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Chapter 1.

‘Introdnction to SAGE

The Meaning of SAGE

The word SAGE is an abbreviation of "Semi-Automatic Ground
Enviromment”. The system on which we are working has been given
this designation because the AN/FSQ=7 computer enables the func-
tions relating to air defense which are carried out on the ground
(observation of radar scopes, correlation of tracks, etc.) to be
performed in a semi-automatic fashion.  Men are still néeded to
make most of the decisions, but the computer does the routine
calculations. '

‘Mission of the Air Defense Command

This is a major command of the U. S. Air Force, and has the
responsibility of destroying the enemy during an air attack,
Generally speaking, there are four steps involved in alr defense:
(1) Detection - The first step is the detection of all aircraft

"with the area to be protected. The air defense can be no better-

than the detection system used.
Some of the toois for detection are:

a) Long range radar (ILRI) antennas sweep large areas with
their beams and transmit to radar display scopes all objects
in the covered area; gap filler radar (GFI) antennas cover

a much smaller area and fill in the gaps in the air picture
not covered by the ILRI‘s. Height finder radar sets obtain
information regarding the altitude of aircraft, to supplement
the information given by ILRI's and GFI's.

b) Picket ships, bearing powerful radar antennas and trans-
mitters; matrol the waters off the U. S. and are able to
detect planes far away from the country, thus extending the
range of land based radars. Ailrborne Early Warning (AEW)
planes fly many miles off the shores of the country and
supplement the early-warning protection offered by picket
ships. : ,

c¢) The Ground Observer Cofps (coc), composed of civilian
volunteers who man observation posts scattered throughout
the country; supplies vital information on low flying air-
craft. :
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d) Texas Towers, which are metal platforms erected on the
shallow continental shelf off the coast of the U. S., contain
radar equipment, and are another link in the early detection
and warning of aircraft which are still far away “from the
country. . .

(2) Identification - The second step in air defense is the
identification, as friendly or hostile, of aircraft which have
been detected in the area to be defended. Most civilian and all
military plenes are required to file, with a central agency, the
plans of their flight, stating the time and place of take-off and

landing, together‘with the course which will be flown and other
pertinent information. When a plane is detected by radar, GOC or
some other means, the course of that plane is immediately tele-
phoned or telegraphed into a central plotting center which compares
the observed course of the plane with the flight plans for that
area.

If there is a flight plan corresponding to the plane's course,
it is assumed that the plane is the friendly aircraft vhich filed
the flight plan. If the course of the plane does not, however,
compare with any flight then other means of identification must be

‘used. If an airplane cannot be identified through these or other

means, then it becomes necessary for ADU interceptors to be sent
to intercept the plane and identlfy it.

(3) 1Interception and (4) Destruction - When a plane has been
identified as hostile, it becomes necessary to intercept and
destroy it in order to protect the United States. This is the
end purpose.of the Air Defense Project.

Advantages of Computer for the SAGE Air Defense Project

The SAGE Air Defense Project may easily be likened to a human
organism. Radar, GOC, AEW planes, picket ships, etc., are the

eyes and ears, or sensing mechanisms, for the project. The computer
is the "brain", in that it receives messages from these sensing
mechanisms and "remembers" and associates the many varied messages
which it receives. The computer, however, makes no decisions about
vhat should be done. These are left to Air Force officers who, at
the various display consoles, are shown the air situation picture
which the computer has made up, and who then decide on the actions
to be taken by pushing buttons or via other means. ’

The "hands" or means for action of the SAGE project are the
interceptors, anti-aircraft batteries, missiles, etc., which
according to directions given by the computer and by Air Force
officers, actually do the work of destroying enemy attackers.

|
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1.4 The Combat Direction Center

1.5

Air Defense Combat Direction Centers have the job of complllng and .
processing the air movements information W1th1n a given area; of
displaying to the various consoles pictures depicting aspects of
the air picture (e.g., one display might show the tracks of all
known friendly planes whereas another display might show the tracks
of all planes which haven't yet been identified); and of supplying
information to air defense weapons (e.g., interceptors, missiles)
on the basis of information supplied to the computer from picket
ships, GOC, AEW planes; weather stations; etc., and the decision
of Air Force officers.

Direction Centers are equipped with the AN/FSQ-7 computer.

The AN/FSQ-7 & 8 Computers

These computers are large storage, single address, random access,
parallel operations; binary, general purpose, duplex (with the
exception of XD-1), digital computers.

Some of the components are:

(1) Core Memory - This consists of tiny ferrite (iron) cores
which can be magnetized in elther of two planes, thus representing
either a binary "0" or a "1". It has a basic access time of six
millionths of a second. The great advantage of core memory is its
rapid access time together with the fact that there is rsndom access,
i.e., you can immediately recall the information from any gpecified
register in core memory without having to start at the first
register and going through each one in turn until the correct
register is reached.

(2)" Drum System - The computer has twelve drums, eleven of
these contain six drum fields; one, the RD drum, contains nine
drum fields. Each field is capable of storing 2048 bit binary
words. The average access time for the drum is ten thousandths
of a second. Unlike core memory, there is no random access for
the drums; i.e.; the drums are constantly revolving, in order to
read or write onto any register on a drum field it is necessary
for the computer to read the address of each register and wait
unitil the correct register comes under the read or write head.
Although drums do not have as rapid an access time as does core

memory, their advantage is in the fact that they can store a great

deal more information than can core Wemory .

(3) Tapes - At present there are six tape drives being used
in conjunction with each computer. Although the access time for
tapes-is slower than that for core memory or drums, one tape reel
can store more information than can all of the drums and core
memory together. However, tapes will mot be used in actual Direc-
tion Center operation. They will only be used while the programs
are being checked out, and, afterwards, to store copies of the DCA
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program systeﬁs on in case some fallure causes the programs to be
- lost from the drums, thus requiring that they be started over from
tapes.

(h) Display System - This system received information from
the drums, generates displays from the binary information which was

prepared by the -Central Computer System and then sends the diap&ays e

to the various consoles. Situation displays cover air movement.-
1nformation and may be compared to plotting boards in manual air
defense centers.. Digital dieplays contain statistical type informa-
tions; . rather than representations of air pictures.

(5) 1Input System - Inputs to the computer come from several
sources: Long Range Radars, Gap Filler Radars; Mark X IFF
(Identiflcatlon Friendwor-Foe), cerosstell messages from other .
Combat Direction Centers; backtell messages from Combat Control
Centers; weather 'stations, AEW planes, GOC, ete., ‘reports ‘entered
manually via IBM-type cards; light gun actions, area dlscriminators,
manual input console switches.

) (6) oOutput System - The main outputs, once the computer has
received, sorted and computed the inputs; are the making up of
situation and digital displays for Air Force officers, and, finally,
the making up of messages directing the defensive actions to be o
taken against hostlle aircraft. )

(7) Central Computer System - This system performs all of the
computations involved in the air defense problem It consists of
the following elements ' C

a. Core memory - provides a very rapid random access
storage medium;

b, Arithmetic element - receives data from core memory,
performs necessary calculations on this data, and

- returns the information to core memory;:

c. Instruction control element - directs the step«by»
step operations of the arithmetic element;.the
instruction control element receives and interprets
the program instructions and sends to the arithmetic
element a series of electrical impulses necessary to
perform the given program instruction; ‘

d. Program element - controls transfers of information
between different elements of the central computer;

"transfers instructions from core memory to the
instruction control element;

e. Selection control element ~ selects, and, if necessary,
operates, mechanical units involved in IO transfers;
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f. Maintenance control unit - used in tésting the"
central computer system, in loading programs into
core memory and in determining whether thé central -
computer is responding correctly to errors and alarm

conditions;

g. External IO units - techm.cally included in the

‘ central computer system are the card reader, card
punch; line printer and magnetic tape units.

(8) Warning Light System - the purpose of this system is
to notify Air Force officers and technicians at the display console,
via neon indicators and/or audible alarms, s of air defense situa-
tions which require the immediate attention or action; the system ‘
is controlled by the Central Computer System.

The Direction Center Active {(DCA) Program

The purpeose of the DCA system is to perform all the computational -
- functions involved in air defense. There are, altogether about

. eighty DCA programs involving some 90,000 ingtructions. Radar
and other sources supply information on the air picture (pla.nes,
‘clouds;, storms, etc.,) to the computer. The computer, directed
by the DCA programs, masks out such things as clouds or storms,
determines which detected objects are actually airplanes, and
then calculates the speed and heading of these planes. It then
displays these planes symbolically on cathode ray display scopes
using special symbols to represent the planes. Speed; heading
and other information are also displayed. Air Force officers who
man the scopes at the consoles can request, via switches, the '
computer to perform many other computations so that they may make
decisions as to whether & plsne is hostile, and if it is, what
weapons to use to destroy it. The computer will then compute the
course to be used by interceptors and will also compute the

. return-to-base course to be followed by the interceptors.

All these functions of marking out clouds and storms, tracking
planes, determining speed and heading, making up displays, calculat=
ing attack and return-to-base courses for interceptors, plus many
others, are all performed by the computer at the direction of the
DCA air defense program. For a brief description of each DCA
program; see document 6M-LL469.

~1.6,1 DCA Program Classes

The DCA programs are divided into three "classes" accord-
ing to how often they will be operated in a computer
"frame", which is the basic computer program cycle. During
a single frame nearly all of the DCA programs will be
operated. This means that Jjust about all of the air defense
functions - masking out clouds and storms, calculating
tracks, making up displays,  computing courses for inter-
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ceptors, ete, - will be repeated during each frame.

‘The frame, in turn, is divided into three subframes,
in terms of time. Most important of the DCA programs, as
for example the tracking programs, will be operated once’
every subframe. These ’programs, which are in the "A"
class, will thus operate three times per frame. Programs
which operate only once per frame are in the "B" class.
Other programs are operated once every two or more frames,
and are called "C" class.

Chapter 2 ~- Introduction to XD-1
2.1 General

AN/FSQ-7 (XD-1) Combat Direction Centrals are essentially complete
data~-processing machines designed to handle large amounts of
military tactical data associated with a number of aircraft
detection and search devices. Because of operational considerations
the Combat Direction Centrals (CDC's) are divided into six separate
systems, each of which has its own special functions to per:fom.
‘These systems as shown in- flgure 2=1 are:

a. Input System

b. Drum System, .

-¢.- Central Computer System

d. Output System

e. Display System

f. Power Supply and Marginal Checking System

The function of the Input System is to control the flow of
information to the Drum System from radar sites and other CDC's.
The Drum System is a medium-speed, medium-capacity storage device.
It stores slowly recurring intermittent data from the Input System
and transfers these data to the Central Computer System. It is
the responsibility of the Central Computer System to correlate
and process these data and to store the results back in the Drum
System. In addition, the Drum System provides storage space, in
the form of the auxiliary memory fields, to supplement the storage
capacity iﬁtegrated with the Central Computer System. Data which
have been processed by the Central Computer System and stored on
the drums are further distributed to the Output and Display
Systems. The Output System controls the flow of these processed
data to the radar and weapons sites, while the Display System
presents these data in visual form to human observers for. Ainter- -
pretation and control. The Power Supply a.nd Marginal Checking

" System provides the a-c and d-c voltages needed for electronic
opera.tion and also provides the voltages needed for the. marginal
checking of CDC's. -
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Output
System
Drum
Systenm
A
Input
System
Central o
Computer
System
Power Supply
and Marginal i 5 All Systems
Checking System ! :
FIGURE 2-1.

Combat Directional Central, Simplified Block Diagram
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As shown in figure 2-1, ihe Central Computer Sysﬁem occupieé

‘'a central position relative to the flow of data within the CDC.

Thus, the Central Computer System receives tactical information
from the Input System vie the Drum System, processes it, and.
transmits it to the Qutput and Display System via the Drum System.
In addition to the transfers between the Central Computer System
and the Drum System, information may also be transferred between
the Central Computer System and various input-output (I0) units.

The I0 units consist of auxiliary storage devices which are capable
of storing data received from, or transferring data into the Central
Computer System.

Function

The Central Computer System operates internally in the binary
number system and is controlled by means of a stored program. The
Central Computer System (CCS), incorporates an internal memory
device capable of storing binary numbers and providing rapid
access to any one of these numbers. This memory device is termed
magnetic core memory, or more briefly, core meuwory, and stores all
the information which the CCS must use during the execution of its’
computations.

Information stored in the core memory of the CCS is of two
types, instructions and numerical data. An instruction is an
order to the CCS which causes it to execute a specific operation
such as addition, subtraction, multiplication, etc. The numerical
data are the binary numbers representing tactical information and
are stored in core memory from the Drum System. Before any
processing of this numerical data may be accomplished the CCS must
be supplied with a series of instructions describing the exact
processing procedure that is to take place. Such a series of
instructions is termed & program. It is the function of the CCS
to subject the tactical numerical data to processing operations
in accordance with the series of instructions, or program, which
is stored in core memory. The results of these processing or

© computational operations are stored back in core memory after the

operations are completed and are ultimately transferred to the Drum,
Output, and Display Systems, as determined by the program.

Description

The CCS is functionally divided into six sections or logical
elements. Five of these are used for control and calculation,
while the sixth is utilized for CCS maintenance and testing.
These six elements are:

&. Arithmetic element
b. Instruction control element
¢. Maintenance control element
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d. Memory element
e. Core memory element
f. Selectlion and 10 control element
These elements are illustrated in figure 2-2.
Arithmetic < Maintenance
Element I Control Element
I - T
!
Program | Core H Selection & IO 10 units
Element [~ Memory Element |!!| Control Element [ ~>Drum
— —7 I 7S ) Input
| Output
Systems

Instruction &J
- - == Control Element [

!
! I
|
|

— o —-—— ——

FIGURE 2-2.

Central Computer System, Simplified Block Diagram

The instruction control, program, and selectionand I0 elements
act in conjunction with each other to control and co-ordinate the
operation of the CCS and associated systems in the execution of
the program. This function of co-ordination, or control, may be
differentiated into internal control and external control.

Internal control refers to the control of operations and calcula-
tions taking place within the CCS's, while external control refers
to the control of operations in other associated systems. External
control deals principally with the co-ordination of the CCS and the
Drum System and IO units so as to effect the transfer of informa-

tion between them,



T™-15#1  Page 10.

The arithmetic element provides those circuits necessay
for the execution of the arithmetic computations of the CCS
program, while the memory element stores the data involved in
these computations and also the program itself. The flow of
information associated with these calculations is quite straight-
forward, in that numerical data are transferred out of the memory
- element to the arithmetic element; where they are subjected to
. operations of & gtrictly mathematical nature. After the computa-
tions are complete;, the resultant numerical data may be transferred
from the arithmetic element back into the memory element, where
it is stored for future reference. Thus, it may be seen that the
computational operation of the CCS is one of continucusly circulat-
ing data between the memory and arithmetic elements. o

The flow of numerical information &nd the mathematical
operations to which this information is subjected are sequenced
and controlled by the instruction control and program elements.

- These elements provide the circults necessary for internsal control
of the CCS. During the execution of the CCS program, the instruc-
tions of which it is composed are transferred one at a time to
the instruction control and program elements. The former element
causes the CCS'to execute the operations dictated by each instruc-
tion as it is received; the latter controls the memory element so
as to obtain any additional information required by ah.instruction,
and also sequences the transfer of each consecutive instruction
out of core memory.

If information is to be transferred between the CCS and the
' other systems of AN/FSQ-7 (XD-1) CDC, the transfer is directed

by the program. It is the function of the seleection and IO

control and program elements to co-ordinate and effect this informa-
tional transfer; i.e., to perform the external control function.

