
00 01 15
DOT 2, 1 Set tape speed and memory rspdl Memory Address J
address
00 01 02 15
DOT 2,3 Continue read or write U | Word Count ]
00 01 02 15
DOT 2, 4 Write one record [ unit | Word Count 1
00 01 02 15
DOT 2,56 Write end-of-file (EOF) [ Unit | J
00 01 02 15
DOT 2,6 Read one record [ unie | Word Count ]
00 01 02 15
DOT 2, 7 Write skip [ unit | B
00 01 15
DOT 2, 8 Load data chain address (] Data Chain Address |
00 01 02 15
DOT 2,9 Load data chain mode and { Mode [ Data Chain Word CountJ
word count
DOT 2, A Stop data chain None
00 01 02 15
DOT 2, B Rewind [Tont | ]
00 01 02 15
DOT 2,C Backspace [ unit | . |
00 01 02 15
DOT 2, D Advance to end-of-file (EOF) [ unie | |
DIN 2,0 Read controller and unit O status See Table 5-33
DIN 2, 1 Read controller and unit 1 status See Table 5-33
DIN 2, 2 Read controlier and unit 2 status See Table 5-33
DIN 2, 3 Read controller and unit 3 status See Table 5-33
00 01 15
DIN 2, 4 Read memory address register [ ] Memory Address B
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Table 5-33. DMA 9-Track Magnetic Tape Status

Meaning When Bit True* Bit No.

Controller busy or tape unit not ready 0
Tape unit not ready (rewind, manual mode,

vacuum lights out, tape break, power off). 1
Tape at beginning-of-tape (BOT) marker 2
Unit has reached or passed end-of-tape (EOT)

marker. (Remains true until tape rewound or

backspaced past marker.) 3
Unit is in process of rewind 4
Continue command may be issued. 10
End-of-File (EOF) character has been found 11
Byte count odd 12
Write enabled (write enable ring installed) 13
Rate error on last read or write operation 14
Tape error (parity or CRC on last read or write

operation 15

*Response is for one of four possible units. Unit number must be specified in bits 12-15 of the

DIN instruction for status.

5-10.8 Interrupt Meaning

Table 5-34 gives a summary of the interrupt
meaning for each instruction.

5-10.9 Timing

Unlike DIO devices (e.g., card reader, line printer,
etc.), all interrupt times depend entirely on-the
number of words being transferred, and the speed
{(Ref. 5-10.1) of the magnetic tape units. There is
no maximum service time because the DMA
magnetic tape controller will save the results (i.e.,
rate or tape error, etc.) of the previous operation
until a new command other than status is issued.

5-10.10 Operation Notes

5-10.10.1 Rate Errors
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A rate error occurs whenever there is an
interruption in the flow of data during a transfer
between core memory and the DVIA magnetic tape
controller. Rate errors do not normally occur and
they are usually the result of a hardware
malfunction. Note that a rate error causes bit-14 of
the status word to be true.

5-10.10.2 File Protection

In order to write on magnetic tape, the write
enable ring must be inserted in the back of a
magnetic tape file reel before mounting the reel on
the unit. Without this ring, the magnetic tape file
cannot be destroyed or written over. If a write
command is issued with the ring out, the controller
interrupts the CPU immediately.



Table 5-34. DMA 9—Track Magnetic Tape Interrupt Meaning

Instruction Function Meaning

DOT 2, 0 Reset Controller No Interrupt

DOT 2, 1 Set tape speed and

memory address No Interrupt

DOT 2, 3 Continue read or write (See Read or Write)

DOT 2, 4 Write one record Record written, LRC and CRC
have been read

DOT 2, b Write end-of file EOF written, unit stopped

DOT 2, 6 Read one record Record read, LRC and CRC
have been read

DOT 2, 7 Write skip Tape erased, unit stopped

DOT 2, 8 Load data chain address No interrupt

DOT 2, 9 Load data chain mode Ordinary mode — after data
block read or written
Special mode—No interrupt

DOT 2, A Stop data chain Record read or written, LRC
and CRC have been read

DOT 2, B Rewind No Interrupt

DOT 2, C Backspace Record Backspaced, Unit
Stopped

DOT 2, D Advance to EOF EOF detected, unit stopped

5-10.10.3 Bootstrap Load

The contents of the first record on a magnetic tape
can be read into core memory by pressing the
LOAD button on the magnetic tape controller. The
record is stored starting at location 0. See Section
5-10.11.7.

5-10.11 DMA 9-Track Magnetic Tape Operation
(Model Nos. 73691, 73692, 73693, 73694, 73695)

5-10.11.1 Controls and Indicators

The majority of the magnetic tape system controls
and indicators are located on control panels at the
top-front of each of the magnetic tape units. Their
controls and indicators are illustrated in Figure
5-13 and their functions are given in Table 5-35.

The magnetic tape controller has one
switch-indicator on the front panel. This LOAD
switch is used to load one record into memory
from tape unit O starting at memory location 0000.
The maximum length of the record that may be

loaded with this switch is 8192 words (16,384 tape
characters).

The indicator in the LOAD switch lights if a parity
error or cyclic redundancy check error occurs
during a read or writé operation. It remains lit until
the next tape-motion command is issued to the
controller.

The record/playback amplifier power supply in
each magnetic tape unit has one switch-indicator
on the front panel. The switch controls application
of ac power to the supply and is normally left on
at all times because ac power in the magnetic tape
unit is controlled by an AC controller. '

Three indicators are incorporated into the power
supply switch-indicator. The POWER ON segment
indicates that an ac power is applied to the power
supply. The -15v segment indicates that the -15v
output voltage is present, and the +15v segment
indicates that the +15v output voltage is present.
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Table 5-35.

Tape Unit Control Panel Controls and Indicators

Control/Indicator

Function

MODE Switch

DIRECTION Switch

SPEED Switch

UNLOAD Switch

LOAD POINT Switch/
BOT Indicator

Selects tape unit operating mode:

LOAD position removes ac power from
vacuum blower, capstan motor, and reel
motors; enables tape to be loaded.

MANUAL position applies ac power to
vaccuum blower and capstan motor;
enables manual control at tape unit

AUTO position applies ac power to
vacuum blower and capstan motor, enables
computer control of tape unit

Selects direction of tape motion in manual
mode of operation.

Selects tape speed in manual mode of
operation:
NORMAL SPEED position selects forward
or reverse drive at capstan drive speed

HIGH SPEED position selects forward or
reverse drive at rewind speed

Used to rewind tape completely in manual
mode with tape drive stopped. Pressing switch
turns off vacuum blower and unloads tape
from vacuum columns. After delay of 5
seconds reverse drive at rewind speed is
initiated and continues as long as switch
is held.

Used to advance tape to load point in manual
mode of operation. Tape advanced at capstan
drive speed as long as switch is pressed until
BOT marker strip is sensed. BOT indicator
lights whenever BOT marker strip is sensed.

MANUAL STOP
LOAD AUTO REY FWD

O ©

MODE DIRECTION

HIGH
SPEED

NORMAL
SPEED

FILE 2
BOT eroTeCT 123
o oo ‘O 0 €
UNLOAD LOAD
POINT UNIT
SELECT @

Figure 5—13. DMA 9-Track Magnetic Tape Unit Control Panel
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Table 5—35. Tape Unit Control Panel Controls and Indicators

Control/Indicator

Function

FILE PROTECT Indicator

UNIT SELECT Switch

UNIT SELECT Indicator

Indicates no write enable ring installed
on file réel.

Selects tape unit no. (0-3) for communication
with computer or disables tape unit (OFF)

Displays unit no. selected by UNIT SELECT
switch.

A circuit breaker (CB1} and a switch are located on
the front panel of each ac controller in the
magnetic tape system. The circuit breaker acts as
the master power switch for all units in the cabinet
in which the ac controller is installed. The switch
allows remote control of the ac controller in the
NORMAL OPERATION position and holds power
on continuously in the POWER-OFF OVERRIDE
position.

No operating controls or indicators are provided on
the remaining magnetic tape system components.

5-10.11.2 Power ON and OFF Procedure

Application of ac power to the magnetic tape
system is controlled remotely by the computer ac
controller in normal operation. Circuit breaker
CB1 should remain on and switch S1 should
remain in the NORMAL OPERATION position on
all ac controllers in the magnetic tape system
except during maintenance procedures requiring
power to the system to be controlled
independently of computer power.

The power switch on the record/playback amplifier
power supply in each magnetic tape unit should
remain on at all times because ac power to the
power supply is controlled by the tape unit ac
controller.

5-10.11.3 Loading Tape

Note: The following instructions are for
operating one magnetic tape unit.
However, all magnetic tape units in the

system (up to four) may be operated
under program control simultaneously,
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and the operating instructions for each
of the units is the same. These
instructions differ from those in the
manufacturer's manual for the tape
transport and electronic chassis because
a Raytheon control panel is used in the
unit rather than the control panel
normally supplied for the electronic
chassis.

With 706 System power on, load tape onto
transport as follows:

a. Set UNIT SELECT switch to unit
number required by program: selected
unit number will be displayed by adja-
cent digital indicator.

b. Set speed switch to NORMAL
SPEED.

¢. Set DIRECTION switch to STOP.
d. Set MODE switch to LOAD.

e. Install a file reel of tape on the upper
reel hub and an empty reel on the lower
reel hub.

NOTE: If a write operation is to be performed,
install a write-enable ring on the back of
the file reel before installing reel on
hub. If it is desired to protect data on
the tape from being lost, make sure that
write—enable ring is not installed on file
reel. The FILE PROTECT indicator will
light when the MODE switch is set to
the MANUAL or AUTO positions if no

write-enable ring is installed on the reel.



f. Unwind approximately three feet of
tape from file reel.

CAUTION: Handle only the end of the
tape. Avoid touching the tape at any
other point.

g. Insert tape under upper vacuum
column fixed post and roller.

h. Insert tape between mirror and
window of EOT/BOT assembly.

i. Insert tape between upper capstan
and pinch roller.

i- Open head pad assembly and place
tape over magnetic read/write head and
upper and lower trough guides; close
head pad assembly.

CAUTION: To prevent damage to
ferrite shield, do not allow head pad
assembly to slam closed.

k. Insert tape between lower capstan
and pinch roller.

I. Place end of tape around take-up reel
and wind approximately four turns of
tape onto reel.

CAUTION: Do not palce end of tape
into slot of take-up reel or in any way
fasten end of tape to reel.

m. Set MODE switch to MANUAL
position; vacuum blower will start, and
tape will be loaded into vacuum
columns. If no write-enable ring is
installed on file reel, FILE PROTECT
indicator will light.

n. Press and hold LOAD POINT switch.
Tape will advance until
beginning-of-tape (BOT) marker is
detected. Tape will halt on BOT marker
and BOT indicator will light.

0. Release LOAD POINT switch when
tape halts and BOT indicator lights.

p. Close glass door on transport.

CAUTION: To avoid damage to ferrite
shield, make sure that head pad-
assembly is closed before closing glass
door.

5-10.11.4 Manual Operation

With the MODE switch in the MANUAL position,
the transport may be operated in the forward or
reverse direction at normal (capstan) speed or high
(rewind) speed as follows:

a. Set speed switch to NORMAL
SPEED to select capstan speed or to
HIGH SPEED to select rewind speed.

b. Set DIRECTION switch to FWD or
REV as desired. If normal speed is
selected, tape will be driven in the
selected direction immediately. If high
speed is selected, vacuum blower will be
turned off and the tape unloaded from
the vacuum columns. after a delay of
approximately 5 seconds tape will be
wound in the selected direction.

¢. To halt tape motion, set DIRECTION
switch to STOP.

NOTE: When operating manually in the
forward direction at either speed, tape
drive will continue until DIRECTION
switch is set to STOP. If allowed to
continue, tape will be completely
removed from file reel: it will not stop
when the end-of-tape (EQT) marker is
sensed.

When operating manually in the reverse
direction, the tape will halt on the BOT
marker. If rewinding, the BOT marker
will be passed, the tape will be halted
and loaded into the vacuum columns,
then will be driven forward to the BOT
marker.

5-10.11.5 Automatic Operation

With the MODE switch set to AUTO, operation of
the magnetic tape unit is controlled by the

computer.
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| 5-10.11.6 Unloading Tape

Several methods may be used to unload tape,
depending on the amount of tape on the take-up
reel and operator preference.

If the tape is at the BOT point, tape may be
unloaded by pressing the UNLOAD switch or by
setting the MODE switch to LOAD and winding
the tape onto file reel manually.

When the UNLOAD switch is pressed, the vacuum
blower is turned off and the tape is unloaded from
the vacuum columns. After a delay of 5 seconds,
the tape is driven in reverse at high (rewind) speed.
Drive continues until the UNLOAD switch is
released.

Setting the MODE switch to LOAD avoids the
5-second delay encountered when using the
UNLOAD switch. The vacuum blower and the
capstan and reel motors are turned off when the
switch is set to LOAD, and the file reel may be
turned manually a few turns to completely rewind
the tape. This method also avoids whipping the end
of the tape and throwing off oxide particles due to
the reel motor driving the reel after the tape is
completely rewound.

If only a moderate amount of tape is on the
take-up reel, the UNLOAD switch may be pressed
and held until the tape is rewound completely.
This involves only one b-second delay, but the
UNLOAD switch must be released promptly when
the tape is completely rewound to avoid
unnecessary whipping of the tape end and oxide
scatter.
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If considerable tape is to be rewound, a manual
mode rewind should be used to rewind the tape to
the BOT marker. After the tape halts on the BOT
marker, either method discussed above may be
used to complete the rewind operation.

After the tape is completely rewound, remove the
file reel from the upper reel hub.

5-10.11.7 Manual Memory Load

The LOAD switch on the magnetic tape controller
front panel is normally used to load a bootstrap
program from tape unit O into memory to enable
loading more complex programs. When used for
this purpose, the bootstrap program is normally
the first record on the tape, and the tape is
positioned at the load point prior to pressing the
switch.

When the LOAD switch is pressed one record from
the tape on unit 0 is read into memory, starting at
memory location 0000. The maximum number of
words that may be transferred to memory is
16,384.

The LOAD switch may also be used to transfer
successive records (for instance, test programs) to
memory because the next record on the tape is
read each time the switch is pressed. However, each
record is always written into memory starting at
location 0000, so previously written records are
destroyed by the new record.
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© 511

DMA 7-TRACK MAGNETIC TAPE

! The DMA 7-track magnetic tape controller and
I unit(s) provide mass data storage for the 706 com-

puter. Up to four magnetic tape drives may be at-

| tached to the magnetic tape controller. Data is

transferred directly to and from memory via the
Direct Memory Access (DMA) Channel. Table 5-36
shows the system and unit characteristics for the 7-

! track magnetic tape controller and transport.

A data chaining option permits automatic transfer
to the start of another memory buffer without
stopping tape motion or inserting end-of-record
gaps. The option thus facilitates maximum data

. transfer rates and the handling of blocks of data

larger than the normal maximum record length
(16,384 words; 32,768 characters).

5-11.1 Speed

The magnetic tape transport has a speed of 75 ips.
The packing density is selectable on the control

panel for either 200, 556, or 800 bpi. This
represents character transfer rates of 15, 41.7, and
60 kHz, respectively. Data may be transferred
between the cpu and core memory at a rate of
1,110,000 words per second. Therefore, the 7-
track tape unit requires as little as 1/36 of the core
memory’s available cycles.

5-11.2 Data Type

Data transfer between the magnetic tape controller
and the DMA is full word, 16-bit binary. Data trans-
fer between the magnetic tape controller and the
tape unit is 7-bit binary (6 data bits plus parity).
There are three tape formats (Figure 5-14) for
transferring data between the tape unit and the
controller; 3-character per word binary, 2-character
per word binary, and 2-character per word decimal.
All formats are selectable by the Format switch on
the tape unit control panel.

Table 5-36. DMA 7-Track Magnetic Tape System Characteristics

Controller
Tape Units Controlled 1 to 4

Operating Modes Write Forward
Read Forward

Write end-of-file
Advance to end-of-file
Write skip

Backspace

Rewind, Rewind & Lock-

out
Data Chain (option)

Data Word (DMA bus) 16-bit word, 2 or 3 char-
acters per word

7-bit binary or decimal (6
data bits plus parity)

IBM 7-track

Single speed

Lateral and longitudinal
(read and read-after
write)

Lateral: odd binary, even
decimal

Longitudinal: even

3 characters

0.75 in., nominal

30 KHZ maximum

+5 vdc, 6 amp

Tape Character

Tape Format
Tape Speed Selection
Parity Checks

Parity Conventions

Parity Gap Length

Record Gap Length

Word Transfer Rate

Power Requirement

Power Supply Input 115 vac £ 10%, 60 cps,
Requirements 1.4 amp

Operating Temperature 0-40°C

~-20 to 65°C
90% (max) without
condensation

Storage Temperature
Relative Humidity

Tape Unit
Tape Speed 75 ips
Transport Model MT 75
No. of Tracks 7
Packing Density 800, 556, 200 bpi
Writing Mode NRZ Mod.
Character Transfer 60 KHZ
Tape Width 1/2 in.
Reel Size (max) 10% in.
Tape Speed Accuracy 2%
Wow and Flutter 1%
Start Time 3 ms.
Start Distance (in) 0.100+ 0.035
Stop Time 1.75 ms
Stop Distance (in) 0.090+£0.020
Skew, any 2 channels
Static (max) 4 u sec.
Dynamic 3 u sec.

Start-Stop Command 5 ms
Interval {min.)

Rewind Time (2400 ft.) 3 min.

Operating Temperature 0-50°C {within tape
limitations)

115 Vac £10%, 60 cps,
6.5 amp cont., 9 amps
surge :

Power Requirements
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5-11.2.1 3-Character/Word Binary

In this format the 16-bit word is recorded or read
as three successive tape characters. The first and
second characters are each six bits long (0-5, 6-11).
The third character is four bits long (12-15) with
track positions 1 and 2 of the third character re-
corded as zeros. When reading these positions are
ignored. The parity bit will be such that the lateral
bit total will be odd.

5-11.2.2 2-Character/Word Binary

In this format the twelve most significant bit posi-
tions are recorded or read as two successive 6-bit
characters or as a 12-bit word (0-5, 6-11). The least
significant four bit positions (12-15) are ignored
when writing and are read as zeros. Lateral parity is
odd.

5-11.2.3 2-Character/Word Decimal

This format (BCD) records and reads the 706 word
on a two character basis. Bits 2-7 and 10-15 are re-
corded with bits 0-1 and 8-9 being ignored. During
a read operation bits 0-1 and 8-9 are set to._zero.
Lateral parity is even.

5-11.3 Tape Unit Number Assignment

Each of the magnetic tape units in the system may
be assigned any number from O through 3, or may
be turned off. The UNIT SELECT Switch allows
the bperator to make the assignment manually.

Figure 5-14. DMA 7-Track Ward Formats

[ 1st Char. | 2nd Char. 3rd Char.

0 56 11 12
3-Character/Word Binary

15

I 1st Char. I 2nd Char.

0] 56 11 12
2-Character/Word Binary

1st Char.

012 7 8910
2-Character/Word Decimal
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5-11.4 DMA 7-Track Magnetic Tape Functions

5-11.4.1 Disconnact (DOT 2,0)

The disconnect instruction is used to reset the mag-
netic tape controller and is not addressed to a par-
ticular tape unit. Therefore, no command word is
placed into the CPU accumulator register prior to
executing the instruction.

The effect of the Disconnect instruction is the same
as the system reset signal received from the CPU.
When the instruction is executed, all mode control,
tape motion control (except rewind), and word as-
sembly register flip-flops are reset. The status, tape
error, and interrupt flip-flops in the controller and
the EOT latches in each of the switches are also re-
set, and the read inhibit flip-flop is set. The memory
address and word count registers are not reset be-
cause they are normally reset just prior to loading
the address or word count into them.

The reset does not affect the rewind control logic,
and any rewind that may be in progress when the
reset instruction is executed will be completed nor-
mally. The rewind control logic for each tape unit
is reset at the completion of each rewind operation.
No interrupt is returned to the CPU when the dis-
connect controller instruction is executed.

5-11.4.2 Set Memory Address (DOT 2, 1)

The Set Memory Address instruction is used to load
the core memory address of the first data word to
be transferred into the memory address register of
the controller. Bit-1 through Bit-15 of the accumu-
lator specify the starting memory address.

5-11.4.3 Set Word Count and Write a Record
(DOT 2,4)

This instruction loads the number of words to be
transferred from memory to magnetic tape into the
word countrregister of the controller and then initi-
ates a write operation. Bit-2 through bit-15 of the
accumulator specify the word count, while bit-0
and bit-1 specify the tape unit number.

If the write enable ring is not installed on the file
reel when a write instruction is executed, the write
operation will not be performed, and an interrupt
will be returned to the CPU. This would constitute
a programming error since absence of the write en-
able ring should have been detected in the status



check,and this situation should not occur. If it does
" occur, the interrupt allows a means of program
/ recovery.

¢ \f the unit is at the BOT marker when a write oper-
ation is started, a 3.0 inch BOT gap is written be-
- fore data transfer commences.

. The number of words specified are transferred from
memory, starting at the specified memory location,
and are written onto the tape in two or three char-
acters (bytes) per word. When the specified number
of words has been written on tape, a three-character
gap is generated, and the longitudinal redundancy
check (LRC) character is written.

The write operation is terminated when the read-
after-write electronics has detected an “end-of-
block” condition. The end-of-block condition oc-
curs after the LRC character has been read and
causes the continue status flip-flop to be set and an
interrupt to be sent to the CPU.

Upon processing the interrupt, the program should
check status to determine if there was a rate or
tape error or if the end-of-tape (EOT) marker has
been sensed.

If the “continue’’ status bit is true, a continue com-
mand may be issued. If a continue command is not
issued during the allowed period (i.e., a few milli-
seconds after detecting end-of-block) tape motion
will be halted and the controller will initiate a 5-
millisecond duty cycle delay that must expire be-
fore another operation can be initiated. No inter-
rupt is sent to the CPU to indicate the end of the
continue period or the end of the duty cycle delay.

5-11.4.4 Set Word Count and Read a Record
(DOT 2, 6)

This instruction loads the number of words to be
transferred from magnetic tape to memory into the
word count register of the controller and then initi-
ates a read operation. Bit-2 through bit-15 of the
accumulator specify the word count while bit-0
and bit-1 specify the tape unit number.

If the unit is at the BOT marker when the operation
is started, a 3.0 inch BOT gap is skipped before
data transfer commences.

In a read operation, the number of words specified
may be equal to, greater than, or less than the num-
ber of words in the record to be read. |f the num
ber of words specified is less than the number of
words in the record, only that number of words will
be transferred to memory, but the entire record will
be read. If the number of words specified is equal
to or greater than the number of words in the re-
cord, the entire record will be read into memory,
and the operation will be terminated regardless of
whether the word count has reached zero or not.

The read operation is terminated by reading the
data on the tape and detecting an “end-of-block”
condition. The end-of-block condition occurs after
the LRC character has been read and causes the
continue status flip-flop to be set and an interrupt
to be sent to the CPU.

Upon processing the interrupt, the program should
check status to determine if there was a rate or tape
error or if the end-of-tape (EOT) marker has been
sensed.

If the continue status bit is true, a continué com-
mand may be issued. If a continue command is not
issued during the allowed period (i.e., a few milli-
seconds after detecting end-of-block), tape motion
will be halted and the controller will initiate a 5-
millisecond duty cycle delay that must expire be-
fore another read operation can be initiated. No
interrupt is sent to the CPU to indicate the end of
the continue period for the end of the duty cycle
delay.

5-11.4.5 Continue Last Operation (DOT 2, 3)

The continue instruction enables a read or write
operation to be repeated on the same tape unit
without stopping tape motion and waiting for the
expiration of the b-millisecond duty cycle delay.
This instruction can only be used to continue a read
or a write operation.

The period during which the continue instruction
may be executed is indicated by the continue status
bit (bit-10) of the status response word. However,
the status response word does not indicate which of
the operations was just completed, and it is neces-
sary to keep track in the program whether a write
operation was just performed in order to know
whether the same mode of operation should be
continued or a new mode selected.
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The continued read or write operation may start
at the memory address remaining in the memory
address register at the conclusion of the previous
operation, or a new memory address may be trans-
mitted to the controller by means of a set memory
address instruction prior to executing the continue
instruction.

A new word count must be placed into bit-2 through
bit-156 of the accumulator prior to executing the
continue instruction. The unit number is not signi-
ficant in this command word because the operating
mode is continued on the same tape unit.

When the continue instruction is executed, another
record is read or written without stopping tape
motion.

5-11.4.6 Write End-of-File (DOT 2, 5)

The write end-of-file (EQF) instruction is used to
write an EOF character on tape and must be ad-
dressed to a particular tape unit by medns of a com-
mand word that is placed into bit-O and bit-1 of the
accumulator. Bit-2 through bit-15-of the accumula-
tor are not used.

When the write EOF instruction is executed, the
rate error and tape error flip-flops in the controller
are reset, and the tape on the addressed unit is
driven forward. After a normal end-of-record gap,
an EOF character iswritten onto the tape, followed
by a three-character gap and an LRC character.

Lateral and longitudinal parity are checked during
the read-after-write operation and the tape error
flip-flop is set if an error is detected. Tape motion
is halted when the end-of-block condition is detect-
ed (seven character times after the LRC character
is read), but no interrupt is generated at this time
as in a write operation. After a delay to allow tape
motion to stop, a 5-millisecond duty cycle delay is
initiated. At the end of the duty cycle delay, an
interrupt is sent to the CPU signifying that the
operation has been completed.

The EOF character is normally written after one or
more records have been written, and operation
would not normally progress to this point if the
write enable ring were not installed on the file reel.
However, if the write EOF instruction is executed
and is addressed to a unit that is not enabled to
write, the EOF operation will not be performed,
and an interrupt will be returned to the CPU im-
mediately.

5-11.4.7 Advance to End-of-File (DOT 2, D)

The advance to end-of-file (EOF) instruction is used
to advance the tape to the next EOF mark on the
tape and must be addressed to a particular tape unit _
by means of a command word that is placed into
bit-0 and bit-1 of the accumulator. Bit-2 through
bit-15 of the accumulator are not used.

When the advance to EQF instruction is executed,
the rate error and tape error flip-flops are reset, and
the addressed tape unit starts to read forward. No
data is transferred in this operation, and the tape
error flip-flop will be set if a lateral parity or longi- -
tudinal parity error is made.

At the end of each record, a check for the EOF
character is made. If no EOF character is found,
the next record is read. This process is repeated
until an EOF character is found. If no EOF charac-
ter is found on the tape, the unit will read off the
end of the tape and stop due to a “‘tape break”
being detected. The end-of-tape (EOT) status bit
will be set if the EOT marker is passed, but this will
not stop the EOF search operation.

When an EOF mark is detected, the EOF-character-
detected status flip-flop is set, and the read oper-
ation continues until the LRC character associated
with the EOF mark is read. When the end-of-block
condition is detected (fourteen blank characters
after the LRC character is read), tape is driven ap-
proximately 0.4 inch before the run command is
terminated.

When the run command is terminated, a 5-millisec-
ond duty cycle delay is initiated to allow the tape
to stop and the tape unit to become ready for an-
other motion command. At the end of the duty
cycle delay, an interrupt is sent to the CPU signify-
ing that the operation has been completed. The
status request in response to the interrupt should
check the state of the EOF character status bit (bit
11) to verify that an EOF character has been found.
This status bit will remain true until a new opera-
tion is initiated.

5-11.4.8 Write Skip {DOT 2, 7)

The write skip instruction is used to advance and
erase approximately 3.8 inches of tape and must be
addressed to a particular tape unit by means-of a
command word that is placed into bit-0 and bit-1
of the accumulator. Bit-2 through: bit-15 of the
accumulator are not used.
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‘When the write skip instruction is executed, the

‘rate error and tape error flip-flops in the controller
[Fare reset, the unit is enabled to write (which turns

on the erase head), and the tape is driven forward.
Since no data is transmitted by this instruction, the
erased tape is left blank. A write-skip delay termin-

! ates the erase operation after approximately 3.8
“inches of tape have been erased.

: After a delay to allow tape motion to stop, a 5-

millisecond duty cycle delay is initiated. At the end

. of the duty cycle delay, an interrupt is sent to the

CPU signifying that the operation has been com-
pleted.

¢ The write skip instruction is normally used only to
i erase a section of tape during a write operation. If

. the instruction is executed when the write enable

ring is not installed, the tape will not be moved and

© an interrupt will be generated immediately.

 5-11.4.9 Rewind (DOT 2, B)
. The rewind instruction is used to rewind a tape to

the beginning of-tape (BOT) marker and must be
addressed to a particular tape unit by means of a
command word that is placed into bit-O0 and bit-1
of the accumulator. Bit-2 through bit-15 of the
accumulator are not used.

| Separate unit select and control logic is used for the

rewind operation, and execution of a rewind in-
struction has no effect on the remainder of the con-
troller. One or more tape units may be rewinding at
the same time that other operations are being per-
formed on other tape units.

When the rewind instruction is executed, a rewind
command is transmitted to the addressed tape unit.
If the unit is already sensing the BOT marker, the
rewind command is terminated immediately. |f the
unit is not sensing the BOT marker, a rewind oper-
ation is initiated and continues until the BOT mark-
er is passed. The tape is then automatically stopped,
loaded into the vacuum columns, and advanced at
capstan speed to the BOT marker. When the BOT
marker is sensed as the tape is being advanced, the
rewind command from the controller is terminated.
No interrupt is returned to the CPU at the comple-
tion of the operation.

Execution of the rewind instruction does not reset
the rate error and tape error flip-flops and does not
affect the status of the controller. The status of the
tape unit will be “not ready’’ during the rewind and
will return to “ready” when the tape stops at the
BOT marker.

5-11.4.10 Rewind and Lockout (DOT 2, 2)

The rewind and lockout instruction is used to re-
wind a tape to the beginning-of-tape (BOT) marker
and to provide a measure of safety in preventing
erroneous destruction of the written data.

Operation of the instruction is identical to the re-
wind operation described in section 5-11.4.8 except
that the unit will not return to ““ready”” when the
tape is repositioned at the BOT marker. The oper-
ator must return the unit to MANUAL before the
operation can be completed.

5-11.4.11 Read Memory Address {DIN 2, 4)
This instruction causes the current contents of the
magnetic tape controller’'s memory address register
to be returned to bit-1 through bit-15 of the accu-
mulator. Bit-O of the accumulator is set to zero.
This instruction allows the program to deterimine
just where in the DMA data transfer the read or
write process is at any given moment.

5-11.4.12 Backspace One Record (DOT 2, C)

The backspace instruction is used to back up the
tape one record and must be addressed to a particu-
lar tape unit by means of a command word that is
placed into bit-0 and bit-1 of the accumulator. Bit-2
through bit-15 of the accumulator are not used.

When the backspace instruction is executed, the
rate error and tape error flip-flops are reset and re-
main reset at the end of the operation. If the ad-
dressed tape unit is sensing the BOT marker the
operation is terminated and an interrupt is sent to
the CPU immediately. If the unit is not sensing the
BOT marker, the backspace operation is performed.
The manner in which the backspace operation is
performed depends on the last previous operation
performed.

If this operation was write a record, write EOF, or
write skip, the write-enabled condition would still
exist. If the write enable were turned off and the
tape backspaced from this point, a mark would be
left on the tape that could cause reading errors later.
For this reason, the tape is advanced and erased
approximately 3.8 inches before the write enable is
turned off. The mark on tape thus made will cause
no trouble in subsequent read operations and will
be erased if a write operation is performed over
that portion of the tape.

When the tape is advanced as described above, a 5-
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millisecond duty cycle delay is initiated when the
tape is stopped. At the end of a duty cycle delay,
the reverse mode is entered, which turns off the
write enable. If write is not enabled on the address-
ed tape unit when the backspace instruction is exe-
cuted, the reverse mode is entered directly. Oper-
ation in the reverse mode is the same if it is entered
directly or after advancing and erasing the tape.
The tape is driven in reverse until a character is
detected (normally the LRC character of the record
to be backspaced over), then continues until an
end-of-block condition is detected (seven blank
charz)acters after the first character of the record is
read).

Tape motion is halted approximately 0.65 inch
after the end-of-block condition is detected, and a
5-millisecond duty cycle delay is initiated. At the
end of the delay, an interrupt is returned to the
CPU signifying that the operation has been com-
pleted.

If no data is detected on the tape, the tape will
continue to be driven in reverse until the BOT
marker is sensed. The operation will then be ter-
minated in the same manner as if an end-of-block
condition had been detected, and the interrupt will
be sent to the CPU at the end of the duty cycle
delay.

5-11.5 Data Chain Option

The data chain option permits records longer than
16,384 words (32,768 characters) to be read or
written. |t also permits the same buffer in memory
to be used repeatedly in continuous data acquisi-
tion or retrieval applications without introducing
inter-record gaps after each repetition.

Two data chain modes of operation are available.
In ordinary data chain operation, an interrupt is re-
turned to the CPU each time that the word count
in the controller reaches zero and also at the com-
pletion of the data chain operation. In the “data
chain special” mode no interrupts are returned to
the CPU except at the completion of the operation.

The data chain option employs two auxiliary stor-
age registers to contain a memory address and a
word count. When the count in the controller word
count register reaches zero, the contents of these
auxiliary registers are automatically transferred to
the memory address and word count registers, and
the read or write operation continues uninterrupted.
Before executing any of the data chain instructions,
a read or write operation must first be initiated.

5-11.5.1 Load Data Chain Address (DOT 2, 8)

The data chain address is loaded into the data chain -
address register from bit-1 through bit-15 of the
accumulator. Bit-0 of the accumulator is not used.
This is the core address of the first word of the
next block of data that will be read or written and
may specify the same buffer in memory as the first
operation or a different buffer.

5-11.5.2 Load Data Chain Mode and Word Count
(DOT 2, 9)

The data chain mode is selected in the controller,
and the data chain word count is loaded into the
data chain word count register by means of a load
data chain mode instruction. This may be the same
word count used in the first operation or a different
word count. Bit-2 through bit-16 of the accumula-
tor contain the new word count. Bit-0 and bit-1
contain themode selection code.

The first two bits of the command word (bits 00
and 01) specifying the data chain mode and are
copied into two data chain mode flip-flops. Data
chain mode is not selected when both mode flip-
flops are reset. Therefore, mode code 00 is an im-
proper code and cannot be used. Code 01 specifies
data chain special mode, and code 10 specifies
ordinary data chain mode. Code 11 also specifies
ordinary data chain mode and is redundant.

When the count in the word count register reaches
zero, the contents of the data chain address register
is automatically transferred to the memory address
register, and the contents of the data chain word
count register is transferred to the word count regis-
ter. in the ordinary data chain mode, an interrupt
is sent to the CPU at this time to signify that the
transfer has occurred and that a new data chain
address and word count may be sent to the control-
ter. No interrupt is sent in the data chain special
mode.

The contents of the data chain address and word
count registers are not altered by the transfer to
the memory address and word count registers. 1f
new data is not placed into these registers before
the word count reaches zero again, the same ad-
dress and word count will be.transferred again. This
will cause the same buffer in memory to be used
again. The data chain special mode is thus best
adapted to reading or writing the same buffer re-
peatedly where no interrupts are required to trans-
fer new addresses and word counts. The ordinary
data chain mode is best adapted to reading or

5.100



writing consecutive or separate buffers where the
interrupt is used to transfer the address and word
sount of the next buffer.

I5-1 1.5.3 Stop Data Chain (DOT 2, A)

|

Data chain operation will continue until stopped
by a stop data chain instruction (or a reset). Failure
I?to transmit a new data chain address and word
count will not stop the operation because the pre-
'vious address and word count will be used repeated-
‘ly as explained above. When the stop data chain
iinstruction is executed, both data chain mode flip-
Iflops are reset, and the contents of the data chain
iaddress and word count registers will not be trans-
iferred when the word count reaches zero the next
i time. The operation is terminated in the same man-
i ner as a normal read or write operation.

: The controller is no longer in either data chain
! mode during the termination of the operation, and
"the data and LRC characters are read or written as
'in an ordinary read or write operation. The inter-
"rupt normally sent during the termination of a read
! or write operation is also sent at this time regard-
. less of the previous data chain mode.

i 5-11.6 Function Codes and Command Words

Table 5-37 is a summary of the instruction, function
and accumulator format for DMA 7-track magnetic
" tape.

. 5-11.7 Status Codes

* Status is returned to the accumulator from one of
four possible magnetic tape units after issuing a

. DIN 2, 0; DIN 2, 1; DIN 2, 2, or a DIN 2, 3

: command.

The DMA 7-track magnetic tape status word con-
sists of 16 bits {Table 5-38). An all zero status word
has no significance as to the readiness of a magnetic
tape unit.