It should be noted that the program element contains circuits
agssociated with both the internal control functions of the
instruction control element and the extermal control functions of
the selection and IO control element. The process of transferring
information into or out of the memory element from or to input-
output devices is called an input-output (IO) operation. This
operation is initiated and co-ordinated, under the control of the
CCS program; by the selection and IO control element. The program
element contains those circuits which are utilized to provide
transfer paths into or out of the CCS, and it also dictates the
originating point or designation in the memory element of the
information involved in the IO operation. The maintenance control
element provides controls for use by CCS personnel to start, shut
down; and service the CCS.
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2.4 Digital Words

All information held in the CCS for control and computation

is in binary coded form. This information is handled in groups
of 16 or 32 binary digits (bits), such groups being termed binary
words. Binary coded numbers as well as instructions and other
non-numerical information are usually termed words. The number
of bits composing a word is called the word length. The unit of

information in the CCS is a 32-bit word composed of two half-
words having 16 bits each. These two half-words are distinguished
from each other by the terms, right half-word (RHW) and left half-
word (LHW). The symbolic layout of a full 32-bit Central Computer
System word is shown in table 1.

TABLE 1. COMPOSITION OF A WORD

Left ﬁalf-word Right Half-word .
S123% 567891011121311+ls 51231+ 56789101112131hls

It can be seen that a 16-=bit half-word consists of 15 bits
numbered from 1 through 15 plus an S bit which is called the sign
bit of the word. The S bit has significance only if the half-word
contains numerical information. By definition, if the S bit is O,
the number contained in bits 1 through 15 is positive and in true
binary from; if the 8 bit is 1, the number is negative and is in
1's complement form. When referring to a single bit in a 32-bit
word, a special notation is employed. For instance, I8 refers to
the 8 bit of the left half-word, and Rlh refers to the 1k bit of
the right half-word.

2.4.1 Instruction Words

An instruction word is a full 32-bit word containing
a binary coded command to the Central Computer System which
when decoded and acted upon, will cause the CCS to execute
a designated operation. Because of their special importance,
the left and right half-words of a full instruction werd
have been assigned distinctive names. The left half-word
is termed the operation portion and the right half-word is
termed the address portion. These names are derived from
the names of the registers in the CCS in which the left
and right half-words are stored while the instruction is
being executed.




. TM-15 #1 Page 12.

The operation portion, or left-hand portion of the
instruction word, contains a binary coded instruction or
command to the CCS describing the operation it is to
perform. The S bit is meaningless in the operation portion
and bits 1 through 15 may be broken down into groups having
their own operaticnal significance. The manner in which the
operational poxtion bits are grouped and the names assigned
to these groups is shown in table 2.

TABLE 2., BIT DESCRIPTION OF ¥£EﬂfBALF¥WORD

Bit 1S 11 12 13 ©F 15 16 17 18 10 110 11l 112 113 11} 115

Desig- Index Class Variation
nation Indicator Operation Code Index Intervel

Bits L1 through L3 are termed the index indicator
since they are used to specify one of three index registers.
The utilization of an index register; under the control of
bits Il through L3, is called indexing, and provides a
means . of altering or cycling the Central Computer System
program. There are 59 instructions associated with
AN/FSQ-7 (XD-1) Combat Direction Centrals. These 59
instructions are grouped into eight classes.

Bits I4 through 16 indicate the class withing which a

specified instruction is contained. Within a given class;
there may be as many as nine distinct instructions. Bits
L7 through L10 are used to specify the partlcular instruc=
tion, called the variation, involved in the class determined
by bits Lk through L6. The combination of bits Lb through-
110 is termed the operation code of an inmstruction and
completely specifies the instruction by the class and
variation. The separate instructions within & class are
determined by the variation of the class; the combination
of class and variation bits serves to completely identify
an instruction. Bits L10 through Ll5 are termed the index
interval and are used to provide additional information
required by particular instructions. The representation

of the index .interval varies with the instruction specified
by bits L4 through L10. It should be noted that bit L10O

is utilized in both the operation code and the index
interval. However, this causes no ambiguity since, by
design; the instructions which use the index interval do
not require bit 110 for their identification. Thus, when
the index interval is utilized, the appropriate instruction.
is completely specified by only six bits of . the operation-
code instead of the usual. seven.
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The address portion; or right-hand portion of an
instruction word, denotes the location in the memory element
or other storage elements of the CCS from which additional
information pertinent to the instruction specified by the
operation portion may be obtained. This additional infeorma-
tion usually takes the form of operands required to execute
an instruction specifying & mathematical operation. For
example, if the machine is to add, an addend must be
obtained. It is the purpose of the address portion to

specify the location in the memory element vhere these
operands may be found.

TABLE 3. BIT DESIGNATION OF RIGHT HALF-WORD

Bit RS RL R2 R3 RE R5 R6 R/ RB RO RIO RIl RIZ RI3 RIF RI5

Desig- = Memory
nation Unit Address
Selector

Additional words may be stored in the Drum System.
The Drum System of AN/FSQ-7 (XD-1) Comba+t Direction Centrals
is divided into 39 sections, called fields. Each field
provides 2048 storage locations, any one of which may be
specified by a number from decimal O through 2047. It is
the purpose of the address portion of the instruction word
to designate the location of a word in the CCS memory -
element or on & particular field of the Drum System. In
the case where Drum System words are designated, the index
interval bits of the operation portion specify on which
field of the drum the word may be found and the address.
portion specifies the exact location of the word on the
field. The layout of the address perbion bits are shown
in teble 3.

Since the address portion does not contain information
of a numerical nature, the S bit is meaningless. Bits Rl
through R3 are called the memory unit selector, since they
specify the core memory unit in which the desired word may
be found. Bits R4 through R15 designate the address, since
they spcify the exact location in the core memory unit

- where the desired word is stored.
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2,5 XD-1 Instructions

-

The abbreviations used in the following descriptions of
XD=1 instructions are:

L = left I-0 = input-output

R = right ' Prog. = program
 Acc = accumulator(s) Adr = address
€l = clock Wa = word

Reg. = register(s) Ctr = counter

‘selected memory register

P = microseconds

Ix = index n = number of words, or number of
steps
Itlk = interlock ‘K = interleave factor

The expression, "augménted right half-word"” is used to
degignate the.17-bit expression formed of the contents of bit

- positions LS, RS-R15.

The “"Instruction action” is a brief statement of what
happens vwhen the instruction is executed, and of the final contents

. of the following registers, if they are altered by the instruction:

Register X (the selected Program Counter
memory register) :

Accumulators Index Registers

B Registers In-Out Word Counter

Right A Register In-Out Address Counter
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OPERATIONS LISTED BY OCTAL OPERATION CODE AND CLASS

Octal .. - | . Octal
e R Operation - © Operation - -y
Cla.ss Abbrevie.’cion Code- - Page Class A'b'breviation Code Pe.ge o

Miscella.neous- . HLT 000 o Store:. -~ FST 32k
. Em oos - | LST 330

PR O~ - | - " Rsr. 33

i CSW 020 <] :;':“ . sTA 340

. &IR o2y - Vo AOR 3Lk

. LDB -~ 030 ' . ECE 350

o o . | mEP 360

coM - oy Shift: o DSL koo .

CMR  Ok2 o DSR Lok

CDR o3 S ASL 420

. CML ok © AsR b2k

CDL 045 S LsR 4o

. CMF 046 ' : ©  RSR 4k

COF O o ' DCL 460

. TOB 050 FCL 470

N . ~ TTB 054 . | Branch . .BPX 51~
. Add: o CAD 100 | " BSN 5e-
. ADD 10k . . mz sk
TAD 110 o . BFM . 5kk
ADB 11k | ... . BIM 550
csU | 130 : ' BRM 554
SUB 134 In-Out: T LDe 600
TSU 140 SDR 61~
‘CAM 160 _ SEL, 62-
DIM 16k E RDS 670

. CAC 170 :  WRT 6Tk
Multiply: ML 250 | Indexing: XIN 75k
 mw 25k B Xac 764
‘vD 260 a0

-

TDV 264 -
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. , ~ ADD, ADB, ADX, ACR

Instruction action: Add the numbers in the left and right'ﬁalves
of regilster x to the numbers in L and R :
Accs respectively, leave the results in

Accs.,
Put +0 into A Regs.
_ Instruction word’ layout: L1-L3: Index reglster selection .
: - L4-110: Operation code (104 octal)
L12: Configuration control '

L13-L15: Overflow control
LS,RS-R15: Memory address

" Execution time (psec): 12

 Neme: 'ADD B REGISTERS TO ACCUMULATOR REGISTERS - - ADB
. “(ADD B REGISTERS) .- v . - o
‘-eInstruction action: . Add the numbers in L and R B Regs to the . )

numbers in L and R Accs respectively; .
leave the results in Accs. SRR
Put +0 into A Regs. ' ;

* Instruction word layout: . Li-110: Operation code (11l octal)

Ll2: Conflguration control
R L13-115: Overflow control
Execution time (usec): - 12 '
Neme: ADD INDEX REGISTER | o ADX
Instruction action: Add the numerical contents-(ignoring\sign)

of the specified Ix Reg to the augmented
_Tight half of the instruction word; leave
the 17-bit result in R A Reg.

Overflow is possible but it does not affect
over{low alarm or overflow sense units.

Instruction word layout: Ll1-L3: Index register selection
L4-L10: Operation code (770 octal)
LS,RS-R15: Number

- Execution time (usec): 6

Name: ADD ONE (ADD ONE TO RIGHT) o : AOR

Instruction action: : Add thé octal number 0.00001 to the right
half word in register x; leave the result
in R Acc and in the right half of register
X

If the augmented configuration is selected,
clear L Acc 1-15. '
Put into A Regs the original contents of
Reg x. (Cont.)
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AOR, ASL, ASR, BFM AOR (Continued)
' Instruction ﬁord layout:; ILl1-L3: Index reglster selection - -
L4-110: Operation code (344 octal)
L12; Configuration control

L13~-115: Overflow control
LS,RS-R15: Memory address

Execution time (msec): 18
Namei SHIFT . ACCUMULATORS LEFT (ACCUMULATORS SHIFT LEFT) ASL
Instruction action: Shift the numbers in the L and R Accs

(with the exception of the contents of
the sign bit positions) n places to the
left, the bit positions thus made vacant
being filled with Acc sign bits, and bits
shifted left out of Accs bit position 1
being lost.

Instruction word layout: LU-L10: Operation code Qhéo octal)
R10-R15: Amount of shift (number of places, n)

Execution time (usec): 3.5 +_g (minimm is 6.0)

Neme: SHIFT ACCUMULATORS RIGHT ( ACCUMULATORS SHIFT RIGHT) ASR

Instruction action: Shift the numbers in the L and R Accs
(with the exception of the contents of the
sign bit positions) n places to the right,
the bit positions thus made vacant being
filled with Acc sign bits, and bits shifted
right out of Accs bit position 15 being lost.

Instruction word layout: L4-L10: Operation code (42l octal)
R10-R15: Amount of shift (number of places, n)

Execution time (usec): 3.5 +~g (minimum is 6.0)

Name: BRANCH ON MINUS (BRANCH ON FULL MINUS) BFM

Instruction action: If the numbers in Accs are both negative,
put into R A Reg the original contents
of’ the Prog Ctr plus 1, and put into the
Prog Ctr the augmented right half word
-of the instruction.
If the numbers in Accs are not both nega-
tive, put +0 into A Regs. ' .

Instruction word layout: LU-L10: Operation code (Shl octal)
- ' LS,RS-R15: Memory address .

Execution time (nsec): 6
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| _BFZ, BIM, EPX |
Neme: BRANCH ON ZERO (BRANCH ON FULL zmo) L ___BFZL
Instruction action:  If the numbers’ in Accs are both zero (eny

combination of +0 and/or -0), put into"

R A Reg the original .contents of the Prog -

Ctr plus 1, and put into the Prog Ctr

the augmented right half word of the in-

struction. S
If the numbers in Accs are not both zero, v~;fﬁ

put +0 into A Regs. NI

Instruction word layout: L4-L10: ° Operation code (540 octal)
: o LS,RS—?lS: Memory address

Execution time (pséc): 12
Neme: ERANCH ON LEFT MINUS ' BIM -
" Instruction action: < If the number in L Acc is negative; put'intO"

R A Reg the original contents of the Prog.
Ctr plus 1, and put into the Prog Ctr the
augmented right half word of the instruc-
tion. S
If the number in I Acc is positive, put +0
into:A Regs.

Instruction word layout: L4-L10: Operation code (550 octal)
’ LS;RS-R15: Memory address

W7

Execution time (pséc): 6
Neme: BRANCH AND INDEX (EBRANCH ON POSITIVE INDEX) BPX
Instruction action: If the contents of the spedified Ix Reg (1,

2, b, or 5) are positive, put into R A
Reg the original contents of the Prog

Ctr plus 1, and put into the Prog Ctr

the augmented right half word of the in-:
struction; subtract the positive number
(termed the "index interval") given by
the contents of bit positions L10-Ll5 of
the instruction word from the contents

of the specified Ix Reg; if the result of
this subtraction is positive, put the
result in the specified Ix Reg, otherwise
‘set the Ix Reg to its special representa-
tion of -0,

If the contents of the specified Ix Reg are

- negative, put +0O into A Regs.

If Ix Reg O or 3 is specified, put in R A
Reg the original contents of the Prog Ctr
plus 1, and put in Prog Ctr the augmented
right half word of the instruction.

If Ix Reg 6 or 7 is specified, put +0 into A Regs.

.(Cont.)
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BPX, BRM, BSN, CAC BPX (Continued)
Instruction word layout: L1-L3: Index reglster selection ‘
: L4-19: Operation code (51 octal)
L10-115: Index interval

LS;RS-R15: Memory address

Execution time (Jisec): 6

BRANCH ON RIGHT MINUS BRM

Name:

Instruction action: If the number in R Acc is negative, put

into R A Reg the original contents -of
the Prog Ctr plus 1, and put. into Prog
Ctr the augmented right half word of
the instruction.

If the number in R Acc is positive; put
+0 into A Regs.

Instruction word layout: IL4-110: Operation code (554 6ctal)

LS;RS~-R15: Memory address

 Execution time (psec): 6

Neme:

SENSE (BRANCH ON SENSE) BSN

‘Instruction action: Sense the unit specified by the sense

code. (See Sense Codes.)

If the branch condition is present, put
into R A Reg the origlnal contents of
the Prog Ctr plusl, and put into the
Prog Ctr the augmented right half word
o’ the instruction.

If the branch condition is not present
in the specified unit, or if a non-
existent unit is specified, put +0 into
A Regs.

Instruction .word.-layout: L4-19: Operation code (52 octa.l)

L10-115: Sense code
LS;RS-R15: Memory address

Execution time (psec): 12

Name :

' CLEAR AND. ADD CLOCK : CAC

Instruction action: Provided that the ‘address part of the

instruction is a test memory address
(377760 thru 377777 octal), replace
the contents of R Acc by the contents
of the Clock Register, and put +0 in L

Acca
(Cont.)



Instruction word layout:

Execution time gpsec):

‘Name: CLEAR AND ADD
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CAC, CAD, CAM, CDE CAC (Continued)

the address part of the instruction word
is not a test memory address, it may
cause a memory. parity.

Put +0 into A Regs.