Bit-0 and Bit-1 indicate if the controller and/or tape
unit are busy. The tape unit is busy if it is in the
process of rewinding; it is not ready if it is in
manual mode, the vacuum lights are out, tape is
broken or the power is off.

Bit-2 and bit-3 indicate beginning-of-tape (BOT)
and end-of-tape (EOT) markers sensed respectively.
The status word should be tested for EQT after
each read or write operation because no indication
other than the status bit is given when the EOT

marker is passed; it is possible to read or write off
the end of the tape if the EOT status bit is ignored.
Bit-4 remains true while the selected unit is in the
rewind process.

Bit-5 and Bit-6 indicate if either 200 bpi or 556 bpi
density is selected respectively. If both bit-5 and
bit-6 are false, 800 bpi is selected.

Bit-7, bit-8, and bit-9 indicate the setting of the
format switch. Bit-7 means 3-character/word binary
format is selected. Bit-8 means 2-character/word
decimal is selected. Bit-9 means 2-character/word
binary is selected.

Bit-10 remains true during the period that a con-
tinue command may be issued. The length of this
period is approximately 1 millisecond.

When an end-of-file (EOF) mark is detected, bit-11
of the status word is set true. The EOF mark may
be detected because the tape was advanced to EOF,
or an EOF mark was read as a normal record via a
read command.

The byte count bit may be of interest if a tape not
written on the 706 is being read. Such tapes may
contain an odd or even number of characters; all
tapes written on the 706 system have an even num-
ber of characters.

Bit-12 is true when the number of characters in the
record is odd.

If a write operation is to be performed, the state of
bit-13 of the status response word should be check-
ed. If the write enable ring is not installed on the
file reel, bit-13 will be false.

Bit-14 and bit-15 of the status response word indi-
cate whether a rate error (bit-14) or a tape error
(bit-15) has occurred. Tape errors are lateral parity
and longitudinal parity (LRC) errors.

5-11.8 Interrupt Meaning

Table 5-39 gives a summary of the interrupt
meaning for each instructions.

5-11.9 Timing

Unlike DIO devices (e.g., card reader, line printer,
etc.), all interrupt times depend entirely on the
number of words being transferred, and the speed
(Ref.5-11.1) of the magnetic tape units. There is no
maximum service time because the DMA magnetic
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Table 5-37 DMA 7-Track Magnetic Tape Function Codes

Instruction Function Accumulator Format
DOT 2,0 Reset controller (disconnect) None
DOT 2, 1 Set memory address Memory Address |
01
DOT 2,2 Rewind and lockout
01 2 15
DOT 2,3 Continue read or write [ Unit]  Word Count B
01 2 15
DOT 2,4 Write one record { Unit] Word Count ]
01 2 15
DOT 2,5 Write end-of-file (EOF)
01 2 15
DOT 2,6 Read one record { Unit | Word Count |
01 2 15
DOT 2,7 Write skip
01 2 15
DOT 2,8 Load data chain address Data Chain Address |
01 15
DOT 2,9 Load data chain mode and [Unit | Data Chain Word Count |
word count 01 2 1%
DOT 2, A Stop data chain None
DOT 2,B Rewind
DOT2,C Backspace
DOT2,D Advance to end-of-file (EOF)
01 2 15
DIN2,0 Read controller and unit O status See Table 5-38
DIN 2,1 Read controller and unit 1 status See Table 5-38
DIN 2,2 Read controller and unit 2 status See Table 5-38
DIN 2,3 Read controller and unit 3 status See Table 5-38
DIN 2,4 Read memory address register Memory Address |
01 15
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Table 5—38. DMA 7-Track Magnetic Tape Status

Meaning When Bit True * Bit No.

Controller busy or tape unit not 0
ready

‘| Tape unit not ready (rewind, 1
' manual mode, vacuum lights

out, tape break, power off)

Tape at beginning-of-tape (BOT) 2
marker

Unit has reached or passed end- 3
of-tape (EOT) marker. (Remains
true until tape rewound or
backspaced past marker).

Unit is in process of rewind or 4
locked out

Density selected is 200 bpi 5

Density selected is 556 bpi 6

Format Switch is 1. {3-character/ 7
word binary)

Format Switch is 2. (2-character/ 8
word decimal)

Format Switch is 3. (2-character/ 9
word binary)

Continue command may be 10
issued

End-of-file (EOF) character has 1
been found

Byte count odd 12

Write enabled (write enable ring 13
installed)

Rate error on last read or write 14
operation

Tape error. (Parity error on last 15
read or write operation).

*Response is for one of four possible units. Unit
number must be specified in bits 12-15 of the DIN
instruction for status.

tape controller will save the results (i.e., rate or
tape error, etc.) of the previous operation until a
new command other than status is issued.

5-11.10 Operation Notes

5-11.10.1 Rate Errors

A rate error occurs whenever there is an interrup-
tion in the flow of data during a transfer between
core memory and the DMA magnetic tape control-
ler.

Note that a rate error causes bit-14 of the status
word to be true.

5-11.10.2 File Protection

In order to write on magnetic tape, the write enable
ring must be inserted in the back of a magnetic
tape file reel before mounting the reel on the unit.
Without this ring, the magnetic tape file cannot be
destroyed or written over. If a write command is
issued with the ring out, the controller interrupts
the CPU immediately.

5-11.10.3 Bootstrap Load

The contents of the first record on a magnetic tape
can be read into core memory by pressing the
LOAD button on the magnetic tape controller. The
record is stored starting at location 0. See Section
5-11.11.7.

5-11.11 DMA 7-Track Magnetic Tape Operation
(Model Nos. 73671, 73672, 73673)
5-11.11.1 Controls and Indicators

The majority of the magnetic tape system controls
and indicators are located on control panels at the
top-front of each of the magnetic tape units. These
controls and indicators are illustrated in Figure 5-15
and their functions are given in Table 5-40.

The magnetic tape controller has one switch-indica-
tor on the front panel. This LOAD switch is used
to load one record into memory from tape unit 0
starting at memory location 0000. The maximum
length of the record that may be loaded with this
switch ‘is 16,384 words (32,768 tape characters).
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Table 5-39 DMA 7-Track Magnetic Tape Interrupt Meaning

Instruction Function Meaning
DOT 2,0 Reset Controller No Interrupt
DOT 2, 1 Set Memory Address No Interrupt
DOT 2. 2 Rewind & Lockout No Interrupt
DOT 2,3 Continue read or write (See Read or Write)
DOT 2, 4 Write one record Record written, LRC
has been read
DOT 2,5 Write end-of-file EOF written, unit stopped
DOT 2,6 Read one record Record read, LRC
has been read
DOT 2,7 Write skip Tape erased, unit stopped
DOT 2,8 Load data chain address No Interrupt
DOT 2,9 Load data chain mode Ordinary mode - after
data block read or written.
Special mode-No Interrupt
DOT2, A Stop data chain Record read or written,
LRC has been read
DOT 2,B Rewind No Interrupt
DOT2,C Backspace Record Backspaced, Unit
Stopped
DOT2,D Advance to EOF EOF detected, unit stopped.

The record/playback amplifier power supply in
each magnetic tape unit has one switch-indicator
on the front panel. The switch controls application
of ac power to the supply and is normally left on
at all times because ac power in the magnetic tape
unit is controlled by an ac controller.

Three indicators are incorporated into the power
supply switch-indicator. The POWER ON segment
indicates that an ac power is applied to the power
supply. The -15 v segment indicates that the -15v
output voltage is present, and the +15 v segment in-
dicates that the +15 v output voltage is present.

A circuit breaker (CB1) and a switch are located on
the front panel of each ac controller in the mag-
netic tape system. The circuit breaker acts as the
master power switch for all units in the cabinet in
which the ac controller is installed. The switch
allows remote control of the ac controller in the

NORMAL OPERATION position and holds power ~

on continuously in the POWER-OFF OVERRIDE
position.

No operating controls or indicators are provided on
the remaining magnetic tape system components.
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Figure 5—15. DMA 7-Track Magnetic Tape Unit Control Panel

Table 5-40. Tape Unit Control Panel Controls and Indicators

Control/ Function Control/ Functions

Indicator Indicator

MODE Switch ?_%‘Z:g tap.e.unit operating mode: LOAD POINT Used to advance tape to load
- position rglmoves ac power Switch/BOT  point in manual mode of opera-

rom vact;um | ower, caps;)tlan Indicator tion. Tape advanced at capstan
;nototr, gn| rze dmotors, enables drive speed as long as switch is
ape to be foaded. pressed until BOT marker strip is
MANUAL position applies ac sensed. BOT indicator lights
power to vacuum blower and cap- whenever BOT marker strip is
stan motor; enables manual con- sensed.
trol at tape unit. FILE Indicates no write enable ring
AUTO position app"es ac power PROTECT installed on file reel.
to vacuum blower and capstan Indicator
motor, enables computer control
of tape unit.

L . UNIT Selects tape unit no. (0-3) for

SDIBEEHON _Se!ects d:rectgon ?f tape .motlon SELECT communication with computer

witc In manual mode of operation. Switch or disables tape unit (OFF).

SPEED Switch Selects tape speed in manual ) . )
mode of operation: Unit Select Displays unit no. selected by
NORMAL SPEED position se- Indicator UNIT SELECT switch.
lects forward or reverse drive at
capstan drive speed.

HIGH = SPEED position selects POWER ON- Controls primary AC to tape cab-
forward or reverse drive at rewind OFF inet.
speed. Switch

UN_LOAD psed to rewind taqe complete_zly FORMAT 1, Selects tape format as:

Switch in manual mode with tape drive 2, 3, Switch 1. 3-character/word binary.
stopped. Pressing switch turns off 2. 2-character/word decimal.
vacuum blower and unloadstape 3. 2-character/word binary.
from vacuum columns. After de-
lay of 5 seconds reverse drive at DENSITY Selects tape packing density in
rewind speed is initiated and con- 800, 556, bits per inch.
tinues as long as switch is held. 200 Switch
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5-11.11.2 Power ON and OFF Procedure

Application of ac power to the magnetic tape sys-
tem is controlled by the tape control panel in nor-
mal operation. Circuit breaker CB1 should remain
on and switch S1 should remain in the NORMAL
OPERATION position on all ac controllers in the
magnetic tape system except during maintenance
procedures requiring power to the system to be

controlled independently of computer power.

The power switch on the record/playback amplifier
power supply in each magnetic tape unit should re-
main on at all times because ac power to the power
supply is controlled by the tape unit ac controller.

5-11.11.3 Loading Tape

NOTE: The following instructions are for operating
one magnetic tape unit. However, all magnetic tape
units in the system {up to four) may be operated
under program control concurrently, and the oper-
ating instructions for each of the units is the same.
These instructions differ from those in the manu-
facturer’s manual for the tape transport and elec-
tronic chassis because a Raytheon control panel is
used in the unit rather than the control panel nor-
mally supplied for the electronic chassis.

With 706 System power on, load tape onto trans-
port as follows:

a. Set UNIT SELECT switch to unit number re-
quired by program: selected unit number will be
displayed by adjacent digital indicator. Set FOR-
MAT switch and DENSITY switch.

. Set speed switch to NORMAL SPEED.

. Set DIRECTION switch to STOP.

. Set MODE switch to LOAD.

. Open glass door on transport.

. Install a file reel of tape on the upper reel hub.

SO Q0D

NOTE: If a write operation is to be performed, in-
stall a write-enable ring on the back of the file reel.
If it is desired to protect data on the tape from be-
ing lost, make sure that write-enable ring is not
installed on file reel. The FILE PROTECT indicator
will light when the MODE switch is set to the
MANUAL or AUTO positions if no write-enable
ring is installed on the reel.

g. Unwind approximately three feet of tape from
file reel.

CAUTION: Handle only the end of the tape. Avoid
touching the tape at any other point.

h. Insert tape under upper vacuum column fixed
post and roller.

i. Insert tape between mirror and window of EOT/
BOT assembly.

j- Insert tape between upper capstan and pinch_
roller.

k. Open head pad assembly and place tape over
magnetic read/write head and upper and lower
trough guides; close head pad assembly.

CAUTION: To prevent damage to ferrite shield, do -
not allow head pad assembly to slam closed.

l. Insert tape between lower capstan and pinch
roller.

m. Place end of tape around take-up reel and wind
approximately four clockwise turns of tape onto
reel.

CAUTION: Do not place end of tape into slot of -
take-up reel or in any way fasten end of tape to reel.

n. Set MODE switch to MANUAL position; vacuum =
blower will start, and tape will be loaded into _
vacuum columns. If no write-enable ring is in- _
stalled on file reel, FILE PROTECT indicator
will light.

0. Press and hold LOAD POINT switch. Tape will
advance until beginning-of-tape (BOT) marker is
detected. Tape will halt on BOT marker and
BOT indicator will light.

p. Release LOAD POINT switch when tape halts =
and BOT indicator lights.

g. Close glass door on transport.

CAUTION: To avoid damage to ferrite shield, make
sure that head pad assembly is closed before closing

" glass door.

5-11.11.4 Manual Operation

With the MODE switch in the MANUAL position, =

the transport may be operated in the forward or
reverse direction at normal {capstan) speed or high
{rewind) speed as follows:

a. Set speed switch to NORMAL SPEED to select _
capstan speed or to HIGH SPEED to select re-
wind speed.

b..Set DIRECTION switch to FWD or REV as de-
sired. |f normal speed is selected, tape will be
driven in the selected direction immediately. If
high speed is selected, vacuum blower will be
turned off and the tape unloaded from the va-
cuum columns; after a delay of approximately 5
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seconds, tape will be wound in the selected
.direction.

:Ic. To halt tape motion, set DIRECTION switch to
STOP.

| NOTE: When operating manually in the forward
. direction at either speed, tape drive will continue
i until DIRECTION switch is set to STOP. If allowed
' to continue, tape will be completely removed from
: file reel: it will not stop when the end-of-tape
- (EOT) marker is sensed.

When operating manually in the reverse direction,
the tape will halt on the BOT marker. If rewinding,
| the BOT marker will be passed, the tape will be
" halted and loaded into the vacuum columns, then
~ will be driven forward to the BOT marker.

i 5-11.11.5 Automatic Operation

With the MODE switch set to AUTO, operation of
the magnetic tape unit is controlled by the comput-
er.

5-11.11.6 Unloading Tape

Several methods may be used to unload tape, de-
pending on the amount of tape on the take-up reel
and operator preference.

If the tape is at the BOT point, tape may be un-
loaded by pressing the UNLOAD switch or by
setting the MODE switch to LOAD and winding the
tape onto file reel manually.

When the UNLOAD switch is pressed, the vacuum
blower is turned off and the tape is unloaded from
the vacuum columns. After a delay of 5 seconds,
the tape is driven in reverse at high (rewind) speed.
Drive continues until the UNLOAD switch is re-
leased.

Setting the MODE switch to LOAD avoids the 5-
second delay encountered when using the UNLOAD
switch. The vacuum blower and the capstan and
reel motors are turned off when the switch is set to
LOAD, and the file reel may be turned manually a
few turns to completely rewind the tape. This
method also avoids whipping the end of the tape
and throwing off oxide particles due to the reel

motor driving the reel after the tape is completely
rewound.

If only a moderate amount of tape is on the take-up
reel, the UNLOAD switch may be pressed and held
until the tape is rewound completely. This involves
only one 5-second delay, but the UNLOAD switch
must be released promptly when the tape is com-
pletely rewound to avoid unnecessary whipping of
the tape end and oxide scatter.

If considerable tape is to be rewound, a manual
mode rewind should be used to rewind the tape to
the BOT marker. After the tape halts on the BOT
marker, either method discussed above may be
used to complete the rewind operation.

After the tape is completely rewound, remove the
file reel from the upper reel hub.

5-11.11.7 Manual Memory Load

The LOAD switch on the magnetic tape controller
front panel is normally used to bootstrap a loader
program from tape unit O into memory to enable
loading more complex programs. When used for this
purpose, the loader program is normally the first
record on the tape, and the tape is positioned at the
load point prior to pressing the switch.

When the LOAD switch is pressed one record from
the tape on unit O is read into memory, starting at
memory location 0000. The maximum number of
words that may be transferred to memory is
16.384.

The LOAD switch may also be used to transfer
successive records (for instance, test programs) to
memory because the next record on the tape is read
each time the switch is pressed. However, each
record is always written into memory starting at
location 0000, so previously written records are
destroyed by the new record.

CAUTION
No two tape units may have the same unit assign-
ment number even if one of the units is off-line and
is powered down. Unpredictable operation will
occur if units have not been uniquely defined.
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Table 5—40. Tape Unit Control Panel Controls and Indicators

Control/indicator

Functions

" Control/Indicator

Functions

MODE Switch

DIRECTION
Switch

SPEED Switch

UNLOAD Switch

Selects tape unit operating
mode:

LOAD position
ac power from vacuum
blower, capstan motor,
and reel motors; enables
tape to be loaded.

removes

MANUAL position applies
ac power 1o vacuum
blower and capstan motor;
enables manual control at
tape unit.

AUTO position applies ac
power to vacuum blower
and capstan motor, en-
ables computer control of
tape unit.

Selects direction of tape
motion in manual mode of
operation.

Selects tape speed in man-
ual mode of operation:

NORMAL SPEED posi-
tion selects forward or
reverse drive at capstan
drive speed.

HIGH SPEED position
selects forward or reverse
drive at rewind speed.

Used to rewind tape com-
pletely in manual mode
with tape drive stopped.
Pressing switch turns off

LOAD POINT
Switch/BOT
Indicator

FILE PROTECT
Indicator

UNIT SELECT
Switch

UNIT SELECT
Indicator

POWER
ON-OFF
Switch

FORMAT 1,
2, 3 Switch

DENSITY 800,
556, 200 Switch

vacuum blower and unloads .
tape from vacuum columns. -
After delay of 5 seconds
reverse drive at

held.

Used to advance tape to
load point in manual mode
of operation. Tape advanced
at capstan drive speed as
long as switch is pressed
until BOT marker strip is
sensed. BOT indicator lights
whenever BOT marker strip
is sensed.

Indicates no write enable
ring instatled on file reel.

Selects tape unit No. (0—3)
for communication with
computer or disables tape
unit (OFF).

Displays unit No. selected
by UNIT SELECT switch.

Controls primary AC to
tape cabinet.

Selects tape format as:

1. 3-character/word binary.
2. 2-character/word decimal.
3. 2-character/word binary.

Selects tape packing density
in bits per inch.
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- 5-12 DIO 7 AND 9-TRACK MAGNETIC TAPE
. The DI O 9-track magnetic tape controller and tape

unit(s} provide mass program and/or data storage
for the 706 computer. This controller can be adap-
ted for a 7-track drive with dual density and it can
be adapted to function with either a synchronous
or incremental tape drive. The controller is capable

of handling up to four synchronous tape drives or

one incremental tape drive. Table 5-41 shows the
system and unit characteristics for the 7 and 9-track
synchronous and incremental tape controller and
transports.

5-12.1 Speed and Density

The standard product is the 9 track-synchronous
read / synchronous write magnetic tape transport
that operates at 25 inches per second (ips). There
There are three other 25 ips optional transports a-
vailable:

7-track synchronous read/synchronous write;

9-track synchronous read/incremental write;

7-track synchronous read/incremental write.
Seven track units with the synchronous read/synch-
ronous write have the capability of dual density
selection—either 200/556 bits per inch (bpi) or
556/800 bpi.

The incremental write units can have only one of
the densities 200, 556, or 800 bpi and can operate
at one of the following stepping rates: 300, 500,
700 or 1000 steps/second. The maximum word
transfer rate is equal to10 KHz (800 bpi x 25 ips/2).
Table 5-42 reviews the read and write rates for 7
and 9 track, synchronous and incremental tape
units.

5-12.2 Data Type

Data transfer between the magnetic tape controller
and the 706 is via the D10 bus. Either 16-bit binary
data (9-track) or 12-bit binary data (7-track) is
transferred. The lateral parity bit is “stripped-off"”
at the controller and is not transferred when read-
ing magnetic tape. When writing, the lateral parity
bit is determined and added automatically by the
controller. The 9-track data word (Figure 5-16a)
consists of two 8-bit bytes and is transmitted be-
tween the DIO magnetic tape controller and the
accumulator (ACR 0-7, ACR 8-15). The 7-track
data word (Figure 5-16b) consists of two 6-bit
bytes and is transmitted between the DIO magnetic
magnetic tape controller and the first 12 bits of the
accumulator (ACR 0-5, ACR 6-11). ACR 12-15
are set to zero when reading and are ignored by the
controller when writing.

5-12.3 Tape Unit Number Assignment

Each of the synchronous magnetic tape units may
be assigned any number from 0 to 3 by making the
appropriate connection of the unit cable on the
rear of the controller. The incremental tape unit is
always assigned as device number 0. When selecting
the DIO magnetic tape to perform an operation,
bits-14 and 15 of the accumulator are used to desig-
nate the device number. Table 5-43 shows the de-
vice assignment code.

5-12.4 DIO 7 and 9 Track Magnetic Tape
Functions

Both 7-track and 9-track tape units are capable of
performing the following functions.

5-12.4.1 Disconnect (DOT 9, 0)

The disconnect instruction is used to reset the indi-
vidual magnetic tape unit. The disconnect com-
mand applies only to the device indicated by bits
14 and 15 of the accumulator (Table 5-43).

If the selected tape unit is reading when the dis-
connect command is issued, the controller dis-
continues transferring to the 706; however, the
tape drive will continue to move tape until the
next interrecord gap is detected and the end-of-
function interrupt is generated.

If the selected tape unit is writing when the dis-
connect command is issued, the record is termi-
nated and the end-of-function interrupt is gener-
ated. If a new command is issued within 1.4 msec
the tape will not stop but continue moving.

If any command, other than read or write, is being
performed while the disconnect is issued, the dis-
connect is ignored.

Issuing a disconnect command turns off both the
data-ready and end-of-function interrupt.

5-12.4.2 Write One Record (DOT 9, 3)

This instruction selects a specific tape unit to
initiate forward tape motion and send the data-
ready interrupt to the CPU. The write-one-record
instruction need only be given once for every
record to be written. Data is transferred via the
transfer-data-out command.
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Table 5-41. DIO Magnetic Tape System Characteristics

Controller

Tape Units
Controlled

Operating
Modes

Data Word

Tape Charac-
ter

Tape Format

Parity Checks

Parity Con-
ventions

Error Check-
ing & Cor-
recting Code

Parity Gap
Length

Inter-record
Gap Length

Word Trans-
fer Rate

Power
Requirement

Operating
Temperature

9-Track 7-Track
1-4 1-4
Synchronous Synchronous

1 incremental

Read
Write
Backspace
Rewind
Write EOF
Write Skip

16-bit binary,
two 8-bit
characters/
word

9-bit binary
(8 data bits
plus parity)

IBM Com-
patible

Lateral

Lateral - odd

Longitudinal
- Even

Cyclic Redun-
dancy check
character,
IBM com-
patible

3 characters
0.6 in.

One-half
transport
character
byte trans-
fer rate

10 KHz (max)

5vdc, 1.2
amp

0 to 40°C

1 incremental

Read
Write
Backspace
Rewind
Write EOF
Write Skip

12-bit binary,
two 6-bit
characters/word

7-bit binary (6
data bits plus
parity)

IBM Compatible

Lateral

Lateral - odd/even

Longitudinal -
Even

None

3 characters
0.75 in.

One-half transport
character byte
transfer rate

10 KHz (max)

5vdc, 1.2 amp

0 to 40°C

Storage
Temperature

Relative
Humidity
Tape Unit

Synchronous
Tape Speed

Incremental
Tape Speed

No. of Tracks

Packing
Density

Writing Mode

Character
Byte Transfer

Tape Width

Reel Size
(max)

Start Time

Start Distance
{in)

Stop Time
Stop Distance
{in)

Start-Stop
Command
Interval (min)

Rewind Time
(2400 ft)

Operating
Temperature

Power
Requirements

9-Track 7-Track

-20t065°C -20t065°C

90% (max) 90% {max)

25 ips 25 ips

300,500,700 300, 500, 700,
1000 steps/sec 1000 steps/sec

9 7
800 bpi 200/556/800 bpi
NRZ 1 NRZ 1

20 KHZ {max) 20 KHZ {max)
1/2in. 1/2 in.
10-1/2 in. 10-1/2 in.

17.25+.75ms 17.256+.75 ms
0.2156+.01 0.215+ .01

17.25+.75 ms 17.25+ .75 ms

0.215+ .01 0.215+ .01
1.4 ms 4.3 ms

6 min. 6 min

@75 ips @ 75 ips

0 to 40°C 0 to 40°C
115vac+10%, 115vac+ 10%
60 cps, 300- 60 cps, 300-
400 watts 400 watts
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Table 5-42. DIO Magnetic Tape Speed-Density Review

{ Tracks Synchr./Increm. Version Density Read |Write Rate Lateral (Basic/option
: bpi Speed | ips or Steps/sec | Parity

ips

1.

9 Synchr. Read/Synchr. Write 800 25 |25 ips odd basic

Synchr. Read/Increm. Write 800 25 | 300 steps/sec odd option
500 steps/sec

700 steps/sec

1000 steps/sec

7 Synchr. Read/Synchr.I Write 200/556 25 | 25 ips odd/even| option
556/800

Synchr. Read/Increm. Write 200 25 | 300 steps/sec odd/even| option

500 steps/sec

700 steps/sec

1000 steps/sec

5656 25 | 300 steps/sec odd/even| option

500 steps/sec

700 steps/sec

1000 steps/sec
800 25 | 300 steps/sec odd/even| option
500 steps/sec

700 steps/sec

1000 steps/sec

Table 5-43. DIO Magnetic Tape Device Assignment
Codes

Device Number ACR 14 ACR 15

0 0 0

- O -

1
2
3

-_ . O
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5-12.4.3 Transfer Data Out
DOT 9, D)

(DOT 9, F or

Once the first data-ready interrupt is received due
to the write-one-record command, data is written
by issuing the transfer-data-out command. Twelve
or sixteen bit data words {7 or 9-track} must reside
in the accumulator while this command is being
issued (see Figure 5-16). After the first data word

has been transferred, the controller will interrupt-

the CPU and continue to interrupt after each data
transfer. This command has to be given no later
than 95 usec (800 bpi) following the data-ready
interrupt.

If the transfer-data-out command does not arrive in
time (95 usec) or if a disconnect command is sent.
the CRC and LRC check characters are written on
the tape and the end-of-function interrupt is
generated.

5-12.4.4 Read One Record {DOT 9, 9)

This instruction selects a specific tape unit to
initiate forward tape motion. When the first data
word (2 bytes) has been read, the controller noti-
fies the CPU via the data-ready interrupt. The read-
one-record instruction need only be given once for
every record to be read. Data is transferred by the
transfer-data-in command.

5-12.4.5 Transfer Data In (DIN 9, F or DIN 9, D)

Once the first data-ready interrupt is received due
to the read-one-record command, data is read by
issuing the transfer-data-in command. Twelve or
sixteen bit data words (7 or 9-track) are read into
the accumulator as a result of executing this com-
mand (see Figure 5-16). After the first data word
has been transferred, the controller will continue
to interrupt the CPU with the data-ready interrupt
after each data-transfer-in command. When the
end-of-record is detected the end-of-function inter-
rupt notifies the CPU that the record has been
read completely. At this time status should be
checked for a late condition or a parity error.

A late condition exists if the transfer-data-in com-
mand is not issued within 95 usec {800 bpi) after
the data-ready interrupt is sent.

5-12.4.6 Write End-of-File (DOT 9, 2)

This command causes an EOF record (mark) to be
written on the selected tape. The 9-track EOF

record consists of one frame of data; a binary one-
on track 3, 6 and 7. The data frame is followed
by an 8 character gap and an LRC character identi-
cal to the data frame. There is no CRC. The 7-track
EOF record consists of one frame of data; a binary
one on track 1, 2, 4 and 8. The LRC is identical
to and follows the data frame after a 3-character
gap. The end-of-function interrupt is issued at the
completion of the write end-of-file operation.

5-12.4.7 Backspace One Record (DOT 9, B)

This command causes the selected tape drive to
move in the reverse direction for one record length
and then stop in the preceeding record gap. When
the controller detects the record gap, the end-of-
function interrupt is generated.

If the tape drive had previously been writing when
the backspace one record command is issued, the
tape will advance approximately 1/2 inch and then
turn off the write enable circuitry before back-
spacing.

An exceptional case exists for the synchronous
read/incremental write units only:

If the computer sends a backspace command
while the tape is in the very first gap (but not
at the load point after a load forward or rewind
operation), the tape moves in the reverse direc-
tion and stops at the load point (BOT). A new
command cannot be accepted because the trans-
portation stays not ready. To put the transport
into operation, press the LOAD FORW switch.

5-12.4.8 Rewind (DOT 9, A)

This command causes the selected tape to be
driven in the reverse direction at 75 ips. When the
BOT is sensed, the tape drive halts and advances to
load point. The end-of-function interrupt is gen-
erated provided there has been no other DOT com-
mand issued to the DIO magnetic tape.

After a rewind command is accepted by the con-
troller, it takes several milliseconds for the rewind
operation to start. The rewinding status bit 4 also
goes true after several milliseconds delay. Status
bit 1 (device not ready) goes true immediately and
stays true until the rewind has finished and the
tape stops at the Load Point. Both status bits 1
and 4 go false at the same time.
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. If the tape drive had previously been writing when
- the rewind command is issued, the tape will

advance approximately 1/2 inch and turn off the

. write enable circuitry before rewinding.

! 5.12.4.9 Write Skip (DOT 9, 1)

© This command causes tape to be advanced approx-

imately 4 inches with the write current on, thus
erasing 4 inches of tape. At the conclusion of the
write skip ‘operation the end-of-function interrupt
is generated.

5-12.4.10 Search for End-of-File

There is no direct command that causes the tape to
be advanced or returned to the next end-of-file re-
cord (mark). If an EOF mark is detected after the
issuance of the read-one-record command, bit-11 of
the status response word is set true. There are no
data-ready: interrupts generated and the file mark
is not trahsferred to the CPU. After detecting the
EOQOF mark and LRC character the end-of-function
interrupt is generated.

5-12.5 Continuous Functions

If the. appropriate command is issued within 1.4
msec. following the end-of-function interrupt (i.e.,
write after a write operation, read after a read oper-
ation, or backspace after a backspace operation) on
the same tape unit, the tape does not come to a
stop in the gap but its motion continues. Therefore,
for write commands (one record, EOF, or skip),
continuous records may be written provided that
one of the three write operations is selected in time
and to the same transport. For read the read-one-
record command, the tape may be driven in contin-
uous motion provided that a new read command is
issued within 1.4 milliseconds after detecting the
end-of-record. The tape may be backspaced contin-
uously in a like manner, except that the backspace
command must be issued within 5 m sec. If a dis-
connect command is issued after the end-of-func-
tion interrupt has occurred, the continuous func-
tion is reset. A disconnect command issued before
the end-of-function interrupt has no influence on
the continuous mode.

b) 7-track Data Word

0 1 2 3 4 5 6 7 8 911011112 13| 14| 15
1st byte 2nd byte
a) 9-track Data Word
o{1]12|3]4]|5]6]7|8]9]|10]11]|12]13]14] 15
1st\b§te 2nm not used

Figure 5-16. DIO Magnetic Tape Data Words
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Interrupts are issued in the normal manner during
continuous operation.

5-12.6 Function Codes and Command Words

Table 5-44 is a summary of the function codes for
DIO 7 and 9-track magnetic tape.

5-12.7 Status Codes

Status is returned to the accumulator from the con-
troller and from one of four possible magnetic tape
units after issuinga DIN 9, 0; DIN 9, 1; DIN 9, 2;
ora DIN 9, 3 command.

The DIO 7 and 9-track status word consists of 11
bits (Table 5-45).

Bit-0 indicates if the controller is busy. If the con-
troller is busy it is not able to accept a new com-
mand. Bit-1 is true when the tape transport is not
ready. Only that device indicated by the status re-
quest can set bit-1. The tape unit is not ready when
rewinding, is in the manual mode, tape is broken,
or the power is turned off.

Bit-2 and bit-3 of the status response word indicate
BOT and EOT found respectively. When the EOT
is passed, bit-3 stays true until the tape comes to
the EOT during a rewind or backspace operation.

Note: The BOT and EOT status bit are indicators
for the tape unit currently selected for op-
eration and not the tape unit selected by the
status command as for bit-1 and bit-4.

Bit-4 is true when the tape transport selected by
the status command is rewinding. There is a several
millisecond delay between the issuance of a rewind
command and the setting of the rewind status bit 4.
The incremental write tape unit does not set the
rewind status bit.

Bit-6 and bit-7 of the status response word indicate
the end-of-function and data-ready interrupt as be-
ing true, respectively.

Bit-11 is true when an end-of-file record has been
detected. This is the only means by which file
marks can be identified. The EOF detected bit re-
mains true until a new DOT command is issued.

Bit-13 of the status response word is true when the
write protect ring is in place on the tape transport
currently selected for operation. The incremental
write tape unit does not use the write protect status
bit.

Bit-14 is set when a rate error occurs in the trans-
ferring of data during a read or write operation. At

800 bpi, data must be transferred within 95 u sec.

after the data-ready interrupt is generated.

Bit-15 is set when a parity error, CRC error or a
rate error occurs during the reading or writing of
a record.

5-12.8 Parity and Error Detection

Lateral parity is always recorded on the 7th or 9th
track of the magnetic tape. Odd lateral parity is al-
ways recorded for 9-track units and odd or even
parity {switch on front panel of controller) can be
recorded for 7-track magnetic tapes. Lateral parity
is checked during all read and write operations, but
none of the parity data are transferred to the com-
puter.

The longitudinal redundancy check character (LRC)
is recorded such that longitudinal parity is always
even. The LRC character is not checked after a read
operation and is therefore not instrumental in set-
ting status bit-15. The controller does load the LRC
character into its assembly register thereby allow-
ing a DIN 9, 7 command to transfer the LRC to the
accumulator bits 0-7. The transfer of the LRC
must take place after the end-of-function interrupt
is generated.

The cyclic redundancy check character (CRC) is
written at the end of every word (except EOF) and
is checked when reading the record.

5-12.9 Interrupt Meanings

The DIO magnetic tape is somewhat unique in that
two interrupts are generated. Both interrupts are
levels (not pulses) and they stay true until reset
with any new command except status or data trans-
fer. Both interrupts are part of the status response
word and both interrupts can be connected to the
same or different interrupt levels.

The data-ready interrupt, when true, indicates that
data is ready to be transmitted to or from the mag-
netic tape controller during a write or read opera-
tion.

The end-of-function interrupt, when true, indicates
that any function has terminated. Normally, the
data-ready interrupt is connected to a higher prior-
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Table 5-44. Commands and Function Codes for DIO Magnetic Tape

Command Function Codes

DOT Hexadecimal Binary Notation

Notation Bit Position
8 9 10 11 12 13 14 15

Disconnect Controller and Tape Unit* 90 1 o 0 1 0O 0 0 O
Write Skip* 91 1 0o 0o 1t o0 0 o0 1
Write EOF* 92 t 0o 0o 1t O O 1 O
Write One Record*® 93 t o o 1 O O 1 1
Transfer Data Out 9F or 9D 1 0 0 1 11 1 1
Read One Record*® 99 1 o 0o 1 1 0 0 1
Rewind* 9A 1 0 o 1 1 o0 1 O
Backspace* 9B 1 0O 0 1 1 0 1 1

DIN
Return Status Device O to Accumulator 90 1 o o0 1 0 O O O
Return Status Device 1 to Accumulator 91 i1 o 0o 1 0 0o o0 1
Return Status Device 3 to Accumulator 92 i 0o o 1 0 O 1 O
Return Status Device 3 to Accumulator 93 t o 0 1 0 0 1 1
Transfer Data In 9F or 9D 1 0 0 1 1 1 1 1

*Device number must reside in Accumulator bits 14-15.

ity interrupt level than the end-of-function inter-
rupt.

5-12.10 Timing

Figure 5-17 gives the interrupt timing for the DIO
synchronous 9 and 7-track magnetic tape systems
for reading. Write interrupt timing is shown in Fig-
ure 5-17.1. The time between the initiation of tape
motion and the first interrupt is 18 m sec. for read
operations only. When selecting for a write opera-
tion, the data-ready interrupt is issued immediately.

The word transfer rate for 25 ips at 800 bpi is 10
KHz, therefore, the time between interrupts is 100
u sec. Data transfer commands must be issued with-
in 95 u sec after receiving the data-ready interrupt.
For continuous operation, the new select DOT must
be issued within 1.4 m sec after receiving the end-
of-function interrupt or else there is a 270 m sec.
delay before the next function can be started. How-
ever, the command will be accepted and stored for
the remainder of the 270 msec. Interrupt times and
maximum service times for 556 and 200 bpi units
are proportionately longer than for the 800 bpi unit.
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Table 5-45. DIO Magnetic Tape Status

Meaning When Bit True Bit No.
Controller not ready 0
Device not ready* 1
Tape at BOT or Load Point 2
Tape has passed EOT 3
Device rewinding* 4**
End-of-function interrupt has 6
not been serviced
Data-ready interrupt has not been 7
serviced
End-of-file has been detected 11
Write-protect ring in place 13**
Rate error 14
Lateral parity error, CRC error, 15
or rate error

*Response is for one of four possible units. Unit
number must be specified in bits 12-156 of the
DIN instruction for status. All other responses
are for either the controller or the last tape unit
to have been selected for an operation.