11-L3: Index register selection
Lh-L10: Operation code (170 octal
IS,RS~R15: Test memory address

' (377,7778 by conventlon)
i2 ,

CAD

Ipstruction action:'

Replace the contents of Accs by the contents
of register x.
Put 40 into A Regs.

Instruction word layout: Ll-L3: Index register selection
R I4-110: Operation code (100 octal
LS,RS=-R15: Memory sddress
Execution time ().xsec): 12
Name:. CLEAR AND ADD MAGNITUDE CAM

Instructlon aetion°

‘Replace the.contents of Accs by the positive
magnitudes of the contents of the right
and left halves of register x.

Put +0 inte A Regs.

Instruction word layout: Ll-L3: Index register selection .
Lh-110: Operation code (160 octal)
IS, RS-RlS Memory address -
Execution time (psec): 12
Name: COMPARE AND DIFFERENCE FULL WORDS ‘ CDF

Instruction action:

Comp re the cont,ents of Aces with the con-
tents of register x; if the words thus
compared are not identical bit-for-bit,
add 1 to Prog Ctr (in order to skip the
next instruction).

Subtract the numbers in the L and R Aces
from the numbers in the left and right
halves of register x, respectively,
leave results in Aces.

Put +0 into A Regs. (Cont'd)
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CDL, CDM : CDF (Continued) .

. CDF,
-instruction word layout: Ll-L3: Index register selection
- - I4-112: © Operation code (047 octal)
L13-L15: Overflow control
LS,RS-R15: Memory address
Execution time (psec) 12
Neme: COMPARE AND DIFFERENCE LEFT HALF WORDS , coL_
Instruction action: ' Compare the contents of L Acc with the left

half word in register ¥; if the half wordsthus -

compared are not identical bit-for-bit, aid
-1 to Prog Ctr (in order to skip the next
instruction).

Subtract the numbers in the L and R Aces from

the number in the left and right halves of
register x, respectively; leave the results
in Accs. ‘
Put +0 into A Regs.
Instruction word leyout: L1-L3: Index register selection
: Lh-112: Operation code (045 oc+al)
L13-115: Overflow comtrol
o LS,RS~R15: Memory address
" Execution time (psec): 12
Neme: COMPARE AND DIFFERENCE MASKED BITS CDM
Instruction action: For each "1" bit in B Regs, compare the -
contents of the correspondlng bit position

of Accs with the contents of the corréspond-

ing

bit position of register x; if not all of

the bit pairs thus compared are identical,

add
inst
B Re
Change

1 to Prog Ctr (in order to-skip the next

ruction); for the special case where the
gs contain +0, do not add to Prog Ctr.
the contents of Accs to the wvalue

obtained by the following steps:

1

2’7

Logical multiply the l's complement of
the contents of Accs by contents of B
Regs.

Logical add the contents of register &

to the 1lfs Lomplement of the contents of
B Regs. ' :

Add, in normal dual arithmetic, the results

of steps 1 and 2 and place results.in

Put 40

Accs. (This, in effect, subtracts the
numbers in Accs, as defined by a mask,
from the corresponding nurbers in register
Xo )

in A Regs. . (Cont. )
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CDM (Continued)

L1-L3:
Lh-L12:
113-L15;
'LS,RS-R15;

Execution time (psec): 12

:Instruction word. layout:

Name: -

COMPARE AND DIFFERENCE RIGHT HALF WORDS

Index reglster selection
Operation code (OLL octal)
Overflow control ‘
Memory address e o

CIR

" Instruction action:

Compare the contents of R Acc with the right
half word in register x; 1f the half words

thus compared are not fdenticeal bit- for-bit,
add 1 to Prog Ctr (in order to skip the next
instruction).

. Subtract the numbers in L and R Accs from the
numbers in the left and right halves of
reglster x, respectively; leave the results

in Acecs.
Put +0 into A Regs.
Instruction word layout: Il-L3: Index register selection
' L4-112: Operation code (Ok3 octal)
L13-L15:  Overflow control-
LS,RS-RL5: Memory address

Execution time (psec)§ 12

_ _ CMF
Compare the contents of Acés with the contents
. of register x; if the words thus compared are,
not identical bit-for-bit, add 1 to Prog
Ctr (in order to skip the n@xi instruction)
Put +0 into A Regs.

COMPARE FULL WORDS
Instruction action:

- ‘Name :

Instruction word lesyout: L1-L3: Index register selaction
o Lh-102: Operation: code (046 octal)
LS5,R5-R15: WMamory address

Execution time (psec): 12

CML

Compars the contents of L Acc with the
left half word in registexr x; if the half
words thus compared are not identical
bit-for-bit. add 1 to Prog Ctr (in order
to skip the next instruction).

Put +J into A Regs.

L1-L3:
Li-L12¢
LS,RS-R1S:

Execution time (psec): 12

'COMPARE LEFT HALF WORDS
Instruction action:

" Name:

Tndex register selection
Operotion code (Ohl octal)
Memory address

Instruction word layout:



T™M=15 #1  Page 23.

CMM) CMR) CsuU

M'Name’:'cowmmsmnwonns ' o o

vihstfuctidn.action;

Instruction word layout:
Execution time (usec):

Neme: COMPARE RIGHT HALF

' For each "1" bit in B Regs, compare the
contents of the corresponding bit position -
of Accs with the contents of the correspond-
ing bit position of register x; if not all
of the bit palrs thus compared are identical,:
add 1 to Prog Ctr (in order to skip the next’
instruction); for the special case where the
B Regs contain 40, do not add to Prog Ctro '

For each "0" bit in'B Regs, place a "l" in the

- corresponding bit positions of A.ccsu ‘ )

Put +0 into A Regs. ‘ |

A

‘L1-L3: Index regiéter'selection
Lh-112: Operation code (OLO octal)
LS,RS~RlS: Memory address

12

WORDS CMR

Tnstruction action:

Instruction word.layout:

Execuﬁion fime’(psec):

Name: - GLEAR AND SUBTRACT -

Compare the contents of R Acc with the right
half word in register x; if the half words
thus compared are not identical bit-for-bit,
add 1 to Prog Ctr (in order to skip the next
instruction).

Put +0 into A Regs.

Ll—LS: Index register se¢ec£10n
Lh-112: Operation code (OL2 octdl)
LS,RS-R15: Memory address
12

C3U

Instruction dctioﬁ:
‘Instruction word. 1ay0ut:

Execution time (psec):

Replace the contents of Accs by the.cqmplemént
of the contents of register x.
Put. +0 into A Regs.

" L1~-L3s Index register selection

Lh-110: Operation code (130 octal) -
LS,R5-R15: Memory address

12
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- |
 CSW, DOL, DEP

Nexme : CLEAR AND SUBTRACT . WORD COUNTER “(COPY WORD COUNTER) CSW '
'Insfrﬁction action.A If the noxmal’ configuration is selected,-

replace the contents of R Acc by the conﬁents S

of the right 16 bits of the I—O Wa Ctr.
(RS-R15). 3 '
If the augmented configuration is selected,

replace the contents of Acc LS end R Acc by

. . the entire contents of the I-O Wd Ctr.

'InstrﬁctiOn word Layout: L4-L110: Operation code (020 octal)

o . L12: Configuration control

Execution time (psec): 6

Neme: CYCLE LEFT (DUAL CYCLE LEFT) - o DCL

Instruction action: = Shift the entire contents of L Acc and L B

' : ‘ Reg and the entire contents of R Acc and =
R B Reg n places to the left; the bits .
being shifted left out 6f the sign bit
position of each Acc being reinserted into -

bit position 15 of the associated B Reg so'
that no bits are lost.

Instruction word layout: Lh-L10: Operation code (460 octal):‘ ,
R10-R15: Amount of shift (number of places, n)

Execution ﬁime (psec): 3 5 + g (minimum is 6.0)
Name [EPOSIT ( SELECTTVE S’I‘ORE) I : DEP
‘Inotrucbion action: For each "L" blt in B Regs, réplace the

contents of the corresponding bit position
of register x by the contents of the corre-
sponding bit position of Accs; then replace
the contents of Accs by the new contents of
register X. '

Put into each bit pos1tion of A Regs the
logical sum of the contents of the corre- .
sponding bit positlons of B Regs and reglster
X, The table of Jogleal sums 1s

O0+0=0"
O+ 1 =1
14+ 0=1 P
_ 1+ 1=1
Instruction word layout: Ll-L3: : Index reglster selection
o ’ - L4-110: Operation code (360 octal)

LS,R5-R15: Memory address
Execution time (usec): 18
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'DIM, DSL, DSR

Name: ‘DIFFERENCE MAGNITUDES (DIFF’ERENCE OF MAGNITUDES) - DIM

Instruction action: Subtract the positive magnitudes of the
' numbers in the left and right halves of
register x from the positive magnitudes
of the numbers in L and R Accs respective-
ly; leave the resulits in A.ccs°
Put +0 into A Regs.
Put the original contents of Accs into B

Regs. )
Instruction word layout: L1-L13 Index register selection
' L4-110: Operation code {164 octal)
L2y« Configuration control

v LS,RS-R15: Memory address
Execution time (jsec): 12

Neme: SHIFT LEFT (DUAL SHIFT LEFT) : DSL

Instruction action: Shift the number in L Acc and L B Reg and
: the nmumber in R Acc and R B Reg (with

-the exception of the contents of the
sign bit positions of the Accs) n places

- to the left, the bit positions thus made
vaxant being filled with Acc sign bits;,
and bits shifted left out of Acc bit
position 1 being lost.

Instruction word layout: L4-110: Operation code (400 octal)
R10-R15: Amount of shift (number of places, n) .

Execution time (usec): 3.5 + —-(mlnimum is 6.0)
Neme: . SHIFT RIGHT (DUAL SHIFT RIGHT) ' DSR
Instruction action: Shift the number in L Acc and L B Reg and

the number in R Acc and R B Reg (with
the exception of the contents of the sign
bit positions of the Accs) n places to
the right, the bit positions thus made
vacant being filled with Acc sign bits,
and the bits. shifted right out of B
Regs bit position 15 being lost.

Instruction word layout: L4-L1O: Operation code (Lok octal)
R10-R15: Amount of shift (mumber of places, n)

Execution time (psec): 3.5 + % (minimum is 6.0)
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DVD, ECH, ETR

__DVD

' Instruction action:

Instruction word layout:

. Execution time (psec)ﬁ

Neme: EXCHANGE

Divide the number in the L Acc and L B.
Reg and the number in the R Acc and R B
Reg by the numbers in the left and right
halves, respectively, of register x; leave
the 16 numerical bits of both quotients
in B Regs, and remainders in Accs; the signs
of the remainders also being the signs of
the respective quotients.

If the quotient digit in R B Reg 15 is'a "1"
put into R A Reg the negative magnitude of
_the number in the right half of register x;
if a "0", the positive magnitude.

L1-L3: Index registet seleCtioh
L1101 Operation code (260 octal)
LS;RS-R15: Memory address
51

ECH

Instruction action:

Instruction word layout:

Execution time (psec):

Exchange the contents of Aces with the
contents of register x.

Put into A Regs the ormglnél contents of

register X.

L1-L3: Index register éelection

- Lh-110: Operation code (350 octal)

LS,RS-R15: Memory address = -
18

Neme: EXTRACT (LOGICAL MULTIPLY) o ETR

_Instruction'éction:

Instruction word layocut:

Execution time (psec):

For each bit position of register x which
containg a binary "0", set to zero the
corresponding bit in the L or R Acc.

Put into A Reg the original contents of
register X.

L1-L3: Index register selection

L-100: Operation code (OO octal)

LS;R8~R15: Memory address
12
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FCL, FST, HLT, LDB, LDC

Name : CYCLE ACCUMULATORS LEFT (FULL CYCLE LEFT) R : FCL

Instruction action: 'Shift the entire contents of L and R Aces
n places to the left; the bits shifted
left out of the sign bit position of each
Acc being reinserted into bit position 15
of the OTHER Acc sO that no bits are lost.

Instruction word layout: L4-L10: Operation code (470 octal)
' " R10-R15: Amount of shift (nmumber of places, n)

Execution time (usec): 3.5 + = (minimm is 6.0)
- 2 9!

Neme: STORE (FULL STORE) - FST

Instruction action: ~ Replace the contenté of register x by the -
- : contents of Accs.

~ Instruction word layout: Ll-L3: ~Index register éelectidn
o L4-110: Operation code (324 octal)
. LS;RS-R15: Memory address o

Execution time (usec): 12

‘ Neme: PROGRAM. STOP (H‘ALT) HLT -

Instruction action: If the I-O Interlock is on, wait until 1t -
is turned off. -
Add 1 to the contents of the Prog Ctr,\
stop the computer

Instruction word layout: LL-L10: Operation code (000 octal)
Execution time (psec): 12 '

*

Neme: LOAD B REGISTERS | ~___1DB

Instruction‘action: Replace the contents of B Regs by the
contents of reglster x.
Instruction word layout: L1-L3: Index register selection
L4-110¢ Operation code (030 octal)
LS;RS~R15: Memory addpess
Execution time (nsec): 12

Neme: LOAD INPUT-OQUTPUT ADDRESS COUNTER (LOAD ADDRESS COUNTER) LDC

Instruction action: If I-0 Interlock is on, walt until it is
o turned off.
Put the augmented right half word of this
instruction (suitably modified if an Ix
Reg is specified) into the I-0 Adr Ctr.

(Cont.)
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1bC, ISR, LST, MUL LDC (Continued)
Instruction word layout: L1-L3: Index register selection.
‘ L4-110: Operation code (600 octal)
1S,RS=-R15: Memory address
Execution time (ysec); 6
Name: LEFT ELEMENT SHIFT RIGHT LSR
Inétruction action: ' Shift the number in L Acc and L B Regs -

(with the exception .of the contents of
the . sign bit position of L Acc) n places.
to the right, the bit positions thus made
vacant being filled with Acc sign bits,
and the. bits shifted right out of L B
Reg bit position 15 being lest.

Instruction word layout: Lh-L10: Operation code (440 octal)
‘ RlO—RlS° Amount of shift (number of places, n)

Execution time.(ysec): 3. 5 +3 (minimum is 6.0)
Neme: LEFT STORE _ ! IST
Instruction action: Replace the left half-word in register X

by the contents of L Acc.
Put into A Regs_the orlginal contents of
, reglster x.u; .

R

Instructien_word’layout:~ L1=L3. Index register selection

L4-110: Operation code (330 octal.
1S,RS=R15: Memory address
Execution time (psec); 18
Name: MULTIPLY : . - : MUL
Instruction action: Multiply the numbers in L and R -Aces by'the

numbers -in the left and right halves, re-.
-spectively, of register x;. leave the.
results in Accs and B Regs.

The final contents of bit position 15 of the
L and R B Regs are identical to the contents
of the sign bit positions of the L ‘and R
Accs respectively.

Put into A Regs the magnitudes of the numbers
in the left and right halves of register x.

Instruction word layout: Ll-L3: Index register selection
' L4-110: Operation. code (250 octal
LS,RS=R15: Memory address

Execution time‘(ﬁsec): 16.5



T™-15 #1  Page 29.

' PER, RDS, RSR

. Neme: OPERATE (PERFORM) , | | » PER

Instruction action: Activate the unit specified by the Operate
' Unit code. (See Operate Unit Codes.) '
.-If the Operate Unit code specifies a non=-
- existent unit, take no action.

- Instruction word layout: ILh-I9: Operation code (Ol octal)
’ o ’ L10-L15: Operate’unit.

Execution time (psec): 12

Neme: READ - - RDS

Instruction action: ' If I-0 Interlock is on, wait until it is
‘ . turned off.

Provided that a sultable in-out unit has
been previously selected, and that it is
ready to operate, initiate the transfer
of ‘the number of words specified by the
augmented right half word of this instruc-
tion (suitably modified if an Ix Reg. is
specified): the words will be transferred
from the currently selected input-output
unit to a block of consecutive registers
in memory starting at the address contained
in the I-O Adr Ctr. *

Turn“on the I-0 Interlock..

Instruction word layout: L1-L3: Indexvregister_selection
TR L4-110: Operation code (670 octal)
' Ll3mL15: Interleave (used with address modes

only.
LS,RS~R15:Length of transfer (number of words)
Execution time (psec): 6
Namé: RIGHT ELEMENT SHIFT RIGHT RSR
_ Instruction actlon - Shift the number in R Acc and R B Reg (with

the exception of the. contents of the sign
bit position of R Acc) n places to the
right, the bit positions thus made vacant
being filled by Acc sign bits, and'the
bits shifted right out of R B Reg bit
position 15 being lost.

Instruction word layout: LL-L10: Operation code (Ll octal)
R10-R15: Amount of shift (number of places, n)

Execution time (psec): ‘305 + g (minimum is 6.0)
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Name: RIGHT STORE

Instruction action:

Iqstruction word layout:

Execution time (pdéc):

Name° SELECT DRUM

Y U R

RST

Replace the right half-word in register x
by the contents of R Acc.

Put into L A-Regs the original contents of .
%a£§ half of register x.and clear the right

L1-1.3 Index register selection
Lh-110: Operation code (334 octal)
Ll2: Configuration control

IS,RS-R15: Memory address

18

" SDR

Instruction actlon

Instruction word liyout:

Hxecution time (psec):

If 1-0 Interlock is on, wait until it is
turned off.

Select the specified drum field for sub-
sequent reading or writing in the speci-"-
fied mode, beginning at drum register x
if in address mode; deselect any previously
selected drum field or in-out unit. (See
Drum Field and Mode Selection Codes).

11-13: Index register selection (used :
with address and identity modes only)
ILh-19: . Operation code (61 octal)
Rl, L10-I15: Drum field and mode
‘R5-R10:
 R11-R15: Identity (used with 1dentity modes
R14-R15: °  only) : |
R5-R15: Drum address (used with address -
' mode only)

12
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SEL2 SLR
Neme: SELECT ' SEL
Instruction action: If I-0 Interlock is on, wait until it is
4 : turned off,

Select for subsequent input-output opera-
tions the specified input-output unit;
deselect any previously selected drum .

: field or in-out unit.  (See Input-Qutput -
' Unit Selection Codes. )

Instruction word layout: Lh-L9D Operation code (62 octal) ¢
: 1L10-1L15: In~out unit code

Execution time (psec): 12

Neme: SHIFT LEFT AND ROUND | | SIR
Instructlon action: . Shift the number in L Acc and L B Reg and

the number in R Acc and R B Reg (with the -
exception of the contents of the sign bit
: positions of the Accs) n places to the
o ' left, the bit positions thus made vacant
i being filled with Acc sign bits, and bits
i shifted left out of Accs bit position 1
o being lost:
Round off the results to 15 numerlcal bits
in each Acc., Roundoff of a p051tive
number is accomplished by adding 1 to the
contents of Acc 15 if the S bit of the
corresponding B Reg contains a 1. Roundoff
of a negative number is accomplished by sub-
tracting 1 from the contents of Acc 15 if :
the S bit of the corresponding ' B Reg contains
a O,
Put +0 into A Regs and B Regs.

Instruction word layout: L4-I10:  Operation code (024 octal)
113-L15: Overflow control
R10-R15: Amount of shift (number of places, n)

Execution time (usec): 5.5 + % (minimum is 6. O)
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| Neme: STORE ADDRESS

. STA, SUB, TAD

. - mM-15 4

| Instruction action:

.~ Instruction word layout:

Execiitidﬁ time (psec):

Neme: SUBTRACT

If the normal configuration 1s selected,

~ replace the right half word in register x

by the contents of the R A Reg RS-R15.

| If the augmented configuration is selected,

replace the contents of LS and RS-R15 of
register x by the contents of R A Reg LS
(Sic.) and RS‘RlSo )

L1-L3: Index register selection

Lh-L10: .  Operation code (340 octal)
‘L2 - Configm'ation control =
LS,RS-R15: Memory address .

18

BB

' 'Instruct‘ion. action:
k ‘\Instruction word layout:

E:Eecut:!.oi; time (psec):

Name: TWIN AND ADD

Subtract the numbers in the left a.nd right o
- halves of reglster x from the mnnbers in ¢
L and R Accs respectively, leave ‘the =~ .
results in Accs. L

_‘ Put. +0 into A Regs.

11-L3: . Index register selection
"L4-L20:
‘112 Configuration. control

Operation code (134 octal) -

113-L15: = Overflow control!. )
LS,RS-R15: Memory address |

12

- Instruction action:

Instruction word layout:

; Execut_:l.orx time (usec):

' Add the number in 'the left half of register -

x to the numbers in the L and R Accs; i
" leave the results in Acce. . -
Put +0 into A Regs.

L1-L3: Index register selection :
L4-110: . Operation code (110 octal).
L12: Configuration control - -
113-115: Overflow control
LS,RS-R15: Memory address . -

 Page 32 i
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 Neme: .TWIN AND DIVIDE

™S Page 33

-TDV, TMU, TOB

" Instruction action:

Instruction word layout

Execution time (psec):

'Name. TWIN AND MULTTPLY

Divide the nudber in the L Acc and L B Reg
end the mumber in the R Acc and R B Reg by
the number in the left half of register x;

. leave the 16 numerical bits of both quotients L

" in B Regs, and remainders in Accs, the signs
of the remainders also being the signs of the
* respective quotients.

If the quotient digit in R B Reg 15 is a "1", .
put into R A Reg the negative magnitude of -
the number in the left half of register x;
if a "0", the positive magnitude.

11-L3: - Index register selection
L4-110: Operation code (264 octal)

, LS,RS-RlS: Memory address

51

T™U

Instruction action:

Instruction word layout: Ll

Multiply the numbers in L and R Accs by the
nunber in the left half of register x; leave :
-the results in Accs and B Regs.

The final contents of bit position 15 of the

L and R B Regs are identical to the contents.
_of the sign bit positions of the L and R
Accs respectively.

Put into R A Reg the magnitude. of the number
in the left half of register Xo

L1-L3: Index register selection
L4-L10: Operation code (254:octal)

- LS,RS-R15: Memory address

Execution time (psec):

Neme: TEST ONE BIT

16.5

TOB

Inetruction action:

Instruction word layout:

Execution time (psec):

Add to Prog Ctr the contents of the designated
bit position of register x; 1if bit thus sensed
is.a "1", the next instruction will be skipped.

L1-L3:: - Index register selection
L4-110: Operation cade (050 octal)
L11-115: Bit position (0 thru 31 decimal)

LS;RS-R15: Memory address



" Neme:. TWIN AND SUBTRACT

. M5 41 Page 3b,

| “ESU, ITB |

Instruction a.ction-‘ '

_.Instruction word layout:

L E"e"’“ﬂbﬁ“fﬁ-ﬁei’-'(ﬁs?c):}l;-

Cc

' -Neane- | TEST ‘I‘WO BI'.T.‘S

Subtract the- n\unber in the left half of
register x fram the numbers in and L and
R Accs; leave the results in Accs.

Put -d-O into A Regs.

L1-L3: Index register selection :
Lh-110:" ° Operation odde (140-octal)

‘L12:. - Configuration control
‘113-L15: ©  Overflow control

LS,RS-R15: Memory address -

o Instruction action-

."'J:f the r:l.gh'l:most it posit:l.on ‘of the designa.ted

pair of bit positions is other than 0 or 16 .

- decimal, add to Prog Ctr.the contents of the
designated pair of bit positions of register
x; if the bit palr thus sensed is binary 01,
10, or 11, then.the next 1, 2 or 3 instruc-
tions respectively will be skipped. . "

- If the rightmost bit position of the d.esignated.'

o Instruction word layout:

Execution time (psec):

_'pair of bit positions is either O of 16
decimal, add to Prog Ctr the contents only. -

- of the single designated bit position of .
register x; if the bit thus sensed is a "l",
the next instruction will be skipped. .

CLA-L3:: Index register selection.

L4-110: Operation code (054 octal)
L11-115:  Rightmost bit position (O thru 31

~ LS,RS-R15: Memory address decimal)
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MBI, XAC
_WRT

‘Instrﬁction action:

Instruction word layout:

' Execution time (psec):

- If I-0 Interlock is on, wait until it is .
turned off.

‘Provided that a suitsble in-out wnit has

been previously selected,; and that it is
ready to ‘operate, initiate the transfer
of the number of words specified by the
augmented right half word of this instruc=-
tion (suitebly modified if an Ix Reg 1is
specified); the words will be transferred

- to the currently selected input-output unit
from a block of consecutive registers in
memory starting at the address contained in
the. I-0 Adr Ctr.

" Turn on the I-0 Interlock.

L1-L3: Index reglster selection

14-110: Operation code (674 octal)

113-115: Interleave (used with address modes
only) _

LS;RS-R15:Length of transfer (number of words)

6

Neme: RESET INDEX REGISTER FROM RIGHT ACCUMULATOR XAC .

Insttuction action'i

‘Instruction word layout:

Execution time (yisec):

If the normal configuration is selected;
replace the numerical contents of the
specified Ix Reg by the contents of the
R Acc¢ and set the Ix Reg sign positive ("0").

If the augmented configuration is selected and

the contents of L Acc S is -'0"-replace the
entire contents of the specified Ix Reg by
the contents of the L Acc S and the R Acc.

If the augmented configuration is selected and
the contents of L Acc S is "L", set the
contents of the specified IX Reg to its
special representation of -0,

The R Acc cannot be used as an Ix Reg with
this instruction.

L1-L3: - Index register selection

L4-110: Operation wode {764 octal)
1i2: Configuration -control
p
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XIN

" Neme:. RESET INDEX REGISTER (RESE‘I‘ INDEX REGISTER FROM- msmucm:on) CXIN

_Imstruction action: - If the contents of LS of the “instruction word
S T 48 "0", replace the entire contents of thé
specified. Index Reglster 'by the contents of
~ the .augmented right half of 'bhe instruc‘bion
Wwoxrd..
If the contents of LS of the instruction word _
is a "1", set the contents of the specified
Ix Reg to its speclal representation of -O.
The R Acc cannot be used. as an Ix Reg with
this instruction.

Instruction word layout: - L1-L3:: Index register selection
| - ‘L4-110: = Operation code (751& octal)
LS »RS-R15: Number

Execution time {psec): . 6
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OPERANDS AND RESULTS TO
AND FROM MEMORY ELEMENT

A,

N T

P LEFT MEMORY BUFFER RIGHET MEMORY BUFFER
- 4 T . . ] T I :
_______ - — - ————====1-}
LEFT A REGISTER L] | RIGHT A REGISTER | |
| L - ; ‘

| B |

LEFT ADDER || RzcHT ADDER |

4 . T N N = )

’ |

LEFT ACCUMUIATOR | RIGHT ACCUMUIATOR j |

|

4| IEFT B REGISTER | L' RIGHT B REGISTER |

T — |

|

| |

LEFT ARITHMETIC ELEMENT RIGHT ARTTHEMETIC ELEMENT |

S | |
-———— —_-— = - - - - — — — -

NOTE :

COMMANDS NOT SHOWN
APPENDIX A

FIGURE 2«-3. ARITHMETIC ELEMENT INFORMATION FLOW
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INTRODUCTION TO THE BINARY AND OCTAL NUMBERING SYSTEMS

I. NUMBERING SYSTEMS

Numbering systems may he classified by the total number of dlfferent symbols -used in counting.

This total number is called the base of the system.
A. Deccimal

The decimal system is a number scheme based on ten different symbols —0, 1, 2, 3, 4, 5, 6,
7, 8, and 9. This system probably was developed because primitive men used their ten fingers
as a means of keeping tally of a number of objects. Many young children still use this method

when first learning to count.

B. Octal

If primitive man had been born with four digits on each hand he might well have counted in the
octal system which has e¢ight symbols — 0, 1, 2, 3, 4, 5, 6, and 7. Some modern computing
machines require information to be fed to them in the octal systerﬁ and in turn give out the re-
gults in the octal system,

Y . Duodecimal -
Another numbering system which has been suggested is the duodecimal system which is based '
on twelve different symbols —0, 1, 2, 3, 4, 5, 6, 7, 8, 9, X and € — the latter two symbols
are named dec and elf. This system allows certain common fractions such as 1/3, 1/4, 2/3,
3/4, 1/6,etc.,to be expressed in a simpler way than in the decimal system. Some mathemat-
ical tables have been tabuldted in this system. '

D. Binary

The nuniber system which is most widely used in digital computing machines is the binary sys-
tem which has only two symbols — 0 and 1. The reason for this is that many devices which are
used in electronic circuits have two different eléctrical states during operation. Thus, a re-
lay or switch may he on or off; a vacuum tube mdy he conducting or nonconducting; a crystal
diode conducts very well in one direction but becomes a high resistance’to current in the .oppo -
site direction. It appears then thal the natural counting scheme for electronic ¢ircuits is the

binary system<
II. - DECIMAL SYSTEM — REVIEW

‘Inasmuch as most people ‘are familiar with the decimal system of counting through everyday
experience, it will be helpful to review,its symbol-structure as an aid to the understanding of

the binary system.
A, Counling

Since the decimal system has-ten symbols {(including 0), one may ‘count up to nine using only one

“symbol at a time. (Table 1, ¢olumn 1))

o Inorder to count past nine, combinations conlaining two symbols each are used. This allows’
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TABLE I
~ DECIMAL NUMBER COMBINATIONS

i 2 3 4 s 6 7
o 10 20 90 100 190 990,
o2 B RN 1+ R 1 - 991, ‘
2 1222 92 02 1927 992
3. 13 3 93 103 " 193 - 993
4 14 24 94 104 194 1994
5. 15 25 95 105 195 995 -
6. 16 26 96 . 106 196 996
7 o7 27 T97 . 107 197 L997
8 i 28 98 108 198 998
919 29 99 . 109 199 999

Page 2.

us to c,ount up-to ninety-nine.
-'il"'is first used in conjunction with all the'symbols (Table I, column 2),

- is used m conJunctlon w1th all the symbols

' . .'bmatlons have been exhausted which occurs at mnety—nme

The combinations are selected in an orderly way. The symbol.