**These responses not available with incremental
write tape units.

5-12.11 Operation Notes

5-12.11.1  Skip Record Operation

Records may be skipped in the forward direction
by issuing a read command followed immediately
by a disconnect command. All data-ready interrupts
are inhibited and only the end-of-function interrupt
will be generated when the inter-record gap is
reached.

5-12.11.2 Change of Direction

Obviously, there cannot be continuous operation
when a change of direction is involved with a new
command issued to the DIO magnetic tape. A back-
space or rewind command, given immediately after
a read or write operation is completed, will be ac-
cepted but not performed until 250 m sec. after the
completion of the forward operation. The same
condition will occur when the completion of a
backspace operation is followed by a read or write
command or if a read command follows a write
command or a write command follows a read com-
mand.

5-12.11.3 Simultaneous Unit Operation

Two or more units cannot be operated simultaneous-
ly except when they are rewinding. While one tape
unit is rewinding, the other units may still accept
commands; however, after deselecting, the first unit
will never cause the end-of-function interrupt to
become true.

5-12.11.4 File Protection

In order to write on magnetic tape, the write enable
ring must be inserted in the back of a magnetic
tape file reel before mounting the reel in the unit.
Without this ring, the magnetic tape file cannot be
destroyed or written over. If a write command is
issued with the ring out, tape motion will not be
initiated and no interrupts will respond. Therefore,
the status bit-13 should be interrogated before a
write command is issued.

5-12.12 DIO Magnetic Tape Operation
(Model No. 73696, 73697, 73674, 73675, 25 ips,
800 bpi)

5-12.12.1 Controls and Indicators

The controls and indicators are illustrated in Figure
5-18 and their functions are given in Table 5-46.

5-12.12.2

The 5000 Series transport, in the position shown in
Figure 5-18 has the take-up ree! on the left side (as
one faces the transport) located below the manual
controls. The supply reel (reel to be recorded) is
located on the right-hand side.

Loading Tape on Transport

The 6000 Series transport, in the position shown in
Figure 5-19 has the take-up reel on the top as one
faces the transport, located to the left of the manu-
al controls. The supply reel (reel to be recorded) is
located below.

CAUTION: Be sure that the supply reel is such
that tape will unwind from the reel when the reel
is turned clockwise while facing the transport.
This is shown in Figure 6-18 for 8% inch trans-
ports and Figure 5-19 for 10% inch transports.

5-12.12.3 Reel Loading

To load the supply reel, position the reel over the
reel retainer hub, then depress the center plunger.
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© This will allow the reel to slip over the rubber ring
. on the reel retainer. Press the reel evenly and firm-
. ly against the back of the reel retainer hub while
. the center plunger is depressed. While holding the
reel in this position, release the center plunger. The
reel is now properly aligned in the tape path and
ready for tape threading.

5-12.12.4 Tape Threading

. Thread the tape through the transport as shown in
Figure 5-18 and 5-19. Wrap the tape leader on the
take-up reel so that the tape will be wound on the
reel when the reel is rotated clockwise. Wind sever-
al turns on the take-up reel, then turn the supply
reel counter clockwise until slack tape has been
taken up.

CAUTION: If slack is left in the tape, tape damage
may result when power is applied; after the tape
has been manually tensioned, check to be sure
that tape is properly located on all guides or tape
damage may result.

5-12.12.5 Bringing Tape to Load Point

After the tape has been loaded on the transport,
the following steps will bring the tape to LOAD
POINT.

1. Turn power on with the POWER control.

2. Momentarily depress the LOAD FORWARD
control. This will apply power to the capstan motor
and reel motors. This allows the reel servos to oper-
ate and brings the tape storage arms to the nominal
operating position.

CAUTION: Check to see that the tape is posi-
tioned properly on all guides or tape damage may
result.

3. Momentarily depress the LOAD FORWARD
control a second time. This will cause the tape to
move forward at a velocity of 12 ips. When the

BOT tab is detected, the tape will stop with the
front edge of the tab approximately 1.2 inches from
the magnetic head gap.

When the above sequence has beén followed and
the transport has been switched to the on-line
mode by momentarily depressing the ON-LINE
control, the transport is ready to receive remote
commands.

CAUTION: Close the dust cover door and keep it
closed except when exchanging tape reels. Data
reliability due to tape contamination will be im-
paired if the door is left open.

5-12.12.6 Bootstrap Loading

Records may be bootstrapped into the 706 memory
by positioning the tape at the BOT and depressing
the MAG TAPE BOOTSTRAP button on the 706
control panel. See Section 7-4.5 for detailed des-
cription of operation.

5-12.12.7 Unloading Tape

To unload a recorded tape, complete the following
procedure if the power has been switched off (if
power has not been switched off, start the proce-
dure at step (3) ).

1. Turn the transport power on.

2. Momentarily depress the LOAD FORWARD
control to apply capstan-motor and reel-motor
power.

3. Momentarily depress the REWIND control. When
the tape hasrewound to BOT, it will come to a con-
trolled stop. The tape will then enter the load se-
quence and eventually come to rest at the BOT tab.

4. Momentarily depress the REWIND control a se-
cond time. This will initiate a further rewind action
that will continue until tape tension is lost.

5. Open the dust cover door, depress the reel hub
retainer plunger, and remove the supply reel. Close
the dust cover door.
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Data-Ready End-of-
Select DOT - m— - Function
Read 1 Record IR2 IR3 IR IR1

l

First I;wfterrupt Interrupt Maximum Maximum Service Time
Time (FIT) Time {IR) Service for Continuous Opera-
Time tion (CO) or Minimum
(MST) Stop Start Time (SST)
for New Operation
FIT
(read
DEVICE only IR MST CcoO SST RATE
9-Track Synchronous |18 msec | 100 usec 95 usec 1.4 msec 270 msec | 25 ips
800 bpi
7-Track Synchronous |18 msec | 100 usec 95 usec 4.6 msec 270 msec | 25 ips
800 bpi
7-Track Synchronous |18 msec | 144 usec 139 usec 4.6 msec 270 msec | 25 ips
556 bpi
7-Track Synchronous |18 msec | 400 usec 395 usec 4.6 msec 270 msec | 25 ips
200 bpi
Figure 5—17. DIO Magnetic Tape Timing for Reading
DOT End-of-
Select DOT - Discon- Function Select
Write 1 Record IR1 IR2 1IR3  nect Interrupt DOT
l l S PR |
B B R B S DRI 00002008 ROREORE000 T D
— " i A _,
First Interrupt Interrupt Maximum End-of- Start-Stop Time
Time (FIT) Time (IR) Service Function (SST) or Continu-
Time (MST) Time ous Operation
(EOFT) Time (CO)
FIT*
(write
DEVICE only) IR MST EOFT SST CcO RATE
9-Track Synchronous 1 usec | 100 usec 95 usec | 0.8 msec 270 msec | 1.4 msec | 25 ips
800 bpi
7-Track Synchronous 1 usec | 100 usec 95 usec | 0.8 msec | 270 msec | 4.6 msec 25(;88
800 bpi
7-Track Synchronous 1Tusec | 144 usec | 139 usec | 1.2 msec | 270 msec | 4.6 msec | 25 ips
556 bpi
7-Track Synchronous 1 usec | 400 usec | 395 usec | 3.4 msec | 270 msec | 4.6 msec | 25 ips
200 bpi

*FIT must be serviced within 23 msec {off BOT) or 150 msec (on BOT).

Figure 5--17.1. DIO Magnetic Tape Timing for Writing
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Table 5-46.

D10 Magnetic Tape Unit Controls and |ndicators

Control/Indicator

Function

POWER Switch

LOAD FORWARD
Switch (momentary)

REWIND Switch

Applies power to all
power supplies. Open
circuits all ground re-
turns of the motors. Re-
set signal is applied to
alt relevant control flip-
flops.

No tape tension: Brings
the magnetic tape stor-
age arms to their nom-
inal operating position.

Tape Tension: Tape au-
tomatically advances to
the BOT tab and stops
with the leading edge
of the tab approximate-
ly 1.2 inches from the
Write/Read lead gap.
Switch is disabled after
initiating the load se-
quence and can only be
re-enabled by loss of
tape tension or restor-
ation of power after
the power has been off.
The LOAD FORWARD
indicator will be illum-
inated throughout the
load sequence and
while the tape isat BOT.

Enabled only in off-line
mode. Causes tape to
move in reverse at a
nominal speed of 75
ips. Upon reaching BOT
rewind ceases and load
sequence is automati-
cally initiated. If al-
ready at LOAD POINT
when switch is depress-
ed, tape runs in reverse
at 75 ips until tension
is lost. REWIND indi-
cator is illuminated
from the time that RE-
WIND is initiated until
the tape passes the BOT
tab while still reversing.
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Table 5-46. DIO Magnetic Tape Unit Controls and Indicators (Cont.)

Control/Indicator

Function

ON-LINE Switch

WRITE ENABLE
Indicator

DATA DENSITY

When depressed for the
first time after a power-
on sequence, transport
is switched to an on-
line mode and the indi-
cator is illuminated. In
this condition, all man-
ual controls except the
POWER and ON-LINE
are disabled and the
transport can now re-
cognize a SELECT sig-
nal from the controller.

Transport may be
switched to an off-line
mode, regardless of its
SELECT status, by de-
pressing the ON-LINE
control-a second time.

Indicator lights when
power is on, and a tape
reel with the Write En-
able ring installed is on
transport.

Selects the character
packing density at

which the tape system
operates. Two positions
are available: High Den-
sity and Low Density.
Combinations-available
are 800-556, 556-200.
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Figure 5—18. Tape Path and Control Panel (5000 Series)
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Figure 5—19. Tape Path and Control Panel (6000 Series)
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5-13. DIGITAL PLOTTER

The 706 digital plotter controller and plotters pro-
vide a flexible means of producing high-quality ink-
on-paper graphic presentations of 706 compute
output data. Both flatbed and drum-type plotters
may be attached to the 706 via the DIO bus. Table
5-47 shows the system and unit characteristics of
the controller and digital plotters.

5-13.1  Speed

There are three types of movements associated with
the drum-type digital plotter: pen, carriage and
drum. Pen-up time is 10 msec. and pen-down time
is 60 msec. Carriage and drum movement times are
listed in Table 5-48.

5-13.2 Principles of Operation (Drum Type)

All of the drum type plotters listed in Table 5-47
operate on the same principle — digital commands
activate step motors to produce a plot or drawing
{(a recording of the pen movement relative to the

surface of the paper). A separate motor controls
the movement along each axis.

Because it is usually desirable for the X axis to be
the larger of the two, this axis extends in the direc-
tion of the paper feed. The unit of movement is an
increment, and the basic increment size is optional
and determined by the gear ratio in the plotter (see
Table 5-48).

The 8-vector diagram (Figure 5-20) illustrates the
direction and increment values possible with each
of the incremental input command formats. In 8-
vector incremental input format, each plot com-
mand to a step motor causes movement relative to
the axis controlied by that motor. A Y-axis com-
mand causes the pen to move one increment to the
left (+) or right {-); an X-axis command causes the
drum to rotate one increment, either up (—) or
down (+). When the motors controlling both axes
are activated at the same time, a combined X and
Y movement results.

Table 5-47. Digital Plotter System Characteristics

Controller

Plotter Supplier
Models

Flat bed

Drum type

Power Supply

Adjustment
Output Current
Load Regulation
Line Regulation
Ripple
Input

Number of Plotters per
Controller

Commands

Vector Format

Number of Commands/
Word

CalComp

502, 602, 618
565, 563, 665, 663

+5 Volts +15 Volts
+1/2V 1v
4.0amps  0.75 amps
05V 0.15V
05V .05V

1 mv RMS 1 mvRMS

1M0VAC, 60 Hz, 5 amps
1

Pen up, pen down, drum
up, drum down, carriage
right, carriage left, incre-
ment

8

2
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Table 5-47. Digital Plotter System Characteristics {Cont.)

Model
Maximum plot size:
Y-Axis
X-Axis

Flatbed Plotter

602

618

502

31
34

54"
72

-
34"

Optional increment
sizes available with
corresponding
maximum operating

speeds

.005/.0025" at 450/900 increments

.005/.0025"" at 200/400 increments/

/second second
.002/.001" at 450/900 increments/ |.002/.001" at 450/900 increments/
second second

.1/.05mm at 450/900 increments/
second

.05/.025mm at 450/900 increments/
second

.1/.05mm at 200/400 increments/
second

.05/.025mm at 450/900 increments/
second

0.1mm at 300 increments/second
0.05mm at 300 increments/second

.010" at 300 increments/second
005" at 300 increments/second
.002" at 300 increments/second

Maximum Speed:
fnches-per-Second
tncremental Mode
1) Horizontal/
Vertical Axis
2) Diagonal Axis

.005/.0025" at (1) 2.25 or (2) 3.1
inches/second

.002/.001" at (1) 0.9 or (2) 1.2
inches/second

.1/.05mm at (1) 1.8 or (2} 2.5 inches
[second

.05/.026mm at (1) 0.9 or (2} inches/
second

.005/.0025" at (1) 1.0 0r (2} 1.4
inches/second

.002/.001" at {1) 0.9 or (2} 1.2
inches/second

.1/.06mm at (1) 0.8 or (2) 1.1
inches/second

.05/.026mm at (1) 0.9 or (2) 1.2
inches/second

.010" at (1) 3.0 or {2) 4.2 inches/sec
005" at (1) 1.5 or (2) 2.1 inches/sec
.002" at (1) 0.6 or (2) 0.8 inches/sec
0.1mm at (1} 1.2 or (2) 1.7 inches/sec
0.05mm at (1) 0.6 or (2} 0.8 inches/sec

Plotter Dimensions

D: 45.40"

W: 45.64"

H: 37.75"" (With stand; can be
raised additional 3")

D: 74" (With control panel)

W: 113"

H: 36.26" {With stand; horizontal
position)

D: 45.40"

W: 45.64"

H: 37.75" {With stand; can be raised
additional 3")

Plotter Stand

Matching plotter stand for horizontal
operation

Matching floor-mount plotter stand
with variable, manual tilt provision
to approx. 45" angle or beyond

Matching plotter stand for horizontal
operation

Inputs: 500 Series
Format
700 Series
Format

Positive or negative polarity pulses, amplitude greater than 10V, rise time
less than 10 usec, min. pulse width 4 usec, source impedance less than

500 ohms.

Binary coded five-bit command signals at logic levels of 0 volts (false} and

Positive or negative polarity pulses,

amplitude greater than 10V, rise time
less than 10 usec, minimum pulse width|
4 usec, source impedance less than 500

+8 volts (true); clock pulses at nominal incremental speed; plot enable

signal at 0 volts {false) and +8 volts {true).

ohms.

Power Reguirements

1156 vac + 10%, single phase, 60 Hz, Also available to operate at 208 or

230V, 50/60 Hz.

115 vac =+ 10%, single phase, 60 Hz.
Also available to operate at 230V

£ 10%, 50 Hz.
Drum Type Plotter
Model 565 6563 665 663
Norminal
Plot Size: Y-Axis n" 28,56" " 28.55"
X-Axis 120° 120° 120 120
Optionat increment .010" at 300 .010" at 200 .010/.005" at 450/900 .010/.005" at 350/700
sizes available, with increments/second increments/second increments/second increments/second
corresponding maximum 005" at 300 .005" at 300 .005/.0026" at 450/900 .005/.0025" at 450/900
operating speeds /s i /second increments/second increments/second
0.1mm at 300 0.1mm at 300 .0025/.001256" st 460/800 .0025/.00125" at 450/900
i ts/! I /second increments/second increments/second

Maximum Speed:

010" at (1) 3.00r

.010” at (1) 2.0 or

L010/.005" at (1) 4.5 or

.010/.006" at (1) 3.5 or

Inches-per-second (2) 4.2 inches/sec (2) 2.8 inches/sec {2} 6.3 inches/second (2} 4.9 inches/socond
1) Horizontal/ .005" at (1) 1.5 or 005" at (1} 1.6 or .005/.0025" at (1) 2.25 or .005/.0025" at (1) 2.25 or
Vertical Axis {2) 2.1 inches/sec (2) 2.1 inches/sec (2) 3.1 inches/second {2) 3.1 inches/second
2) Diagonal Axis 0.1mm st (1) 1.20r 0Amm at (1} 1.2 0r .0025/.00126" at (1) 1.125 or | .0025/.00125" at (1} 1.125 or
(2} 1.7 inches/sec {2) 1.7 inches/sec {2} 1.5 inches/second (2) 1.5 inches/second
Cabinet Cabinet
Plotter Dimensions D 147" D 147" D 158" D 21" D 155" b 217
w 18.0" W 395" W 208" w 48" W 4012" W 48"
H 9.8" H 0.8" H 102" H 29" H 102" H 29"

tnputs: 500 Series
Format

Pasitive or negative polarity pulses, amplitude greater
than 10V, rise time less than 10 usec, minimum pulse
width 4 usec, source impedance less than 500 ohms.

impedance less than 500 ohms.
{false} end +8V {true).

Positive or negative polarity pulses, amplitude greater than 10V,
rise time less than 10 usec, minimum pulse width 4 usec, source

Binary-coded five-bit command signals at logic levels of 0 volt

Power Requirements

106 to 125 vac, single phasa, 50/60 Hz, 1.5 amp &t

115 vac.

115 vac + 10%, single phase, 60 Hz.
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Table 5-48. Carriage and Drum Execution Time.

Model Incr/Sec Incr. Length Execution Time
502 300 .010” 3.4 ms
502 300 .005" 3.4 ms
502 300 .002"" 3.4 ms
502 300 .1 mm 3.4 ms
502 300 .05 mm 3.4 ms
602 450 .005"” 2.2 ms
602 900 .0025" 1.1 ms
602 450 .002" 2.2 ms
602 900 .001” 1.1 ms
602 450 .1 mm 2.2 ms
602 900 .05 mm 1.1 ms
602 900 .025 mm 1.1 ms
618 200 .005 mm 5.0 ms
618 400 .0025" 2.5 ms
618 450 .002" 2.2 ms
618 900 .001"” 1.1 ms
618 200 .1 mm 5.0 ms
618 400 .05 mm 2.5 ms
618 450 .05 mm 2.2 ms
618 900 025 mm 1.1 ms
565 300 .010” 3.4 ms
565 300 .005" 3.4 ms
565 300 .1 mm 3.4 ms
563 200 .010” 5.0 ms
563 300 .005" 3.4 ms
563 300 A mm 3.4 ms
665 450 .010” 22ms
665 900 .005 1.1 ms
665 900 .0025" 1.1 ms
665 900 .00125" 1.1 ms
663 350 .010" 2.9 ms
663 700 .005"” 1.5 ms
663 900 .0025" 1.1 ms
663 900 .00125 1.1 ms

5-13.3 Digital Plotter Functions

5-13.3.1 Disconnect (DOT 0, 0)

The disconnect instruction resets the plotter inter-
rupt and sets bit-0 of the status response word. No
more interrupts can be sent until the plotter is ini-
tialized as more data is transmitted.

5-13.3.2 [Initialize (DOT O, 5)

This instruction conditions the plotter controller by
resetting the control flip-flops. The initialize in-
struction performs the same function as the manual
reset signal from the CPU.

5-13.3.3 Transfer Data (DOT 0, 1)

This instruction loads two 6-bit execution bytes
from the accumulator of the CPU into the execu-
tion register of the plotter controller. The two most
significant bits of each byte control the pen move-
ment {(ACR 2-3, 10-11); the next two control the
drum movement (ACR 4-5, 12-13); and the next
two control the carriage movement (ACR 6-7, 14-
15)..See Figure 5-21. Bits 0-1 and 8-9 of the accu-
mulator are not used.

The plotter controller looks at each byte separately
and generates the appropriate pulses to the plotter;
first for the left byte and then for the right byte.
After completion of the second byte command the
plotter controller generates an interrupt to the CPU.

Figure 5-22 is a summary of all the possible vectors
that can be drawn using the combination of pen,
drum, and carriage control bits.

=X, tY +Y

+X,+Y

Figure 5-20. 8-Vector Format
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5-13.4 Function Codes and Command Words

Table 5-49 is.a.summary of the function codes in
hexadecimal and binary formats.
5-13.5

Status is returned to the accumulator after issuing
a DIN 0, O instruction. The digital plotter status
word consists of three bits (Table 5-50).

Status Codes

Bit-0 true means that the controller has been dis-
connected. Bit-1 indicates that the controller is
busy performing an operation. Bit-7 may be used
to indicate that an interrupt is present when the bit
is false.

5-13.6  Interrupt Meaning

The interrupt from the digital plotter means that
two bytes have been plotted and that pen, drum,
and carriage motion has stopped.

5-13.7

The timing for the various digital plotter models is
shown in Figure 5-23. The maximum interrupt ser-
vice time (MST) is zero because the digital plotter
controller is not double buffered. All times shown
include no pen motion.

Timing

5-13.8  Digital Plotter Operation (Model

No. 75631 (565) )

5-13.8.1 Controls and Indicators

The controls and indicators for the model 565 digi-
tal plotter are shown in Figure 5-24 and described
in Table 5-51.

5-13.8.2 Installation of Pen

Ballpoint pens normally supplied with the recorder
are black, blue, red and green. To assemble the pen,
insert the desired color pen into the plunger, then

Byte 1

DRUM | CAR

0 1 2 3 4 5 6 7

Byte 2
PEN DRUM | CAR
8 9 10 11 12 13 14 15

Pen Position Meaning
HEX
BITS CODE
2-3, 10-11 00 No pen (uses last pen position selected) (NP)
01 Pen down (PD)
10 Pen up (PU)
11 Pen up, increment, pen down (IN)

Drum Movement
4-5,12-13

—_ - O 0O
- 0O -0

No drum (ND)

Drum down (+X line segment) (DD)
Drum up (-X line segment) (DU)
No Drum (ND)

Carriage Movement
6-7, 14-15

—_ - OO

0 No carriage (NC)

1 Carriage left (-X line segment) (CL)
0 Carriage right (+Y line segment) (CR)
1 No carriage (NC)

Figure 5-21. Pen, Drum and Carriage Control Codes.
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Function DRAW.LINE SEGMENT NO LINE SEGMENT, MOTION ONLY
Initial Pen
Position PEN UP PEN DOWN PEN UP PEN DOWN
Final Pen
Position Pen Up Pen Down Pen Up Pen Down Pen Up Pen Down Pen Up Pen Down
PD, DD, NC | PD, DD, NC | NP, DD, NC [ NP, DD, NC | NP, DD, NC | IN, DD, NC (PU, DD, NC [ IN, DD, NC
(14) (14) (04) (04} (04) (34) (24) (34)
PU, ND, NC PU, ND, NC
(20) (20}
PD, DU,NC | PD, DU, NC [ NP, DU, NC | NP, DU, NC |NP,DU,NC | IN, DU, NC |PU, DU,NC |IN, DU, NC
(18) (18) (08) (08) (08) (38) (28) (38}
PU, ND, NC PU, ND, NC
(20) (20}
PD,ND,CR | PD,ND,CR | NP,ND,CR | NP, ND,CR |NP,ND,CR | IN,ND,CR |PU,ND,CR |IN,ND,CR
» (12) (12) (02} (02) (02) (32) (22) (32}
PU, ND, NC PU, ND, NC
0) (20)
PD,ND,CL |PD,ND,CL [NP,ND,CL | NP,ND,CL INP,ND,CL | IN,ND,CL |PU,ND,CL |iIN,ND,CL
- (i (1) (01) (01} (o1) (31} 21) (31)
PU, ND, NC PU, ND, NC
(20) (20)
' PD,DD,CR | PD,DD,CR | NP, DD,CR | NP,DD,CR |NP,DD,CR | IN,DD,CR |PU,DD,CR |IN, DD, CR
(16) (16) (06) (06) (08} (36) (26) (36)
PU, ND, NC PU, ND, NC
(20) (20}
PD,DU,CL (PD,DU,CL | NP,DU,CL | NP,DU,CL |NP,DU,CL |IN,DU,CL |PU,DU,CL |IN,DU,CL
(19) (19) (09) (09) (09) (39) (29) (39}
PU,ND, NC PU, ND, NC
0) (20}
PD,DD,CL (PD,OD,CL [NP,DD,CL | NP,DD,CL |NP,DD,CL |IN,DD,CL |PU,DD,CL |IN,DD,CL
(15) (15) (05) (0B) (05) (35) (25) (35)
PU, ND, NC PU,ND, NC
{20 0)
PD,DU,CR [ PD,DU,CR | NP, DU,CR | NP, DU,CR |NP,DU,CR | IN,DU,CR |PU, DU,CR | IN, DU, CR
(1A} (1A) 0A) (0A) {0A) (3A) (2A) {3A)
PU, ND, NC PU, ND; NC
0} (20}

NOTATION: PU-Pen Up;PD-Pen Down; DU-Drum Up; DD-Drum Down; CR-Carriage Right; CL-Carriage Left; IN-Pen Up, increment
Pen Down; NP-No Pen; ND-No Drum; NC-No Carriage. Hex Codes in parenthesis.

Figure 5-22. Vector Command Codes.

Table 5-49. Digital Plotter Commands and Function Codes

Digital Plotter
Commands Function Codes
Binary Notation
Hexadecimal Bit Position
DOT Notation 8 9 10 11t 12 13 14 15
Disconnect Controller 00 0 0 0 0 0 0 0 0]
Transfer Data 01 0 O 0 0 0 0 0 1
(2 bytes)
Initiaiize Controller 05 0 O 0 0 0 1 0 1
DIN
Return Status to 00 0O © 0 0 0 0 0 0
Accumulator
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Table 5-50. Digital Plotter Status

Meaning When Bit True Bit No.
Controller has been disconnected 0
Controller power on 1
Controller busy {no interrupt) 7

insert the pen and plunger into the holder and in-
stall the threaded cap. Align the key on the holder
with the key slots in the carriage and press thepen
assembly into the pen mounting. Tighten the knurl-
ed nut on the bottom of the pen assembly.

5-13.8.3 Installation Precautions

The Model 565 depends upon free circulation of air
under the base plate for proper cooling. Do not
place the unit on top of any loose papers or cloth.
Loose materials on this type can block the ventilat-
ing louvres in the base plate and cause over-heating.
In addition, the unit should not be placed on top of
any other heat-producing equipment.

5-13.8.4 Installation of Chart Roll

To install a roll of chart paper in the instrument,
first make sure that it is evenly wound on the.core;
i.e., that the ends are not ‘‘coned.” Straighten
coned rolls by tamping the end with the protruding
core against a flat surface. Then observe the follow-
ing points:

a. Set POWER switch to OFF.

b. Remove the pen assembly from the carriage by
loosening the knurled nut at the bottom of the
pen holder and lifting the assembly out of the
carriage.

CAUTION: Use care not to drop the pen assembly
or any of its parts. The assembly is constructed of
soft steel to close tolerances, and can be rendered
inoperative by nicks or dents.
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. Rotate the right rear paper spool by hand until

the drive key Is pointing upward.

. Hold the new roll of chart paper so that the key

slot in the core is pointing upward. Using your
thumb, push the idler spool (left-hand end) to
the left, and slip the left-hand end of the roll on
the spool. Do not force the idler spool aside with
the paper roll, as this tends to cone the end and
thus cause misalignment.

. Lower the paper roll into the paper well.and slide

the right end onto the drive spool. Make certain
the drive key engages the key slot in the core.

. Install a paper roll core on the two front spools

below the drum, in the same manner as the paper
roll.

. Pull the end of the paper over the drum so that

the sprocket holes on both edges of the paper
engage the sprockets on the drum. Guide the
chart paper under the carriage rods and behind
the tear bar. The chart paper winds on the take-
up spool from the back; fasten the end on the
spool with scotch tape provided in the accessory

kit. Using the DRUM FAST RUN switch, wind a
few turns onto the take-up spool.

. Scales on the inside faces of the rear paper spools

indicate the approximate amount in feet of pa-
per remaining on the roll. The black scale is for
chart papers 0.003 inch thick; the blue scale is
for 0.002-inch paper:



SELECT DOT

FIRST INTERRUPT INTERRUPT MAXIMUM
TIME (FIT) TIME (IR) SERVICE
TIME (MST)

Model FIT (ms)* IR (ms)* MST (ms)* | Transfer Rate
502 6.8 6.8 0 300 bytes/sec
602 4.4 4.4 0 450 bytes/sec
602 2.2 2.2 0 900 bytes/sec
618 10.0 10.0 0 200 bytes/sec
618 5.0 5.0 0 400 bytes/sec
618 4.4 4.4 0] 450 bytes/sec
618 2.2 2.2 0 900 bytes/sec
565 6.8 6.8 0 300 bytes/sec
563 10.0 10.0 0 200 bytes/sec
563 6.8 6.8 0 300 bytes/sec
665 4.4 4.4 0 450 bytes/sec
665 2.2 2.2 0 900 bytes/sec
663 5.8 5.8 0 350 bytes/sec
663 3.0 3.0 0 700 bytes/sec
663 2.2 2.2 0 900 bytes/sec

* Assumes no pen-up time (10 msec) or pen-down time (60 msec)

Figure 5-23. Digital Plotter Timing.
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5-13.8.5 Installation of Single Sheet Chart Paper

Single sheets of chart paper may be used for plot-
ting in place of the chart paper roll. To install a
single sheet of chart paper, proceed as follows:

a. Set POWER and CHART DRIVE switches to
OFF.

b. Remove the pen assembly from the carriage.

c. Slide the chart paper sheet under the carriage
rods onto the drum surface.

d. Fasten the top edge of the paper to the drum
with two or three short pieces of tape. Rotate
the drum by hand, keeping the paper smooth and
flat against the drum surface. Fasten the bottom
edge of the paper in the same manner as the top.

5-13.8.6 Operational Checkout

The following procedure is intended to provide an
overall check of the operation of the Model 565
prior to the start of automatic recording. If a mal-

function is encountered at any point in the check-

out procedure, refer to Section 5 of the Cal Comp
565 Reference Manual.

a. Install the pen assembly in its carriage.
b. Set POWER and CHART DRIVE switches to ON.

c. Set DRUM FAST RUN to UP position. Check
that the pen traces a vertical line on the chart

paper.

d. Turn the PEN switch to DOWN, then UP. Check
that the pen lifts off the drum surface.

e. Set the PEN switch to DOWN position, then set
the DRUM FAST RUN to DOWN position.
Check that the pen again traces a vertical line on
the chart paper.

f. Set the CARRIAGE FAST RUN switch to the
left position. Check that the pen traces a hori-
zontal line on the chart and that the carriage step
motor stops when the carriage reaches its limit
of travel. Repeat with the CARRIAGE FAST
RUN switch in the right-hand position.

g. Alternately operate the CARRIAGE SINGLE®
STEP and DRUM SINGLE STEP switches. Check .
that both the carriage and the drum move one _
step only each time one of the switches is oper- -
ated.

h. Move the carriage near the left margin of the
chart paper. Set CARRIAGE FAST RUN switch
to the right position and DRUM FAST RUN to -
down position. Allow the instrument to run until
the carriage reaches the right side of its track,
then return both switches to off (center) posi-

tion. Check that the pen traces a 45-degree line
on the chart. Check the line carefully for any ~

evidence of discontinuity.

i. Operate the DRUM SINGLE STEP switch sever-
al times to reposition the pen either above or .
below its position at the end of step h.

j. Set CARRIAGE FAST RUN switch to the left ~
position and DRUM FAST RUN switch to the
up position. Allow the instrument to run until
the carriage reaches the left side of the track,
then return both switches to OFF position.
Check that the pen again traces a 45-degree line
on the chart and that this line is exactly parallel
to the line traced in step h.

k. Repeat steps h through j, changing the switch
positions to produce two 45-degree lines at right
angles to the first two. Again check for discon-
tinuities and make certain the two lines are
parallel.

5-13.8.7 Reticles

Two alignment reticles are provided to permit man-
ual alignment of the carriage to the desired zero
point. One of these replaces the pen assembly and
shows the exact point on which the pen will fall;
the other occupies a special receptacle in the car-
riage, and indicates a point exactly one inch from
the pen measured along the X axis in the positive
direction. The latter reticle can be left in the car-
riage at all times. When installing either reticle,
rotate it as it is inserted to prevent damage to the
O-ring.
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5-13.8.8 Automatic Operation

After the installation of chart paper, the operation-
~ al checkout, and the reticle adjustment described
" in preceding paragraphs, the Model 565, is ready
' for use. Connect the controller to P5 on the rear
panel of the recorder and set the POWER switch
to ON.

NOTE
Do not turn power off, then on again, during a re-

cording; this can introduce a plotting error of one
step in any direction.

5-13.8.9 Removal of Chart Paper

The roll of chart paper or single sheet of chart paper
should be removed in the reverse sequence to the
installation procedure described above. If a single
sheet of chart paper is used, any remaining tape ad-
hesive should be cleaned from the drum surface
with acetone or a good commercial grade of clean-
ing solvent.

DRUM
GLE STEP

CHART DRIVE.
. ON/OFF

Figure 5-24. Digital Plotter (Model 565) Control Panel.
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Table 5-561. Digital Plotter (Model 565) Controls and Indicators.

Control

Function

POWER ON/OFF
Switch

CARRIAGE FAST
RUN Switch

CARRIAGE
SINGLE STEP
Switch

CHART DRIVE
ON/OFF Switch

The POWER ON/OFF switch
connects 115-volt a-c power
from connectorJ7 on the rear
panel of the recorder to the
cooling fan and the power sup-
ply transformer. A neon indi-
cator, located directly below
the switch, is lighted when
the switch is ON.

The CARRIAGE FAST RUN
switch allows the pen carriage
to be stepped rapidly to the
left or right at the rate of 120
steps per second where using
60 cps power, or 100 steps per
second where using 50 cps
power. The switch may be
used to move the carriage to
any desired area of the graph,
or for operational checkout of
the carriage control circuits
and the carriage step motor.

THE CARRIAGE SINGLE
STEP switch allows the pen
carriage to be moved in single-
step increments either to the
left or right. This control, in
combination with the DRUM
SINGLE STEP control, permits
the operator to accurately align
the carriage on a point or fixed
coordinate on the paper.

The CHART DRIVE/ON/OFF
switch allows the operator to
disable the front and rear chart
takeup motors. This permits
the use of single sheets of chart
paper in place of the paper
rolls supplied with the instru-
ment.
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Table 5-61.

Digital Plotter (Model 565) Controls and Indicators (cont.)

Control

Function

PEN UP/DOWN
Switch

DRUM FAST
RUN Switch

The PEN UP/DOWN switch
provides a means of manually
raising and lowering the pen
from the surface of the drum.
NOTE:

When the instrument is first
turned on, or if the pen is re-
moved and replaced when the
plunger is in the PEN-UP posi-
tion, the pen may remain down
even when the PEN switch is
turned to UP.When this occurs
turn the PEN switch first to
DOWN, then to UP.

The DRUM FAST RUN switch
allows the drum to be stepped
rapidly up or down at the rate
of 120 steps per second.The
switch is used in the same man-
ner as the CARRIAGE FAST
RUN control to move the pen
to any desired area of the chart,
or for operational checkout of
the drum control circuits and
the drum step motor.
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5-14. TELETYPE MULTIPLEXER

Fhe “teletype multiplexer provides the means for
the 706 to communicate with up to 16 teletypes
soncurrently.

3-14.1  Speed

The maximum transfer rate of an ASR-33 or ASR-
35 teletype is 10 characters per second (cps}). There-
fore, the maximum transfer rate of the teletype
l'multiplexer is 160 cps.

!5-14.2 Data Type

Both the Mode! 33 and the Model 35 teletype sets
‘employ the standard 8-level ASCII code (Appendix
G). The eighth code element, which is the parity
:bit, is always transmitting a “‘one.”

I
i
EThe character is transmitted between the multi-
Iplexer and the teletype as a series of eight spacing
[(0) or marking (1) pulses preceded by a start pulse
‘(spacing) of the same duration as the character
.pulses and followed by a stop pulse (marking) of
itwice the duration of the character pulses. Thus the
jactual signal transmitted contains 11 units, based
I’on the duration of one character pulse as one unit.
: At 10 ¢ps, the character is transmitted in 100 msec.
‘and each unit is transmitted in 9.09 msec.

. Transmission and reception of character codes is
i timed mechanically in the teletype sets by rotating
i shafts. When tripped, the shafts make one revolu-
: tion in 100 msec and actuate contacts that generate
jor receive the coding pulses. This action is simulated
tin the teletype multiplexer controller by a shift
I register that is clocked at the same rate (9.09 ms

period) and is used to transmit and receive the
: serial characters.