- next the Symbol g
This’ process is contmued -until all possible com- S

"To count further, three symbols

"~ must be used. Proeeedmg in a similar’ fashion, the- symbol "1" is used together with all the

_previously developed two-symbol cor'nbihations

This allows us to go to 199. " Proceeding in

this fashion we discover that all combmatlons of three- symbols are exhausted at nine-hundred

o and mnety,-mne

ngher numbers require combmatlons containing four or more symbols. In

: general 1f one uses combmatlons contammg m decimal
L ]'ABLE- n ] ’ symbols it is posmble to count up to, but not mcludmg, .
) : POWERS OF TEN ' -10m. W1th three decimal symbols (m = 3), 1 3 =-1000,
100 = 1 o ]00 -1 'so the highest number ‘that we can count up to'is 999..
L o In algebraic notation if M represents the highest
10! =10 107! =0.1 S
S S T number, M—lO
;62 2 in n=2 _Aoa
' 10°=100. 10 '“0_.'0] . B.. Powers of Ten
P TR Y. DR 3 7 — B . '
10 .—11,000_ . 10.7=0.001 "The power of a number "N", it may be remembered,
R "-10'4 = ]d’o()o : _ ,70'4 =0.0001 is the number of tlmes "N" is mult1pl1ed together. '
-:r'l05'= IOO 000 . 10 -5 _0 0000] ’ A partxal table of powers of 10 is glven in Table I,
o 6 -5 T where negatlve powers are defmed by 107X = 1/10
: .—l 000, 000 'IO —0 000001 - :
= Slnce the base of the de01mal system is ten ‘all num-=

bers may be expressed as a sum of powers of ten (each power bemg multlplled by an approprlate

number) For example, take the number 1063.401. If we examme each d1g1t we fmd thlS num-
< be¥ may be con51dered thus: L . )
T 0 . 6 3 4 ] . 1
+ 3 ) 2 4 ) ' + R 2 B 3
_ (l><|0)+(0x10)+(6><10)+(3><lo)+(4><10 )+(o><v10 )+ (1 x 1077) - ,
R 4 4 + ‘ I oy N )
=3 1000 0 . 60 0.001

3 ' 04 S 0



Adding these ﬁixxiiiiér_s we get:
' 1000.
000. -
- 60;
3.
0.4
0.00 -
. 0.001
_ . _ . 1063.401
- lIl. BINARY SYSTEM S ' -
~A. Introduction ' '

A bi;iéfy symbol is often cailed a "bit", thus a seven-bit number is a binary iiumber coritaining

seven binary symbols. As mentioned beforé, the binary system uses only two symbols — 0 and
1. With such brevity of éymbolé it is apparent that larger combinations, of symbols will be
necessary to express most numbeérs than if one were using the decimal system which has ten
_différent symbols to use. As a matter of-fact, it will be seen that w1th a combination containing
n binary éyr"nbdis‘ it is possible to count up to, but not including,--zn. in algebraic notation, if

N is the highest number, N = 2" —1. Thus, with three binary symbois (n =_3)'-Z3 = 8, g0 that ~
‘the highest ﬁ_umb'ei' which may be expressed-with three binary symbols is N =8 —1 = 7.

- TABLE i :
RATIO OF BINARY SYMBOLS TO DECIMAL SYMBOLS
. Decimal | -Birary o
Decimal | : Symbols. | Symbols | Ratio . g
Number | Biriary Number |- Used Used | (Binary to Decimal)
1 1) N i ‘
2 10 | 1 2. 2
4 1100 1 '3 kS
8. 000 |1 4 4
10| © 1010 | 2 4 2
16 10000 Y 2 5 2-1/2
.32 |~ 100000 2 6 3
64 © 1000000 | 2 7 3-1/2.
L100 | 110010Q 3 7 2-1/3:
128 *10 000 000 3 8 2-2/3
256 100 000 000 || 3 9 3
512 1000000000 ||. 3 10 3-1/3
1000 | 1111101000 || 4 10 2-1/2
1024 |- 10000000000 | = 4 1 2-3/4
2048 | 100 000 000 000 || 4 12 3
4096 | 1000000000000 | 4 13 3-1/4
8192 | 10 000 000 000 000 4 14 3-1/2
10000 | 10011 100010000 || 5 14 2-4/5
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Compare this with the number 999 obtained with three decimal symbols in Sec.1I-A, Table 111

' tabulates the ratio between the number of symbols required in the binary system to the number
of symbols required in the ‘decimal system. All possible ratios are given for numbers up to
10,000,

It is necessary to aiccustom onegelf to the handlihg of rather bulky binary numbers which may
seem rather small in maghnitude when considered on the decimal gcale. The lack of economy
in gize, however, is more than compensated for by the ease with which these tiumbers are
?rocessed in electronic computer systems

B. Positive Whole Numbers (Birxary)

Pable IV is a partial table of binary numbers, and may be referred to for this discussion _

The one~gymbol combination is exhausted after a count of one.
TABLE IV ~The one- and two~-symbol combinations allow a count to three,

BINARY NUMBERS 0 15 | the three-symbol combination to seven, and the four ~symbol

combination to fifteen. The combinations are arranged in an

o | 8 1000

orderly fashion. As soon as all combinations of say two sym-

! 9 1001 bols are formed, a "1" ig put in the next place to the left and all
10 10 1010 previous combinations are repeated., Note that any nﬁrhber may
3 n 1011 be thought of as having zerog to left of the first place on the left.

100 12 1100

All of the numbers of Table IV may be written as four~symbol

, combinations, by adding an appropriate number of zeros to the

f left of the given number. This changes nothing significant, but
t is a convenience in most uges. It is easier to keep track of
numbers if they are all of the same symbol length. Table V is

a more complete table and uses seven binary places for all numbers,

101 13 1101
110 | 14 1m0
m 15 1

N O dWwN-O

C. Powers of Two

Just as decimal numbers may be written as a sum of powers of ten, a bmary number may be
written as a sum of powers of two. A partial table of powers of two is found in Table VI, In
a whole binéry number, the first bit on ‘the right is the 20 term, the others follow in sequence
from right to 1ef‘t As an example, take the binary number 1 0 L1\11, separating it into its

8, we have the followmg

i 0 o1 0 0 i 1

} S Vo } } } ;
(1% 2% 4 (0 x 2% + (1 x 2% + (0 x 23 470 x 2%) + (1 x 28 + (1 x 29

| } ) } ) } } -
< 64 0 16 0 0 2 1

64

0

16

0

0

2

.

sum 83
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That this number is, in'fact, 83 may be verified by an examination of Table IV.

Conversely, one may obtain the biri‘ary number of a given decimal number by the inverse
process. -The process is to take the decimal number and subtract successively the powers of
two, given in Table VI, starting with the largest number possible and WOEking toWard the smaller
until the remainder is zero. The binary mlr_nber may then be written directly by writing a "1"
Whenever it was possible to subtract a power of two and writing a "0" otherwise. " In order to

* illustrate this method, take the number 873. The' largest number in Table VI which may. be
subtrfact,ed from this number is 29 = 512. The remainder is 361" Subtracting 28 = 256 next we
get 105. This is sméller than 27 which is passed over. The ne').g}' is 26 = 64 which, vyhen sub-

3

t'facted, gives a remainder of 41. Finally, when 25, 2 a'nd 20 éré subtracted there is a re-

mainder of zero.

2? _?,3 o .
B _ass
26 s
TS
RS
20

Remainder 0

The binary number may now be written

(x24I x 28400 x 2T+ (1 x 284 (1 x 2%+ (0 x 2%+ (1 x 2%+ (0 x 28+ (0 x 21+ (1 x 29).
When this is written in a more abbreviated form we have:
1101 101 001 = 873

- The reader may wish to develop his skill in these conversion processes by working out the
following examples.

1) 10 000 001 =129 - ©13) 100 = 01 100 100
2) 10 001 000 = 136 14) 200 = 11 001 000
3) 11111 111 = 255 15) 251 =11 111 011 .
4) "10 101 010 = 170 16) 197 = 11 000 101
5} 11 100 111 = 231 ) 17) 87 =01 010 111
6) 00000011 = 3 . 18) 5 =.00 000 101
7) 00000 110 = 6 19) 10 = 00 001 010
8) 00001 100 = 12 20) 20 =00 010 100
9) .00 011 000 = 24 21} 40 = 00 101 000
10) 00 110 000 = 48 22) 80 =01 010 000
11} 01 100 000 = " 96 23) 160 = 10 100 000
12y 11 000 000 = 192 ' '



TABLE V.

BINARY NUMBERS 0— 127

VO N O W N -0

.10

0 000 000
0 000 001
0 000 010

0 000 011
0 000 100

0 000 101
0 000 110
0000 111
0 001 000
0 001 001

0001010

0001011
0 001 100
0001 101
0001 110
0001 111
0 010 000
0010 001
0010010
0010011

0010 100
0010 101

0010 110

0010 111
- 0011000

0011 0Q1
0011010
0011 011
0011100
0011101
0011110

0011111,

32
33
34
35
36
37
38

-39

40
41
42
43

45

46
47
48
49
50

51

52
53
54
55

57

- 58
59

60
61
62
63

0 100 000
0 100 001
0 100 010

0100011

0 100100
0 100 101

. 0100 110

0100 111
0 101 000
0 101 001
0101 010
0101 011
0 101 100

- 0101 101

0101 110
0101 111
0 110 000
0 110 001
0110010

- 011001

0 110 100
0 110 101
0110 110
0110 1M
0111 000

0111001 °
0111010

0111 0N
0 111 100
0111 101,
0111 110
0.1

64
65
66
67
68
" 69
70
71
72
73
74
75
76
77
78
79
80
81
82
83
84
85
86
87
88
89
90

- 91
92
93
94

95

1 000 000
1 000 001
1000 010
1000 011
1000 100
1 000 101

1000 110°
1000 111

1 001 000
1'001 001
1001010
1001011
i 001 100
1001 101

1001110

1001 111

1010000

1 010 001
1010 010
1010011
1010 100
1010 101

1010110

1010 111
1011 000
1011 001
1011010
1011011
1011 100
1011 101
1011 110
101111

96

97
98
99

100

101

102

103
104
105
106

107
108
109
1o.
m

n2
13
14
115
16

"z
118

.19,
120
a21

122

123

124
125
126

127 -

100 000
100 001

1100 010 -

100.011

100100

100 101
100 110 .
100 111 .
101 000
101 001
101 010
101 011
101 100
101101
101 110
101 111

110 000

110 001
110 010

1oon

110 100
110 101
110 110
110 111
111000 -
111 001
111 010
11 0on
111 100
111 101
111 110

ARRIAR
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nearest millionth place.

|  TABLE VI .
POSITIVE AND NEGATIVE POWERS OF TWO
Positive Powers Negative Powers
20 = 1
2! = 2 27V =1/2 =0.5
22 - 4 272 =1/4 =0.25
23 - 8 273 =1/ =0.125
2t - 16 4 26 =0.062 |5
2 - 32 275 =1/32 =0.031 |25
2 - 64 276 —1/64  =0.015]625
2 = 128 27 =1/128 =0.007 |813
2B = 25 || 278 =1/25 =0.003 {906
27 - 512 27 =1/512 - =0.001 |953
2'0- 1,024 2710 =1 /1024 =0.000 {977 -
2''= 2,048 27121 /2048 =0.000 | 488
22 4,09 2712 21 /4096 =0.000 |244
218 g,192 271318192 =0.000 122
214 16,384 2714 -1/16,384  =0.000 {061
29 - 32,748 2715 21/32,768  =0.000 |03
2'6 = 45,536 2710 = 1/65,536  =0.000 |015
272 31,072 277 Z1 /131,072 =0.000 |008
218 - 262,144 278 _ /262,144 =0.000 |004
2'7 = 524,288 2717 = 1/524,288  =0.000 {002
220 =1 048,576 . 1| 2720 - 11,048,576 =0.000 |001
Note: Decimal values have been rounded off to

the

Page 7.
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D. Fractional Binary Numbers

In the decimal system, it is remembered, fractions are represented by numbers to the right

of the decimal point, the positions being successive powers of ten, 0.1, 0.01, 0.001, etc. (see
. : "t

Sec.II-B).

In the binary s'ystem,- fractions are represented in an analogous manner, by a "1" or "0" to the
right of the binary point, the positions being successive negative powers of two, starting with
27L gl 2-3, etc.. or 1/2, 1/4, 1/8, etc., going from left to right. The binary fraction is

" then found by adding together the numerical values of these negative powers whenever a "1"

3 ’

_occurs in a bit. As an example take the binary fraction 0.11010 and consider each place

separately.
o 1 o 0 1 ¢
: ) + R ) + [ R
sox2raxehrax2d) rox2d)e ax2h o+ 0x27y

4 } 4 } + : +
(00X 1) + (1 X 1/2)+ (1 X 1/4)+(0x 1/8) + (1 X 1/16) + {0 X 1/32)
+ + } : 4 + I

0.0000 + -0.5000 + 0.2500 + 0.0000 + 0.0625. + 0.0000

0.8125

Stated in fractional form we have 1/2+1/4+ 1/16 = 13/16 = 0.8125. The process_fdr- con-
verting a fraction from decimal form to binary form is similar to the one given for ﬁhole num-
bers. The table of negative powers found in Table VI will be found useful. IL.et us convert the
décimal 0.839 to binary form. First, select the largest number in the table of negative powers
which may be subtracted from 0.839. This is ?._l or 0.500. The remainder is 0.339. " Thé next
largest number which may be subtracted is 27% or 0.250, leaving 0.089 as a remainder. After
274 270 277 579 ana 2710

s have been subtracted there is a remainder of 0.000132. Since
the original decimal was given to the nearest one-thousandth place, the 2..—1_0 place is sufficient

.to"'give approximately the same accuracy (0.1 per cent).

0.839

271 00500
o, 0.339
275 _0.250
L4 0.089
2™% _0.0625
o 0.0265
2% _o001s625
_,  0.010875
27" —1.007813
o 0.003062
277 ~0.001953
.10 0.001109
2719 0 000977

0.0001 3 2 (remainder)



G ‘Addmg these together we have

=700

0% 2% ¥ (' '_2 hd (1 x 273 ) 3 {0 x .22‘3)‘+*(i x 2 k(0% 27 (1 x 27 + (1x27)
' J}‘(O>‘<'2 )+(1><2 )+(1><210) o A -
“or in the more compact form
‘ » 0. 839 = 1‘0 107 101 1 (approxtmately)

'The "round off" in the above example is equlvalent to what is dorie in the demmal system when
..'representmg, dec1mally, the fractlon "two—thtrds" by 2/3 0.667.. Actually, the dec1mal con-=
talns an 1nf1n1te number of sixes.. When representmg a fract1on in the decxmal system ‘the only‘.
time ‘there 18 a zero remaxnder is when the fractxon is equal to the surn of a serxes of negatlve '
‘powers of ten as /20 = 1/100 + 1/100 + 1/100 * 1/100 + 1/100 %10 -2 = 0.0500 or. 1/5 “1/10°
+ 1/10 2 X 10 = 0 200 Other fractlons can never be. completely represented by a: finite '

_ number of dec1mals such as’ 1/3 0 3333 . or 1/9 0 111..\.- :

In the same way, when representlng a- fractlon 1n the blnary system the only txme there is a
zero remamder is. when the fract1on is: equal to, the sum of a: ser1es of negatwe powers of two,

as 3/4 = 1/z+1/4 1><z +1xz.2'o1100".", 0r7/8 l/2+l/4+l/8 011100

"‘Round off" may sometlmes be delxberately av01ded when it is ant101pated tHat addltlonal accuracy -
and, hence more bits. may be requlred in the future The add1t10na1 blts may be. added w1thout
”Achangmg the or1gma1 number _Also this sometlmes 51mp11f1es the changmg of the orlgmal ‘

' 01rcu1try
- Table VIL llsts dec1mal to b1nary convers1ons for decunals from 0. 01 to 1. 00 in steps of 0. 01
‘Table VIII l1sts fractlonal to bmary converstons for fractlons from 1/64 to 63/64 m steps of 1/64

: In general when g1ven a dec1mal number to convert to bmary form one should also know the
:-.requlred accuracy of representatlon Thus f1ve b1ts allows an accuracy of one part in 32 or a
-'1/32 wh1ch is approx1mate1y 3 per cent.. Seven b1ts allows an accuracy of one part in. 128 or
v.1/128 wh1ch is about one per ent wh11e ten b1ts allows an accuracy of 1/1024 or about ‘0.1 per

cent That ths is true. 1s eas1ly seen smce a "l“ An. the tenth b1nary place adds’ 1/1024 to the

o f1nal sum.. A table of percentage accuracy of representat1on is glven in Table lX "This table

' 3 may be used whetherthe blna.ry numbex isa; wholc number fract1onal or a combination. gt ig

.the total number of bits wh1ch is slgn1f1cant

: PROBLEMS

'Verlfy the followmg
0.101001

1) 3/64 =0.000011 ) 0640625

2) _6/64 Z0.000110 i 0732 = 0.000 100 101 1
3) 12/64 =.0.001100. approx 8) 0.11011 =0:84 -~

4y 24/64 7= 0.011000 9) 0.011011 = 0.42

5) - 48/64 = : : :

“0.110000
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‘ - TABLE Vil R
DECIMAL TO BINARY CONVERSION TABLE o

10000 000 00
.01 ['0.000 000 11
£02_| 0.000 001 01
.03 |.0.000 010 00
;04 | 0.000 010 10
.05 {-0.000 011 01
.06 | 0. 000 011 "o
:07:{ 0.000100 10 .||
‘.ooo 10100 |
,000 10111 |
.000'110°'10°
.000 117 00
.000 M1 i1
.001°000 01 -
.001 001 00
.001.001 10
.001 010 07 -
;001 011 00 -
.001 01110
.001.100 OF
.001 100 11 }|:
.001-101 10
.001'110 00
.00} 110 11
.001 111 0]
.010 00000 ||

. 110000 11
1ot |
1001000 |-
11001010
:110.011 01
1001 11
11010010 |
110101 00 |,
110101 11
11011090 ©
11011100 7 )
101111
1100001
.11 001 00 -
.111 007 10
A1101601
111 011 00
AT1°01110 -
.111 100 01
11100 11
1117101 10
1111000
J1 10 n
1ot
+000 000 00 -

.100.000 11 || 0.76 :
:100 001 01 || 0.77
.100 010 00 {{ 0.78 |
2100 010.10 || 0.79 :
.100 011 01 .80
100011 11 || 0.81
.100-100 10. || 0.82
.100 101 00 || 0.83-
.100 101 11 || 0.84
1100 11010 |} 0.85 |
.100 11100 |{ 0.86
100 11111 |[0.87 |
10100001 || 0.8
.101.001 00 || 0:89
.101 001 10. ] 0.90
2101 010 01 91.
.101 011 00 .92 f
10101110 (| 0.93
.101 100 01 .94
.101100 11 || 0.95.
.101 101 10 .96
101110 00 97,
101110 1 .98
.101 111 01 .99
.110000 00 || 1,00

2. 0.010000 11 {| 0.51
27 | 0.016 001 01 || 0.52
28 | 0.01001000 || 0.53
29 | 0:010:010 10 || 0.54
:30 |-0.010011 01 || 0.55
311 0.010011 11 || 0.56
.32 | 0.010100 10 || 0.57
.33 | 0.010.101 00 || 0.58
3471 0:0107101 11 || 0.59
;35 0.010 11010 || 0.60 -
.36 | 0.010 11100 || 0.61
.37 |0:010-111 11 || 0.62
.38 [70.011:000 01 || 0.63
39.| 0.011°001 00 || 0.64 |
.40 |-0.011°001 10 || 0.65
.41 1 0.011 01001 || 0.66 .
420 0.011 01100 || 0.67
.43 1 0.011 01110 {| 0.68
44 | 0.01110001 || 0.69
45 | 0.011100.11 || 0.70
46 | 0.011.10110 || 0.71
47 | 0.011 11000 |} 0.72
48 [0.011 11011 || 0.73
49 [ 0.011:111 01 ([ 0.74
150" | 0,100 000 00 0.75

o

00 d 00000000000 0 o0 o .0 O © o"o-jo o-.
- OO0 0O 00 00 000000000000 O0 OO O o

=3
o o:?b O oo o0b o0 o0.do oo o d o o.
— 0O 0O 00O 0000000000000 o O

‘oooo‘ o0 0.0 0 0o o o

O 0000000 000000000 doodo s oo o
w
O 0000 00000000000 00000000 o |

. Néte’: . Slx-place decnmal numbers from Table Vi huve been used to cclculate the above foble
' " The bmcry number has been rounded off by oddmg " fo the 2-8 bit if there is a "1°%
lnfhe 2' b|r ' . , , _
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TABLE Vi

FRACTION TO BINARY CONVERSION TABLE

Fractional ‘ Decimal Binary
0/64 0/32 | 016 | 0/8 | 0/4 | 0/2 | 0.000000 | 0.000000
1/64 0.015625 | 0.000001
2/64 | 1/32 0.031250- | 0.000011
3/64 0.046875 | 0.000011
4/64 2/32 1/16 0.062500 | 0.000101
5/64 0.078125 | 0.000101
6/64" | 3/32 0.083750 | 0.000110
7/64 ‘ 0.094375 | 0.000111
8/64 4/32 | 216 | 1/8 0.125000 | 0.001000
9/64 ‘ 0.140625 | 0.001001
10/64 5/32 0.156250 |- 0.001010
11/64 0.171875 | 0.001011
12/64 6/32 | 3/16 0.187500 | 0.001100
13/64 0.203125 | 0.001101
14/64 7/32 0.218750 | 0.001110
15/64 0.345375 | 0.001111
16/64 8/32 | 4/16 | 2/8 1/4 0.250000 | 0.010000
17 /64 0.265625 | .0.010001
18/64 9/32 0.281250 | 0.010010
19/64 0.296875 | 0.010011
20/64 | 10/32 | 5/16 0.312500 |*0,010100
21/64 , 0.328125 | 0.010101
22/64 | 11/32 0.343750 | 0.010110
- 23/64 0.359375 | 0.010111
24/64 | 12/32 | 6/16 | 3/8 0.375000 | 0.011000
25/64 0.390625 | 0.011001
26/64 | 13732 0.416250 | 0.011010
27/64 _ 0.431875 | 0.07101
28/64 14/32 | 716 0.447500 | 0.011100°
29/64 0.463125 | 0.011101
30/64 15/32 0.478750 | 0.011110 .
31/64 0.494375 | 0.01111)

Page 11l.

(Table VI continved on next poge)
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TABLE VIII (Continued)
Fractional Decimal Binary
32/64 | 16/32 8/16 | 4/8 | 2/4 | 1/2 | 0.500000 | 0.100000
33/64 0.515625 | 0.100001 -
34/64 | 17/32 0.531250 | 0.100010
35/64 0.546875 | 0.100011
36/64 | 18/32 | 9/16 0.562500 | 0.100100
37/64 0.588125 | 0.100101
38/64 19/32 0.603750 | 0.100110
. 39/64 0.619375 | 0.100111
" 40/64 | 20/32 10/16 | 5/8 0.635000 | 0.101000
41/64 0.650625 | 0.101001
42/64 | 21/32 0.666250 .| 0.101010
43/64 0.681875 | 0.101011
44/64 | 22/32 | 11/16 0.687500 | 0.101100
45/64 ' 0.703125 | 0.101101
46/64 | 23/32 0.718750 | 0.3101110
47 /64 0.734375 | 0.101111
48/64 | 24/32 |-12/16 | 6/8 | 3/4 0.750000 | 0.110000
49/64 0.765625 | 0.110001
50/64 | 25/32 0.781250 | 0.1100T0
51/64 | 0.796875 | 0.110011
52/64 | 26/32 | 13/16 0.812500 | 0110100
53/64 0.828125 | 0.110101
54/64 | 27/32 0.843750 | 0.110110
55/64 0.859375 | 0.110111
56/64 | 28/32 | 14/16 | 7/8 0.875000 | 0.111000
57/64 _ 0.890625 | 0.111001
58/64 | 29/32 . 0.906250 | 0.111010
59/64 - 0.921875 | 0.111011
60/64 | 30/32 | 15/16 0.937500 | 0.111100
61/64 0.953125 | 0.111101
62/64 | 31/32 0.968750 | 0.111110
63/64 0.984375 | 0.111111

Page 12.
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_ TABLE 1X
PERCENTAGE ACCURACY vs NUMBER OF BINARY BITS
No. © Approximate Ne. | Approximate
of Bits | Percentage Accuracy of Bits | Percentage Accuracy

1 50 11 0.05

2 25 I 2 0.025

3 13 13 - 0.012

4 6 14 - 0.006

5 3 15 0.003

6 1.6 16 - 0.0015

7 0.7 17 | 0.0008

8 0.4 18 0.0004

9 - 0.2 19 0.0002
10 0.1 20 0.0001

E. Whole and Fractional (Mixed) Binary Numbers

When a decimal number such as 121.56 (which is the sum of a whole and a fractional number) is
converted to binary form, each part is converted separately. The binary number is then written

with a binary point sepérating the two parts just as in the decimal case.

As an example, let us convert the above number 121.56 to binary form. It is apparent that the

whole number 121 requires 7 bits to represent it.
121 = 1111 001

Assume that the fractional number is accurate to one part in the second decimal place or to one
per cent. If we refer to Table IX we note that 7 bits will allow 0.7 péi-‘ cent.accuracy, so we
conclude that 7 bits will be required to represent the fraction. If we convert the decimal 0.56
we get: - -

' 0.56 = 1 000 111

When the whole number is combined with this decimal we get
1111 001.100 011 1 = 121.56

F. Negative Binary Numbers

It has been common practice to introduce high-school students to negativé numbers by referring
to the thermometer scale which is a part of everyday experience. In this case, we use the same °
symbols to designate both above and below zero. In order to differentiate between these numbers
a minus sign (-} is affixed to those numbers below zero énd a plus sign (4) is affixed to those
numbers above zef‘o. The + and — might be thought of as additional symbols which enable us to

double the range of apﬁlication of the set of numbers.

"If one is working with 5-bit binary numbers, numbers from 0 to 31 may be expressed; 0 = 00000
and 31 = 11111. Now if it is also desired to use negative binary numbers from —1 to —31, an
additional bit or a total of six bits must be used, since we are effectively doubling the range of

<



- O TABLEX ~ :
: POSIT|VE AND NEGATIVE BINARY NUMBERS

o oooooo'.‘- S0 ,oooooola-f‘
41 Bo000i kT T
42 0 0oooio -2 | TiiTioF
43 000011, =3 THiOL
#4Booido” . =4 Title0l
5000101 - ES L TVONNT
#6 000110 T 6 - Ti010°
47 o0 .;‘7;,..111001; ‘;f
48 007000 .. -8 T11000
497 Boiool . 29 Tidii
L4107 001010 .10 Ti0110 -
el otons e Ti0008
C 412 Do1100; =120 T10100. e,
©o+13 G010l 13 TTioeIT c |
414 70011100 =147 710010+ ¢
415 801N 5. Tio001 . -
_#16 B10000 . 6. T10000:. .-
S 70 810001 L1701
418, 010010, - <08 Tornje |
19 01001 19 ‘Toviil‘()ill.f.’"fi R
200 B10100¢ =20 101100 |
Cos21 GG —21 Jo0h o |
S22 0101100 =220 701010 o
U423 BionT =23 Toj001 b
T 424 01i000 - =24 .T01000 . . .
© w25 0001 L 225 Toomr .
w26 OLION0 C L26 Tooj10
w27 B0’ tw_27 Tooior - -
4280011100 - 28 700100 . .|
LA BIN0L =29 Tooonr 1
- 4307 011110 . '-30 700010
+31 . OTMII 231, 100001,

SRV
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numbers. The additional bit is sometimes known as the "sign bit." This additional bit must
now be used with both the negative and positive numbers. In the system we will yse, this "sign
bit" ig "0" with positive numbers and "1" with negative numbers and is identified as Gor T. The

rule for obtaining negative numbers is as follows:

Change all ones to zeros and all zeros to ones (this is called complementing each
bit) and add a one to the last bit on the right.

Example: take the number 23 = 10111

sign
b
+23 = 010111
complement 101000
add "1" +1

—23=101001

10010

i

Example: takevthe number 18
sign

¥
+18 = 010010

complement 101101
add "1" +1

701110

When "1" ig added to "1" the sum is "0" with "1" to carry. This carry is added to the adjacent
bit on the left. This property may be verified by adding ones successively to a number thus
forming a binary sequence:

0
+1 +

1 10 11 100 101 110 111

—

10 11 100 101 110
+1 +1 + 1 + 1 + 1

Let us compare positive and negative binary numbers which are formed by the rule stated,
Table X lists these numbers up to 31, )

An examination of Table X quickly shows that the positive numbers form a binary sequence going
up while negative numbers form a binary sequence going down.

To show that what has been formed is in truth a table of negative and positive binary numbers,
let us perform gome simple arithmetical operations using six~bit numbers. Only numbers less
than 31 are considered.  Add two positive numbers, 5 and 9

5 000101
Add +9 001001
14 001110

Add two negative numbers, -3 and —8

-3 T11101
Add -8 111000

—11 {(Di1o101

discard
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The carry out of the end bit on the left is discarded, since we are’ dealmg mtlr nIy>s1x—b1t

numbers and a SeVED-blt number is not defmed in this system. Note ,that addmgﬁthneez ‘ones

together yields. a np w1th a "1" to carry..

Add a posulve and ne ‘gative number, +12 and -7

o2 - 001100 -

Add -7 _T11001

 +5  (1)000101
' discard '

-‘Add.a positive' and negative number, +4 and —13

.+ a4 Joo100
"~ Add —i3 T10011 S
-9 ~T10111

Thus it is seén that the negatlve numbers formed by the rule glven do m fact behave in. the
same way as do the negative numbers of a thermometer scale or the negatlve numbers in- algebra.- '
Negatlve numbers larger than.those glven in Table X may be formed by the rule glven and will be

found to follow the same "count down" sequence mdlcated in the table

" The process of f1nd1ng the decxmal magmtude of a negatlve bmary number cons1sts of fmdmg the
. posxtwe equwalent by the inverse of the method ]ust ngen and then. convertmg this number to the
decimal form _In order to get the posnlve equivalent, a "1" is subtracted from the 1ast b1t on
the right and then each b1t is complemented The examples below 1llustrate thls process
-9 =T10111 '
Subtract "n =1

110110

Complement 001001 = +9 (1)

"—12 =110100 -

) ‘Subtract "1" . —1
o S 110011 . SR o o
o - Complement- 001100 = +12 . ) ~ o - - (2)

In the second example, it was necessary to borrow. "1"in order to subtract 'a_ "1" from the "O"

. in the last bit. Since the adjacent bit. was also-"O"' - it Was necessary to go to the third bit from

the right to borrow a "1";-this made it "0" and-the other two bits "1". The p'rocess of 'subtract-

1ng one is equlvalent to a "count down" of one and is the same as the method used in ordmary

arlthmetxc whether bmary or demmal

It 1s mterestmg to note that the process of subtractmg S R from a binary number glves thc same
result as adding a.number-of the same length as the given- bmary number and consxstmg solely

of ones. Reconstder the two cxamples Just gwcn
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-9 =T10111. - C : -

Add' T11111 -
(1)T10110 .
t. :

d1scard -
Complement 001001 =+9 .