5-14.3  Multiplexer Functions
Each teletype channel {0-15) has its own assembly
register. The register transmits data to and from the
teletype serially and transmits data to and from the
computer in parallel.

NOTE

The assembly register communicates only with the

teletype send and receive circuits, not with indivi-
dual components of the set (keyboard, paper tape
punch, printer, and paper tape réader). The control-
ler has no control over the destination of data sent
to the set (printer and/or paper tape purich) nor the
source of data received from the set {(keyboard or
paper tape reader). These are determined solely by
the teletype set controls and the manner in which
the set is operated.

The controller has a scanner that sequentially inter-
rogates each channel. If a channel has acharacter
for input or desires a character to be output, the
scan is stopped and an interrupt is generated. The
scanner provides the address information necessary
for input or output and will resume scanning when
the data transfer has been completed.

Unwanted message alert may be accomplished by
depressing the BREAK key on the teletype. Status
bit-1 will be set and transmitted to the computer
on the next interrupt when the channel requests
another character from the CPU. The program
should normally disconnect the channel at this time.

5-14.3.1 Disconnect Channel (DOT A, 0)

The channel indicated by bits 12-15 of the accumu-
lator is disconnected. The scanner will not stop on
the disconnected channel. Operation of the teletype
in this mode is identical to operation in the LOCAL
mode.

5-14.3.2 Select Channel for Input Mode
(DOTA, 1)

The channel indicated by bits 12-15 of the accu-
mulator is selected for the input mode. When con-
nected to the selected channel, inputting a charac-
ter will cause the scanner to stop and an inter-
rupt will be generated.

5-14.3.3 Select Channel for Output Mode
(DOT A, 2)

The channel indicated by bits 12-15 of the accu-
mulator is selected for the output mode. This com-
mand causes the scanner to stop at the selected
channel forcing the controller to generate an inter-
rupt to the CPU.

5.136



5-14.3.4 Output Character (DOT A, 3)

This command transmits data residing in bits 8-15
of the accumulator to the teletype channel desig-
nated by the scanner. After completion of the data
transfer, the scanner proceeds to search and lock
onto the next selected channel.

5-14.35 Input Character (DIN A, 1)

This command causes a word to be transmitted to
the accumulator. There are two formats for this
word (Figure 5-25), depending on whether the
channel interrupting the CPU is in the input or out-
put mode.

The method of determining whether an interrupt-
ing channel is in the input or output mode is to in-
put a word and examine bit-0. If bit-0 is a binary
one, the channel is selected for input and bits 8-15
of the accumulator contain the character from the
teletype. If bit-1 is a binary one, the CPU was late
taking the character from the controller register,
thereby losing some data. Bits 4-7 contain the chan-
nel number.

if bit-0 is a binary 0, the channel is selected for
output with bits 12-15 indicating the channel caus-
ing the interrupt. If bit-1 is a binary one, the chan-
nel should be disconnected. If bit-1 is a binary O,
the next command to the multiplexer should be
Output Character.

When a channel is selected for input and an Input
Character Command is issued, the interrupt is clear-
ed and the scanner is released to search for the next
selected channel. When a channel is selected for
output and an Input Character command is issued,
an Output Character command must be given be-
fore the scanner is released.

5-14.4  Teletype Multiplexer Function Codes
The various 8-bit control codes are illustrated in
hexadecimal and binary formats in Table 5-52.
5-14.5  Status Codes

Status is returned to the accumulator from the

teletype multiplexer after a DIN A, 0 command is
issued.

The teletype multiplexer status word consists of
three bits (Table 5-53). Bit-0 true means that there
is an interrupt waiting to be serviced by the CPU.

Bit-1 true means that there is an unwanted messag
on a remote teletype. This status bit is the same ¢
bit-1 that is received after doing an Input Characte
command. Bit-15 of the status response reflects i
any of the channels have been selected for eithe
input or output. If all channels have been discor
nected, bit-15 is a binary O.

5.-14.6 Interrupt Meaning

An interrupt is generated when a character is trans,
ferred (serially) between the multiplexer controlle

and the teletype. When inputting, the interrupt sig
nifies that a character is waiting to be transferrec

from the assembly register. When outputting, the
interrupt signifies that the character has been sent
to the teletype and the controller is ready to receive
another character from the CPU. '

Input
1|L Channel Character
01 2 3 4 7 8 15
Channel
01 2 1 12 15

Channel: one of sixteen possible teletype addresses
(0-F)
L: Late status; when true indicates character

was not transmitted to CPU before next_

character was input.

A Abort; when true means that the BREAK
KEY on the teletype was pressed and
that the channel should be disconnected.

Figure 5-25. Teletype Multiplexer Input word
Formats

5-14.7 Timing

In order to transfer data at the maximum rate of _ .

10 characters per second, the maximum service
time for processing interrupts from the teletype
multiplexer is equal to 100 milliseconds divided by
the number of selected teletypes (Figure 5-26).
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Table 5-52. Teletype Multiplexer Function Codes

Command Function Codes
Hexadecimal Binary Notation
DOT Notation
Bit Position
8 9 10 11 12 13 14 15
Disconnect Channel AO 1 o 1 0O 0 O 0
Select Channel for Input Al 1 o 1 o 0 O 1
Select Channel for Output] A2 1 0 1 0 0 0 1 O
Output Character A3 1 0 1 o o0 o0 1 1
DIN
Return Status to Accumu- A0 1 0 1 0O 0 o o0 O
lator
Input Character A1l 1 0 1 0o 0 O O 1

Table 5-563. Teletype Multiplexer Status

Meaning When Bit True Bit No.

Interrupt waiting to be 0
serviced.

Unwanted message on remote 1
teletype.

At least one channel has been 16

selected.
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5-14.8  Operation Notes 5-14.9  Teletype Multiplexer Operation

{(Model No. 76601 and 76602)
The data transfer functions only have significance
when the teletype set is operating in the ON LINE
mode. When the set is operating in the LOCAL
mode, the send and receive circuits are connected
together internally and are disconnected from the
controller input and output lines.

Refer to Section 5-5 for the operating proceduret
of the ASR-33 teletype. There are no controls or.
indicators in the multiplexer.

SELECT
DOT IR1 IR2 IR3

oy o usiegs e s,s, v specy O SO a QUODOOOOC0
& G R R R R R R R R KRR,

First Interrupt Interrupt Maximum

Time (FIT) Time (IR) Service

Time

(MST)

No. of Teletypes
Selected FIT IR MST Rate
1 0 msec. 100 msec. 100 msec. 10 cps
2 0 msec. 50 msec. 50 msec. 10 cps
3 0 msec. 33 msec. 33 msec. 10 cps
etc. to 16

where IR = 100/No. of Teletypes Selected (m sec.)
and MST = IR (msec.)

Figure 5-26. Teletype Multiplex Timing
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1615 BUFFERED INPUT/OUTPUT CHANNELS

i The buffered digital input channels provide an
interface for transfer of digital data from external
devices to the Raytheon 706 Computer. All chan-
nels share the direct input bus, with each channel

. being capable of completely independent operation.

The computer is able to use interrupts or a tight
sense loop to determine when data has been
entered into one of its three channels.

' The buffered digital output channels provide an
. interface for transfer of digital data from the Ray-
i theon 706 Computer to external system devices.
i All channels share the direct output bus, with each

channel being capable of completely independent
operation. The computer is able to use interrupts
or a tight sense loop to determine when data has
been read from any channel.

i The buffered input and output characteristics are
i summarized in Tables 5-54 and 5-565.

5-15.1 Speed

The buffered digital input/output channel can oper-
ate at the speed of the routine used to transmit or
receive data. Table 5-5 shows a burst method cod-
ing example that could serve to input data from the
buffered input channel. The burst method shown
inputs data at a rate of 1569 KHz.

5-15.2 Data Format

The 16-bit data are transferred between any of the
three input channels or three output channels and
the accumulator.

5-15.3  Buffered Channel Input Functions
(DIN 6, 1; DIN 6, 2; DIN 6, 3)

This command causes 16-bits of data from the input
channel buffer (indicated in bits 12-15 of the DIN
instruction) to be transferred to bits-O through 15
of the accumulator. Execution of this command
causes the interrupt from the input Buffer Channel
to be dropped.

5-15.4 Buffered Channel Output Functions
5-15.4.1 Transfer Data to Channel

(DOT 7,9; DOT 7, A; DOT 7, B)

This command causes 16-bits of data to be trans-
ferred from the accumulator to the output channel

buffer (indicated in bits 12-15 of the DOT instruc-
tion). Execution of this command causes the inter-
rupt from the output buffer channel to be dropped.

B-15.4.2 Transfer Data to Channel and Disconnect
{(DOT 7, 1;DOT 7,2; DOT 7, 3)

The main purpose of this command is to terminate
a data block transfer. The contents of the accumu-
lator are gated into the buffer channel {indicated in
bits 12-15 of the DOT instruction). Execution of
this command resets the interrupt from the output
buffer channel. This command immediately resets
the external data ready line between the buffered
output channel and the external device. This causes
the data not to be gated from the outputchannel
to the external device. In order to transfer the data
another transfer data command must be given using
the same data in the accumulator.

Table 5-54. Buffered Digital Input Channel
Characteristics

Types of Operation Wait for interrupt to signify
data has been entered

Perform test to determine
when data has been entered

Number of Up to 3 independently oper-
Addressable able channels
Channels

Number of Bits per
Word

16 parallel bits

Output Level of One: 0 to +0.5 volt

Buffer-Full Zero: +2.5 to 5.0 volts
Signal (to external

system)

tnput Both data and control sig-

nals are to be ground, or 0
volt, true and +2.5 to 5.0
volts false. Normal operation
requires the input gate signal
be a ground pulse. Data
should be stable 100 nsec
prior to and after the nega-
tive transition.

Two standard DTL loads

+2.5 to 5.0 volts, true
0 to 0.5 volt, false

Requirements
{external system)

Input Loads

Internal Logic
Levels

Primary Power 110 volts, 60 cps, 0.5 amp
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Table 5-55. Buffered Digital Output Channel
Characteristics

Types of Output data and wait for inter-
Operation rupt to signify data has been read

Output data and perform test to
determine when data has been
read

Output data without any testing
or qualification

Writing In any of the above cases the data
Method ready line to the external device
may be made to be pulsed or dc

Number of Up to 3 independently operable
Addressable  channels
Channels

Number of 16 parallel bits
Bits per Word

Output Levels One: 0 to 0.5 volt
(to external  Zero: +2.5 to 5.0 volts
system)

Drive Two driver outputs are available
Capability to the customer are are:

1. Unterminated output drivers
capable of driving 25 standard
loads when terminated with
120 ohms to +5 volts at the
external device. (Specify MTG
3 drivers.)

2. Terminated output drivers suf-
ficient for lower speed and
shorter cable applications.
(Specify MTG4 drivers.)

Input Require- Both data and contro! signals are

ments to be ground, or O volt, true and
{external +2.5 to 5.0 volts false.
system)

{nput Loads Two standard DTL loads

Internal Logic +2.5 to 5.0 volts, true

Levels 0 to 0.5 volt, false
Primary 110 volts, 60 cps, 0.5 amp
Power

The Transfer Data and Disconnect command in.
conjunction with the Transfer Data Command can.
be used to pulse the data ready line. The procedure
is as follows:

a. Load the data into the accumulator register
and disconnect that channel. This places the
data onto the data output line.

b. Next a delay subroutine is entered to provide
the output delay needed.

c. With the same data in the accumulator register
issue the fill buffer command. This sets the .
data ready line.

d. If the data ready pulse need be stretched, an-
other delay subroutine is entered at this point.

e. Again, with the same data in the accumulator
register, issue another disconnect command.
This resets the data ready line making the data
ready signal appear as a pulse.

A brief programming example for the above se-
quence for channel 1 follows:

LDW DATA L.oad data word
DOT DEV, DISC1 DOT device with function
code of 0001

JSX DELAY Delay is a delay subroutine

DOT DEV,CH1 DOT device with function
code of 1001

JSX DELAY

DOT DEV, DISC1

5-15.5 Function Codes

The various 8-bit control codes are illustrated in
hexadecimal and binary formats in Table 5-56.

5-16.6  Status Codes

Status is returned to the accumulator from the
buffered input/output channel after a DIN 6, O or
a DIN 7, 0 command is issued, respectively. There
are three interrupts associated with both the input
channel and the output channel (Table 5-57). All
six interrupts, when true, denote that a given chan-
nel is interrupting and is ready for a data transfer.

5-15.7  Interrupt Meaning

An interrupt from the buffered input channel means
that there is data in one or more of the three
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Table 5-56. BIC and BOC Commands and Function Codes

Command Function Codes
Hexadecimal Binary Notation
- Notation Bit Position
DOT 8 9 10 1 12 13 14 15
Transfer Data & Disconnect 71 o 1 1 1 0 0 0 1
Channel 1
Transfer Data & Disconhect 72 o 11 1t 0 O 1t O
Channel 2
Transfer Data & Disconnect 73 o 1 1 1 0 0 1 1
Channel 3
Transfer Data & Disconnect 74 0o 1 1 1 0 1 0 O
Channel 4*
Transfer Data on Channel 1 79 o 1 1 1 1 0 0 1
Transfer Data on Channef 2 7A o 1 1 1 1 0 1 O
Transfer Data on Channel 3 7B o 1 1 1 1 0 1 1
Transfer Data on Channel 4* 7C o 1 1 1 1 1 0 O
DIN
Return Status BOC to 70 o 1 1 1 0 0 O O
Accumulator
Return Status BIC to 60 o 11 0 O O 0 ©
Accumulator _
Input Data on Channel 1 61 o 11 0 0 O O 1
Input Data on Channel 2 62 o 11 0 0 0 1 O
Input Data on Channel 3 63 o 11 0 0 0 1 1
Input Data on Channel 4* 64 o 11 0 o0 1 0 O

*For 4th channel operation see Section 5-15.9.
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buffers awaiting transfer to the accumulator. Status
must be tested to determine which buffers (1, 2 or
3) are causing the interrupt.

An interrupt from the buffered output channel
means that there is no data in one or more of the
three buffers and the buffer(s) are awaiting a data
transfer from the accumulator. Status must be test-
ed to determine which buffers (1, 2 or 3) are caus-
ing the interrupt.

5-15.8 Timing

Theoretically the buffered input/output channels
can transmit data as fast as the computer can send
and receive data (3.6 u sec.). But practically, the
computer program must load/store the data and it
must interrogate the status, process the interrupt,
or interrogate the external sense line in addition to
performing a DOT or DIN instruction. Therefore,
the maximum practical transfer rate is approximate-
ly 169 KHz. (See Figure 5-27).

5-15.9  Buffered Input Channel or Buffered
Output Channel

If the Buffered Input/Output channels (Models
77621-2-3-4-5) are ordered, there is the capability

of having up to three input channels and three out- ~
put channels,

If the Buffered Input Channel (Models 77601-2-3-4)
or the Buffered Output Channels (Models 77611-2 _
-3-4-5-6-7-8) are ordered separately, there is the _
capability of having up to four input channels and
four output channels.

The Buffered Output Channels may be ordered with
relay contact outputs instead of DTL circuitry out-
puts. Channels must be either all relay or all DTL
outputs.

Table 5-57. BIC and BOC Status

Meaning when Bit True Bit No.
Channel 1 interrupting 0
Channel 2 interrupting 1
Channel 3 interrupting 2
Channel 4 interrupting* 3

*For 4th channel operation see Section 5-15.9.

First DOT/DIN
Transfer Data IR1

First Interrupt

Interrupt Time (IR)

IR2 IR3

Maximum Service

Time (FIT) Time (MST)
DEVICE FIT MST RATE
Buffered Input 1.8 u sec 3.6 u sec. 3.6 u sec. 278 KHz*
Channel 1.8 u sec. 6.3 u sec. 6.3 u sec. 159 KHz
Buffered Output 1.8 u sec. 3.6 u sec. 3.6 u sec. 278 KHz*
Channel 1.8 u sec. 6.3 u sec. 6.3 u sec. 169 KHz

*Theoretical Maximum Transfer Rate

Figure 5-27. BIC & BOC Timing
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5-16 ANALOG TO DIGITAL CONVERTERS
Raytheon’s exclusive MINIVERTERTM and MUL-
TIVERTERR are provided as standard analog
front end’’ instruments to the 706 computer. Each
includes a multiplexer, sample-and-hold amplifier
and an analog-to-digital converter in a single com-
pact unit. Conversion rates range from 15 to 100
KHz and resolution from 10 to 15 bits in binary or
BCD modes. Up to 256 input channels are provided.
Accuracy varies from 0.1% to 0.01% + 1/2 LSB,
depending upon device used. See Tables 5-58 and
5-59 for specifications.

5-16.1  Output Codes

All A/D converters can be supplied with any of the
output codes shown in Table 5-60. Except for sign
and magnitude all of the codes shown can be
achieved by adjustments or simple component
changes. Sign and magnitude codes require install-
ation of an additional pair of circuit cards.

5-16.2  Analog to Digital Function Codes

Both the miniverter and multiverter use the same
function codes and both converters are programmed
in an identical manner.

5-16.2.1 Disconnect (DOT 3, 0)

The disconnect command performs the same func-
tions in initializing the interface as pressing the
reset switch. The interface clock is turned off, the
error flip-flop resets, and no more interrupts
occur.

5-16.2.2 Reset Error (DOT 3, 1)

The reset error command is included in the instruc-
tion set to allow more versatility in methods of
monitoring and reseting rate errors. This command
functions the same as the set mode command,
except for two significant differences. The first
is that the error flip-flop is reset. The second, and
more important, difference is that the reset error
command has no affect on the state of the multi-
verter or miniverter start pulse logic. Thus, the
mode, clock, and address lines may be modified
without allowing a start pulse to be generated.

5-16.2.3 Set Random Mode and
Address Unclocked (DOT 3, 2)

Whenever the miniverter or multiverter is set to the

random mode, bits 08 through 15 of the accumu-
lator specify the address (channel 0- 255). The
random mode causes digitized data to be input
from one channel only. When the random mode is
selected, it can only be changed by executing
another DOT instruction.

The unclocked mode causes interrupts to occur
immediately after analog to digital conversion.
Rate errors can occur when data is requested too
fast (before the interrupt) in the unclocked mode.

The start pulse given with this command causes an
interrupt to occur when the selected channel has
digitized the analog signal.

5-16.2.4 Set Sequential Mode Unclocked
(DOT 3, 6)

Whenever the miniverter or multiverter is set to the
sequential mode, digitized data is input from each
channel sequentially. A start pulse causes the analog
signal from the channel previously set by the
Set Random Mode and Address Command to be
digitized. All subsequent Transfer Data and Start
commands cause the analog signals to be digitized
from the next higher channel. This process con-
tinues until the last channel has been read; with
the next start pulse forcing the address back to
channel O or stopping when a Transfer Data (no
start pulse) command is issued.

The unclocked mode causes interrupts to occur
immediately after analog to digital conversion.

Rate errors can occur when data is requested too
fast (before the interrupt) in the unclocked mode.

The start pulse given with this command causes an
interrupt to occur when the previously selected
channel has digitized the analog signal.

5-16.2.5 Set Random Mode and
Address Clocked (DOT 3, A)

Whenever the miniverter or multiverter is set to the
random mode, bits 08 through 15 of the accumu-
lator specify the address (channel 0 - 255). The
random mode causes digitized data to be input
from one channel only. When the random mode is
selected, it can only be changed by executing
another DOT instruction.
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Table 5-68. Miniverter Specifications

Max. Long Term Drift

DIGITAL
Output Code

POWER REQUIRED
Voltage

Frequency

Power

0.1% for 30 days

Binary, 2's Complement

115 V £10%

50 to
Approx.
(Fused - 1

60 Hz
30 watts
Amp 5.B.)

115V

Approx.

0.1% for 30 days

Binary, 2's Complement

50 to 60 Hz

(Fused - 1 Amp. S.B.)

+10%

30 watts

115V

50 to
Approx.
(Fused - 1

10-Bit Binary 12-Bit Binary 3-Digit BCD
Model MADC 10-06 Model MADC 12-06 Model MADC 13-06
With MSH1 | With MSH2 | With MSH1 | With MSH2 | With MSH1 | With MSH2
ANALOG INPUT
Input Range +10V +10V 10V +10V +10v +10V
Maximum Overvoltage t15v +15V +15V 16V +15V +15v
{without damage)
Channel Capacity 128 128 128 128 128 128
(8 Chis/card)
INPUT IMPEDANCE
“ON"’ Channel 25 megohms | 100 megohms| 25 megohms {100 megohms| 25 megohms | 100 megohms
“OFF" Channel 1000megohms[1000 megohms 1000 megohms{1000 megohms; 1000 megohms|1000 megohms
Offset Current 4 uA 200 nA 4uA 200 nA 4 uA 200 nA
Source Impedance (Max.) 1000 ohms | 1000 ohms | 1000 ohms | 1000 ohms | 1000 ohms | 1000 ohms
Aperture Time 100 nsec 50 nsec 100 nsec 50 nsec 100 nsec 50 nsec
Crosstalk {1K source at 70 db 70db 70db 70 db 70db 70 db
400 Hz, 16 chls.)
Adjustment Range 320 mV 320 mv 80 mv 80 mVv 160 mV 160 mV
PERFORMANCE
Resolution 9 Bits + Sign 11 Bits + Sign 3 BCD + Sign
{Approx. 20 mV/Count) {Approx. 5 mV/Count) {Approx. 10 mV/Count)
Conversion Time 9.8 usec 9.8 usec 18.5 usec 18.5 usec 12 usec 12 usec
Sample and Settle Time 20 usec 12.5 usec 28.5 usec 22.5 usec 22 usec 15 usec
Max. Throughput Rate 50 KHz 80 KHz 35 KHz 45 KHz 45 KHz 65 KHz
Accuracy at 25°C 0.05% + 1 LSB 0.065% + 1 LSB 0.065% + 1 LSB
{Includes linearity, noise,
gain-errors, and dynamic
effects)
Temperature Range 0°t050°C 0° 10 50° C 0°t050°C
Temperature Coefficient 40 PPM/° C 40 PPM/° C 40 PPM/° C
(0.8 mv/° C) (0.8 mVv/° C) (0.8 mVv/° C)

0.1% for 30 days

BCD, 10’s Complement

+10%

60 Hz

30 watts
Amp. S.B.)
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Table 5-69. Multiverter Specifications

Analog Input
Channel Capacity
{16 channels/card) .......

Crosstalk .. ....couvunnnnn
Aperture Time...........
InputRange.............

Input lmpedance
{w/o attenuators). . .......

{w/attenuators)
Max. Source impedance. . ...
Max. Voltage Overload ‘2!

Performance

Throughput Rate

Accuracy at DC
Linearity . ...........
Long Term Drift . ......
Temp. Coefficient . ... ..
Crosstalk ............
Voltage Ref. Stability . . .

96 channels w/o attenuators

48 channels w/attenuators

80 db with 1K source at 400 Hz
50 nanoseconds

+10 volts full scale

w/o attenuators

+ 100 volts full scale
w/attenuators

100 meg. ohms min. for selected
channel

1000 meg. ohms min. for
unselected channel

20K ohms (+£0.02%) for either
selected or unselected channels
1000 ohms for specified per-
formance w/o attenuators
100% full scale w/o attenuators
26% of full scale w/attenuators

See Table 5-59.1

0.01% % LSB

0.01% Typical

10 ppm/°C max.

80db with 1K source at 400
0.001%

Typical Accuracy at 25°C will be within 0.02% l(:t % LSB)

Temperature
Temperature Range ....... 0to50°C
Warmup Time ........... 10 min. to rated accuracy
Cooling ....ocvvuvuvnnnn Internal-muffin fan
Temperature Coefficient ... 10 ppm/°C max.
Mechanical
Analog lnputs ........... Malco Connector Panel (wired for
64 channels).
Digital Inputs (mate) ...... Ampheno! Type 17-20500-1 or
Cannon Type DD-50P
Display ..ccceverrneennns Amperex Indicators for A/D
Register
Size (See Page 15) . ....... . 19" slide mounted drawer
22" deep
5%" high
Weight .......cevvnenn. 60 pounds (typ.)
POwer.....ccovivninnnnn 105 to 125 vac
60 to 400 cps

(Fused at 3 Amp S.B.)

GENERAL NOTES ON MULTIVERTER SPECIFICATIONS

(1) Crosstalk is measured as follows: A 400 cps full scale input
voltage is applied through a 1000 ohm source impedance to all
channels except the one being monitored. The 400 cps noise is
measured on the selected channel which has 0 volts applied

through a 1000 ohms source impedance.

(2) No more than 2 channels can simultaneously be overloaded
{by 100%) for the multiverter to operate to rated specs.

of full scale.
Table 5-69.1. Multiverter Throughput Rates
Nominal i

_ Model Number Bit Rate e i

Resolution Conversion Throughput
{Binary Instruments) Rate **Rate
10 Bits* ADC21-108-B 1.2 Microsec/bit 75KC 55KC
ADC23-10B-8 2.0 Microsec/bit 45KC 38KC
11 Bits* ADC21-11B-B 1.2 Microsec/bit 69KC 52KC
ADC23-118-B 2.0 Microsec/bit 41KC 35KC
12 Bits* ADC21-12B-B 1.2 Microsec/bit 64KC 50KC
ADC23-12B-B 2.0 Microsec/bit 38KC 33KC
ADC25-128-B 3.5 Microsec/bit 22KC 21KC
13 Bits* ADC22-138-B 2.0 Microsec/bit 36KC 31KC
ADC24-13B-B 3.5 Microsec/bit 20KC 19KC
14 Bits* ADC22-148-B 2.0 Microsec/bit 33KC 30KC
ADC24-14B-B 3.5 Microsec/bit 19KC 18KC
15 Bits* ADC20-158-8 2.0 Microsec/bit 31KC 27KC
ADC24-15B-B 3.5 Microsec/bit 17KC 17KC
15 Bits* ADC21-15B 1.0 Microsec/bit 75KC 50KC
3 BCD Plus Sign ADC22-13D-B 2.0 Microsec/bit 36KC 31KC
{8-4-2-1 Code) ADC24-13D-B 3.5 Microsec/bit 20KC 19KC

*{ncludes Sign

**Throughput Rate for entire Multiverter when using the A/D Converter shown.
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Table 5-60. Available Output Codes

Binary
2's Complement  1’s Complement *Sign and Magnitude Unipolar

Sign Sign Sign Sign
+ Full Scale (-1 Count) 01111111111 of1111111111 op111111111 1111111111
+ % Full Scale 0 {1000000000 0 1000000000 011000000000 110000000000
Zero (+1 Count) 0 (0000000001 0{ 0000000001 010000000001 0}0000000001
Zero 0 |0n00000000 0} 0000000000 010000000000 0] 0000000000
Zero (-1 Count) 11111111111 111111111110 110000000001 Not
- % Full Scale 111000000000 110111111111 111000000000
~Full Scale (+1 Count)  1|0000000001 1} 0000000000 111111111 Applicable

Binary Coded Decimal
10's Complement 9's Complement  *Sign and Magnitude Unipolar

+Full Scale (-1 Count)
+ % Scale

Zero {+1 Count)

Zero

Zero (-1 Count)

~% Full Scale

Full Scale (+1 Count)

Sign

0(1001 1001 1001
0/0101 0000 0000
0 (0000 0000 0001
0 {0000 0000 0000

-—

1001 1001 1001

-—

0101 0000 0000

-_

0000 0000 0001

Sign

0

0
0
0

- =

-

Sign
1001 1001 1001 O
0101 0000 0000 O
0000 0000 0001 O
0000 0000 0000 O
1001 1001 1000 1
0100 1001 1001 1
0000 0000 0000 1

1001 1001 1001
0101 0000 0000
0000 0000 0001
0000 0000 0000
0000 0000 0001
0101 0000 0000

1001 1001 1001

1001 1001 1001
0101 0000 0000
0000 0000 0001
0000 0000 0000
Nf)t

.
.

A:pplicable

*Extra Cost Option
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The clocked mode causes interrupts to occur after
analog to digital conversion and at clock time only.

The start pulse given with this command causes an
interrupt to occur when the selected channel has
digitized the analog signal and clock time has
occurred.

5-16.2.6 Set Sequential Mode Clocked (DOT 3, E})

Whenever the miniverter or multiverter is set to the
sequential mode, digitized data is input from each
channel sequentially. A start pulse causes the
analog signal from the channel previously set by
the set Random Mode and Address command to be
digitized. All subsequent Transfer Data and Start
commands cause the analog signal to be digitized
from the next higher channel. This process con-
tinues until the fast channel has been read; with
the next start pulse forcing the address back to
channel 0 or stopping when a Transfer Data (no
start pulse) command is issued.

The clocked mode causes interrupts to occur after
analog to digital conversion and at the next clock
time.

Rate errors can occur when data is requested too
fast (before the interrupt) in the clocked mode.

The start pulse given with this command causes
an interrupt to occur when the previously selected
channel has digitized the analog signal and the next
clock pulse occurs.

5-16.2.7 Transfer Data and Start (DIN 3, 3)

When this code is received, data is transferred to
the accumulator and a new start pulse is generated.
Data is transferred to selected bits of the accumu-
lator according to the precision of the miniverter
or multiverter (Figure 5-28).

After the data has been transferred, the start pulse
causes the signal on the same channel (random
mode) or the next higher numbered channel
(sequential mode) to be digitized. An interrupt is
generated either immediately {unclocked mode) or
at the next clock time after digitizing has been
completed (clocked mode).

5-16.2.8 Transfer Data (DOT 3, 1)

When this code is received, data is transferred to

the accumulator but no new start pulse is given.
Data is transferred to selected bits of the accumu-
lator according to the precision of the miniverter
or multiverter (Figure 5-28 ). This command is
used in the sequential mode when the last channel
has been read and immediate digitizing of the first
channel is not desired, or in the random mode
when the next desired channel is different than
the presently addressed channel.

5-16.3  Function Codes

Table 5-61 is a summary of the function codes for
both the multiverter and miniverter.

5-16.4  Status Codes

Status is returned to the accumulator from the

miniverter or multiverter after a DIN 3, O instruc-
tion is issued.

The status word from the analog to digital equip-
ment consists of three bits (Table 5-62). Bit-0, the
busy bit, goes true at the leading edge of the start
pulse and remains true until the specified channel
has been digitized and is ready to be read. It is by
monitoring this bit that maximum burst rates may
be obtained.

Bit 14 is the frame sync bit. This bit goes true and
remains true while channel 0 is being digitized.

Bit-15 shows the condition of the error flip-flop.

This flip-flop is set when two consecutive start
pulses have occurred and data has not been
accepted from the miniverter or multiverter. It is
merely an indicator. The data is still available at
the converter and may still be read. The error
flip-flop is reset with a DOT 3, 1 command.

5-16.5 Interrupt Meaning

in the unclocked mode, an interrupt means that
data has been digitized and is ready for transfer
to the accumulator. In the clocked mode. an
interrupt means that the data has been digitized
and the clock signal has gone high.
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10 Bit

11 Bit

12 Bit

13 Bit

14 Bit

15 Bit

3BCD

BINARY CODE

S Fraction

S Fraction

01 10 1

15

S Fraction

01 1 12 15

S Fraction

12 13 15

S Fraction

01 1314 15
S Fraction
01 14 15

BINARY CODED DECIMAL

S| Char1 S| Char2 |S

Char 3

01 456 9 10

11

14

15

Figure 5-28. Analog to Digital Word Formats
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Table 5-61. Analog to Digital Converter Function Codes

COMMAND FUNCTION CODES
DOT Hexadecimal Binary Notation
Notation 8 9 10 11 12 13 14 15
Disconnect Controller 30 0o o 1 1 0 0 O O
Reset Error 31 0o o0 1 1 0 0 0 1
Set Random Mode & Address 32 0 0o 1 1 0 0 1 0
Unclocked
Set Sequential Mode Unclocked 36 o 0 1 1 0 1 1 0
Set Random Mode & Address 3A o o 1 1 1 0 1 O
Clocked
Set Sequential Mode Clocked 3E o o0 1 1 1 1 1 0
DIN
Return Status to Accumulatdr 30 0 0 1 t 0 0 0 O
Transfer Data 31 o o 1t 1 o0 o0 0 1
Transfer Data and Start 33 o o 1 1 o o0 1 1
Table 5-62. Analog to Digital Converter Status
Meaning When Bit True Bit No.
Controller Busy (Channel being 0
digitized)
Frame Sync 14
Rate Error 15
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5-16.6 Timing

Figure 5-29 shows some sample analog to digital
converter timing characteristics. Those shown are
for the unclocked mode only. Clocked mode
timing will depend on the clock rate selected for
the miniverter or multiverter.

Internal miniverter and multiverter timing can be
found in bulletins SP-286 and SP-205, respectively.

5-16.7 Miniverter Operation (Model No. 77631,

77632, 77633, 77634, 77635)

The miniverter can be operated in either a manual

mode or a normal mode. In the manual mode, the
unit is under control from the optional front panel
switches. Any channel can be manually selected and
a conversion initiated on that channel. Indicators
display the results of each conversion and addition-
al front panel controls provide means for short-
cycling the ADC to fewer bits of resofution to
achieve higher throughput rates. Other front panel
controls allow the user to establish the last channel
in any given sequence.

5-16.7.1 Controls and Indicators

The controls and indicators for the miniverter are
shown in Figure 5-30 and described in Table 5-63.

Select DOT
Set Mode Unclocked IR1

' '

IR2 IR3

- 7\ _\_ /
N VT e
First Interrupt Interrupt Maximum
Time (FIT) Time (IR) Service
Time (MST)
SAMPLE A/D UNITS FIT IR MST RATE
ADC 24-15B-B 59 usec | B9 usec | 59 usec | 17 kHz
MADC 12-06-2 22.5 usec |22.5 usec |22.5 usec| 45 kHz
MADC 10-06-2 12.5 usec ]12.5 usec |12.5 usec | 80kHz

Figure 5—29. Analog to Digital Timing
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o0

i

Power

O

‘ |012

ADC
Short
Cycle
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Figure 5-30. Miniverter Control Panel

Table 5-63. Miniverter Controls and Indicators

Control or Function
DISPLAY Selects one of 256 channels for
CHANNEL digitizing and display.
thumbwheel
switches
REGISTER Displays digitized data of channel
indicators indicated in CHANNEL AD-

DRESS lights.
CHANNEL Indicates channel number being
ADDRESS digitized.
indicators
END CHAN- Selects last channel to be digitiz-
NEL thumb- ed when in the sequence mode.
wheel switches
POWER switch/ Supplies power to miniverter.
indicator Hluminated red when on.
START push- Generates a start pulse when in

button switch

MODE SELECT
switch

ADC SHORT
CYCLE switch

the manual mode only.

Selects either the normal or man-
ual mode.

Selects the number of significant
bits that the analog signal is to be
converted to. Decreasing the num-
ber of bits increases the through-
put rate.
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5-16.8  Multiverter Operation (Model No. 77636)
The multiverter can be operated in either a calibrate
mode or a normal mode. In the calibrate mode, the
unit is under gontrol from the optional front panel
switches. Any channel can be manually selected and
a conversion initiated on that channel. Indicators

display the results of each conversion.

5-16.8.1 Controls and Indicators

The controls and indicators for the multiverter are
shown in Figure 5-31 and described in Table 5-64.

Register Indicators

Multiverter

Normal —\ /— Calibrate

O

Recycle

©

ﬁ Octal Channe! Select —-—I

's 8's Units

OO

©)

2

Figure 5-31. Multiverter Control Panel

Table 5-64. Multiverter Controls and Indicators

Control or Functi

Indicator unction

OCTAL CHAN- Select the channel to be digitized

NEL SELECT in the calibrate mode.

switches

REGISTER Display digitized data of channel

indicators indicated by OCTAL CHANNEL
SELECT switches.

NORMAL/ Selects either the on-line or off-

CALIBRATE line mode.

switch

RECYCLE Generates a start pulse when in

button the calibrate mode.

ON switch and Supplies power to the multiverter.

indicator Indicator is illuminated white
when power is on.
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© 517

DIGITAL TO ANALOG CONVERTER

; The 706 DAC may contain from one to 64 sepa-

rately addressable digital-to-analog converters
(which are referred to as converter channels to dis-
tinguish them from the DAC that they are a part of
and the DAC module that they contain). The con-
verter channels have a resolution of 10 binary bits
{9 magnitude bits plus sign) and an output voltage
range of -10.000v to +9.980v . Accuracy is 0.1% at
25°C. (Table 5-65).

Each converter channel contains its own 10-bit data
storage register, and the analog output voltage con-
tinuously represents the contents of the register.

Digital data is transmitted to the channel along with
the channel address via the computer data input-
output {DIO) bus.

The 706 DAC is made up of standard Raytheon M-
Series integrated-circuit modules and is housed in
one or more MC40 module cases. The basic DAC
chassis contains the computer interface logic and
up to eight converter channels. Additional convert-
er channels are housed in DAC expansion chassis
with capacities of up to eight channels each. The
maximum configuration (64 channels) is thus
housed in one basic DAC chassis and seven DAC
expansion chassis.

Table 5-65. Digital to Analog Converter Specifications

Number of channels
Resolution

Output voltage

Output current
Output impedance (dc)
Output noise

Settling time

Accuracy

Temperature coefficient
Temperature range
Input code

25 usec for 10v excursion to 0.1%

110 64

10 bits (9 bits + sign)
-10 000 to +9.980v
5 ma at 10v

0.1 ohm

2 mv p-p (max)

0.1% at 25°C
50 ppm/°C
15 to 50°C

Binary
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5-17.1  Speed

The throughput rate of the DAC is approximately
40 KHz. The settling time for a 10 v excursion to
0.1% is 25 u sec.

5-17.2 Data Word Format

A 16-bit data word (Figure 5-32) specifying the 10-
bit binary-coded data and the 6-bit address of con-
verter channel that is to receive the data must be
placed into the CPU accumulator prior to execut-
ing the DOT instruction to transfer the word to the
706 DAC.
5-17.3  Digital to Analog Function Code
(DOT 4, 0-F)

One program instruction is used t0 communicate
with the DAC. This is a DOT instruction used to
transmit a channel address and data word to the
DAC. The function code field is not required or
used by the DAC.

The DAC provides no interrupts and no status res-
ponse.

5-17.4 Converter input Code
The converter input code is a nonsignificant binary

code derived from the 2’s complement binary num-
ber n in the relationship:

n
E = 10V
ANAL  \,

The functional relationship between the binary in-
put code to the converter (N) and the number n is:

N= (229 -1) -n

Since the number n is a 10-bit signed binary num-
ber (sign plus nine magnitude bits) with values from .
29 to +(29 -1), input code N is an unsigned 10-bit
binary number with values from 0 to (210 _ 1),
Examples of input codes for various values of the ~
number n and the corresponding analog output
voltages are given in Table 5-66.

The computer program must make provision for _
converting 2's complement binary data to the con-
verter input code prior to combining it with the
channel number and transmitting it to the DAC. _
Any mathematical manipulations that must be per- ~
formed on the data must be performed before it is -
encoded for use in the DAC.

5-17.5  Status and Interrupt

None available for DAC.

5-17.6  Timing

See Section 5-17.1.
5-17.7 Digital to Analog Converter Operation

(Model Nos. 77641, 77642, 77643,
77644)

There are no panel controls or indicators for the
706 DAC. Power is turned on and off with the
computer power. The 706 DAC operates automati-
cally under control of the computer, and no oper-
ating instructions are required.

BINARY-CODED DATA

CHANNEL ADDRESS

910 15

Figure 5-32. Digital to Analog Converter Data Word Format
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Table 5-66. Digital to Analog Converter Input Codes, Analog Values, Output Voltages

input Code (N)

Analog Value (n)

Analog Output

{(=511-n) (=511-N) Voitage (vdc)
0 000 000 000 0111111111 +9.980
0 000 000 000 011111111 +9.980
0011 111 111 0 100 000 000 +5.000
0101111111 0 010 000 000 +2.500
0110111111 0 001 000 000 +1.250
0111011111 0 000 100 000 +0.625
0111101 111 0000 010 000 +0.3125
0111110111 0 000 001 000 +0.156
0111 111 011 0 000 000 100 +0.078
0111111101 0 000 000 010 +0.039
0111111 110 0 000 000 001 +0.0195
0111111 111 0 000 000 000 0.000
1 000 000 000 1111 111111 -0.0195
1 000 000 001 1111111 110 -0.039
1 000 000 011 1111111100 -0.078
1 000 000 111 1111 111 000 -0.156
1 000001 111 1111 110 000 -0.3125
1000011 111 1111 100 000 -0.625
1000111 111 1111 000 000 -1.250
1001 111 111 1 110 000 000 -2.500
1011111 111 1 100 000 000 -5.000
111111111 1 000 000 000 -10.000
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5-18 TIME OF DAY CLOCK

The Time-of-Day Clock provides the time-of-day in
32 bits of BCD information with resolution (Isb) of
one millisecond plus an optional extended resolu-
tion to 100 microseconds by increasing the clock
output to 36 bits.

The Computer Time Set option allows 32 bits of
clock indication to be set directly by the central

processor. When used with the overflow interrupt,
this feature provides an interval timer function. The
time of day clock specifications are listed in Table
5-67.

5-18.1 Speed

The real-time clock can be operated at the memory
speed of the 706 computer.

Table 5-67. Time-of-Day Clock Specifications

Type
Accuracy
Stability
Resolution

Range
Clock output
Time set

Manual
Computer

Time display
Control (start, stop, reset)
Clock hold limitations

without loss of accuracy

operation and start of next hold
Logic levels {(nominal)

Power requirements

Maximum hold period for read operation

Minimum period between end of read

Crystal-controlled
0.001 percent at 25°C
0.003 percent (-30° to +60°C)

1 ms (std)
100 usec (opt)

0 to 23 hr, 59 min, 59.999 sec (std)
0 to 23 hr, 59 min, 59.9999 sec (opt)

32 BCD bits (std)
36 BCD bits (opt)

0 to 23 hr, 59 min, 59.999 sec (std)
0 to 23 hr, 59 min, 59.999 sec (opt)

32 BCD indicators
Manual or computer

60 usec
20 usec
+5v, true (1)

Ov, false (0)
115 vac, 60 cps, 1 amp
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5-18.2 Data Word Formats
The formats of the data words used to read or set
the time are shown in Figure 5-33.

5-18.3 Time-of-Day Clock Functions

The computer may start, stop, and reset the clock,
set the time (if the direct computer time set option
is installed), and read the time.

Except when used as an interval counter, the clock
sends no interrupts to the computer, and there is
no provision for selecting or disconnecting the clock.
There is also no provision for response to a status
request because the clock is considered always
ready.

5-18.3.1 Stop Clock (DOT B, 4)

This command stops the clock from counting. The
clock must be stopped in order to set the time into
the clock. This command performs the same func-
tion under CPU control as the HALT button does
on the control panel.

5-18.3.2 Reset Clock (DOT B, 5)

The reset command does not stop the clock. If the
clock is stopped when the reset command is given
the counter will be cleared to 0. If the clock is not
stopped, the counter will be cleared to 0 but will
continue to count.

The clock must He reset in order to set the time
into the clock. This command performs the same
function as the RESET button on the control
panel.

5-18.3.3 Start Clock (DOT B, 6)

This command starts the clock counter counting
up. The clock counter consists of 10 BCD stages
that express time in hours, minutes, seconds, and
decimal fractions of a second from 0 to 23 hr.,
59 min., 59.9999 sec. Those stages that are not
required to count to 9 (10 sec., 10 min., and 10
hr.) are short counted so that they return to zero
after reaching the maximum count (5 in the case
of 10 sec. and 10 min., and 2 in the case of 10
hrs.). The remaining stages count from 0 to 9 and
repeat. The number of bits per stage, therefore,
varies from two to four, depending on the max-
imum count of the stage.

This command performs the same function as the
RUN button on the control panel.

5-18.3.4 Write Word 1, Write Word 2
(DOT B, 1; DOT B, 2}

If the direct computer time set option is instalied
in the clock, the 32 most significant bits of the
clock time may be set by transmitting two
16-bit data words from the computer. The clock
must be stopped and reset prior to setting the time.

The data words from the computer (Figure 5-33)
are designated word 1 and word 2. However, either
word or both words may be transmitted, and the
order in which they are transmitted is immaterial.

The write word 1 command gates the contents of
the accumulator into the following counters: 10
hr., 1 hr.,, 10 min., 1 min., and 10 sec. The write
word 2 command gates the contents of the
accumulator into the following counters: 1 sec.,
100 msec., 10 msec., and 1 msec. The four least
significant bits of the counter (0.1 msec. stage)
cannot be set by the computer and is initially
zero after issuing a reset command.

The clock may thus be set to anyttime from O hr.,
0 min., 0.000 sec. to 23 hr., 59 min., 59.999 sec.

5-18.3.5 Hold Clock, Read Word 1, Read Word 2,
Read Word 3 (DOT B, 0; DINB, 1;
DIN B, 2; DIN B, 3)

The outputs of all counter stages except the 0.1-
msec. stage are continuously displayed on the front
panel of the clock and may also be read by the,
computer.

Unlike the computer time set operation, the com-
puter time read operation must be performed in the
correct sequence to avoid introducing errors in the
time or holding the clock indefinitely. The read op-
eration must be started by executing a hold clock
instruction, which must be followed by one or
more read word instructions. The least significant
word must be read in each read operation in order
to end the hold condition established by the hold
clock instruction. The other word (or words) may
or may not be read, depending upon the applica-
tion. If they are read, they must be read before the
least significant word is read. Failure to read the
least significant word will cause the time to be held
indefinitely.
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WORD 1 (READ OR WRITE)

Unit 1 HR

10 MIN

1 MIN 10 SEC

BCOWt. |2 |1|8]4|211](4

211]8l4]2}114]2]1

o 1 2 5 6

WORD 2 (READ OR WRITE)

Unit 100 MS

10 MS

BCOWt. |8 |42 |1]18)4]2

1181412184} 2]1

0 3 4 7 8 11 12 15
WORD 3 (READ ONLY)
Unit 0.1 MS
BCD Wt. 814|211
0 11 12 15

Figure 5-33. Time-of-Day Clock Data Word Formats

In order to not affect the clock accuracy during a
read operation (the clock is held from counting),
the entire two (or three) word read operation (in-
cluding the hold clock command) must be complet-
ed within 60 usec. An entire 3-word read operation,
including two STW instructions for the first two
words can be completed within 10.8 u sec. if no
DMA memory requests intervene.

The read word 1 command transfers the contents
of the following counters into the accumulator
(Figure 5-33): 10 hr., 1 hr., 10 min., 1 min., and 10
sec. The read word 2 command transfers the con-
tents of the following counters into the accumula-
tor: 1 sec., 100 msec., 10 msec., and 1 msec. The
read word 3 command (if installed) transfers the
0.1 msec. counter to bits 12-15 of the accumulator.
with bits 0-11 being set to zero.

After the termination of a computer time read op-
eration, a new read operation should not be initiat-
ed before 20 u sec. has elapsed.

5-18.4  Function Codes

The various 8-bit control codes are illustrated in
hexadecimal and binary formats in Table 5-68.
5-18.6  Status Codes

Since the Time-of-Day Clock is always considered
ready, there is no status response.

5-18.6  Interval Timing

The clock may be wired to provide interrupts to
the computer at fixed intervals. The intervals that
may be selected and the required jumper connec-
tions are covered in Table 5-69. Other than starting,
stopping, and resetting the clock, the computer has
no control over this operation.

By combining the clock control and time set func-
tions with the interval timing function, the clock
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may be used to time nonrepetitively any interval
less than a selected fixed interval. For this function,
the clock must be stopped, reset, and preset to the
difference between the desired interval and the
fixed interval for which it is wired.

Timing of the desired interval is initiated by a clock
start command from the computer, and the inter-
rupt is sent to the computer when the clock ad-
vances from the preset time to the fixed interval
time. Consecutive intervals may not be timed in this

manner because the clock must be stopped, reset,
preset, and started for each such interval.

5-18.7 Interrupt Meaning

When the Time-of-Day Clock is used for recording
the time-of-day, there is normally no interrupt as-
sociated with its operation. When the time-of-day
clock is used as an interval timer, the interrupt sig-
nals that the prewired time interval has elapsed.

Table 5-68. Time-of-Day Clock Commands and Function Codes

Time-of-Day Clock Function Codes
Commands Hexadecimal Binary Notation
Notation Bit Position
DOT 8 9 10 11 12 13 14 15
Hold Clock B O 1 0 1 1 0O 0 0 O
Write Word 1* B 1 1 0 1 1 O 0 0 1
Write Word 2* B2 1 o 1 1 0O 0 1 0
Stock Clock B4 1 0 1 1 O 1 0 O
Reset Clock B5 1 0 1 1 0 1 0 1
Start Clock B6 1 0 1 1 0 1 1 O
DIN
Read Word 1 B 1 1 o 1 1 o 0 0 1
Read Word 2 B 2 1 o 1 1 o 0 1 0
Read Word 3** B3 1 0 1 1 0 0 1 1

* Optional with time set option (Model No. 77653)
**QOptional with extended clock resolution (Model No. 77652)
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Table 5-69. Interval Timer Input Jumper Connections

Jumper to 26X13 Jumper to 26X13
Interval Signal Pin Interval Signal Pin
10 usec C08- 26X04 10 sec $8- 20X04
20 usec C10- 25X34 20 sec 1081- 16X04
100 usec C80- 25X04 1 min 1054~ 16X15
200 usec IMS1- 24X34 2 min M1- 19X34
1ms .1MS8- 24X04 10 min m8- 19X04
2ms MS1- 23X34 20 min 10M1- 16X32
10 ms ms8- 23X04 Thr 10M4- 16X12
20 ms 10MS1-~ 22X34 2hr H1- 156X15
100 ms 10 MS8- 22X04 10 hr H8- 14X12
200 ms HDMS1- 21X34 20 hr 10H1- 14X15
1 sec HDMS8- 21X04 1 day H23- 29X28
2 sec S1- 20X34

5.18.8 Time-of-Day Clock Operation

(Model Nos. 77651, 77652, 77653)

All clock operating controls and indicators are lo-
cated on the front panel of the clock and are illus-
trated in Figure 5-34 and described in Table 5-70.

5-18.8.1 Power ON.and OFF Procedure

Application of power to the clock is remotely con-
trolled by the computer. No provision is made for
turning on and off at the clock.

5-18.8.2 Manual START, STOP, and RESET

The FUNCTION switches are used to start, stop,
and reset the clock manually. The RUN and HALT
switches are pressed to start and stop the clock, and
the RESET switch is pressed to clear the clock
counter to O and to enable setting the time.

The RESET switch does not stop the clock. I the
clock is not stopped when the RESET switch is
pressed, the counter will be cleared to O when the
switch is pressed, but will continue to run when the
switch is released.

5-18.8.3 Manual Time Set

The procedure for manually setting the clock is as
follows:

a. Press HALT switch to stop clock.

b. Press RESET switch to clear clock counter and
to enable manually setting the count in the coun-
ter stages.

c. Press least-significant TIME switch-indicators
{engraved 1"} to increment the counter stages.
The count displayed in a column of indicators
will be incremented by one each time the switch-
indicator at the bottom of the column is pressed
and released. No carries are propagated between
stages when the clock has been reset, and the
stages may be set in any order.

d. If a mistake is made in setting a stage, the count
may be incremented past zero to the correct va-
lue. The carries are suppressed, and the next-
higher stage will not be incremented when the
count passes zero.
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M —— FUNCTION —

TIME
HOURS MINUTES SECONDS MILLISECONDS

(@) f‘j 10 1 10 1 10 100 10 1 RUN RESET HALT
"o "9 699 0 0 ©

I
O
~O
~O
~O
a.o “’O -
>0
~O
=0

:

TIME OF DAY CLOCK

I
~O
~O
~O
~O
~O

-0 ~O
~O
-O ~0O
~O

-0
-O

Figure 5-34. Time-of-Day Clock Control Panel

Table 5-70. Time-of-Day Clock Controls and Indicators

Control/Indicator Function

TIME Indicators (2, 4, 8) Display contents of clock counter stages except
LSB.

TIME Switch-indicators {1) Display LSB of clock counter stages. Permit man-

ual entry of count into stages when clock is
stopped and reset.

FUNCTION
RUN Switch-indicator Starts clock. Indicates clock is running.
RESET Switch-indicator Resets clock counter and divider and hold logic.
Indicates clock is stopped and reset.
HALT Switch-indicator Stops clock. Indicates clock is stopped.
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Section 6

OPTIONS

6-1 GENERAL

This section describes options that can be installed
in the 706. Some of these options have been
described in the three preceeding sections and have
been noted as options. Peripheral options are
described in the sales literature for the 706.

6-2. DIRECT MEMORY ACCESS

A Direct Memory Access channel (DMA) can be
provided in the 706. The DMA aliows up to six
peripheral devices to communicate directly with
the 706 memory. A detailed explanation of the
operation of the DMA channel is given in Section
4-3.

6-3. INTERRUPT EXPANSION

The basic 706 computer is equipped with one
interrupt level. Interrupt options include
expanding to four, eight, twelve, or sixteen levels
of priority interrupt. A detailed explanation of the
operation of the interrupts is given in Section 3.

6-4 HARDWARE MULTIPLY/DIVIDE

Hardware multiply/divide is an option that
performs a 16-bit 2's complement multiply or
divide. A multiply operation produces a 31-bit
algebraic product. A divide operation produces a
16-bit algebraic guotient and a 16-bit remainder.

The multiply/divide instruction format requires
two consecutive memory locations. The first
location defines the instruction, multiply or divide,
and the second location defines a 15-bit address
which contains the multiplicand for a multiply or
the divisor for a divide. The 15-bit address allows
either instruction to reference any location in
memory without using the index register.

6.1

The index register is not available for address
modification during the execution of multiply and
divide instructions. It is utilized with the
accumulator (ACR) to form the double precision
register required by the operation. See Section
2-1.10. for a detailed description of the MPY/DIV
instructions.

The execution time of an MPY instruction is 7-10
cycles depending upon the number of “ones” in
the multiplier. The execution time of a DIV
instruction is 10 or 11 cycles depending upon the
signs of the divisor and dividend.

If the hardware multiply/divide option is not
included in the 706, software must be used to
perform multiply/divide operations. The single
precision multiply and divide routines in the 706
Math Library (see Appendix J) performs effective
multiplication and division in 70 and 155 cycles
(average) respectively.

6-5. MEMORY PARITY CHECK

The memory parity check option provides error
detection in data transfers to and from memory. A
parity bit is generated for each byte stored into
memory. On reading out of memory, each byte is
checked for odd parity. An eighteen bit memory is
provided with the memory parity option. The
extra two bits are used for storing the parity bits
for each word. If the DMA option is provided,
parity is generated for all bytes stored by DMA,
and odd parity is checked for all bytes read out of
memory by DMA.

If a parity error is detected, an error interrupt is
generated and the CPU Parity Error Flag
{(MMFPCER) will be set for a CPU memory fetch
or the DMA Parity Error Flag (DMFPCER) will be
set for a P"1A memory fetch.



If a parity error is detected during the processing
of an interrupt {while reading the link address) the
706 will halt.

6-6 POWER FAIL SAFE

6-6.1 Purpose

The power fail safe (PFS) option provides an
orderly power-down sequence for the 706 when
primary AC power fails and an orderly power-up
sequence when AC power is restored.

The PFS ensures that no memory datais lost from
power failure and permits the CPU to restart
operation at the point where power was lost.

6-6.2 Functional Characteristics

Data in memory are not destroyed if the CPU is
not executing-an instruction at the time DC power
goes down. By sensing the loss of AC power, the
power fail safe feature initiates a signal which
forces Unmask Interrupt and interrupts the CPU,
The CPU may then execute an interrupt routine to
terminate instruction execution before the DC
power is actually degraded to an inoperable level.
Unless a valid DC power level is available a reset
signal is generated by PFS which disables iogic
circuits in the CPU and peripheral equipment. On a
power-up sequence the reset signal is released when
DC power reaches the valid level. PFS then

generates a restart and the CPU resumes program .

execution.

Interrupt Execution Time: The CPU has 1.0
millisecond to execute a subroutine which stores
all pertinent parameters and halts.

Adjustable Sense Point: The point at which power
failure is detected is adjustable from 100 to 115
VAC. Minimum recommended setting is 107 VAC.
Lower settings will reduce the time available to
execute the interrupt routine.

Restart: The restart signal occurs after release of
the reset signal and consequently, after power is
stabilized at the operational level.

6.2

6.6.3 Programming

The power-down interrupt routine should mask all
interrupts, save the index register and accumulator,
and store a JMP instruction in location zero. Upon
restarting, the JMP instruction should transfer to a
power-up restoring routine. |f restart is not desired,
the power-down interrupt routine must store a
HLT instruction in location zero.

The PFS restart signal causes the CPU to
automatically begin execution on any power-up
sequence, The CPU is in the reset state when
restart occurs. Execution starts from memory
location zero with all registers cleared, all
interrupts disabled, overflow and compare
flip-flops reset, and the local/global flip-flop in the
local state.

Execution of the power-down interrupt routine
must be completed within one millisecond to
guarantee that the CPU is halted before expiration
of Interrupt Execution Time.

6-6.4 Operation Note

The PFS feature may be used either for its

intended power protect function or for an
automatic restart function. A POWER-OFF

OVERRIDE switch is located on the AC Controller

which, when in the override position, causes the
PFS to ignore power-down by the CPU power
switch. If not in the override position, PFS will
react to any power-down, including the CPU power
switch..For automatic restart the JUMP instruction
stored in memory location zero (by the PFS
interrupt routine) must transfer execution to the
beginning of the main program. Under these
conditions the program will repeat from the
beginning when power is restored from any
power-down situation. When programming, PFS
attention must be paid to the effects of data
changed by any previous processing in the event of
a power failure.

6-7 MEMORY PROTECT

6-7.1 General

The memory protect option allows operation of
the background/fore ground monitor system to be
used in applications requiring real-time responses
to interrupts while concurrently performing batch
background processing.



When the foreground, a real-time program, is in
operation the 706 operates in the EXECUTIVE
mode. This means that there are no restrictions
regarding the use of memory or the use of certain
privileged instructions, When the foreground
program is not servicing an interrupt the
background program can become operational by
the execution of the Select User State (SUS), Load
Memory Protect Upper (LPU) and the Load
Memory Protect Lower (LPL) commands.

The background program operates in one of three
user states. In any of these user states, if an
attempt is made to fetch an instruction from or
store data into a protected area of memory, an
interrupt is generated and the fetch or store
operation is inhibited. In addition, execution of a
privileged instruction generates an interrupt and
the privileged instruction is treated as a No
Operation. The privileged instructions involve
input/output, interrupt, halt, and user state types
of commands.

6-7.2 Setup and Entry to the User State

There are three instructions that allow the user to
initialize the user state or background mode of
operation: Load Memory Protect Upper (LPU),
Load Memory Protect Lower (LPL) and Select
User State (SUS). Figure 6-1 shows the effect of
executing the three memory protect instructions.

Executing the Load Memory Protect Lower (LP L)
instruction puts the contents of bits 8-15 of the
instruction word into the Memory Protect Lower
Register. Executing the Load Memory Protect
Upper (LPU) instruction puts the contents of bits
8-16 of the instruction word into the Memory
Protect Upper Register.

[ 0 ||_P|_ (D)l Literal Byte lLPLinstruction

0 3 4 7 8 15
. T nnnnnna |
0000000
| 10000000,
1 8 9 156

MP Lower Register

0 LPU (E)| Literal Byte LPU instruction

0 3 4 7 8 15

r 1111111

1 8 9 15

MP Upper Register

The Memory Protect Lower and Upper Registers
each form the most significant 8 bits (1-8) of the
lower and upper bounds of memory that is not
protected inclusively. The least significant 7 bits
(9-15) of the lower address are always considered
to be zero. The least significant 7 bits (9-15) of the
upper address are always considered to be ones.
For example: executing a (LPU X ‘23") followed
by a (LPL X ‘OE’) would allow program execution
and data storage from 070045 to 11FF16
inclusive. An instruction fetch or a data store into
any other memory location causes an interrupt and
exit from the user state.

To force the program into one of the ‘three user
states a Select User State (SUS)} instruction must
be executed with bits 14 and 15 of the instruction
defining the user state accordingly:

Bit 14 Bit 15 User State
0 0 Executive Mode (if in
Executive Mode already
do nothing)
0 1 User State 1
1 0 User State 2
1 1 User State 3

The SUSinstruction, by itself, does not force the
706 into the User State. SUS only preconditions
the user state circuitry such that when a JMP or
JSX instruction is subsequently executed the user
state is then entered. (INR restores all usef flip-
flops but does not transfer the User Pre-State Flags
to the User State Flags.)
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6-7.3 User States

All three User States have the following set of
privileged instructions:

SUS  Select User State (See Section 2-1.4)

LPU Load Memory Protect Upper
{See Section 2-1.8)

LPI. Load Memory Protect Lower
(See Section 2-1.8)

DIN  Direct input

DOT Direct Output

ENB Enable Interrupt

DSB Disable Interrupt

HLT Halt

INR  Interrupt Return

If an attempt is made to execute any of these
instructions in the User mode, an interrupt will be
generated, the instruction will not be executed,
and the user program will be terminated. If the
interrupt level for the privileged instructions is
disabled at the time of generating the interrupt,
the 706 processor will halt. The preceding dis-
cussion also applies to either trying to do an
instruction fetch or data store outside the bounds
of the memory protect registers. One interrupt
serves both the memory protect violation and the
privileged instruction violation.

Table 6-1.

The User states differ in the treatment of the MSK
instruction as follows:

User State MSK Instruction

1 Treated as a NO-OP

2 Interrupts are masked and 64
machine cycles later they are
automatically unmasked, or
interrupts are immediately
unmasked if a privileged
instruction is executed

Privileged instruction. Causes
interrupt and instruction is
not executed.

6-7.4 Leaving the User State

There are three reasons for leaving the User State.
These reasons along with the method of handling
the User state exit are shown in table 6-1.

6-8 MEMORY EXPANSION

The memory can be expanded in 4096, 8192, or
16,384 word modules to a maximum capacity of
32,768 words. These modules can be intermixed.
No memory matchjng with CPU modification is
required for expansion of the memory system. The
maximum ~memory size is 32,768 words. See
Section 1-3 for addressing schemes.

Exits From User State

Reason for Leaving User State

1. Normal Return - Processing completed or
the user desires to actually execute a privi-
leged instruction in the user state.

. Error Return — Unintentional attempted
execution of a privileged instruction or an
instruction fetch/data store to protected
memory.

. Foreground Peripheral Interrupt — A fore-
ground device interrupts the 706 while in
the User state.

Method

1. Store a “key”’ or “identifier’” word in the cel!
following the privileged instruction. Upon pro-
cessing the error interrupt examine the identi-
fier word for the reason the user state was left.

. Upon processing the error interrupt, examine
the identifier word. It should be an illegal key
word.

. Process the interrupt and return to the User
state by issuing INR command.
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Section 7

OPERATION

7-1 POWER ON AND OFF PROCEDURE

Computer power is turned on and off by pressing
the power ON and OFF switches. No special
procedures or sequences are involved, but the

following precaution should be observed:

The computer should be halted before turning
power off. Turning off power while the
computer is running may introduce errors
into the program, the memory, and data
transmitted over the DIO and DMA buses
unless the Power Fail Safe option is installed.

7-2 MANUAL DATA DISPLAY AND ENTRY

The controls and indicators on the CPU control
panel permit the contents of CPU registers,
machine status, the contents of memory locations
to be displayed. They also permit entry of data
into four CPU registers and into memory locations.

The indicators are lit when the corresponding
register flip-flop contains a 1 (set) and are not lit
when the flip-flop contains a 0 (reset). The
switches may be used to enter data into the
program counter, memory buffer, index and
accumulator registers and to enter data from the
memory buffer register into memory or read data
from memory into the memory buffer register. The

7.

CLEAR switches reset all flip flops in the register,
and the numbered switches (1-15 or 0-15) set the
corresponding flip-flops directly when pressed. No
provision is made for resetting the individual
flip-flops.

The entire register must be cleared and the en
tire word entered if O's are to be entered into
any positions already containing 1's.

The contents of the program counter register and
the selected register (or machine status) are
displayed continuously whether the computer is
running or halted. However, the computer must be
halted when data are entered into registers or the
contents of a memory location are displayed or
entered.

7-2.1 Program Counter Register

The Program Counter indicators display the
contents of the program counter register at all
times. The PROGRAM GOUNTER switches are
not capable of clearing or entering data into the
register when the computer is running. When the
computer is halted the Program Counter is always
displayed. The procedure for entering data is as
follows:

a. Press HALT switch
b. Press CLEAR switch.
c. Press appropriate switch-indicators
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7-2.2 Selected Display

The SELECTED DISPLAY indicators display a

machine status word (MS) or the contents of a.

selected register, depending on the setting of the
DISPLAY SELECTOR switch. The. registers
available are the accumulator (AC}, index register
(IX}, memory buffer register (MB) and instruction
register (IN). The machine status word or contents
of the selected register are displayed continuously
when the DISPLAY SELECTOR switch is set to
the corresponding position. No other action is
required to initiate the display.

The machine status word contains the contents of
the extension register {bits 00-04), adder negative
flip-flop ADFNEG (bit 05), adder equal flip-flop

ADFEQL (bit 06), adder overflow flip-flop
ADFOVF (bit 07), global control flip-flop
CCFGLB (bit 08), user state flip-flops

CCFUSRO-CCFUSRS3 (bits 9-12) CPU parity error
flip-flop MMFPCER (bit 13), the DMA parity
error flip-flop DMFPCER (bit 14) and the privi-
leged instruction flip-flop MPFPRYV (bit 15).

The SELECTED DISPLAY switches are enabled
only in the MB, IX and AC positions of the
DISPLAY SELECTOR switch. They are capable of
clearing or entering data into the memory buffer,
index, and accumulator registers at all times that
the selector switch is set to these positions, but
must be used only when the computer is halted.
The procedure for entering data into thse registers
is as follows:

a. Set DISPLAY SELECTOR switch to
position corresponding to register into
which data is to be entered.

b. Press HALT switch.

Press CLEAR switch.
Press appropriate switch-indicators.

7-2.3 Memory Display and Entry

The DISPLAY switch is used to read a word from
the memory location specified by the program
counter register and to load it into the memory
buffer register. The word is displayed by the
SELECTED DISPLAY indicators. The ENTER
switch is used to write a word from the memory
buffer register into the memory location specified
by the program counter register. Either switch
increments the program counter by one each time
it is pressed. The DISPLAY SELECTOR switch
must be set to MB and the computer must be
hatted during memory display or entry.

7.3

Displaying Memory

The procedure for displaying a memory location or
a series of locations is as follows:

a. Press HALT switch.

b. Set DISPLAY SELECTOR switch to MB.
Enter address of location or first location
of a series to be displayed into program
counter register.

Press DISPLAY switch. The contents of the
memory location will be loaded into the
memory buffer register and displayed by
the SELECTED DISPLAY indicators. The
program counter will be incremented to the
next location in sequence.

If a series of words are to be displayed,

press DISPLAY switch once for each
location.

Entering Memory

The procedure for entering a memory location or
series of locations is as follows:

a. Press HALT switch.

b. Set DISPLAY SELECTOR switch to MB.

c. Enter address of location to be entered into
program counter register.

d. Enter word to be entered into Selected
Display indicators.

e. Press ENTER switch. .-The word in the
memory buffer register will be entered into
memory location, and the program counter
register will be incremented to the next
location in sequence.

f. If a series of words are to be entered, enter

next word into memory buffer register and
press ENTER switch. Repeat until all
words are entered.



7-3 PROGRAM.LOADING

Programs may be loaded into the 706 Computer
manually by means of the control panel, from
paper tare by means of a manually-entered

bootstrap pragram, directly from magnetic tape or )

disc storagr. via the direct memory access bus or
from a number of sources under control of the
X-RAY executive program.

Absolute or relocatable object programs may be
loaded under control of the X-RAY executive
program. This program is covered in Section 8 and
Section 9. Absolute programs may also be loaded
manually, by paper tape bootstrap, or via the
direct memory access bus.

7-3.1 Manual Program Entry

The CPU front panel controls are used to manually
load programs into memory. These controls are
generally used to load brief programs such as the
bootstrap programs.

The procedure for manually loading a program is as
follows:

a. Press computer RESET switch.

b. Set program counter register to starting
location of program.

c. Set DISPLAY SELECTOR switch to MB
position.

d. Enter first word of program into memory
buffer register.

e. Press ENTER switch, The word will be

entered into the location contained in the
program counter register and the program
counter will be incremented by one.

f. Clear memory buffer register, enter next
word into register, and press ENTER
switch. Repeat until entire program is
loaded.

7.4

After the program is loaded, correct
loading can be verified by setting the
program counter register to the starting
location, pressing the DISPLAY switch,
and comparing the displayed contents of

the location with the program listing. The
program counter is incremented to the next
location each time the DISPLAY switch is
pressed, and succeeding locations are
displayed each time the switch is pressed.

7-4 BOOTSTRAP PROGRAM LOADING

A set of four switch-indicators are used in the 706
to select one of the following four I/O devices and
its associated hardware bootstrap mode.

TTY Paper Tape Reader (TTY Mode)
High Speed Paper Tape Reader (PTR Mode)

DIO Mag Tape {MT Mode)

Card Reader (CR Mode)

7-4.1 Bootstrap Loading Procedure

The system RESET switch must be pressed prior to
pressing the BOOTSTRAP switch. When a
BOOTSTRAP switch is pressed, the CPU is placed
in the bootstrap mode and its associated indicator
will light. Only one of the four switch-indicators
can be pressed at a time, and only one of the four
bootstrap modes can be on at a time. Once set to
the bootstrap mode, the CPU will ignore the
action of any of the four bootstrap switches
until it returns to the Hait Mode and the RESET
switch depressed again.

The CPU leaves the Halt Mode and enters the Run
Mode simultaneously with the setting of Bootstrap
Mode. During the instruction fetch cycle, the
memory buffer register (MBR) is inhibited by the
Bootstrap Mode from getting data from the
memory; instead, it receives data from the
hardware bootstrap logic.

In the hardware Bootstrap Mode or Initial Program
Load Mode, the following sequence of instructions
is decoded and executed:



BOOTSTRAP

PCR COMMENT
PECODE PROGRAM
0 DOT X, 9 Select Device/Initiate
Reading
DIN X, 0 Obtain Status
2 SLL7 Move ““Data Ready*’ Bit
to Sign Bit
3 SAM Is Device Ready?
4 JMP 1 No, Wait
5 DIN X, D Yes, Get Data
6 SAZ/STB *0 Data Zero Test/Store
Data Byte
7 IXS 1 Data Not Zero
JMP 1 Data Zero Return
JMP 1

The data, *decoded from PCR by the hardware
bootstrap logic, is gated into MBR during the
instruction fetch phase and executed the same as
instructions coming from memory.

When PCR counts up to 6, the bootstrap
instruction is decoded as SAZ until the second
non-zero byte has been read. After reading the first
non-zero byte an SAZ instruction is executed, and
the index is incremented, but the first byte is not
stored. All bytes read, after the first byte is read,
are stored according to the contents of IXR.

If Sense Switch 3 is off, bytes are stored until the
IXR has been incremented to 1004g. Program
execution then begins at word location 9. If Sense
Switch 3 is on, bytes are read and stored until
either the HALT switch has been depressed or no
more data is available from the peripheral device.

Figure 7-2 depicts the results of bootstrapping 256
bytes (128 words) from an /O device with the
IXR initially set to zero and Sense Switch 3 off.

7.5

‘Word Location* Contents
Byte O Byte 1
0 (Not Affected) | Byte following
1st non-zero byte
0 7 8 15
Byte 18,, Byte 193¢
9 l First executable l instruction |
0 7 8 15
Byte 254}10 Byte 255'10
127 | l ]
0 7 8 15

*Assumes IXR initially 0.
Figure 7-2. Bootstrap Memory Map

7-4.2 Bootstrap Device Operation

The four I/O devices associated with hardware
bootstrap logic have been assigned the following
device codes:

Bit8 Bit9 Bit10 Bit11

TTY Paper Tape Reader 1 1 1 0

High Speed Paper Tape 1 1 0 1
Reader

DIO Mag Tape 1 0 0 1

Card Reader 1 0

7-4.3 Teletype Bootstrap Operation

Only the TTY paper tape reader is involved in the
bootstrap operation, not the TTY keyboard. When
the TTY paper tape reader is selected, DOT E, 9
does not initiate reading, it only lights up the PTR
mode indicator on the TTY set. The TTY paper
tape reader must be started manually. One byte is
transferred at a time, strobed into ACR 08 through
15 first, then stored into memory.



7-4.4 High-Speed Paper Tape Bootstrap Operation

If the high speed paper tape reader is selected, the
instruction DOT D,9 initiates reading. One byte is
transferred at a time, strobed into ACR 08 through
15 first, then stored into memory.

7-4.56 DIO Magnetic Tape Bootstrap Operation

If the DIO 9-Track Magnetic Tape is selected, the
instruction DOT 9, 9 initiates the reading of one
record. Two 9-track characters are assembled into
a 16-bit word. One 9-track word is transferred at a
time and strobed into ACR0O-15, then bits 8—15
of ACR are stored. Bits 0—7 are lost in the boot-
strap operation only, due to the STB instruction.