S Zres 1’10'1‘0'0:.‘..
Add Ti1111H
(l)llOOll
1 .
: ) dlscard L : RS
Complement : 001100 = +lZ R
'The reason for th1s 1nterest1ng property may be understood 1f one cons-nders what happens when
-a.one is’ added to a number consmtmg solely of ones ’

‘r1111' ,
+1_

(1)00000;

dlscard
The only number wh1ch may be added o 4110 give zero is —1, hence, T1111 in_ the above.éxample B
is equivalent to —l ‘or stated in algebraic form, if A = T1111

‘_‘A+l‘=0
LA =—1.

‘This fac':t rn'ay also be seen by referring to Table X.

.The rule for forming negatwe whole numbers also applies to fractlonal and mixed numbers It
' 1s 1mportant "to remember that any positive binary number may be considered as having zeros
- to the left of the most significant digit, hence in the process of complementing each bit, these

] .ad‘ditional bits are'COm‘plemented It is usually only necessary to make note of this fact men-
tally so that the proper number of bits are kept. e

~In all the followmg problems.an’d examples, no positive or neéative number withvmagnitude.
..greater than 15 or with more than 1/16 accuraey will be encountered. All numbers will have
-;'isxx bits to the left of the demmal place (mcludmg the sign bit) and four bits to the right. (See’
Tables VIII and X.)

" Example: express —3 3/16 in binary form

' '3 3/16 = 500011.0011
Complement, . 111100.1100
' : +1

—3 3/16 = T11100.1101

Ver‘ify: : .
—~11 7/16 = 110100.1001

14 10/16 = T10001.0110

+8 4/16 = 001000.0100

T10111.1100

-8 4/16
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Example: ) . . .
_ Add -3 3/16 and —11 7/16
=3 3/16 = T11100.1101
Add 11 7/16 = 110100.1001
(1)110001 0110 --—14 10/16

discard
Verlfy ’
11 7/16 - 3 3/16

3 3/16 =11 7/16

001000.0100 = +8 4/16 -
110111.1100 = —8 4/16

L]

It might be wondered just what applica{ion negative binary numbers would have. It is often con-*

,.ven'ient, in certain kinds of calculations, to use negzitiv‘_'e numbers. One example of this is the
process of subtraction. While"subtralction can be done by certain rules it sometimes becomes
awkward to implement this process. The process of subtracting +B from +A is exact}y'the
saxne as adding B to +A. The process of -o'btaining a negative number is quite simple, and
usually ddders have already been built in the system so the subtraction is easily done Also,

_' many functions have both negative and positive values. A familiar example of this is the sine

of an angle wh1ch varies from 0 to +1 to —1 and back to zero as the. angle goes from 0 to 360

i degrees ’

IV. ARITHMETIC PROCESSES IN THE BINARY SYSTEM o _ '
' A Add1t10n

The process for addmg binary numbers — whole, fractional and negatwe — has been 1llustrated
in ‘the examples glven in past sectmns Table XI below gives all cases. . The carry is added to
the adJacent b1t on the left '

In the- cases where one is dealmg w1th negatwe numbers, the given number of bits to ‘be used
(including the 51gn blt) is decided in advance. This number is determined by the largest number -
to be encoun_tered_ and the fractional accuracy desired. A carry out of the sign bit is discarded

si'nce ari édditi(mal bit has not been defined in the selected sysfem

The process of addltlon proceeds as in the decimal case, from right to 1eft as each bit is added‘
in turn. : o

i .
& TaBEXLT | | TABLEXMN _
: ] ADDlTION TABLE A ) " SUBTRACTION TABLE
{0+0=0"‘ Y o | 0zo0=0
1+0=1 . ; Sl - ' '05—.1. =1 (and borrow 1)
oO+1=1 " . - . Sl v-0=1
g . 141 -0(ond1toc0fry) : o 1=1=0
l+l+l-l(ondltocorry) : 4 —
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The special case of adding‘a se‘ries of ones to another number of equal length is the same as

subtractmg one or "countmg down" by one as previously explained.
B, Subtractxon
The process of subtraction is the converse of addition. Table XII gives the various cases.

It is necessary to keep careful tab on the "borrovﬁng" of ones which occurs more frequently
. than in'the decimal analogue. ‘Because of this, it is sometlmes more convenient to change the
subtrahend to a negative binary number (adding a sign bit on the left), and then add this negatlve )

number to the other number.
A-— B A + (-B)

The spec1a1 case of subtractmg one from the last bit of a number is equ1va1ent to adding a num-

" ber of the same length consisting solely of ones. This is the converse of the special case stated

in the section on addition.
C. Multlphcatlon

In the decimal case, multiplication is carried out by successive add1t10ns of multiples of powers
of ten, each mult1p11¢d by the multiplicand and ,each positioned according to its power.

Example:
357
134
1428 multlplxcand x 4% 109

- Add { 1071 = multiplicand X 3 X 10}
357 multiplicand X 1 X 102"

47838 product

The binary case is analogous. Multiplication is carried out by successive 'additions of powers
of two {multiplied by 1 or 0) each multiplied by the multiplicand and posnmned in accordance
to its power. :

- Example:

23
5

10111
101

non

10111 multiplicand X 1 X 2
Add { 00000 multiplicand X 0 X 2
“|1o111r - multiplicand X 1 X 2

1110011

N — O

'1 15 (product)

In the special decimal case. where one multiplies by a power of ten as 10, 100, 1000, etc., it
is merely necessary to move the decimal place to the right. Similarly, in the binary case where
one multiplies by a powe_r_of t@ as 2, 4, 8‘f 16, etc., it is merely necessary to move the binary

point to the right.'

Lx.lmple-
101.0000 =5X 1 = 5
1010.000 =5 X 2 =10
10100.00 = 5 X 4 = 20
101000.0 = 5 X 8 = 40
LOL0000. = 5 X 16 =

80

5
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_ . TABLE XIII o
COMPARISON OF DECIMAL, OCTAL AND BINARY NUMBERS
Decimal Octal - Bfnary Decimbl | Octal | Binary
0 0. | 000000 32 40 . | 100000
1 1| 000001 33 41 | 100001
2 2 - | 000010 34 42 100010
3 3. | 000011 35 ) 43 100011
4 4 000100 36 44 | 100100 -
5 5 000101 37 45 © | 100101
6 6 | 000110 38 4 | 100110
7 7 o000 || 39 47 {0011
8 10 | 001000 40 50 701000
9 11 | 001001 41| 51 | 101001
10 12 001010 42 52 101010
1 13 001011 43 " 53 101011
12 14 | 001100 44 54 | 101100
13 15 | 001101 45 55 101101
14 16 | 001110 4 | 56 101110
15 |17 joonin 47 57 | 101111
16 20 | 010000 48 60 | 110000
17 21 | 010001 49 61 110001
18 22 010010 50 62 110010
19 23 | 010011 51 63 110011
20 24 | 010100 ' 52 64. | 110100
21 25 | 010101 53 65 | 110101,
22 26 | 010110 54 66 | 110110
- 23 27 | otomiT - 55 67 | noni
24 30 | 011000 56 70 | 111000
25 31 | 01001 57 0 1 71| 111001
26 [ 32 | o010 58. | 72 |111010
27 33 | olion. 5 | 73 [anmon
28 34 | 011100 60 |74 111100
29 .| -35 |.011101 61 75 111101
30 3 | o110 62 76 | 111110
31 37 | omm 63 77 ni
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The reader may recall that the problems given previously included such an example.
D. Division
The process of division is the inverse of multiplication. In the decimal c'ase, multiples of

powers of ten multiplied by the divisor are successively subtracted from the number. There

may or may not be a remainder.

-In the binary case, powers of two (multiplied by 1 or 0) are multipiied by the divisor and are
successively subtracted from the number. There may or may not be a remainder.
Example: divide 65 by 13
101 =5
1101 )1000001 :

(=) 01101 divisor X 1 X 22

00110 .

(- 00000 divisor X 0 X 2
1101 : 0

(= 1101 divisor X 1 X 2

0000 no remainder

The special case of di\'/iding a number by a power of two consists merely of moving the binary
point the proper number of places to the left.

Example: .
1100000. = 96/1 =96
110000.0 = 96/2 = 48
11000.00 = 96/4 =24
1100.000 = 96/8 =12
110.0000 = 96/16 = &
11.00000 = 96/32 = 3

V. THE OCTAL NUMBERING SYSTEM

A. Octal to Decimal Conversion

Because octal numbers are frequently used in certain computin‘g systéms, a short description of

their use will-be given.

Aé mentioned in Sec.‘I, the octal numbering system uses eigh‘c symbols; viz.,0, 1, 2, 3, .4, 5, 6,
and 7. . Counting in the octa.l system follows; the pattern given for the decimal system; i.e., as
‘soon as all the symbols are used singly', combinations of two symbols are used, etc. Table XIII
gives the counting table for the decimal, octal, and binary numbers in paréllvel co.lumns. As in
‘the other ‘systems described, numbers in the octal system are written in terms of the powers of
the base which is "8" in the octal system. The zero power is immediately to the left of the octal
point. Table XIV is a table of positive and négative powers of eight. An example of an octal

number is 3075.2. The process for converting this to decimal form is as follows:

3 ' ) 7 5 . 2 tal) -
7 9 ; 3 ; (loctal)
(3 x 83)+(o>f'82)+(7x81)+(5 x‘80)+'(2>¢<8_1)
-

+
1536+ 0 + 56 + 5 + 2/8
= ].597.25 {decimal)



TABLE XIV

POWERS OF OCTAL NUMBERS

Positive Powers

Negative Powers

g% = B
8l = 8
g2 = 64
8= 512
g4= 4,09
8% = 32,768
8= 262,144

8’ =2,097,152

8% =1 =1.

871 =1/8 =0.125

872 = 1/64 = 0.015625

g3 1/512 =0.001953
874 =1/4096  =0.000244

87=1/32768  =0.000031

870 -1/262,144 = 0.000004
87 =1/2,097,152 = 0.0000005

OCTAL TO BINARY CONVERSION

TABLE XV

4 =100

0 =000
1 =001 5=101
2 =010 6=110
-3=0N 7=11
TABLE XVI
OCTAL ADDITION TABLE
+ ol v 2} 34567
0 ol 1] 2 3| 4| 5] 61| 7
Vvl 2] 3| 4] 56l 700
2°4 2| 3| 4 51 6| 7110
3 3| 41 5 6| 7 w0112
4 | 41 5| 6 711w i1 |i12]13
5 51 6| 7] w01 [12]13]14
6 6| 7110 11 {12113]14]15
7 b 7110 n 12 {13 {14 |15 |16

15 #2

Page 22.
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B. Octal to Binary Conversion

The base of the octal system is "8." The base of. the binary system is "2." Since 2% - 8 one
mxght expect some simple relatlonshlp to exist between mimbers in the two systems. The re-
latlon is this: ohe actal digit may be replaced by a three-bxt bindry nufnber which represents

that number (see.Table XV).

‘Take the lexample just given: _
3 0 7 5 2 ({octal)
RSP S A 4 b

(011)" . (000) (111 .- (101) . (010)

- or 011060 111 101.010 ({binary)

The reason the octal system is often desgirableé in computing machi.nes is because the 1nput and -

output nuimbers may be in the’ octal system thus reducmg the length of .numbers’ by a factor of )

three times. Once in the machine, the sxmple relat1on between octal and binary numbers shown

above, "alléws the informatioi to be processed in the biriary system which is the natural way for

logical switching networks to han,dle information. Finally, the answer is converted to the octal

system again for operating, sa'y'an electric typewriter.

C. Octal Arithmetic

Arithmetic operatmns in the octal system are simllar to those in other systems. The addition
and mult1p11cation tables are glven in Table XVI as an aid to these ‘operations. The ‘use .of these
tables w111 be illustrated in the following two examples.’ ' '

Add the two qctal numbers 547 and 304. If we refer to Table XVI, 44 7 = 13 so a3 is put in
the last.plece and a 1 is carried to the next place where it is added to 4, g1v1ng 5. Fmally, 5is
"added to 3, giving 10. Parallel operations in the octal and decimal systems are shown below.

547 (octal)
+304 (octal)

. 1053 (octal)

359 (decimal) B EU
+196 (decimal) S .

555 (decimal)

Multiply the two octal numbers 372 and 53. If we refer to Table XVII, 3 X 2 = 6 which is placed
' - ' in the last place. .7 X 3 =25 s0 5 is put in the - '

' TABLE XVil o next place with 2 to carry. 3 X 3 =11 and add
OCTAL MULTIPLICATION TABLE 2 which was carried giving 13. Multiplication
: ' T~ : by 5 is similarly done. These products are
X 011 2 3 {41516 7 . _ . .
S NS - added giving the answer. 'Parallél operations
o f"ojojojo] 0] o0 00O in the octal and decimal systems are given
Vol 23| 45| 6] 7| below : |
2 |02 | 4| 6|10 ]1214]16 372 (octal) = 250 (decimal)
3 ol3 16 {1 (14117122125 X 53 (octal) = X 43 (decimal)
o0 | o | 1 - 1356 . 750
: g 4 ]‘2)_; 14120 1 24°) 30 3-4, 2342 1000
5 | ! 17.| 24 3] 36 A 24776 (octal) = 10750 (decimal)
6 -0 |6 |14.122 |30 |36 |44 | 52 | .
70 o7 16 |25 | 347 43 | 52 61 " The special cases where there is multiplica-

tion or division by a power of eight are handled



octal 60 a.nd dec1ma1 384 6 >< 64

6 >< 8 octal

Merely affi'_ ng.a negatlve symbol (—i to a number does not change the 7

f,,numbers in general

|

';-number 1tse1f Rather 1t mdlca s the kmd of operat1dn which is to be performed when thls'
'symbol is present
‘ l‘operatmn 1s one of subtractmn In order to actually add the posit1ve n be
umber —15 the negatwe number must be formed together w1th a’ s1gn ‘: : 0

‘ "poses True negatwe numbers thus formed may be added Just as posmve numbers

One def1n1t10n of a negat1ve number "—'A," mlght be as follows

=

Suppose we talk about the set of one -d1g1t dec1ma1 symbols Let us, tabulate numbers whxch

‘ ,,when added together, g1ve "10 " Smce we are deahng only. with the set of one -d1g1t symbols,
e .'the "l“ in "10" is d1scarded leavmg "0 " ' ; ‘ o

‘.'.N'u.mbers"-'.' . Numbers which
‘to.be made ' must be added I S o
" Negative e © to-get Zero e Discard, o 9's Complement
o + 1‘0';. el -.(l)o‘ = "o‘ K 5- o +o1
1 + 9 =m0 =1 o (9-1) 4
2 P 8 S o o s 2 S+ (9-2) + 1"'.
3 T = mo E U3 4 (953) 4 1
4 4 6 = o = 4 4 (9-4) -+ 1
S5 5. 0 £ Mo =5 w(9%5), o+ 10
6 e N 011 SR S .5',.'(9 6)" CH L
7 + 3 = =k 9en e 1
8 ¥ 2 CoE (10 T =08 (9 8y [+ 1)
9 Lt 1 L= o E g (9-9)?.;4-[ 1

Hence 1t behaves as a negatlve number

_ieyxceed 9 i magmtude A table for thlS set may now be constructedv

nnb theurule of formmg the 9's complement and addmg L.
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Posgitive Negative
+1 = 01 -1=99
+2 =02 ~2 =98
+3 = 03 -3 =97
+4 = 04 —4 = §b
+5 = 05 ~5 =95
+6 = 06 -6 = 94
+7 = 07 -7 =93
+8 = 08 -8 =92
+9 = 09 ~9 =91

Let ug perform operations whose results do not fall outside our set of numbers from —9 to +9.