Since the 7-track unit transfers zeros for bits
12-15, it is impractical to bootstrap a program
directly from this unit.

if the record being bootstrapped is less than 256
words long, the computer will hang-up in the status
loop waiting for bit 7 of the status word to go true.

7-4.6 Card Reader Bootstrap Operation

When the card reader is selected, DOT 8, 9 initiates
reading. A 12-bit word is strobed into ACR0O4
through 15, after which the least significant byte
will be loaded into the effective memory byte loca-
tion. Data stored in ACRO4 through 07 is lost and
should not contain any useful information. Bit 4
corresponds to Row 12 and Bit 15 corresponds to
Row 9 of the IBM card. Because one select instruc-
tion to the card reader causes cards to read con-
tinuously, the bootstrap program must be con-
tained on 4 cards: 80 columns each of the first
three cards and the first 16 columns of the fourth
card.

7.6

7-5 DIRECT PROGRAM LOADING

Programs may be loaded directly into memory
from DMA magnetic tape or disc storage via the
direct memory access bus. Program loading is
initiated by pressing the controller LOAD switch.

The program is loaded automatically and, except
for use of the DMA logic, is completely
independent of the central processor unit. No
commands or status are exchanged on the data
input-output bus and no interrupts are involved.

Operating instructions for the device controllers
are contained in the manuals covering the
controllers and Section 5 of this manual.

7-6 PROGRAM EXECUTION

Programs may be executed in three modes: run,
single-command, and single-step. The program may
be modified by the use of the four SENSE switches
on the CPU contro! panel and an external sense
line (EXSENS-) on the data input-output bus. The
use of the SENSE switches and the external sense
line is a function of the individual program and is
covered in the program descriptions. The operating
modes are discussed in the paragraphs that follow.

7-6.1 Run Mode

In the run mode, the program is executed
continuously until a program halt occurs or the
HALT switch is pressed. Execution of the program
may be interrupted by devices on the data
input-output bus, but will be resumed when the
interrupt is serviced. The initial conditions that
must be set up before the program is executed are
given in the program description. The procedure
for executing a program in the run mode is as
follows:

a. After program is loaded, press computer
HALT and RESET switches.

b. Enter data into index and accumulator
registers if called for in program
description.

c. Enter data into memory locations if called
for in program description.

d. Enter address of first program instruction

into program counter register.



e. Set SENSE switches as specified in program
description.

f. Prepare peripheral equipment as specified
in program description.

g. Press computer RUN switch.

7-6.2 Single-Command Mode

In the single-command mode, one complete
program instruction is executed each time that the
SINGLE COMMAND switch is pressed, regardless
of the number of phases (machine cycles) required
to execute the instruction. This mode is normally
used for “debugging” programs and as a
maintenance aid when it is desired to observe the
execution of complete instructions.

The computer enters the single-command mode
from the halt state each time the SINGLE
COMMAND switch is pressed and returns to the
halt state after executing each instruction. Program
execution may be resumed by pressing. the
computer RUN switch.

7-6.3 Single-Step Mode

In the single-step mode, one instruction phase is
executed each time the SINGLE STEP switch is
pressed. This mode is normally used as a
maintenance aid when it is desired to observe the
progression from phase to phase of instructions
and the execution of each phase.

The single-step mode must be entered from the
halt state. The first time the SINGLE STEP switch
is pressed, a mode flip-flop (CCFSTP) is set, and
the computer advances from the halt state to the
instruction fetch phase. If an interrupt is in the
WAIT state, the instruction fetched is the first one
of the interrupt service routine. The next operation
of the switch causes the fetch phase of the
instruction to be executed; after which the
computer advances to the next phase, but does not
execute the next phase until the switch is pressed
again,

7.7

Each instruction requires the switch to be pressed
once for each number of phases required to
execute the instruction. The first instruction
requires that the switch be pressed an extra time to
enter the fetch phase.

The single-step mode can only be terminated by
pressing the computer HALT switch (or by a
system reset). This resets the single-step mode
flip-flop and allows instructions to be executed in
the single-command or run mode. Of the computer
is not in the halt state when the HALT switch is
pressed, the remaining phases of instruction being
executed are completed without stopping, and the
computer returns to the halt state.

7-7 CONSOLE LOCKOUT SWITCH

By inserting the key and turning the CONSOLE
LOCKOUT switch to the right, all console func-
tions are protected against intrusion except the
SENSE switches and the POWER ON-OFF switch.
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Section 8

PROGRAMMING SYSTEMS DESCRIPTION

8-1 INTRODUCTION

A full range of Raytheon Computer developed
software is offered to 706 users. Four major
configurations of peripheral equipment can be
assembled to support five different operating
systems.

Two assemblers can be used with the 706: SYM |,
a one-pass conversational assembler for use with
4K systems and SYM I, a fast and powerful
two-pass assembler with procedural capabilities for
8K and larger systems.

Both Conversational FORTRAN and Real-Time
FORTRAN [V provide high-level language capa-
bility for the 706. Conversational FORTRAN may
be used with only 4K of core memory while
Real-Time FORTRAN IV provides an extended
superset capability of ASA FORTRAN.

Relocatable and absolute loaders are provided for
all 706 software systems. The absolute loaders
input core image programs directly into memory.
Relocatable programs are input in relocatable
loader text format.

There are five separate operating systems asso-
ciated with the 706:

BASIC System (manual)

STANDARD Operating System (High-Speed
Paper Tape)

Magnetic Tape Operating System
Disc Operating System {Real-Time)
Multiprogramming System (MPS)

Each operating system can be implemented using a
706 CPU and a minimum set of options and
peripheral equipment.

8.1

Each 706 operating system has a resident monitor
and an X-RAY Executive tailored to the hardware
configuration. Included in all resident monitors is a
file-oriented, device independent input/output
system that allows the computer to be time-shared
in a real-time interrupt environment.

The 706 comes complete with a comprehensive set
of utility programs, including editors, system gen-
erators, math library, and trace/debug routine.

8-2 HARDWARE/SOFTWARE
CONFIGURATIONS

All Raytheon 706 hardware and software falls into
one or more of four categories:

BASIC

STANDARD
EXTENDED
ADVANCED

These categories imply certain minimal hardware
configurations. Section 1-6.1 of this manual briefly
explains these categories by showing block dia-
grams of each configuration (Figures 1-28, 1-29,
1-30, 1-31).

8-2.1 Hardware System Configurations

Table 8-1 is a hardware system configurator. It
shows all standard product devices arranged in two
sections: Minimum Requirements and Other Per-
ipheral Equipment and Options. Vertical columns
indicate the hardware systems, showing which
devices can be included and which devices are
software supported. Physically, there is no reason
why any piece of peripheral equipment or option
cannot be attached to a BASIC 706 configuration.
But system software support is predicated on



Table 8-1. 706 Hardware System Configurator

NON-MASS STORAGE MASS STORAGE
SYSTEM

HARDWARE BASIC STANDARD EXTENDED ADVANCED

MINIMUM REQUIREMENTS

706 CPU {INCL 1-LEVEL AUTOMATIC PRIORITY
INTERRUPT}

ASR 33 TELETYPE
4K CORE MEMORY

8K CORE MEMORY

16K CORE MEMORY gl

HIGH SPEED PAPER TAPE READER OR CARD
READER

DISC OR MAGNETIC TAPE

DIRECT MEMORY ACCESS
4 LEVELS AUTO PRIOCAITY INTERRUPT

MEMORY PROTECT, OPERATER INTERRUPT &
TIME OF L'AY CLOCK .

OTHER PERIPHERAL EQUIPMENT AND OPTIONS
ASR 35 TELETYPE

4K MEMORY EXPANSION

8K MEMORY EXPANSION

16K MEMORY EXPANSION
HIGH-SPEED MULTIPLY/DIVIDE
POWER FAIL-SAFE

4.LEVEL P.1. EXPANSION
8-LEVEL P.I. EXPANSION

12 LEVEL P.i. EXPANSION
16-LEVEL P.I. EXPANSION

MEMORY PARITY

ADDING THIS OPTION CONVERTS AN EXTENDED

SYSTEM TO AN ADVANCED SYSTEM

MEMORY PROTECT

DIRECT MEMORY ACCESS [ ]

ADDING THESE OPTIONS CONVERTS A BASIC SYSTEM

TO A STANDARD SYSTEM

!

HIGH-SPEED PAPER TAPE READER

t

ADDING THESE OPTIONS CONVERTS A STANDARD SYSTEM TO

AN EXTENDED SYSTEM

CARD READER

Disc

1

CARD PUNCH
HIGH SPEED PAPER TAPE PUNCH
LINE PRINTER

DIGITAL PLOTTER

DMA MAGNETIC TAPE
DtO MAGNETIC TAPE

TELETYPE MULTIPLEXER

BUFFERED 1/0 CHANNELS

ANALOG TO DIGITAL CONVERTERS

DIGITAL TO ANALOG CONVERTER

1...

TIME OF DAY CLOCK

OPERATER INTERRUPT ™ -

AND SUPPORITED BY RAYTHEON SOFTWARE 8-LEVELS OF PRIORITY INTERRUPT REQUIRED

2 — MAGNETIC TAPE IS NOT PART OF ADVANCED OPERATING SYSTEM. THREE TAPE UNITS REQUIRED
ALLLOWABLE AS MINIMUM REQUIREMENT OR DPTION

ALLOWABLE AS MINIMUM REQUIREMENT OR OPTION 1 - IF CARD READER IS USED INSTEAD OF OR IN, ADDITION TO HIGH-SPEED PAPER TAPE READER,
@ HUT NOT SUPPORTED BY RAYTHEON SOFTWARE 3 - CARD READER SHOULD BE SUBSTITUTED FOR HIGH.SPEED PAPER TAPE READER

4 =~ NMA NOT REQUIRED WETH DIO MAGNETIC TARPE
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Table 8-2. 706 Software System Configurator

NON-MASS STORAGE

MASS STORAGE

SYSTEM
SOFTWARE BASIC STANDARD EXTENDED ADVANCED

ASSEMBLERS AND COMPILERS !

SYM I/PREP ASSEMBLER [ ] [ J [ ] [ ]

SYM || ASSEMBLER ® [ ] [

CONVERSATIONAL FORTRAN? ® o [ ] [ J

REAL-TIME FORTRAN IV [} [ ] [}
PROGRAM GENERATION

SYMBOLIC PROGRAM EDITOR Y Y [ ] L

TAACE/DEBUG [ J [ ] [ ]

SYMBOLIC PROGRAM PREPARATION ! [ ] [ ] [ J [

FORTRAN PROGRAM PREPARATION? ® ® [ ] o
MONITORS AND EXECUTIVES

X-RAY EXEC - ® ® o ]

RESIDENT MONITOR? L] [ ] [ ) °

PAPER TAPE ! AUTOUT SYSTEM (P TIOS! ®

INPUT/OUTPUT SOFTWARE {10S) [ ] @ [ J [ ]

STANDARD OPERATING SYSTEM (SOS) [ ]

REAL-TIME OPERATING SYSTEM (ATOS) [ ]

MAGNETIC TAPE OPERATING SYSTEM (MTOS) o

MULTI-PROGRAMMING SYSTEM (MPS) L
LIBRARY PROGRAMS

BASIC LOADER [

STANDARD. LOADER ® [} [ ]

DISC LOADER [ J ®

SYSTEM GENERATORS ® [ ]

SYSTEM EDITOR ® [ ]

CONVERSATIONAL FORTRAN LIBRARY [ ] [ J [ ] [ 4

REAL-TIME FORTRAN 1V LIBRARY o [ ] o

MATH LIBRARY Py ) ° Py

SORT/MERGE [ [ J
DIAGNOSTICS

SENSOR Y Y PY °

1 - SYM | ASSEMBLER ALSO INCLUDES PREP PROGRAM.

2 — FONTRAN PROGRAM PREP IS PART OF CONVERSATIONAL FORTRAN PACKAGE.

3 - X-RAY EXEC AND RESIDENT MONITOR ARE COMBINED I*OR BASIC SYSTEM,

4 - OPERATES WITH STANDARD SOFTWARC
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certain minimum core memory capacity and
interrupt level requirements. For instance, a disc
memory may be attached to a BASIC 706 system
(4K core memory, no high-speed input device) but,
Raytheon Computer supplied disc software will
not operate in this minimum configuration*. In
order for Raytheon Computer supplied disc soft-
ware to operate, an EXTENDED system (high-
speed input device, 8K memory, and disc memory)
is required.

The Minimum Requirements section of Table 8-1
shows the absolute minimum peripheral equipment
and options needed to create any one of the four
system configurations. The Peripheral Equipment
and Options section indicates additional hardware
that can be added to each of the four system
configurations.

Also shown are the equipment that must be added
to each system configuration to convert to the
next higher configuration.

8-2.2 Non-Mass Storage vs. Mass Storage Systems

The BASIC and STANDARD systems are non-mass
storage types of configurations. A non-mass storage
system implies that there are no mass storage
peripheral devices (disc and/or magnetic tape)
available for use by the operating system. The
EXTENDED and ADVANCED systems are mass
storage types of configurations. They not only
consist of mass storage peripheral devices (disc
and/or magnetic tape) but have the appropriate
number of automatic priority interrupt levels and
Direct Memory Access channels to function effi-
ciently with the operating system.

The mass storage systems allow the use of the
Real-Time Operating System (RTOS), the Magnetic
Tape Operating System (MTOS) or the Multi-
programming System (MPS). The non-mass storage
systems may use mass-storage devices, but
normally these devices are only for dedicated
programs that operate outside of the operating
system.

8-2.3 Software System Configurations

Raytheon supplied software operates within one or
more of the hardware configurations. Table 8-2
shows the software items that may be used with
any given hardware system.

As a general rule, software is upward compatible.
This means that a program that operates within a
BASIC system will operate within the STAN-
DARD, EXTENDED and ADVANCED system
also.

8-3 ASSEMBLERS

Assemblers are programs which translate (or
““assemble”’) symbolically coded programs into
numeric codes used by the computer. Assemblers
relieve the programmer of many of the clerical
tasks associated with the preparation of a program.
Assembly languages permit programs to be coded
using symbolic instructions and labels instead of
numeric machine codes. For example, the symbolic
instruction to jump to location START

JMP START

is more easily remembered and more meaningful to
the programmer than ‘1965 which is the numerical
machine equivalent. Symbolic code makes pro-
grams easier to debug because the assembly pro-
gram assigns the proper numeric values to the
symbol making clerical errors less likely.

Figure 8-1 illustrates the assembly process. A
symbolically coded program which is referred to as
the source program is input from the PRincipal
INput (PRIN) device. The PRIN device is usually a
card reader or paper tape reader. If the source code
has been first stored in disc or magnetic tape, these
units may serve as the PRIN device. The conversa-
tional assembler, SYM |, allows source input from
the ASR-33 keyboard.

The assembler (that has been previously loaded)
accepts the source statements and translates them

*The term “software supported” does not apply to hardware diagnostic programs.
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NON-MASS STORAGE,

MASS STORAGE RE-READ SOURCE
. "

4 B
INTER - PAPER
MEDIATE TAPE

N J
Y
4\
SCR

(TWO PASS ONLY)

' 4 BINARY
OBJECT
CARDS 7 CARDS
OR OR
SOURCE PRIN' ASSEMBLER BOUT BINARY OBJECT
PAPER TAPE >_—"‘ > ﬁ ] PAPER TAPE
N
OR OR
ON-LINE _
KEYBOARD BINARY
(PREP MODE) LIST ON DISC
7
OPTIONAL
OR
SOURCE AND
OBJECT CODE
LISTING BINARY
ON MAG
TAPE
OR

Figure 8-1. The Assembly Process
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into either relocatable or absolute loader text (see
Section 8-5). The loader text is commonly referred
to as the binary program or object program. The
binary program is output on the Binary OUTput
(BOUT) device. The BOUT device can be a card
punch, paper tape punch, disc, or magnetic tape. A
card or paper tape binary program is normally
removed from the device for loading and execution
at some later time. Programs assembled onto the
disc or magnetic tape are normally loaded and
executed immediately without the handling prob-
lem involved with paper tape or cards (Go Mode).

The LISTing (LIST) device is normally the line
printer or* ASR-33 keyboard. A typical program
listing duplicates images of the source statements
and adds the assembled hexadecimal equivalents
and their relative or absolute locations. The listing
provides a hard copy of the source and object
program for the purpose of debugging.

8-3.1 One Pass, Two Pass Assemblers

Assemblers are designated one-pass or multi-pass,
according to the method of implementation. A
pass is defined as one scan of the source program
by the assembler. When the source program is on
cards, this means a single reading of the card deck.
In a two-pass assembler, the first pass allocates
storage and sets up tables of all symbols and labels
addressed by the source program. The second pass
generates code into the previously allocated storage
from data in the tables. If certain restrictions are
imposed (e.g., storage allocation at the head of a
program and a method of providing for forward
references), an assembler that makes only one pass
can be implemented.

Figure 8-1 shows the intermediate output devices
for a two-pass assembler. The intermediate pro-
gram is output on the SCRatch (SCR) device. If
there are no mass-storage devices on the system,
there is no intermediate output. In this case, the
source program is re-positioned and re-read for the
second pass. When a mass storage device is available
(disc and magnetic tape), pass-one copies the
source onto the device after which the source is
re-read for the second pass. The advantage of the
mass storage method is that the source program is
handled only once.

8.6

8-3.2 Coding

The assembly process allows the programmer to
write code in symbolic rather than numeric terms.
This means that program coding begins to resemble
the English language rather than a list of obscure
numbers. Figure 8-2 shows an assembly language
coding form. There are three major parts to each
assembly language statement: the /abel field, the
operation field, and the operand list. Any location
in core memory may be given a symbolic name or
label, (e.g., Sam or S1), provided that the name
conforms to certain rules (i.e., names must begin
with a letter and no spaces allowed). Instructions
or data values are identified by this name in the
label field.

If an instruction is to be placed in any location in
memory, the three letter mnemonic (as specified in
Section 2 and Appendices O, P, and Q) is used
instead of a hexadecimal operation code. The
operand list can be symbolic names or expressions
or literal values. Comments may be added after the
operand list.

The following example demonstrates how the
solution to the equation

A=|B-C|

might be coded in both symbolic and machine
language.

Machine
Symbolic  Location  Language
START LDW B 0 8007
suB C 1 B008
SAP 2 0810
CcMmP 3 0110
STW A 4 7006
HLT 5 0000
DATA O 6 0000
B DATA 7
C DATA 8

Note: A, B, and C represent the memory location
containing the data-and not the data themselves.



DU UL NG UUNA NN AN N RS SN LALEE LN R LI LT NS 4

wioy4 Suipo) ebenbue Aquiessy 'z-g aanbi4

TR QR XN NS bz 68/ 960y ¢17 1
T

ST

L4

«

L]

t

]

a

P

T

]
i

T

ﬁ f

—4

{

‘, 0

48

e

—t

MOLLYDHLINGOHALLL

TL L1 ]i ]
sKuiusinizin s s Inan

HITWON 2000w
FININD3S

i

L1

IGHGR!SS'?SQ#:Qlﬂ:ﬂﬂ:ﬂﬂSIREEHnrvﬂﬂﬁ_nﬁn—-—::m_!

SLNIWWOD '« ATFJ1dXNYTIE o ‘1517 ANYHDLO

w

oanofslez vy syt
NO1L

YHFAO aasva

AINIW3lvls 00Z

ON W3T904d

INOHY

A9 GDDID

NOLLARIDS3A
W3¥O04d DNIAOD 002

8.7



Obviously it is easier to code and subseguently
understand what is intended by the code when the
symbolic rather than the machine language coding
is used.

The last three lines of symbolic code in the
preceding example show the use of a pseudo
instruction in defining space for data storage.

8-3.3 Pseudo Instructions

Pseudo instructions (or operations) are assembly
directives that allow the user to specify program
parameters at assembly and load time. Pseudo
instructions are divided into two types: symbol
and data definition, and assembler control (see
Table 8-3).

The symbol and data definition types of pseudo
instructions facilitate the insertion of data into the
program and they also reserve blocks of storage
and equate symbols to expressions.

The assembler control directives signify absolute or
relocatable loader text, end of assembly, library
control, conditional processing, repetitive code,
subroutine calls, and procedure definitions. Refer
to Section 2-2 of this manual for a detailed
description of the operation of each pseudo
instruction and assembler control directive.

8-3.4 Procedures

While coding a program, the programmer often
finds that he uses certain sequences of instructions
many times with only minor differences, such as
the names of variables. For example, a program
may require frequent repetition of the absolute
value equation:

A=1B-C|

where the variables A, B, and C are different each
time. The general sequence of code required to
solve the equation is:

LDW B
SUB C
SAP
CmpP
STW A

The SYM |l assembler permits the programmer to
define an operation code which represents a
sequence of instructions or a procedure. The
programmer can cause the assembler to generate a
previously defined sequence of code or procedure
by writing a single operation code. For example,
the above sequence of code for the absolute value
could be defined as the procedure ABSV (absolute
value). Then whenever the statement ABSV A, B,
C is encountered, the assembler will automatically
create the correct sequence of instructions and
insert these instructions Jin-line with the new
variables placed in the proper position.
\

SYM Il lets the programmer create procedures
through the use of the PROC and ENDP directives.

8-3.4.1 Using the Procedure

To use a procedure the programmer defines an
instruction sequence in terms of the dummy
operands P{1), . . ., P(N). The assembler retains this
procedure definition in memory. When the name
of the procedure is encountered in the operation
code field of a statement, the instruction sequence
from the definition is assembled with the dummy
operands replaced by the values of the arguments
in the reference line. The procedure definition
must precede its reference lines.

The name of the procedure is defined in the label
field of the PROC statement. Only the first four
characters are used as the procedure name. Labels
should not be used in procedure definitions with
the exception of the PROC statement. A definition
is terminated by the ENDP statement.

Example:

Label Operation Operand

ABSV PROC
.DW P(2)
SUB P(3)
SAP
CMP
STW P(1)
ENDP
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Table 8-3. Pseudo Operation Summary (See Section 2.2)

Symbol and Data Definition

Operation Code
DATA

BYTE

TEXT

DPI

REAL

EPRL

DPRIL

EQU

1S

RES

Assembler Control Directives

Operation Code
ORIG

END

LOAD

NTRY

LIBR

DO

TRUE, FALSE, ENDC
PROC, ENDP

SUBR, EXIT

Function

Defines Word Data

Defines Byte Data
Defines Alphanumeric Data

Defines Double Precision
Integer Data

Defines Two Word Floating
Point Data

Defines Three Word Floating
Point Data

Defines Four Word Floating
Point Data

Equates a Symbol to An
Expression Permanently

Equates a Symbol to An
Expression Temporarily

Reserves a Block of Storage

Function
Sets the origin of a program
Defines end of program

Directs the relocatable loader
to load specified routines

Defines the entry point to a
program

Generates |ID labels for system

library

Provide repetitive code generation
Provides conditional processing
Provides Procedure Capability

Generates linkage to subroutines

SYM I
Yes
Yes
Yes

No

No

No

No

Yes

No
Yes

SYMI1
Yes
Yes

Yes

Yes

Yes
No

Yes

No

SYmll
Yes
Yes
Yes

Yes

Yes

Yes

Yes

Yes

Yes
Yes

SYM I
Yes
Yes

Yes

Yes

Yes
Yes
Yes
Yes
Yes
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If fewer reference line-arguments are given than are
required in the definition, the absent parameters
are assigned the value of zero.

Examples:

Programmer

Codes Operation Operand
ABSV A B, C

Assembler

Inserts: Operation Operand
LDW B
suB Cc
SAP
CMP
STW A

8-3.4.2 Conditional Processing Within Procedures

The dummy parameter P(0) has a special meaning
when used in a procedure definition. P(0) is
assigned a value equal to the number of parameters
in the procedure reference line. This feature allows
conditional processing of the procedure text, based
on the number of parameters given in the reference
line.

Example:
sTZ PROC
CLR
DO 1, P(O), 1
STW P(?)
ENDP

If reference lines for the previously defined STZ
procedure are:

STZ AB.C
STZ Q

The equivalent symbolic code will be:

CLR
STW A
STW B
STW C
CLR
STW Q

8-3.4.3 Procedures Within Procedures

A reference line to a previously defined procedure
may appear in a procedure definition (i.e., pro-
cedures may be nested to any level). For example,
consider the equation

E=D-B-C|

The absolute value procedure may be used in
defining a new procedure SUBA.

Example:
Label Operation Operand
SUBA PROC P
ABSV P(3),P94),P(5)
LDW P(2)
susB P(3)
STW P(1)
ENDP

The reference and subsequent code generation for
SUBA would be:

Reference:
Operation Operand
SUBA E,D,A,B,C
Generates:
Operation Operand
LDW B
suB C
SAP
CMP
STW A
LDW D
sSuB A
STW E
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8-3.5 Subroutines

The use of a subroutine is another method to solve
the problem of repetitive code generation. A
subroutine is a specific set of instructions that
solve some generalized problems by using param-
eters from a main program calling sequence. A
subroutine differs from a procedure in that the
coding for a given problem (e.g., the Store Zero
problem defined 'in Section 8-3.4.2) appears only
once and not in-line as it does with a procedure.
Subroutines normally require less space (since they

appear only once) and take more execution time
than procedures.

Consider the Store Zero problem again. Instead of
clearing three independent memory locations (A,
B, C), it is desired to clear a consecutive number of
locations beginning with location A and ending
with location B.

The coding to solve this problem with a subroutine
is as follows:

Main Program Call:

Operation Operand Comment
Call - SMB CLEAR
JSX CLEAR Global Mode Set
DATA A
DATA B

Return -

where A is the starting address and
B is the ending address inclusive.

CLEAR Subroutine:

Label Operation Operand Comments

DATA 0 Return — 2 stored here
CLEAR STX CLEAR-1 Save return

STW ASAV Save accumulator

LDwW * 1

STW ENDADD Save End Address

LDX * 0 IXR « Start Address
REPEAT CLR (ACCUM) « 0

sTW * 0

CXA (ACCUM) <« Current Address

CMW ENDADD

SNE

JMP GETOUT Clear Complete

IXS 1 Always Skips
ASAV DATA 0

JMP REPEAT Return to clear next address
GETOUT LDwW ASAV Restore accumulator

LDX CLEAR-1

JSx ¥ 2 Exit to Main Program
ENDADD DATA 0

The preceding example shows that the subroutine
takes fewer calling locations than a procedure
designed for the same result.

8.1

Subroutines may be put on the system library and
called from different main programs at different
times, while procedures must be defined in a main
program each time they are used.



8-3.6 SYM | and SYM Il Assembler Review

Raytheon 706 software includes two assemblers. A
one-pass assembler, SYM I, is available for BASIC
systems without mass storage. It provides direct
on-line assembly using the ASR 33/35 as the
primary input/output device. A more powerful
two-pass assembler, SYM |Il, is available for
STANDARD, EXTENDED and ADVANCED
systems. It includes procedure capabilities and
other advanced features such as conditional
processing.

8-3.6.1 SYMI

SYM | (Appendix K-1) accepts symbolic paper-
tape programs prepared by PREP or source state-
ments entered at the ASR typewriter keyboard. In
the latter case, errors are diagnosed on-line. The
programmer can immediately correct the statement
at which time the assembler will accept and
translate it to relocatable or absolute object code.
SYM | is a one-pass assembler with a language
subset of SYM Il. Forward definitions are allowed.
Statement error diagnostics are printed on the ASR
33/35.

Multiple assemblies can be run without reloading
SYM | after each assembly. A special feature of
SYM | permits the program to be assembled
directly into memory and executed immediately.
Any combination of input/output assignments for
ASR paper tape reader, ASR keyboard, ASR paper
tape punch, High Speed paper tape punch or High
Speed paper tape reader may be made symbolically
at the ASR keyboard. This versatility is provided
during the initial phase of each assembly.

8-3.6.2 SYMII

SYM 1l {(Appendix K-2) features a large scale
assembly for small machines. The assembler incor-
porates symbolic representation of machine in-
structions and the facility for user-generated
procedure. In the STANDARD configuration, SYM
Il is assembled by reading the source program
twice from any media--paper tape, cards magnetic
tape or disc. Slow punching of intermediate text,
which is normally found with two-pass assemblers,
is eliminated. On the first pass of the source
program, a diagnostic test is performed with
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programming error print-out. Correction of errors
is thus possible with only one-pass and is done at
the source level. A symbolic table is also generated.
The second pass of the source program replaces the
symbols with numeric equivalents, provides a
listing, and produces an object program.

Pseudo operations in the assembler permit condi-
tional processing of statements. As a result, one
source program may be altered slightly to yield a
variety of unique object programs.

Multiple assemblies can be run without reloading
SYM |l after each assembly. Either pass can be
repeated or restarted without limitations.

Standard procedures provide extended instruction
capability. The user may define additional proce-
dures peculiar to his application. Floating point
and mathematical operations are symbolically
referenced at a macro level. An automatic call to
the routine resident on the library is part of the
macro sequence. A powerful, simplified input/
output repertoire, especially developed for ease of
communication, is provided by the assembler. The
two-pass operation produces literals and symbols
lists. Source data definition and transfer points
labeled later in the program sequence (forward-
defined equates) are permitted.

Object binary text is absolute or relocatable and
can be output to paper tape, cards, magnetic tape,
or disc. Full flexibility of input/output is obtained
by logical unit identification of peripherals and
assignment under program control.

in the EXTENDED and ADVANCED configura-
tion, the assembly process is further automated by
reading the source program only once and recircu-
lating its image via the mass storage device--disc or
magnetic tape.

Symbolic data labeling is easily accomplished by
directives that identify alphanumeric characters,
special characters, decimal and hexadecimal con-
stants. The assembler also exploits the unusual
byte manipulation instructions in the 706 hard-
ware. Linkages to and from user-generated and
library routines are quickly established. Memory is
allocated and the position of the program in
absolute memory is established with additional
directives.



8-4 COMPILERS

8-4.1 Introduction

The previous section discussed assemblers which
translate source statements into machine instruc-
tions on a one-for-one basis. This section discusses
language processors that translate source state-
ments into multiple instruction sequences. These
processors are called compilers. The Raytheon 706
has two compilers: FORTRAN [V and Conversa-
tional FORTRAN. FORTRAN (FORmula TRANSs-
lation) is oriented toward mathematical problems
and is easy to learn by non-programmers. Since
FORTRAN is problem oriented rather than
machine oriented, programs written in FORTRAN
may be compiled on different machines. This
means that FORTRAN programs are largely
machine independent and may be transferred from
one computer to another with minor modifica-
tions. This is not true of assembly language
programs.

FORTRAN has fewer statement types than the
SYM assembly language, but the statement formats
are more complex. Since the statements do more,
fewer statements are required. This improves pro-
gram readability and reduces the chances of error.

Usually, equivalent assembly language and FOR-
TRAN programs result in the FORTRAN program
executing slower and requiring more core storage.
This fact is largely irrelevant in many cases since
much less proficiency and check-out time is
required to obtain the debugged FORTRAN pro-
gram.

FORTRAN has two language capabilities which are
clearly superior to assembly language: algebraic
calculations and formatted input/output. The
translation of algebraic equations is efficiently
done by a compiler and closely approaches the
capability of a good assembly language program-
mer. Similarly, the conversion of data values and
character strings is rather tedious in assembly
language, but quite simple in FORTRAN.

Assembly language programs can be used effec-
tively to do bit manipulation, high speed integer
computation loops and in general reduce the

storage requirement. Raytheon FORTRAN 1V
allows the user to gain back many of the assembly
language advantages by accepting SYM Il state-
ments intermixed with the FORTRAN statements.
This capability allows the user to select the
features most advantageous to his program.

.8-4.2 Real-Time FORTRAN IV

8-4.2.1 General

The Raytheon 706 is fully capable of dealing with
real-time systems requirements through a compre-
hensive expanded FORTRAN IV compiler.

The American Standards Association has estab-
lished a FORTRAN specification to encourage
computer manufacturers to standardize their FOR-
TRAN systems. Raytheon Computer ohserves this
standard and has added capabilities found in no
other small machine FORTRAN compilers. In
addition to object programs running in a real-time
priority interrupt environment, Raytheon FOR-
TRAN [V includes:

e Intermixing FORTRAN statements and sym-
bolic assembly language. This includes the use
SYM I procedures.

e Two additional data types handle double pre-
cision integers and 9-digit floating point num-
bers.

o Expressions may be composed of items of any
data type.

e Expressions are allowed in output lists.

e Arrays are not limited in number of dimen-
sions.

Real-time FORTRAN IV makes optimum use of
storage, both during compilation and for the
compiled programs. Tables generated during the
compiling process are dynamically allocated and
readjusted to maximize the use of working storage.
Intermediate output from the compiler is packed
by utilizing the free-format of SYM Il. The
advanced compiler techniques and speed of the
706 result in very rapid compilation and execution
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of user programs. The compiler translates the
FORTRAN source statements into SYM |l state-
ments in one pass at the rate of 1200 statements
per minute. The output from the compiler is called
the intermediate text. The SYM Il assembler reads
the intermediate text two times and produces a
binary object program. The process is shown in
Figure 8-3. The object program may be loaded and
executed as shown in Figure 8-4.

Compile and execute capability is provided if a disc
or three magnetic tapes are available. If a mass
storage device is not available, the intermediate,
text is punched out and assembled as a symbolic

program. The compile and execute (GO) process is.

shown in Figure 8-5. The real-time FORTRAN IV
library is extensive and includes over 30 external
functions and 35 intrinsic functions. See Appen-
dix K-4.

8-4.2.2 Program Segmentation

Real-Time FORTRAN IV in conjunction with the
Real-Time Operating System (RTOS), or the Multi-
programming System (MPS) allows a unique
method of program segmentation. FORTRAN IV
programs may request the system to load and
execute additional main programs by the use of a
CALL QUEUE statement. Thus, very large pro-
grams may be fragmented into smaller overlaying
segments (called tasks) with each segment queuing
its successor.

The form of the queuing statement is:
CALL QUEUE ('SEGMENT", I, J, K)

The name SEGMENT must be an eight-character
name. Trailing blanks may be used to fill up to
eight characters for shorter names. The program
SEGMENT must contain the following coding:

S LIBR SEGMENT
S NTRY SEGMENT
S SEGMENT EQU $

CALL FETCH (i1, JJ, KK)

END

8.14

By executing a CALL FETCH (I, JJ, KK}, up 10
five integer arguments may be passed to the
program SEGMENT from the program that con-
tains the CALL QUEUE statement. The CALL
FETCH causes Il = |, JJ = J, KK = K. Executing
more than one CALL QUEUE statement will cause
the system to execute the tasks in a chronological
order of first in, first out. The total number of
segments queued at one time is determined at sys-
tem generation. Communication between segments
is accomplished by initially requesting a resident
fabeled COMMON data block by the X-RAY
directive, :CB.

Coding
Form

Source
Deck

FORTRAN 1V
Compiler

- Listing

Intermediate

Text

sSYm il
Assembler

Object
Deck

Figure 8-3. FORTRAN IV Compilation



8-4.3 Conversational FORTRAN

8-4.3.1 General

Since many usérs do not need the extensive
capabilities of FORTRAN [V to solve their applica-
tions problems, a useful and convenient Conversa-
tional FORTRAN system was designed for the 706
user with a minimal configuration. Capabilities
have been added to aid the real-time user in his
special applications.

:EOF

Object | ]

Deck

FORTRAN IV Relocating
Library Loader

Executable
Program

Answers

\__/"

Coding
Form

Source
Deck

f

FORTRAN IV
Compiler

Listing

Intermediate
On
Disc

——

sym it
Assembler

Object

Program
On Disc

Relocating FORTRAN v
Loader Library
On Disc
Executable Data
Program B Dack
[ ]
Answers
\/

Figure 8-4. Executing a FORTRAN [V
Object Deck
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Figure 8-5. FORTRAN IV Compile
and Execute (GO)




Conversational FORTRAN offers the advantages of
minimal tape handling and loading, rapid compile
and go operation, and program preparation in a
conversational mode. Provisions for interfacing
assembly language programs are included for
special purpose subroutines and arrays. Free form
statement formats eliminate spacing problems.

Conversational FORTRAN consists of two subsys-
tems; the compiler and the run-time system.

8-4.3.2 Conversational FORTRAN Compiler

The one-pass compiler translates the FORTRAN
(Appendix K-5) version of the problem.into the
language of the run-time system. When errors are
detected by the compiler, they are listed as
diagnostic messages. The compiler may be used in
either of two modes: program preparation (PREP)
or compile and execute (GO). See Figures 8-6 and
8-7.

In the PREP mode, the compiler diagnoses each
statement for syntax errors. The error-free state-
ments are retained in memory and punched out
after the END statement is encountered. Erroneous
statements are not retained in memory and may be
corrected and re-read by the compiler. The resul-
tant program may be compiled in the GO mode to
construct the executable program.

Programs compiled in the GO mode may be output
in absolute binary format or executed directly by
the run-time system.
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8-4.3.3 Run-Time System

The run-time system consists of the library func-
tions and input/output routines for executing a
FORTRAN program. After compilation of the
main program and additional subprograms, the
run-time system is loaded. Assembly language
programs may be loaded and the FORTRAN main
program executed.

The run-time system may be operated in either
normal or trace modes. The normal mode executes
the program and all printed results must be output
by WRITE statements. In the trace mode all values
on the left side of replacement statements and/or
program branches are listed. The trace mode
provides the user with the means to easily debug
his FORTRAN program,

8-4.3.4 System Design

The prime design criterion for the Conversational
FORTRAN system is for the convenience of the
user with a teletype and 4K of memory. Since the
teletype is a slow input device, minimizing the
amount of paper tape that must be read is of major
importance. To compile and execute a FO RTRAN
program, only three paper tapes need be loaded:
The FORTRAN compiler, the FORTRAN source
program, and the run-time library. This contrasts
with up to twelve tapes on some computers. To
accelerate the production of useful programs the
on-line diagnostic and program preparation com-
piler mode is used. This eliminates alternatively
loading a compiler to find errors and an editor to
remove them.
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Figure 8-6. Conversational FORTRAN
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Figure 8-7. Conversational FORTRAN
In Batch Process Use
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8-5 LOADERS

A loader is a program which inputs or /oads binary
programs into the memory of the computer. In
general, there are two types of loaders, absolute
and relocatable.

An absolute loader inputs binary programs directly
into fixed or absolute memory locations. The
absolute locations into which the program is
loaded were specified when the program was
assembled.

A relocatable loader permits the program location
in memory to be moved or reflocated at load time
without requiring the program to be reassembled.
A relocatable loader will also /ink together several
program subroutines which have been assembled
individually. Thus, sometimes relocatable loaders
are referred to as /inking loaders.

In order to relocate a program or subroutine in
memory, the relocatable loader must know
whether each word loaded into the computer is an
invariant data value or an instruction whose
address value will vary depending on the location
into which the program is loaded. Therefore,
loader codes are inserted between each word to
identify for the relocatable loader the type of word
that follows.

Absolute and relocatable loaders each have their
advantages and disadvantages. Absolute loaders are
usually very simple and compact programs because
absolute programs are in a format which permits
them to be read directly into memory, with a
minimum of computer processing. Thus, absolute
loaders load programs faster and allow more space
for loading larger programs. Also, programs in
absolute format occupy less space on paper tape,
cards, magnetic tape or disc. However, if it is
desired to change a location of a program or revise
one small section of a program, the entire program
must be reassembled. It is also difficult to link
together independently assembled absolute pro-
grams since the user must allocate memory.

On the other hand, the relocatable loader permits
the user to assemble program subroutines inde-
pendently. The relocatable loader automatically
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allocates memory and links together the users
subroutines. General subroutines which are fre-
quently used can be stored in a relocatable library.
The loader automatically scans the library to load
any required subroutines.

If desired the relocatable loader will print a load
map to tell where it has loaded the subroutines. If
one subroutine in a program is changed, only that
one subroutine need be reassembled. The relo-
catable loader will automatically link the new
subroutine to the others and allocate memory
accordingly. However, relocatable loaders are much
larger than absolute loaders and less space is
available for the users programs. Loading takes
longer because more computer processing is re-
quired and relocatable text uses more space on
paper tape, cards, magnetic tapes, or disc. A
description of 700 series loaders follows.

8-5.1 Absolute Loaders

Absolute loaders are usually very simple and
compact programs because absolute programs are
in a format which permits them to be input
directly into memory.

8-5.1.1 Absolute Program Format

A program in absolute format consists of two
binary records. The first record is a one-word
record which contains the word origin or starting
location of the program. This location record tells
the absolute loader at which word location in
memory to start loading the program. The second
binary record contains an exact binary image of
the program to be loaded.

The program record contains an extra word which
is not part of the program as the last word of the
record. This word contains a check-sum in the right
byte portion. The check-sum is similar to parity
and is used to verify that the program was read
correctly. Check-sums are created by SYM |, SYM
Il, and the Linking Absoluter. However, Trace/
Debug does not create a check-sum.

Figures 8-8 and 8-9 show the general format of an
absolute program. The end-of-file record is used to
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LINEFEED, BEGINNING OF RECORD
NUMBER OF BYTES = 2

STARTING LOAD ADDRESS (EXAMPLE: 01F8)
CARRIAGE RETURN, END OF RECORD

3 NULL SPACES, INTER-RECORD GAP

LINEFEED, BEGINNING OF RECORD

NUMBER OF BYTES (EXAMPLE: 603g)
(INCLUDING CHECKSUM)

1ST WORD OF PROGRAM (EXAMPLE: 0031)
2ND WORD OF PROGRAM

LAST WORD OF PROGRAM (EXAMPLE: 13E7)
CHECKSUM (EXAMPLE: 0027)

CARRIAGE RETURN, END OF RECORD

3 NULL SPACES

BELL CHARACTER, END OF FILE

3 NULL SPACES

LINEFEED, BEGINNING OF RECORD
NUMBER OF BYTES = 2

STARTING EXECUTION ADDRESS
(EXAMPLE: 1FA)

CARRIAGE RETURN, END OF RECORD

Figure 8-8. Paper Tape Absolute Program Format — SYM I, 1l
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Figure 8-9. Card Absolute Program Format
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signify the end of a string of programs to the
absolute loader. The end-of-file record is a single
ASCH BELL character (X' 87’) for paper tape or a
2-7-8-9 punch in column one for cards. The
end-of-file record must be followed by an execu-
tion address record or a second end-of-file record.
The execution address record is a one-word record
which contains the starting address of the program.

Note that the exact form of binary records depend
upon the peripheral type. For example, binary
paper tape records always begin with the line feed
character (X’ 8A’). The next two frames make up a
word which contain a count of the number of
bytes that make up the actual data in the binary
record. The record is terminated by a carriage
return (X' 8D’} followed by three blank frames.

Figure 8-8 and Figure 8-9 show the paper tape and
card formats of an absolute program that begins at
location 01F8. Refer to Section 8-6 on device
drivers which describe the exact form of binary
records for various devices.

8-5.1.2 Absolute Load Routine

In STANDARD, EXTENDED and ADVANCED
systems the absolute load routine is included as an
integral part of the resident {/O monitor. Control
may be transferred to the absolute loader by the
:AL directive or by transferring to location X ‘78’
in the monitor link cells.

The absolute load routine inputs programs in
absolute format from the Binary Input (BIN)
device.

The absolute load routine continues loading suc-
cessive programs until an end-of-file record is read.
The absolute load routine verifies the checksum
and will output on the teletype the message
“ACKI!” when an error is detected. If a single
end-of-file mark is followed by a one-word record
containing an execution address, the absolute load
routine automatically transfers to that execution
address. If successive end-of-file marks are read
following - the program records, the absolute load
routine halts. At this time the programmer may
enter manual program connections and manually
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transfer to his program. However, if RUN is
depressed the absolute loader will continue load-
ing.

If end-of-file marks and execution address are
missing completely, the absolute load routines will
continue to select the BIN device for more records.
At this time the user may HALT and RESET the
computer, set the program counter to the starting
location of his program, and begin execution by
depressing RUN.

8-5.1.3 Absolute Load Routine - BASIC

The absolute load routine is an integral part of the
X-RAY EXEC BASIC in BASIC systems. The
X-RAY directive AL causes X-RAY to jump to the
absolute load routine which is located at symbolic
location S.FILL. The absolute load routine will
read a binary paper tape which is in absolute
format from the Binary INput (BIN) device. The
BASIC absolute load routine does not verify the
check-sum; however, the check-sum is read into the
cell immediately following the program.

If BIN is assigned to the teletype, the paper tape
reader must be turned on manually. This should be
done after the AL directive has been typed. After
the program has been loaded the computer will
halt to allow the operator to turn off the reader.
When the Run button is pushed, the SYStem
INput (SYSIN) unit will be selected for another
X-RAY directive. At this time the user may
transfer to the starting location of the program
with the Transfer (T} directive. Or another pro-
gram can be loaded with the AL directive. Note
that the Absolute Load Routine in BASIC systems
only loads one program at a time and does not
recognize the end-of-file character and subsequent
transfer location.

8-5.1.4 Initial. Loader

The Initial Loader {INITLOAD) is a stand-alone
absolute loader which can load absolute programs
without requiring a resident 1/0 monitor. Three
versions of the program are available. One version
loads absolute programs from paper tape (either



high speed reader or teletype), a second version
from cards, and the third from DIO magnetic tape.

Each version of the initial loader can be loaded by
depressing the appropriate Bootstrap switch on the
706 console. The initial loader then automatically
loads any absolute programs which follow on the
selected device. Thus, INITLOAD can be appended
to the front of any absolute program tape, and the
combined tape will load and execute automatically
by depressing the Bootstrap and Run switches. For
example, it is normal practice to append the initial
loader to the front of the resident I/0 monitor
program. Once the monitor has been loaded, any
other absolute programs can be loaded with the
absolute load routine which is imbedded as the
monitor. Check-sum and absolute program format
are verified by INITLOAD. Refer to Section 7-4
and Section 9-2 for a description of the initial
loader bootstrap program (hardware bootstrap).

8-5.1.5 Absolute Bootstrap

The Absolute Bootstrap program (Figure 8-10) is a
highly specialized form of the absolute loader
which has been written to utilize as few instruc-
tions as possible. This is so that absolute programs
can be loaded manually through the computer
console by hand-entering the absolute bootstrap
program.

In order to keep the bootstrap program as small as
possible, it is assumed that the index register of the
computer has been manually initialized. When
loading absolute paper tape programs using the
absolute bootstrap, first place the starting byte
address minus 1219 bytes locations into the index
register. Checking Figure 8-8 it can be seen that
absolute paper tape formats have 121 ¢ leader bytes
before the first word of the program appears. For
example, if you wish to bootstrap an absolute
paper tape that starts at word address 01F8, the
address O3E4 must be placed in the index register:

01F8 word address = 03F0 byte address
03F0 - 000C = 03E4

Place the tape in the teletype or high-speed reader
and press RUN. The absolute program will load
with the check-sum not verified.
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Location (Hex) Contents {Hex)

0020
8004
03E9 (03D9 for HSPTR)
1003
02ED (02DD for HSPTR)
0800
0401
0010
0638
300A
0010

> OO NO G WN-—= O

Figure 8-10. Absolute Bootstrap Program

8-5.2 Relocatable Loader

In order to relocate programs and link external
references to external definitions, the relocatable
loader must be able to distinguish between dif-
ferent types of data words. For example, the
loader must be able to differentiate between a data
word whose value remains constant regardless of
location and an instruction whose address field
changes value depending upon where the program
is located in memory.

Loader codes are placed in front of each data word
or string of words so that the loader can identify
the type of data which follows. A loader code
consists of a full byte.

8-5.2.1 Relocatable Loader Text

Loader text appears to the loader as a continuous
string of bytes, made up of loader code bytes and
data alternating in the text stream. This text
stream is referred to as relocatable loader text.

The codes have been defined as shown in Table
8-4. The first column is the code in hexadecimal.
The second is a mnemonic which has been assigned
to that code. The third describes the format of
data which follows the code in the text stream.



Repeatable loader codes are included in order to
conserve space in the relocatable text. A repeatable
loader code tells the loader that the next n + 1
words are of the type specified, where n is a
number between O and 15. For example, if six
consecutive words are absolute program words, the
single loader code C5 would specify this. Thus, it is
not necessary to have a loader code precede every
computer word. Table 8-4 gives all of the repeat-
able code definitions.

8-5.2.2 External Strings

In relocatable assemblies, it is permissible to
reference symbolic locations which are external to
the program being assembled. These references are
referred to as externals or external labels. The
programmer may link together several indepen-
dently assembled programs at load time using
external references.

One of the primary functions of a relocatable
loader is to fix up external references to the
correct addresses. A given program may reference a
particular external labe! in several places so it is
necessary for the loader to be able to find and fix
up all of these references to the correct address.
The assembler does this by stringing external labels
from word-to-word. That is, the first reference
points to the location of the second, the second to
the third, etc. The last reference contains a special
code to identify the end of the string. When
following these strings, to fill them with the
correct address, the following conventions are
observed. If the end of the string is specified by
loader code 7 (EXTN15), the string is a full 15-bit
string and each word of the string is filled with a
15-bit address value. If it is specified by code 2, the
string is an 11-bit string and bits 0-4 contain an op
code and index bit. Byte externals are not per-
mitted by the assembler, so the byte reference op
codes are used to flag special requirements in the
string as follows:

3- 15-bit address. This word will be filled
with the full 15-bit value of the external.

3X- 15-bit address with the sign bit true.
This code is used to set the argument list
ending bit.
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0- SMB. This word will be filled with an
SMU or SML instruction, which will set
the bank to the one containing the
referenced external.

All other words are filled with the 11-bit vaiue of
the referenced external with bits 0-4 preserved
unchanged.

8-5.2.3 Record Blocking of Loader Text

Loader text appears as a.continuous string of bytes
to the loader. For ease of validity checking, it is
blocked into records of 94 or fewer bytes. The first
data byte of each loader text record is a zero. This
byte helps to identify relocatable toader text. The
last byte of each record is the check-sum of the
record (the folded arithmetic sum of the data bytes
in the record). Paper tape requires four additional
bytes to specify a binary text record. The first
byte, a line feed (X ‘8A’), identifies the start of a
record. The succeeding two bytes specify the
number of bytes in the record. At the end of the
record there are the terminating bytes, a carriage
return (X'8D') followed by three unpunched
frames (X‘00’). Refer to Section 8-6 for a descrip-
tion of the binary record format for the various
device drivers.

8-5.2.4 BASIC Relocating Loader

The RElocating LOADer-Basic (RELOADB) is
used to load relocatable programs which were
assembled using the SYM-I assembler.

This Basic Loader provides a convenient operating
environment for loading and executing medium
sized programs on a Raytheon 706 with 4K words
of core and no system library facilities.

Figure 8-11 illustrates the operation of RELOADB.
Programs which are in relocatable loader text
format on paper tape are input from the Binary
INput (BIN) device. This device may be assigned to
either the teletype or the high speed paper tape
reader.

All control of the Basic Relocating Loader is
exercised by using directives through the X-RAY
EXEC-BASIC which in turn calls RELOADB.



Table 8-4. Relocatable Loader Text Codes and Formats

Hex Mnemonic Data Format Following Hex Code
00 Not used Ignored by the loader.
01 LIBR Eight bytes of symbolic library name, output by the LIBR
pseudo op.
02 EXTN Eight bytes of symbolic name, followed by a word containing the end

address of an external string. See External Strings, below.

03 SMB A word containing a 15-bit relocatable address. The loader will construct
and store an SMB instruction for the memory bank containing the
specified address.

04 1LOC A word containing the number of locations by which the location counter
is to be incremented, output by the RES pseudo op.

05 NTRY Eight bytes of symbolic name, followed by a word which contains the
value (i.e., address) assigned to that symbol. If the sign bit of this word is
set, the address is relocatable.

06 END A word containing the starting execution address. The address is always
relocatable. If the word is zero, the foader interprets this as no execution
address specified. Code 6 marks the end of a program module.

07 EXTN 15 Eight bytes of symbolic name followed by a word containing the end of
a 15-bit external string. See External Strings, below.

08 NBLK Eight bytes of symbolic name. Output by BLK pseudo op.

09 SIZE A word containing the program size in words.

0A SIZEW A word containing the program size in words. This code specifies that
the program must be loaded on one word page.

0B SIZEW A word containing the program size in words. This code specifies that
the program must be loaded on one byte page.

ocC DBLOCF Eight bytes of symbolic name followed by one word containing the
block size. This code declares the data block.

oD DBLOCR Eight bytes of symbolic name followed by one program word containing
a relative reference in the block.

8n RELW11 n + 1 16-bit program words, whose 11-bit address fields are 11-bit
relocatable word addresses.

9n RELW15 n + 1 16-bit program words, which contains 15-bit relocatable word
addresses.
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Table 8-4. Relocatable Loader Text Codes and Formats (Cont)

Hex Mnemonic Data Format Following Hex Code

An RELB16 n + 1 16-bit program words which contain 16-bit relocatable byte
addresses.

Bn RELB1 n + 1 16-bit program words whose 11-bit address fields are 11-bit
relocatable byte addresses.

Cn ABSO n + 1 16-bit absolute program words.

Dn DFILL A relative (relo) address followed by n + 1 words of absolute data.

RELOADB has the ability to load multiple pro-
gram modules and print an entry names table.

All programs loaded by this loader are relocated
into the upper word page in memory. The X-RAY
EXEC-BASIC and the Basic Relocating Loader
(RELOADB) all reside in the lower word page in
memory. Since the loader's entry names table
(ENT) uses the space remaining in the lower word
page, the entire upper word page is available for
programs to be loaded and the required data areas.

If more data area is needed, the space in the lower
word page occupied by the loader can be used;
however, if the loader is undisturbed it is re-
executable and need not be reloaded between jobs.

Although this loader is designed to accept SYM |
assembler output it will accept programs which
have been written in SYM | but assembled on the
SYM Il assembler.

It will also load SYM Il programs with two
restrictions on SYM Il assemblies. First, the

pseudo-ops DFLL, and LABL must not appear.
Second, the program must have at least one
reference to a relocatable address. This reference
will ensure that the SYM Il assembler will output
11-bit addresses for external strings rather than
15-bit addresses (the BASIC loader cannot process
15-bit external strings).

8-5.2.5 STANDARD Relocating Loader

The RElocating LOADer-STANDARD (RE-
LOADS) is used to load relocatable loader text
produced by either the SYM | or SYM Il assem-
blers (Figure 8-12) from any medium, except disc,
containing programs in relocatable object text. The
loader first loads a complete program in a primary
or nonselective phase and then enters a selective
library phase in which only programs referenced
during the primary phase are loaded from the
library.

The Relocating Loader performs memory alloca-
tions for any size computer, arranging programs in
core for optimal fit on word or byte pages as
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706 CORE MEMORY

RELOCATABLE
SroanAS USER AREA
TELETYPE OR
HIGH-SPEED PAPER
TAPE READER 2K
RELOADB ENTRY NAMES
LIST TABLE AND
ENTRY NAMES TABLE * ERROR PRINT-
ouT
X-RAY BASIC
0

Figure 8-11. BASIC System Loader Map

required. All programs written in SYM |, SYM I,
and FORTRAN IV source languages may be loaded
by this loader. FORTRAN Unlabeled Common is
allocated in the space occupied by the loader. If
the space occupied by the loader is not used during
object program execution, the loader will be intact
and re-executable.

8-5-2.6 Disc Relocating Loader

The Disc Relocating Loader serves the 706 Real-
Time Operating System (Figure 8-13). The loader
is used to load relocatable object text produced by
either the SYM | or SYM Il assembly language
processors. Input is from any medium containing
programs in relocatable object text. The loader
first loads a complete program in a primary or
non-selective phase and then enters a selective
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library phase in which only programs referenced
during the primary phase are loaded from the
library.

The Disc Relocating Loader performs memory
allocations for any size computer, arranging pro-
grams in core for optimal fit on word or byte pages
as required. All programs written in SYM 1, SYM
Il, and FORTRAN IV source languages may be
loaded by this loader. FORTRAN Unlabeled Com-
mon is allocated in the space occupied by the
loader. If the space occupied by the loader is not
used during object program execution, the loader
will be intact and re-executable.

8-5.2.7 Linking Absoluter
The Linking Absoluter (LINKABS) is a program




706 CORE MEMORY

8K OR GREATER
RESIDENT MONITOR
h ‘
(
CARDS CARDS
RELOCATABLE PROGRAMS LOAD |
o DOWN s
_ OR
s
f
PAPER BIN N
TAPE <—ﬁ PAPER TAPE
OR OR
J ‘
RELOCATABLE PROGRAMS RELOCATABLE LIBRARY
AND CORRECTION RECORDS| ENTRY NAMES TABLE BUILDS UP | LIST _
™| ENTRY NAMES
RELOADS TABLE AND
128 ERROR PRINT-
LINK CELLS 0 U

Figure 8-12. STANDARD and MTOS System Loader Map

that converts relocatable loader text into absolute
program text, which can be loaded by the absolute
loader or by the bootstrappable [nitial Loader
(INITLOAD).

Using the Linking Absoluter it is possible to
develop and completely check out an application
program as a series of independent, relocatable
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sections then link these sections to form one
absolute object program.

Linked absolute programs require less space in core
memory than relocatable programs but relocatable
programs are easier to code and check out. The
Linking Absoluter is a means to obtain the
advantages of both relocatable and absolute
programs.




CARDS

OR

PAPER
TAPE
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MAGNETIC
TAPE
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DISC

RELOCATABLE PROGRAMS

AND CORRECTION
RECORDS
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706 CORE MEMORY

RESIDENT MONITOR

8K OR GREATER

RESIDENT PROGRAMS
AND DATA (IF ANY).

|

RELOCATABLE PROGRAMS LOAD
DOWN

ENTRY NAMES TABLE BUILDS UP

SYSIN
DISC

RELOCATABLE LIBRARY

ENTRY NAMES
LIST TABLE AND

*1 ERROR PRINT-
ouT

RELOADD

128

LINK CELLS

Figure 8-13. EXTENDED and ADVANCED System Loader Map
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8-6. INPUT/OUTPUT ROUTINES (DRIVERS)

Since the 706 is seldomly used without doing
input/output operations, Raytheon Computer has
created and standardized input/output subroutines
(drivers) that control the common peripheral
equipment. This eliminates the need for the pro-
grammer to concern himself with the machine
language detail of 1/O selection, data transfer,
interrupt scheduling, and end-action. He only has
to code three macros OPEN, DOIO, and STAT to
communicate with any standard 706 device.

The resident 1/0 monitor system processes all three
macros and calls upon drivers to handle the
input/output function designated by the program.
Table 5-8 lists all of the devices that currently have
drivers associated with them.

Section 5-4 of this manual describes the operation
of the Input/Output software while the remainder
of this section describes the individual /O drivers.

8-6.1 Teletype,High-Speed Paper Tape 1/O Driver

8-6.1.1 Purpose

The Teletype High-Speed Paper Tape Driver ser-
vices /0 operations on the Console Teletype, the
High Speed Paper Tape Reader, and the High
Speed Paper Tape Punch. The driver is fully
re-enterable and can service simultaneous 1/O on all
three devices.

This driver can perform the following functions:
1. Read a record — Teletype and High
Speed Reader

2. Write a record

— Teletype and High
Speed Punch

3. Write a file mark — Teletype and High
Speed Punch

4. Punch leader — Teletype and High
Speed Punch

8-6.1.2 Record Formats

This driver reads and writes formatted or unfor-
matted records. Two formats, alpha and binary, are
used for formatted records. The binary format

8.31

includes a record size, in bytes, at the beginning of
the record.

The binary record format is shown in Figure 8-14a,
and the alpha format in Figure 8-14b.

L | no cls|B|B
/ ' DATA /] L L it
F BY|TES R|IK|K|K
a) Binary Format

L c|B|B|B
/ DATA / L|L|L

F RIK|K|K
b) Alpha Format

Figure 8-14. Teletype Driver Record Formats

As shown in the diagrams, a line feed character
(L/F, 8A1g) will be the first character in each
record. The binary record follows with two char-
acters of byte count. This is the total number of
data bytes contained in the binary record.

The alpha record does not have a byte count. The
area shown as data in the diagrams is the informa-
tion to be moved during the 1/O operation. Each
record closes with a carriage return character (C/R,
8D1g). There are three blank characters (BLK,
AOqg) after each record on tape. These will allow
an operator to position the tape between records.
The blanks are not necessary when input is from a
keyboard.

When the requested operation is alpha mode input,
the first C/R following the initial L/F terminates
the record regardless of how many input words had
been requested. This means there can be no C/R



characters within an alpha input record. When the
requested number 6f words have been input, the
device will be disconnected even if there has been
no C/R. The number of bytes in a binary record is
a similar delimiter. If a user requests 100 words
input and the binary record contains 25, only 25
words would be input. If a record is larger than the
number of characters requested to input, the
remainder is skipped before the input is termi-
nated.

For output operations, bit 0 of FIOT word 2
determines whether the record will be output as a
binary or alpha record. For input operations the
driver determines whether the incoming record is
alpha or binary and sets bit 0 of word 2 accor-
dingly.

For alpha mode input, two control characters are
recognized. These are primarily to permit easy
operator correction of mis-typed teletype input
records; however, they function for paper tape
records as well. The first character is RUBOUT
(FF16). Instead of storing this character, the driver
backs up the buffer pointer one character for each
RUBOUT character, thereby permitting mis-typed
characters to be retyped. For example, if the
record

:Qu, AKPH

were typed, when the operator intended to type
:QU, ALPH

he may correct it by continuing
(RUBOUT) {RUBOUT) RUBOUT) LPH

Since the RUBOUT doasn‘t print, the resulting
record will appear on the printout as

:QU, AKPHLPH

However, it will be corrected internally. The
second character is the horizontal arrow (<). This
will delete the entire record, which should then be
restarted, including the initial line feed. Both of
these characters must be input before the closing
carriage return. Once the carriage return has been

input, the record is processed and no correction is
possible.

When reading formatted records, if an ASCII Bell
(X'87') character is encountered between records,
prior to the Line Feed character, the 1/O operation
is terminated and end-of-file status (bit 10 true) is
returned in word 3 of the FIOT. The driver accepts
a WEOF call and outputs this character to the
device.

Unformatted records, some time referred to as
special format, contain no added formatting char-
acters. The contents of the number of words
specified are transferred to or from the external
medium. Unformatted records are specified by
setting bit O of FIOT word 6 true.

Notice that no positioning of paper tape input
records occur for unformatted record; data trans-
ferring begins with the first frame of tape read and
continues until the requested number of frames has
been read.

8-6.1.3 Console Teletype

The standard Teletype Model 33/35 (Automatic
Send-Receive) can be used to type in or print out
information at a rate of up to ten characters per
second, or to read in or punch out perforated
paper tape at a ten characters per second.

The teletype reader is not controllable by com-
mand from the computer. It must be turned on
and off manually. If the teletype keyboard is
selected for input, the reader may be turned on
and allowed to drive the keyboard. Similarly, when
the reader is selected, the keyboard may be used
instead, but what is typed will not be printed.

The teletype unit can perform the following
functions through the driver:

1. Read a Record from Keyboard — Function
Code B

The keyboard is enabled, the keyboard light
lights, and characters read are printed.
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2. Read a Record From Reader — Function
Code 9

The reader light lights and characters read
are not typed. However, the keyboard is
enabled

3. Write a Record — Function Code E

A record is output to the receive section of
the teletype and will print if the ASR 35
teletype mode switch is in the PRINT
position, punched if the switch is in the
PUNCH position, and printed and punched
if the switch is in the PRINT and PUNCH
position. The ASR 33 record is always
printed and will be printed and punched if
the punch is turned on. These modes must
be selected manually.

4. Write a File Mark — Call WEOF

The ACSII Bell character is output followed
by approximately 60 blank frames. If the
punch is on, it will appear as leader. Bit O of
FIOT word 6 must be false (not special
format).

5. Punch Leader — Function Code E

If the buffer address is given as X'7FFF’, no
data is output; instead 60 blank frames are
output.

8-6.1.4 High Speed Paper Tape Reader

The 706 paper tape reader is an unidirectional
photoelectric reader capable of reading 300 charac-
ters per second continuously; or up to 100
characters per second intermittently.

The reader has an adjustable tape guide which
adapts it to read 8-channel, 7-channel, or 5-channel
tapes.

Reader power is controlled by an"ON/OFF switch
located on the reader front panel. The RUN/LOAD
switch is an integral part of the tape guide
mechanism.

The high speed reader can perform the following
function through the driver.

1. Read a Record — Function Codes 8 or 9.

A formatted or unformatted record is read
from the reader device.

8-6.1.5 High Speed Paper Tape Punch

The 706 paper tape punch is capable of punching
up to 110 characters per second. Each character
consists of eight data bits plus a sprocket hole. A
hole in a data bit position represents a one; no hole
represents a zero.

The controller contains a one-character buffer
register that accepts data from the 706 in the form
of eight-bit binary numbers.

Data is transferred to the controller under control
of the central processor. There are no punch
controls or indicators located on the computer
console. Only a manual tape feed push-button is
located on the punch assembly front panel. When
the TAPE FEED push-button is pressed, power is
applied to the punch mechanism whenever a
character is transferred from the computer. If the
punch is off, there is a one second delay which
allows the punch to come up to speed before data
is transferred to the punch. If the punch is already
on, there is no delay. Once started, the punch
remains on until a command from the computer
turns it off.

The punch can perform the following functions
through the driver.

1. Write a Record — Function Code E

A formatted or unformatted record is out-
put to the paper tape punch. This record
will be identical to the same record punched
ori the teletype punch.

2. Write a File Mark — Call WEOF

The WEOF call will cause a file mark
(X'87') character to be punched followed
by approximately 60 blank frames. Bit O of
FIOT word 6 must be false (not special
format).
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3. Punch Leader — Function Code E

If the buffer address is X‘7FFF’, 60 blank
frames are punched-as leader.

After any punch operation, the punch motor
remains on which will eliminate the one second
delay when more than one record is to be output.
When the user is entirely finished using the punch,
he should turn off the motor by executing the
instruction

DOT PCHU, 3

When PCHU is the unit code for the punch,
normally X’C’. This instruction may be given even
when the device might not be the punch. If
another user is using the punch, in a real-time
system, the motor will be turned back on when the
next character is transferred and the turn-off
instruction is harmless,

8-6.2 Teletype Multiplexer Driver

8-6.2.1 Purpose

The Teletype Multiplexer Driver performs data
input-output operations to a teletype system con-
figuration consisting of a maximum of sixteen
teletype units all of which are under a channel
scanning scheme in the controller device.

8-6.2.2 Usage

The OPEN, DOIO, and STAT calls are used as
described in Section 5-4. The teletype description
given in the I/O monitor with regard to the alpha
format is applicable to this driver. Each teletype
unit is physically connected to one of sixteen
channels, numbered from 0 through 15 decimal.
The user must store a channel number in the feast
significant hexadecimal digit position in FIOT (5)
before executing a DOIO call.

8-6.2.3 Message

The message TPLX is given when the driver detects
a channel number which is greater than the total
number of channels in the system, as denoted by
the literal NMXT. This error may be due to an
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incorrect 1/0 mode (bit 0) of the controller word,
which would cause the driver to extract an
incorrect channel number from the controller
word. This error may be due also to an incorrect
channel number being received from the controller.

This message is given also when the driver fetches
an FIOT address from the FIOT table (FTBL)
which is not a currently active FIOT address. The
pointer to the FIOT addresses in the table is a
channel number; therefore, an incorrect channel
number would cause this error.

8-6.2.4 Error Conditions

If the user requests an 1/O operation on a channel
which does not exist, the driver will set the
no-channel bit 9 and the error bit 15 of status
word FIOT (3). For the case of an unwanted
message abort, the driver will set the abort bit 8
and error bit 15 of status word FIOT (3) and
terminate the 1/O operation.

If a data late error condition is detected, the driver
will set the abort bit 14 and error bit 15 of status
word FIOT (3) at end-of-record time.

The above error conditions may be detected by
including an ERR argument in the STAT call.

8-6.2.5 Restrictions

The 1/O monitor is structured such that a single
logical unit number is associated with the teletype
multiplexer, rather than a logical unit for each
teletype. Accordingly FORTRAN READ and
WRITE statements cannot be used to specify a
particular teletype. FORTRAN programs which are
to communicate with the teletype multiplexer
should contain subroutines which communicate
directly with the driver.

8-6.3 Card Reader Driver

8-6.3.1 Purpose

The card reader driver provides a method for the
Raytheon 706 |0S user to input data from the
card reader, Soroban Model ERD-1 (400 and 1000
cpm).



8-6.3.2 Usage

The OPEN, DOIO, and STAT calls are used as
described in Section 5-4. The card reader driver
performs the read function only, function code
X‘B' or X‘9'. Any other call is ignored. The driver
does not alter the device status or the FIOT for
calls ignored.

Information is read from cards in one of three data
formats:

1. Special format — Figure 8-15a.
2. Binary — Figure 8-15b.
3. Alpha (Hollerith) — Figure 8-15c.

The information is processed in one of two modes:

1. Binary
2 Alpha

If bit position 0 of word 6 of the FIOT is one the
information is read as special format (binary)
mode.

If bit position 0 of word 6 of the FIOT is zero, the
driver will specify the mode (binary or alpha) after
the first column is read. Bit position O of the FIOT
(2) is set to one if the input is in binary format, or
to zero if the input is in alpha format.

For any call upon this driver, if a 2-7-8-9 punch is
read from the first column of the first card, the
driver sets bit position 11 (end-of-file) of the status
word and'terminates the read operation. The driver
stores the status word in word 3 of the FIOT: The
card reader reads the entire card.

8-6.3.3 Special Data Format

A maximum of 120, eight bit bytes of data (80
columns) is read from a card. If the number of
bytes to be read is greater than 120, eighty
columns of data are read from each card except
possibly the last. The column data is read as binary
information and is packed to form 16-bit words.
The driver only reads the number of words
specified by the user. The card reader always reads
an entire card.
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8-6.3.4 Binary Data Format

If bit position 0 of the FIOT is OFF and the first
column read contains a line feed character (12-2-4
punch), the information is read in the binary
mode. The first two columns contain the binary
record length (byte count) and the line feed
character. They are not stored into the users
buffer. See Figure 8-15b for the organization of
the first two columns.

There are a maximum of 102 bytes of data (68
columns) read from a card. If the number of bytes
to be read is greater than 102, sixty-eight columns
of data are read from each card, except possibly
the last. The 12-bit column information is packed
to form 16-bit words.

If the byte count is less than the number of bytes
specified by the user, input will be terminated
when the number of bytes read is equal to the byte
count. If the number of words specified by the
user is less than the record length, input to the
user's buffer is terminated when the number of
words requested have been read. The driver always
stops reading cards after the last card of the binary
record has been read. The card reader always reads
an entire card.

8-6.3.5 Hollerith (Alpha) Data Format

If bit position 0 of word 6 of the FIOT is OFF and
the first column read does not contain a line feed
character, the driver reads Hollerith information
from the card.

Each card column (Hollerith character) is con-
verted to an ASCIIl character. Two ASCII charac-
ters will be stored as one 16-bit word. A maximum
of 80 columns (40 16-bit words) of information
may be read by the driver per call, although the
entire card is always read by the card reader.

8-6.3.6 Messages

For each call the driver checks for device not ready
and trouble conditions. If any of these conditions
exists, the operator is notified by the message, on
the teletype, CR and two bells. These checks are
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performed at the time the DOIO is executed.

NOTE: The driver always returns a status word to
the FIOT with the first three bit positions ON.
These bits should be ignored by the user.

If the driver is required to read more than one card
per call, the buffer working address is stored in
word 4 of the FIOT after each card is processed.

Word 3 and 7 of the FIOT are used as temporary
storage locations by the driver.

8-6.3.7 Space and Timing

This routine uses 253 decimal words and also
shares numerical constants with the 1/O monitor.

To process an interrupt for:

1. Hollerith — Maximum 98 cycles
(non-blank 1st
column)

Minimum 34 cycles

(blank column)
2. Binary — Maximum 64 cycles
Minimum 41 cycles

The 1/O monitor uses an additional 70 cycles to
service an interrupt.

8-6.4 Card Punch Driver

8-6.4.1 Purpose

The Card Punch Driver program provides the
Raytheon 703 user with a method for outputting
data to the Honeywell Model 214-1 Card Punch,
using existing 706 input/output software.

8-6.4.2 Usage

The driver is designed to interact with the 706 10S.
It uses the normal macros in 1/O monitor and
several of the 108 subroutines.

The following 1/0 functions are recognized by the
program:

1. Write (3 formats: Hollerith, Binary, Special)
2. Write End-of-File
3. Punch Leader

All other functions are ignored by the driver.

8-6.4.3 Method

The Card Punch Driver program is called by the
1/0 Monitor macro, DOIO. On each call the driver
checks device status (device not ready, hopper
empty, stacker full, etc.) and notifies the user if
any of these conditions exist by typing CP fol-
lowed by two bells on the system teleprinter. When
the card punch becomes available for use, its
interrupt level is enabled, the driver starts the
punch, the program returns to the user and waits
for controller interrupts.

Cards are punched at the rate of two columns per
interrupt. After each interrupt, the driver returns
to 1/0 Monitor and is not active until the next
interrupt is recieved.

Upon receiving an interrupt from the controller,

the driver responds with two columns of data

within one millisecond to prevent response errors.

If at least one hole is to be punched for each pair

of columns, the time between interrupts will be .
12.5 milliseconds.

For each data output command to the card punch,
a 12-bit data word (right justified in the accumu-
lator} is sent to one of the two buffer registers.
Two such commands are required per interrupt.
When the buffers have been loaded, two columns
are punched and the driver returns to {/0 Monitor.
Bits O through 3 of the accumulator are ignored
during the data output.

8-6.4.4 Write Special Format

If bit O of word 6 in the user's FIOT is set to one,
the data is output to the card punch in special
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format. The driver extracts 12-bit data words from
the user’s buffer on command and re-packs the
data for output in the format shown in Figure
8-16a. A maximum of sixty 16-bit words (80
columns) may be punched per card. If record
length exceeds 60 words, only the last card
punched may contain less than 60 words.

8-6.4.5 Write Binary

If bit O of word 6 of the user's FIOT is reset (zero),
the driver then examines bit 0 of word 1 of the
FIOT. A one in this bit position tells the driver to
punch data in the binary format.

In the first 2 columns of the first card in the
record, the driver punches a /ine feed (12-4-2
punch) and the number of bytes to be output. A
maximum of 102 bytes may be punched per card.
If the record exceeds 102 bytes, only the last card
punched may contain less than 102 bytes. The
driver extracts 16-bit data words from the user’s
buffer and re-packs them into 12-bit words (right
justified) for output as shown in Figure 8-15b.

8-6.4.6 Write Hollerith

If bit 0, word 1 of the FIOT is reset (zero), data
will be output by the driver in Hollerith format. In
this format data is extracted from the user's
storage by 8-bit bytes and converted to 12-bit
right-justified Hollerith words for output to the
card punch. The data must be packed 2 bytes per
word in the storage area and each byte must
represent an ASCII character to obtain a meaning-
ful output. One Hollerith character (one column) is
output for each ASCII character {byte) in the
record (Figure 8-15¢c}. A maximum of 80 columns
(forty 16-bit words) are punched by the driver per
call.

8-6.4.7 Write End-of-File

If the sign bit of M. DR is on, X’870' is output to
the card punch and the 2-7-8-9 punch appears in
the first column of the care in process. No other
information appears on the card. Only one EOF is
punched per call.

8-6.4.8 Punch Leader

If the buffer address in word 1 of the user’'s FIOT
is X'7FFF’, the driver feeds one blank card and
offsets it in the card stacker.

8-6.5 Line Printer Driver

8-6.5.1 Purpose

The line printer driver, a part of 108, transfers data
to the line printer and controls paper movement. It
obviates the need for the user to understand the
detailed line printer programming procedure.

8-6.5.2 Usage

10S calls, OPEN, DOQIO, and STAT, may be used
to initialize, initiate, and await the completion of
printer operations.

Not all of the OPEN arguments are relevant. The
OPER and MODE arguments are ignored by the
driver. However, the FIOT, BUF, WC and UNIT
arguments are required to initialize the FIOT prior
to initiating a printer operation.

Each of the line printer functions described below
is initiated by a DOIQ call of the form:

DOIO  FIOT, BUF, WC

The STAT statement should be of the form:

STAT FIOT

The ERR argument, normally associated with the
STAT statement, may be omitted since there is no
error associated with the line printer.

8-6.5.3 Driver Functions

The functions performed by the line printer driver
are summarized below:

1. Move paper to top of form.
2. Move paper one space.

8.38



3. Print a line and move paper one space.
4. Print a line.
5. No printer operation.

The function performed by the driver upon execu-
tion of a DOIO depends on the content of location
BUF and the special format bit, which is contained
in bit position 0 of FIOT (6).

Function 1, move paper to top of form, is
performed whenever BUF contains line feed codes,
8A8A16. Top of form is channel 3 on the line
printer carriage control tape.

Function 2, move paper one line, is performed
whenever BUF contains line feed and carriage
return codes, 8A8D1¢.

Function 3, print and move paper one line, is
performed whenever FIOT (6) bit O is equal to O
and location BUF does not contain 8A8A1jg,
8A8D1¢6 or 8D8D 1. (See Function 5). In this case
the content of the user’s buffer is printed and
paper advanced to the next print line. The driver
expects two character codes per word in the user's
buffer. The character corresponding to the code in
the left byte of location BUF will appear at the left
most print position.

Function 4, print a line, is performed whenever
FIOT (6) bit O is equal to 1 and BUF does not
contain 8A8A16, 8A8D1g, 8D8D1g. In this case
the content of the user’s buffer is printed. Paper
movement is controlled by the right byte of FIOT
{4). In order to slew to any particular channel, the
right byte of FIOT (4} must contain X'10"+
channel number. For example: slew to channel 5
would be X‘15".

Function 5, no printer operation, occurs when
BUF contains carriage return codes, 8D8Dqg. This
function is provided for programs that overprint on
the system list device (logical unit 3) and further,
makes possible the assignment of the line printer or
the teletype to logical unit 3.

8-6.5.4 Error Conditions

In the event the line printer is off-line when a call
to the driver occurs, LP is typed on the teleprinter.
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At this point the operator should ready the printer
and toggle sense switch 3, signaling 10S to con-
tinue.

8-6.56.5 Timing

The driver requires 1.5 ms to fill the printer buffer.
The printer requires 45 ms to print a line and 15
ms to space paper 1 line (1000 LPM printer). The
interrupt system is masked by the driver for a
period of 22 microseconds.

8-6.6 Disc and DMA Magnetic Tape Driver

8-6.6.1 Purpose

The disc and DMA Magnetic Tape Driver transfers
information between the 706 computer and the
magnetic tape or disc units, This information is
transferred using the 706 direct memory access
capability. Therefore, all information is binary and
requires no formatting by the driver. Certain
similarities of the disc and magnetic tape are
exploited in the sharing of a large portion of this
driver with both devices. Those portions which are
not common are assembled into the monitor only
for those devices actually present.

8-6.6.2 Usage

Section 5-4 describes the 108 calls and the general
FIOT configuration used to operat this driver.
Certain uses of the FIOT are specific to this driver
and are described below. This driver can perform
the following functions:

1. Read a record — Magnetic tape and

Disc
2. Write a record — Magnetic Tape and
Disc
3. Verify a record — Disc only
4. Write a file mark — Magnetic tape only
5. Backspace arecord — Magnetic tape only
6. Seek a file mark —~ Magnetic tape only



7. Rewind — Magnetic tape only

8. Erase forward
{write skip)

- Magnetic tape only

This driver cannot punch feader, and the leader call
is ignored.

8-6.6.3 Error Recovery

All magnetic tape and disc records are written with
cyclic redundancy check characters. |f an error is
detected in this character while reading or by the
read after write feature of the magnetic tape, or if
the magnetic tape detects a character parity error,
the driver will automatically attempt recovery of
the error by retransmitting the offending record,
up to a maximum of 16 times. If after 16 attempts
the record has not been successfully transmitted,
the operation is terminated and error status is
returned. The tape is positioned past the offending
record. The tape retry procedure may be by-passed
by stuffing bits 0—6 of FIOT (2) with a zero after
DOIO is initiated.

The following section details considerations appli-
cable individually to the two devices serviced by
this driver.

8-6.6.4 Disc General

The disc is a high speed random access magnetic
storage device upon which data is stored in
individuallyddressable sectors, each holding forty-
seven 16-bit computer words. The disc is organized
into 8,192 sectors for a total storage capacity of
385,034 words. A record must begin at the first
word of any sector, and may be of any length up
to 16,383 words, since the disc hardware auto-
matically sequences to the next sector when the
current section has been transmitted.

Since the disc is used in the Real-Time Operating
System and Multi-Programming System as the
permanent storage for the resident system, a
special disc addressing structure is super-imposed
by the driver, which allows the disc to be addressed
as four relatively addressed, relocatable logical files
of limited size. This feature relieves the pro-
grammer from the responsibility of storage

allocation on the disc which can be allocated
dynamically at execution time as required.

Since certain system programs, as well as some
users, must direcily address specific sectors of the
actual disc, an additional addressing mode is
supplied which permits this. This circumvents the
system protection features of the driver, and must
be used knowledgeably.

The disc can perform the following functions
through the driver:

1. Read a record — function code 9 or B
A record is read from the disc.

2. Write a record -- function code E1¢
A record is written on the disc.

3. Verify a record — function code 7.

No data is transmitted to or from memory, but the
cyclic redundancy check characters are computed
and checked for as many sectors as are specified by
the record length. An unrecoverable error results in
error status being returned.

8-6.6.5 Disc FIOT

The disc FIOT is of standard form, except as
follows. Bit O of word 2 is not used, since no
formatting is done for disc records. The special
format bit, bit 0 of word 6 mustbea O. Ifitisa 1,
the requested operation is not performed. Word 5
provides sector address for the disc.

FIOT (5) is divided into three fields as follows:

Field 1 Bit 0 is a one-bit field designating the
format of fields 2 and 3. Also, if bit O
is a one, field 2 is ignored.

Field2 Bits 1 and 2 form a two-bit field

designating which disc file is being
used for the 1/O request. When bit O is
zero, field 2 is used as a binary count
referring to files O through 3.
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Field3 Field 3 consists of bits 3 through 15
inclusive. If bit O is a zero, field 3 isa
sector address to be converted to
track and sector by the disc driver.
Field 3 is added to the file base sector
and checked to be less than or equal
to the top limit. The new sector
address is then converted to track and
sector and used by the driver. Also,
the next available sector for the user is
calculated by addint to the initial
sector the number of sectors involved
in the 1/0 request, and the result is
stored in FIOT (5).

If bit 0 is a 1, the addressing is said to be in track
and sector mode. In this mode, the right byte is a
track address between O and 127. The left byte
(bits 1—7) is a track address between 0 through 63.
In this mode all addresses are absolute disc
addresses, and the system protection features are
entirely circumvented.

8-6.6.6 Disc Files

Disc File allocation is performed by the driver on
the basis of pointers stored in an area of the
resident monitor called the Disc Vector (DVEC).
Cell X'74" of the System Linkage Table points to
the first cell of the Disc Vector. The Disc Vector is
organized as follows:

DVEC+0  First sector of file O
+1 First sector of file 1
+2  First sector of file 2
+3  First sector of file 3
+4  Number of sectors in file O
+5  Number of sectors in file 1
+6  Number of sectors in file 2
+7  Number of sectors in file 3
+8
+9  Various system disc pointers
+10
+11  First sector after system

When a user accesses a sector in a file, the driver
constructs the actual address as follows:
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1. The total number of sectors to be transmitted
is computed and added to the specified
starting sector address.- This result is com-
pared with the size of the file. If it is larger
than the file, the requested operation is not
performed. Instead, if it is a read operation,
end-of-file status (bit 11 of the status
response word) is returned. If it is a write
operation, protected track and error status
(bits 13 and 15) are returned.

. If the referenced address lies within the file,
the actual disc starting address is computed
by adding to the requested sector address the
starting address of the file (from DVEC,
words 0-3) plus the first sector after the
system (DVEC, word 11). Thus, the first
sector of each file is specified relative to the
end of the system. For example, suppose the
starting address of file O were given as 50 and
the size of file O were given as 200 sectors;
then sectors O to 199 would be available to
the user of file 0. Writing in sector 0 would
cause the driver to write in the 50th sector
following the system area of the disc. That is,
if the system ended at actual disc sector 199,
writing in sector O of file 0 would write in
actual disc sector 250, and the file would
extend on the actual disc through sector 399.

Disc file pointers are normally set by the Real-
Time X-RAY executive's :DF directive. Operating
programs may modify the disc file pointers if
necessary. At each new job {whenever NEXT is
listed by X-RAY), they will be reset to the
configuration previously specified using the :DF
directive.

Certain system processors use the disc files, when-
ever the disc is used as intermediate storage:
FORTRAN IV and SYM |l use file 1 as inter-
mediate text storage. SYM [l uses file O as binary
output for assembly and go, and compile and go
operations. When SYM Il exits, it sets the size of
file O to as many sectors of binary text as it has
actually output to the file. This will not be reset by
the system until Real-Time X-RAY resets it at
Next Job time.



Disc file pointers may be reset by any operating
program. However, this should be done cautiously
to avoid interferring with other users. The user
may modify cells 0—7 of the disc vector. Cells
8—11 must not be disturbed.

8-6.6.7 Disc Status Response

At the conclusion of disc 1/0 operation, the status
is stored in word 3 of the FIOT. The bits of this
word have the following meanings:

Bit Set Use
0 Controller or device not ready
1 Device not ready
11 End of logical file
13 Write command issued to a pro-
tected track or sector outside of
logical file.
14 Rate error
15 Rate or CRC error or bit 13

true.

If the status is returned with bit 15 true, an
unrecoverable error has occurred.

8-6.6.8 DMA Magnetic Tape — General

The DMA magnetic tape driver will handie all
magnetic tape operations for the 9-track tape unit,
and for the 7-track unit in the 3 character binary
mode. It will also operate the 7-track tape in the
2-character binary and 2-character alpha modes.
However, it does no formatting of the data buffers
and, if any formatting is required, it must be
performed outside of the I/0 system.

The DMA magnetic tape can perform the following
functions through the driver:

1. Redd a Record — Function Code 9 or B

One record is read from the magnetic tape
unit.
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Write a Record — Function Code Eq16
One record is written on the magnetic tape.

Read a Gapless Tape (Chained 1/0) — Fune-
tion Code 1 ' i

The driver initiates reading of gapless
records. This operation can be performed
only when the DMA record chaining feature
is included in the magnetic tape controller.

Write a Gapless Tape — Function Code 2

The driver initiates writing of gapless
records. This operation can be performed
only when the DMA record-chaining feature
is included in the magnetic tape controller.

Write a File Mark — WEOF Call

A hardware detectable file mark is written
on the tape.

Backspace a Record — BKSP Call

If the previous command was a read, the
tape backspaces one record. |f the previous
command was a write, the tape erases
forward 1/2 inch, then backspaces one
record.

Seek A File Mark — SEOF Call

The tape advances until a file mark is
detected, then halts just past the file mark.

Rewind — REWD Call

The specified tape deck is rewound. This is
an off-line operation for the magnetic tape
controller. Other decks are available for use
while the specified deck is rewinding.

Erase Forward {Write-Skip) — WSKP Call
Three inches of blank tape are written.

8-6.6.9 DMA Magnetic Tape FIOT

The DMA magnetic tape FIOT conforms to the
standard FIOT configuration described in the 1/0
Monitor documentation with the foliowing excep-
tions.



The alpha-binary bit, bit 0 of word 1, is not used
since the tape is not formatted. However, if the
tape unit is a two-speed unit, this bit serves as the
speed select bit. A zero is normal speed, a 1 is low
speed.

The special format bit, bit 0 of word 6, must be a
zero. If it is a one, the requested operation is not
performed.

If the DMA magnetic tape record chaining feature
is used, certain other variations in the FIOT
structure must be observed, as described in para-
graph 8-6.6.11 under DMA Magnetic Tape Record
Chaining Feature,

8-6.6.10 DMA Magnetic Tape Status

The DMA magnetic tape status response word is
stored in word 3 of the FIOT at the conclusion of
each read or write operation. [t is not returned for
special operations. The word has the following
configuration.

Bit Set Use
0 Controller or device not ready
1 Device not ready
2 Beginning of tape
3 End of tape
4 Rewinding
5-9 Not used
10 Magnetic tape continue last
operation
11 End-of-file detected
12 Transferred byte count {0 = even;
1 = odd)
13 Write enabled {write ring in)
14 Rate error
15 Parity, rate or CRC error

if bit 15 is set in this word, an unrecoverable read
or write error has occurred. If an unrecoverable
write error occurs, the user may lay down blank
tape by backspacing, then writ-skipping, and then
re-try the operation.
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9-6.6.11 DMA Magnetic Tape Record Chaining
Feature

The optional record chaining feature permits very
long magnetic tape records to be read or written
with no end-of-record gap following each buffer
transfer. This is normally a multiple buffered
operation. The tape controller generates an inter-
rupt signal as each buffer transfer is completed and
proceeds automatically to the next buffer, At this
time the driver may set up to continue the chain
when that buffer is complete.

The chaining feature is implemented in the driver
whenever the supporting hardware is included in
the system. Separate function codes are used to
request chain operations. Code 1 requests a
chained read. Code 2 requests a chained write
operation. In order for the operation to proceed
automatically, a sequence of linked FIOT's pro-
vides the driver with the necessary information as
to buffer location, word counts, etc. Word 7 of
each FIOT in the chain points the next FIOT. The
chain of FIOT’s may be of any length desired, and
may be (and usually is) circular. If it is circular,
there must be at least two FIOT’s in the circle; i.e.,
a FIOT may not point to itself.

Only the first FIOT in the string must be stuffed
with the unit number and function code. The
driver will copy this information into the other
FI1OT’s in the chain.

The chain operation is initiated by a standard
DOIO call on the first FIOT in the chain. As the
associated buffer for each FIOT is being filled, the
FIOT's busy bit will be true and a STAT call on
the appropriate FIOT may be used to test that bit,
and to detect hardware errors.

In a circular chain, it is possible for the controller
to attempt to initiate a transfer to a buffer
containing data previously transferred but not yet
used. This situation would result in a loss of data;
therefore, a feature has been added to detect this
error. Bit 0 of word 7 of the FIOT is a buffer
protect bit. The driver sets this bit true when a
buffer has been filled and at the same time sets the
busy bit Off. If later, the driver returns to that



FIOT and finds the buffer protect bit still on, it
assumes that it is now filling a buffer with which
the user has not finished. This is called a software
rate error. The chain operation is stopped imme-
idately, the tape is allowed to proceed to end-of-
record, and an error status is returned to the next
FIOT in the chain. The user must set the buffer
protect bit off before a new transfer into the
buffer is initiated. Normally, this is whenever he
has finished processing that buffer. A software rate
error is flagged by the status response found in
word 3 of the FIOT for which the error is
detected. The above sequence is described in terms
of tape read operation; however, the same con-
siderations apply to a write operation.

Chained 1/0 will continue until the pointer word
(7) to the next FIOT contains a zero. For a circular
chain, a write operation will continue indefinitely;
a read operation will continue until an end-of-
record gap is encountered. When this occurs, status
and ending byte address will be returned to the
current FIOT. The byte address represents one
more than the address of the last byte actually
transferred. The appearance of this data in word 4
signals the user that the end-of-record has been
encountered. At all other times, this word contains
zero.

For a write operation with a circular chain, the
operation is stopped by setting word 7 to zero. Of
course, the pointer must be restored before the
next write operation is begun.

If an end-action is desired at the conclusion of the
operation, the address of the end-action routine
must appear in word 6 of each FIOT in the chain;
the last FIOT used supplies the end-action address.

A typical pair of FIOTs to sustain a chained read
operation might appear in assembly text as
follows:

FIOT1 DATA BUF1 Word 0
DATA WCT1 Word 1
DATA X871 Word 2
RES 3
DATA ENDACT Word6
DATA FIOT2 Word 7
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FIOT2 DATA BUF2 Word 0
DATA WCT2 Word 1
RES 4
DATA ENDACT Word6
DATA FIOT1 Word 7

The first three words of each FIOT may also be set
by a call to OPEN. Word 2 of FIOT1 requests a
chain read on logical unit 8. This word is copied
into FIOT2 by the driver.

8-6.7 DIO Magnetic Tape Driver

8-6.7.1 Purpose

The DIO Magnetic Tape Driver provides a method
for the Raytheon 706 [OS user to transfer data
between the DIO Magnetic Tape units and the
computer CPU.

8-6.7.2 Usage

This driver performs the following functions:

Read a record

Write a record

Write an end-of-file
Backspace a record

Seek for end-of-file
Rewind

Write skip (erase forward)

NooabsOoN=

The 1/0 calls available to the 10S user are discussed
in the following paragraphs.

8-6.7.3 OPEN

The first call for any 1/O operation is to subroutine
OPEN. OPEN transiates the arguments to the
proper format and inserts them into the FIOT
table.

OPEN has a fixed length calling sequence as
follows:

OPEN FIOT, BUF, WC, UNIT, OPER, MODE



where:

FIOT is the location of an 8-word array for the
file description table.

BUF is the data buffer address.
WC is the address of the number of words.
UNIT is the logical unit number.

OPER is the type of 1/O operation (OPER =
X'9" for read and X‘E’ for write).

MODE is not used by this driver and should be
zero (0).

8-6.7.4 DOIO — Read or Write a Record

Actual 1/O operations are initiated with calls to
DOI10. DOIO changes the FIOT table as required,
calls a driver to initiate the 1/0 operation and
returns to the user.

The calling sequence is as follows:

DOIO  FIOT, BUF, WC

where:
BUF is the data buffer address.
WC is the address of the number of words.

DOIO has a variable length calling sequence. !f
BUF and WC do not change from the previous call
or have been set by OPEN, they need not be
included. However, if WC is to be changed, BUF
must be included also.

8-6.7.5 STAT — Status

STAT provides the user with a means of waiting
until an 1/O operation is complete. STAT has a
variable length calling sequence as follows:

STAT FIOT, ERR

When STAT is called, it will loop until the FIOT
busy bit is off. If the ERR argument is not
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included, STAT will return to the next cell
following thé STAT call. If argument ERR is in the
calling sequence, STAT will check bit 16 of FIOT
(3). If there was an error, STAT will load the
accumulator with the normal return address and
transfer to the ERR address. If there were no
errors, STAT returns to the next cell following the
ERR argument.

8-6.7.6 STUS — Device Status
The physical status of any /O device may be
interrogated at any time. The call is

STUS  FIOT

The device's physical status response is returned in
the accumulator. The FIOT is not disturbed by this
operation, except to substitute the actual physcial
device number for the logical unit, if this has not
already been done. An 1/O operation in progress
will not be disturbed.

8-6.7.7 WEOF — Write End-of-File
The write end-of-file call is
WEOF FIOT

A hardware detectable file mark is written on the
tape.

8-6.7.8 SEOF — Seek End-of-File
The call is
SEOF FIOT

The tape advances until a file mark is detected. The
tape is positioned in the gap just past the file mark.

8-6.7.9 BKSP — Backspace a Record

The selected tape unit backspaces one record. The
call is:

BKSP  FIOT



8-6.7.10 WKSP — Write Skip

The specified magnetic tape unit erases forward
three inches of tape. The call is:

WSKP  FIOT

8-6.7.11 REWD — Rewind
The call is:

REWD  FIOT

The selected tape drive is rewound. Other tape
units are available for 1/O operations while a tape
drive is rewinding.

Refer to Section 5-4 for a detailed description of
the 10S calls, FIOT configuration and the 10S call
linkage addresses.

NOTE: User must ensure that word 6 of the FIOT
is zero. Information in word 6 does not apply to
this driver. Skip one record forward can be done
by reading with the word count equal to zero.

8-6.7.12 Special Functions

The special functions include continuous writing,
continuous reading and continuous backspacing. If
the same command is issued to the same tape unit
within 1.4 ms following the end of function
interrupt {i.e., write after write, read after read, or
backspace after backspace), the tape does not
come to a stop in the gap, but its motion
continues.

8-6.7.13 Device Status Word

Bit Position Meaning
0 True if controller is busy
1 True if device is busy.
2 True if at BOT (beginning of
tape, load point).
3 True if at EOT (end of tape).
4 True if device is rewinding.
5 Not used.
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Bit Position Meaning

6 True if end of function interrupt
occurred.

7 True if data transfers interrupt
occurred.

8-10 Not used.

11 True if EOF (end of file) was
detected.

12 Not used.

13 True if device is not write
protected.

14 True if rate error occurred.

15 True if parity error, CRC error,

LRC error, or rate error occurred.

8-6.7.14 Data Format

9-Track Data Word

01234567 )| 8910111213 14 15

1st byte 2nd byte

7-Track Data Word

012345]6789 1 11 12131415]

1st char. 2nd char. not used

The user is responsible for data formatting on the
7-track magnetic tape.

8.6.7.15 Error Processing

Input operations are repeated a maximum of five
times, if an error occurs. If the error persists, the
driver returns to the user with the current device
status in word 3 of the FIOT. The tape is
positioned in the gap following the record in error.



8-6.7.16 Method

Initially the driver makes certain that no other 1/0
operation is active before initiating the requested
operation for the selected DIO magnetic tape.
When read, write, and write end-of-file operation
have been initiated, the driver does not relinquish
control unti! the particular operation is complete.

The write skip, write end-of-file, rewind, and
backspace functions are processed by the 1/0
monitor. These functions are just initiated when
control is returned to the user. The device status
should be tested if a device busy condition is to be
determined.

A special subroutine has been written for the 1/0
monitor to handle the seek for end-of-file opera-
tion on the DIO magnetic tape unit. A continuous
read (skip record forward) operation is performed
until an end-of-file mark is detected. Program
control is not returned to the user until the file
mark has been detected.

The driver does not use the priority interrupt
system. No interrupts should occur while a DIO
magnetic tape operation is being performed. Bits 6
and 7 of the device status word sense the end of
operation and the data transfer time.

8-6.7.17 Program Restrictions and Space Used

The 1/0O operation on the DIO magnetic tape unit
cannot occur simultaneously with 1/O operations
of other devices.

The space used is 144 decimal words.

8-6.8 Digital Plotter Driver

8-6.8.1 Purpose

The Digital Plotter Driver provides a method for
the Raytheon 706 10S user to transfer data
between the Calcomp Digital Plotter and the
computer CPU.

8-6.8.2 Usage
Calling Sequence

OPEN FIOT, BUF, WC, UNIT, OPER, M

FIOT Address of the file input/
output tiable as defined in
“XRAY EXEC and System
Programs — BASIC" 1-3

BUF Beginning buffer address of
input buffer

WC Address of number of words

UNIT Logical unit number designa-
ting plotter to be used

OPER Plotter number

M M is ignored and should be

zero.
DOIO FIOT, BUF, WC

FIOT, BUF, WC have the same definitions
as above and are used to change the FIOT
table upon call.

The input buffer consists of data entries each of
which represent one or two plotter commands. The
first plotter command to be transmitted to the
plotter control should be stored in the left byte of
the first entry. An entry has the following format:

0 1j2 3|4 5|6 7|8 9|10 11112 13 (14 15

0 O|PEN|DRUM|CAR |0 O| PEN | DRUM | CAR

Bits 2-3 and 10-11 determine pen position as
follows:

00 no pen (uses the last mode selected)
01 pen down,

10 penup,

11  pen up, increment, pen down
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Bits 4-5 and 12-13 determine drum movement
direction as follows:

00 nodrum,
01  drum down (+Y line segment),
10 drumup {-Y line segment),

11 nodrum.

Bits 6-7 and 14-15 determine carriage movement
direction

00 no carriage
01 carriage left (-X line segment)
10 carriage right (+X line segment)
11 no carriage

8-6.8.3 File Input Output Table (FIOT)

Bit 012345678910 11 12 13 14 15
word 0[g]| BBA

ANW

LUN UNIT

STATUS

WBA

EBA

EAA

PBA

N o oaos N =
=}

B busy bit, indicates driver busy.
BBA beginning buffer address.

address of number of entries in
buffer.

ANW

LUN logical unit number, used by the
/0 monitor to determine drivers
entry location in the PEAT Table.

UNIT physica!l plotter number (1—4)

D job done bit, indicates previous task

initiated through this FIOT was
completed.
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WBA If job done bit is on, WBA will
contain the address from which the
driver will select the next entry.

EBA end buffer address, computed by
driver,

EAA end action address, specified if end
action is desired upon completion.

PBA plotter buffer address, completed
and maintained by driver, address
of next command to be executed.

8-6.8.4 Method

The driver performs data transmission to the
plotter controlier on an interrupt basis. When the
DOIO call is executed, the driver selects the proper
plotter (1—4) then exits to the calling program.

With each interrupt that occurs, the driver loads an
entry and outputs it to the plotter. Then the driver
replaces that entry with a word of zeroes and
increments the buffer pointer. The current buffer
pointer is saved in word 7 of the FIOT. When the
end of the buffer is reached, the buffer pointer is
set to the initial buffer address.

The plotter driver continues to output plotter
commands when interrupted, until a word of
zeroes is loaded from the buffer. When a zero entry
is sensed, plotting is terminated, the current buffer
pointed (word 7 of the FIOT) is stored in word 4
of the FIOT with the sign bit on and the driver
exits.

On subsequent DOIO calls to the plotter driver, the
sign bit of word 4 of the FIOT is checked. If the
sign bit is on, the content of word 4 is used as the
current buffer pointer. Otherwise, the content of
word O of the FIOT (beginning buffer address) is
used. In this manner plotting can be continuous
providing the calling program stores entries into
the buffer as the entries are output by the driver.

If data is to be output from the beginning buffer
address for each DOIQ call, word 4 of the FIOT
must be cleared prior to each DOIO call.



If end action is specified, control will be trans-
ferred to the given end action address upon
completion.

8-6.8.5 Space Used

The space used is 73 decimal words.

8-6.9 Plotter Interface Routine

8-6.9.1 Purpose

This subroutine produces the plotter commands
necessary to plot from the current position of the
pen to a point, or through a series of points,
specified by the calling program.

8-6.9.2 Usage
Calling Sequence

SMB WPLOT1
JSX SPLOT1

DATA  PLNPEN

DATA IXARRAY X direction buffer
DATA IYARRAY Y direction buffer
DATA NUMPTS Number of points

PLNPEN is the address of a word describing the
desired plotter number (1—4) in the left byte and
the pen position, as described below, right oriented
in the right byte.

1 PEN DOWN {solid line)
2 PEN UP {no line)
3 PEN DOWN,
PEN UP (dashed line)
IXARRAY and IYARRAY are the beginning

addresses of the buffers containing the coordinates
through which a plot is to be constructed.
NUMPTS is the address of the number of points
contained in the buffers, The user must maintain a
one-to-one correspondence between coordinates in
IXARRAY and IYARRAY. That is, the point (X4

Y1) is defined by the first entry in IXARRAY and
the first entry in IYARRAY, respectively. These
coordinates must be integer values indicating the
number of machine increments and direction to
move in order to reach the specified point.

8-6.9.3 Method

The algorithm implemented in this subroutine
provides plotting of an approximate line between
two points that is as close as possible to the desired
line. There are two keyalues computed and main-
tained within the subroutine, a ratio and a sum. A
ratio is obtained for each point from the
expression:

Larger Coordinate

RATIO =
Smaller Coordinate

The sum, initially biased by 0.5, is used to select
the appropriate plotter command. For each plotter
command generated the ratio is added to the sum,
the new sum replaces the previous sum and the
overflow condition is tested. If an overflow condi-
tion occurred in attaining the new sum, a diagonal
plotter command is stored in the output buffer. If
no overflow occurred a straight line in the appro-
priate X or Y direction will be used. This proce-
dure continues until number of commands, as
specified by the larger coordinate, have been
produced, at which time the plotter driver is called.

The continuous plotting method s used in order to
keep the plotter as busy as possible. A 100 word
buffer is filled then the dirver is called. The
program monitors the progress of the driver
{cleared buffer positions) and continues to fill this
buffer until the specified number of points have
been plotted.

8-6.9.4 Space Used

The space used is 352 decimal words {including
100 word buffer).
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8-6.10 Adding User Created 1/O Drivers

There are three methods for adding user-created
I/0 drivers to 706 Standard, MTOS, and RTOS
operating systems. The driver interface devices are
not provided for in standard Raytheon software.

8-6.10.1 Method 1

Method 1 requires that the driver be written as an
/O service routine. The starting address of the
routine is stuffed into the proper linkage cell (4N +
1, where N is the interrupt level) after the monitor
has been initialized. Section 5-2.3 of this manual
describes Method 1 in detail. The major require-
ments of Method 1 are:

Requirements Where Accomplished

1. Original device selection User’s main program

2. Enable interrupt level User’s main program

3. Save and restore registers User’s Driver

4. Processing of data after User’s Driver

interrupt.

5. Selection of device for
next operation (if
necessary).

User's Driver

User’s Driver
{Issue INR to proper
interrupt level)

6. Return to main program

Method 1 does not allow the use of SAVE or
RESTORE routines, logical unit numbers, DOIO
calls, or an FIOT table.

8-6.10.2 Method 2

In Method 2 the user must write a driver that
interfaces to the STAK, SAVE, and REST and
DRIVEX routines of the /O monitor (Figure
8-16). Interfacing is accomplished by inserting the
starting address of the driver into the proper place
in the interrupt stack (STAK).

Requirements of Method 2 are:
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Requirements Where Accomplished

1. Original device selection User's main program

2. Enable Interrupt level User’s main program

3. Save registers Done by SAVE

4. Process data after interrupt User'’s Driver

5. Select device for next User’s Driver

operation (if necessary)
6. Restore registers Done by REST

Done by REST or
DRIVEX

7. Return to main program

The location of the interrupt stack is in the
interrupt linkage cell for a given interrupt level, A
sample method of stuffing the interrupt stack with
the starting address of the driver is:

SMB 0
LDX N-+N+N-+N+1
LDW STARTADD
STW * 8

Where: N is the interrupt level to be processed and
STARTADD contains the starting address
of the driver.

When bit 0 of the STARTADD is true, the SAVE
routine disables the interrupt level before trans-
ferring to the user's driver. All interrupt level
stuffing should be done after the monitor is
initialized.

The user’s driver should exit through REST or
DRIVEX. If the driver takes advantage of the
disable interrupt feature of the SAVE routine, the
DRIVEX return should be used, otherwise the
RESTORE routine should be used.

Method 2 does not permit logical unit numbers,
DOIO calls nor FIOT tables, but does allow
interrupt stringing and the optimal priority over-
ride features. of the 1/0 monitor.



706 Memory r- - - - - - —-— - - = T
0
Interrupt Cells | Interrupt STAK - SAVE | -
[}
2 I l User’s
P Dri
F—— = = | river
i REST — DRIVEX rl——
| Lo~ — — — ]
’ Optional
User's
Main I— ———————————— ]
Program 1/0 Monitor
(Must Initiate
1/0)*
*Starting address of user’s driver must be put into
1/0 Monitor the interrupt STAK.

Figure 8-16. Adding User’s Driver — Method 2

8-6.10.3 Method 3

Method 3 (Figure 8-17) is similar to Method 2 in
that the routines SAVE, REST, STAK, and
DRIVEX are used, but additionally the logical unit
reassignment capabilities of the PEAT table and
the generalized /O calls to OPEN, DOIO, and
STAT are permitted. These additional features are
accomplished through the use of M.DDR,
INTENB, and DOIO routines.

In order to write an 1/O driver for Method 3, the
user must write two routines — a Setup routine and
an Interrupt Handling routine.

The requirements of Method 3 are:

Requirement Where Accomplished

. Original device
selection

User's setup routine

. Enable Interrupt
Level

Done by DRIVEX (trans-
ferred to by setup routine)

Done by SAVE

User’s Interrupt Handling
routine

3. Save registers

4, Process data after
interrupt

8.51

Requirement Where Accomplished

. Select device for next
operation

User’s Interrupt Handling
Routine

Done by REST

If last interrupt, done by
M.DDR which exits
through REST

6. Restore registers

7. Return to main
program

When a user calls DOIO, the DOIO routine
transfers to the user’s setup routine with the
following information:

1. Cell M.DF will contain the address of the
user’'s FIOT table (bit O of M.DF will be on
if it was a special format call).

2. Buffer address located in word O of the
FIOT.

3. Word count address located in word 1 of the
FIOT.

4,

Bit O of the word O of the FIOT setto 1 to
indicate FIOT busy. :



706 Memory

Interrupt Cells

User’s End-Action
{1f Needed)

,4@

__If End Action

User’s
Main
Program

Specified

PEAT Table

1/0 Monitor

| *x
Interrupt STAK SAVE _L
' User’s
Interrupt
| Handling
| Routine
REST All Interrupts
Except Last ]
No |
End Action Function
| Complete
M.DDR - i
l
|
I
' .
I
DOIO
User's
| Setup
| Routine
DRIVEX - }
—_— e e e e ....I Initiates 1/0

1/0 Monitor

(M.DF Points to
FI10T)

*Starting address of User’s Setup routine must be placed in PEAT Table.

#*Starting address of User's Interrupt Handling routine must be placed in
interrupt STAK.

Figure 8-17. Adding User’s Driver — Method 3
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5. The accumulator and M.DC both contain
the first of the two words for the unit in the
PEAT table. (LUN & FC)

6. Word 2 of the FIOT will contain the
function code in bits 12—15.

The setup routine should do the following:

1. Call INTENB to determine if initiation of
1/0 is allowed at. this time (if it is not,
INTENB will stuff O0OFF1g into the status
word of the user’s FIOT and return to setup

without returning to the user’'s Interrupt
Handling routine.

Do whatever setup and housekeeping the
user wishes.

Issue the DIN’s and/or DOT's necessary to
get the device into operation.

If the device is to operate off of interrupts,
the setup routine should exit to DRIVEX
which will enable the interrupt and return
to the user.

5. If no interrupts are to be used, all processing
should be done within the setup routine.

After the entire operation that was requested by
the call to DOIO is completed, the setup routine
should turn off the busy bit in the FIOT and
return to the main program by picking up M.DR
{not to be confused with M.DDR):