—~] = _9'9 -7 = g3 —l = 96

add -4 = §6 add +4 = 04 add +6 = 06
-5 = (1)85 -3 =97 +2 = (1)02
discard digcard

Larger numbers may be handled in a similar fashion by choosing a larger number of digits,

regerving the digit on the extreme left as a sign digit.

The reader may now recall how negative numbers were formed in the binary system. In this
case, the 1's complement of each bit was formed and 1 was added to the extreme bit on the right.
This is the exact analogue of the 9's complement rule in the decimal case, and the reason for it
follows the same reasoning given above.
The above method of forming negative numbers may be extended to other bases in a similar
manner by forming the "(base —1) complement” and adding 1. Thus, for the octal system the
rule is as follows:

Subtract each digit in turn from 7 (7's complement) and add 1 to the number formed.
In order to keep track of signs, a sign digit is placed on the left of the extreme left digit. This
digit is 0 for positive numbers and 7 for negative numbers. Table XVII is a table of negative and
positive numbers. The negative numbers form a count down sequence as in the binary system.
It is necessary to specify the maximum number to be encountered so that the sign digit is to the

left of the first number digit which might occur.
Table XVIII gives a comparison of negative and positive octal numbers from 0 to 31 (decimal) .
Example: express —16 {(decimal) in octal form.

16 (decimal)
7's complement

0020 (octal)
7757 "
+1

7760 {octal)

(I

I

-16 (decimal)

Example: express —27 (decimal) in octal form.

7 {(decimal) = 0033 (octal)
7's complement = 7744
+1

~27 (decimal) 7745 (octal)

it
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TABLE XVHI
COMPARISON OF NEGATIVE AND POSITIVE OCTAL NUMBERS
Decimal  Qctal . Decimal  Octal

0 000 0 000
+1 001 -1 777
+2 002 -2 776
+3 003 -3 775
+4 004 -4 574
+5 005 -5 773
+6 006 -6 772
+7 007 ~7 771
+8 010 -8 770
+9 011 -9 767

+10 012 -10 566
+11 013 -N 765
+12 014 -12 T64
+13 015 ~13 763
+14 016 ~14 762
+15 017 -15 761
+14 620 16 760
+17 021 17 757
+18 022 -18 756
+19 023 -19 755
+20 024 ~20 754
+21 025 -21 753
+22 026 22 752
+23 027 .23 751
+24 030 ~24 750
+25 031 -25 747
+26 032 26 46
+27 033 . 27 745
+28 034 ~28 T44
+29 035 ~29 743
+30 036 -30 42
+31 037 ~31 74




‘Example‘ express —59 (dec1ma1) in octal form

59 (de<:1ma1)
: 7's complement

- 59 (dec1ma1)

IL 'Il'

0073 (octal)
‘7704
+1..
7705 (octal)

"Examples of - arlthmetw operauons mvolvmg negatlve numbers are glven below

K De.c.lm_al Octal

= 27705
3 7705
= (1)7612.

: d1scard.

- De cimal Octal.

Dec1mal ~Octal
S 16 = 77600
. Add \:+;7”;- 7745,;v“(
—d43s (1)7725<
",dlsparjd,. D
' Décimal 'o‘c’t'af
sl T760 o =B
"Add 427 = 0033‘ - Add: - 427
_+11-; (1)6013 - 232
Ly ! -
d1scard

= 7705
= 0033
= 7740

Z;Zhes R. Tobey
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BRIEF DESCRIPTIONS OF THE COMPASS PROGRAMS

There are: ten programs, one table (the COMPASS Compool), two system
subroutines and nine related programs in the COMPASS system. Each

of these is described in detail in later chapters;. they are 1isted
. here by way of 1ntroduction. .

COMRASS Programs

1. COMPASS Tape-to-Drum Program (0350). Reads the contents of the '
COMPASS tape .onto arums, and then reads the COMPASS Control Pro-
‘gram (0368) and the General Input (0360) and General Output
(0361) eubroutines into core from drums. This program then turns
control over to the COMPASS Control Program.

2, Memory Print (0352) As a convenience.in preparing COMEASS, 1t
was decided to include & routine to print out the contents of .
‘any part of memory, This is not & function necessary to the ‘
" successful operation of COMPASS; it .is useful primarily as a
;checkout tool in the preparation of new versions of COMPA&S.

3. ‘Assemble Compool (0363). This program produces, from symbolic'

cards, a binary COMPASS Compool for the use of the Program
Translator, Assemble Sequence Parameters and Environment Simu-
lation Programs. Its output is on cards or tape.

i, Assemble Seqpence Parameters (036&) This program accepta
symbolic input defining the sequence of operations and trans~
Ters in the DCA program. It produces the binary sequence -
tables required by the DCA program. As with the Program °
Translator, 1t writes its output on cards or. tapeq .

5. ' Assemble Geography (0365) This program is a revised version of

~ the program SGO (Fixed Geography Situation Display - DCA 5.3.3.0).
Its input is symbolic cards listing the geography display re-
quirements for a SAGE sector.  The program makes up the display
messages, stores them on the display drums and also preserves
the binary: mesaagas on carda or tape.~
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6. Environment Simulation (0366) It is convenient to be able to specify
The contents of DCA tables end items in symbolic form, since the
Compool contains the information as to how and vwhere this is to
be stored. This program will convert such symbolic data to binary
form. It will not, however, store this information in the Compool-
specified location, since the COMPASS system utilizes virtually all
of the computer memory; its output is stored on cards or tape, in
e form in vhich it can readily be read into memory when some specifiec
test is to be run. o

I

7. File Maintenance (0367) As will appear from the descriptions in
the body of this document, COMPASS 1s most effectively used when
its input and output are on tape, rather than on cards. Ideally,
the only cards it should be required to reed are control cards; it

~ should punch cards only for epecial purposes end not.as & general

rule. Therefore, facility is required to handle these tapes in the
some way that a programmer or EAM equipment cen handle punched cards.
The File Maintenonce Program is this facility. It allows the pro-
grommer to rearrange, change, delete, 1nsert, merge and examine sym-
bolic or binary tape records.

8. COMPASS Control (0368) This control program determines the sequence
of operations to be performed and controls the core environment of
the other COMPASS programs. To do this, it reads and interprets
control cards, stores the information from these cards, and branches
control to the required program. When the operation has been com-
pleted, the program branches back to the Control Program, which
takes the next request from the card reader. The COMPASS Control
Progrom performs no useful utility function itself, but only
directs the operation of the other COMPASS programa.

9.  Propram Translator (0370, 0371) This is the basic assembly program
at the heart of the COMPASS system. It reads symbolic input (from
cards or prestored tape) and converts the information into binary -
ingtructions and constants. It preserves this binary data on either
cards or tape. It will also produce, if requested, a listing of
the program it has assembled, showing the symbolic input and the
corresponding output in octal form. Although this program consists
of two separate decks, it is operated as a single program, and it
is treated as such. -

10. Link g0372! Tranglates a pmestored, Lincoln symbolic deck 1nto '
a COMPASS symbolic tape. .

1.2 COMPASS Compool

An integral part of the COMPASS system is the binary compool- This is
a complex serles of tables of about €000 registers length.

)
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1 3;_COMPASS Subroutinea K

fi,; .General InputginGQ) Gepersal. Input 1s. 8 closed aubroutine allow- '
"Ting the programmer to specify, by means of calling sequences,
various input operations snd conversions.' It will read cerds
or. Hollerith tape records, and convert any field from octal or
‘decimal to binary. Tt will read, as one operation, one record
~ of". up to 20 words from tape. If tape records are longer than
¢ this; Information in the later words will be lost. 'Two calling
' f:aeqpences are ne@ded to create a full binary word. :

2.  General Output (036L) General Output 18 & closed subroutine
. enabling the programmer to” produce the equivalent of a 120
. character. print lire in any format desired. The program, under
"the ‘direction of the progrmmer, will convert binary information
to Hollerith ohnmaatﬂrn and store them in a 24 word "tape image."
. It will write the rocord on tupe, convert apd print the 2k words
&8 one line on the lins printor, or convert and punch the first
64 charactere on @ card.

1.k Other Prosrams

: Assoniated with COMPA?S, but not a rart of it, are several progrems
which are availsble ovly su blnmry card decks. As requirements for.

such programs change, the list Lends to grow.
",1.‘ Core Rend}In. fA one~caxrd, progrﬁm which feads binary cards into
. core., Afler read-in, it balts.. "Program Continue" branches to
 the starting addresg; ns specified on the binary END.card. The
program also halts on checksumn error. "Program Continue" causes

the error to be lgnored, snd the card to be procesaed in the
normal manner. T

2. Drum Read~-In. A one - curd program which rvads in binary cards and
'~ ptores their contents on drums. After read-in, it halts. The
program also halts on checksum error. "Program Continue" causes
the error to be 1@mor9d and the card to be processed in the
normal menner. .

3. IEnv'i;ronment Similation Rend-In. A two-card program which reads
- ‘into core.or onto drumg binary cards of the format produced by
Environment Simulatlon. After read-in, the. progrnm halts. It
‘also halts oo checkeum error. . "Program Coritinue" causes the error
to be ignorod nand the card to be processed :in the noxmsl, manner.

k., Octal Load. Rtads lnto core or drums. cardSvcnntalnlng octal addresses
: and octal volues.



LR

: ,Tﬁk&ﬂﬁeéd-IA., Reada one progrnm or a get of datu from binary
-.” ¥apo (vhich 44 in COMPASS format). It stores in core or on . .
- drums, as specifiad in the tape record. After reading in.one

. pet of data, it Balts. "Program Continue" catses the next set

- of ‘Todords to be xead in. = If the program on binnry tape has fa“]f'” ‘
* been assembled for core,. "Program Conbinue" with sense switeh -
. 1 down will operate the program since the TAPE READ IN progrem. - =~ - .
**-vill branch to the addreaa specified in the core operate record.‘fﬁ”‘*'

fUniveraal Card Load. A prOgram t0 read in any COMPASS binary cardn )
.. or octal correction cards.  For complex decks, this will. simplify
" the read-ih process. Its. disadvuntagp is that it 18 1onger thnn

any of he eimple readpin programa..

,fChecksum Oorrector.- Reade one card, computeu & new checksum, and .
.. punches out a card with a coirected checksum. This operation will "
o eontinue hntil EOF condition is reached in the card reader. :
e
' -‘ffieymbolic form.-

Punch 2k~Word Cards. Producés biﬁary carde from carda punched 1n

Stora Dum A one-card program which brings tha<Mbmory Print
ﬁ'—‘ogm”—wa%a) f‘rom it COMPASS drum location. L

r~
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2.0 OPERATING INSTRUCTIONS FOR COMPASS PROGRAMS; 1) PROGRAM TRANSLATOR;

2) ASSEMBLE COMPOOL; ASSEMBELE SEQUENCE 'PARAMETERS; 4) ASSEMELE
GEOGRAPHY; 5) ENVIRONMENT SIMULATION; 6) FILE MALNIENANCE{ AND
MISCELLANEOUS INFORMATION i . :

2.1 §tartin§ ‘COMPASS Opera.t:lon from Scratch

1. -

3A.

3B

8. .

5A.

5B.

6.
7.

Put COMPASS master tape on tape drive #1.

Put COMPASS Control Card into card reader (see 1nd1v1dua.1 program
descriptions in this document for format of card).

Dacks to be loaded from cards:

Insert symbolic deck into card reader, following the COMPASS
Control Card (see individual program descriptions in this docu-
ment for format of decks). NOTE: If you wish to process
several decks, a COMPASS Control Card should precede each deck.

- Dacks to be loaded from tape:

Put tape on which the symbolic deck(e) bae been loaded on tape
drive f2. NOTE: If you wish to process several decks, they
may be loaded on the tape one after another, with the order of
the COMPASS Control Cards in the card reader corresponding to
the order of the decks on tape.

Binary output on tape desired:
Place blank tape on taps drive #3.

Binary output on cards desired: -
Place sufficient blank cards im cerd punch, -anf make punch ready.

S8ymbolie output on ta.pe desired:
Place bla.nk tape on tape drive 4.

Symbolic output on priater desireds

Place sufficient blank paper in direct line pr:lntor and make
printer ready.

Lincoln Utility Test Memory plugboard should be used.

Press "start from Test Momory."

2.2 If COMPASS Is On Drums (and no part of it has been dastroyed):

1. Perform steps 2 to 5 in Bection 2.1, above.

2. Press "Load From AM Drums."



2.k

2.5

2.6'

'4of this document for definttlons of terms used below). .

-the master again., If ‘the - Program Translator £inds a bipary tape on LR
 Tape Drive #1 (presumably the COMPASS master) it will halt after logging P

'ngeral'Printouts

The 1ibrary tape ie loaded on Tape Drive #1. There 1a no- conflict uith o
the COMPASS master since once COMPASS is on drums, it does not refer to__;h

"LOAD SUBR LIBR ON 11". The assembly will be continued after the: o
library tape is switched on and "Progrem Continue" action ie taken. o

1. “READY REATER" = Card reader is empty; COMPASS Control Program

. halts. 'If further work involving the COMPASS System 18 to be performed, - -

put a COMPASS Control Card in the reader, followed by a symbolic deck -
(or a tape on the proper tape unit) and press "Gontinue"

2. "MORE INFORMATION REQUIRED" = COMPASS COntrol Card is not complete
(1f columns 18 - 23 are not complete or are incorrect "Illegal Card" is
logged) or is incorrect; COMPASS Control Program halts; correct ‘the
card and press "Continueu .

- 3., "ILLEGAL CARD" 2 Columns 18 - 23 of the COMPASS Control Card are
" not complete or are 1ncorrect, COMPASS Control Program halts, correct
the card and press "Continue."

"WAIT" COMPASS Control Card . (Other COMPASS Control Cards are discussed
in individual program descriptions-in later sections of this document.)

There is, at present, a control card with "WAIT" in columns 18 - 21. .

- This is & directive to the COMPASS Control Program to halt before read- .
'ing’' the next control card. WAIT causes COMPASS Control to halt while

select lines are switched or tapes are loaded, Upon "Program Continue",
COMPASS' Control. will read and carry out. the next ‘control card in the
reader. ‘

General Statement -. Loading and Using COMPASS

COMPASS is available as a binary tape. The format-of this tape is con-
sistent with that described in the chapter on formats, since COMPASS

is naturally capable of assembling itself as a.binary'tape, in the same
fashion as it assembles any program system.

The. first program record is a drum loading. routineﬂdesigned to. be read
in by the test memory program which is used for-theiLincodn 'Utility -
System. - "Drum Load" loads the entire COMPASS system-on: drums, - and -halts
after logging "COMPASS ON DRUMS." The binary COMPASS' tapeiis:no longer
required, unless drums are erssed or destroyed by some means external to
COMPASS. The system will under no conditions destroy itself.
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‘Once COMPASS is on drums, "LOAD FROM AM DRUMS" reads in the COMPASS
Control Progrem, end the General Input end Generel Output subroutinea.
Geberal Input and General Output are essentially system subroutines
for COMPASS. They are alweys in core at fixed locatlons and are used
by all COMPASS programs. The GOMPASS Control Program is controlled
by cards of the format described below. It examines each card for
errors and omissions. If the card is incomplete, it 1s logged with
"MORE INFO REQ". If the card 1s unrecognizable, it is logged with
"ILLEGAL CARD" below it. In either case the control program halts,
Prepored to read another control card upon "Program Continue." -

If the cerd is acceptable, CC calls in the required program and

stores the control information in binary form in a locatlion accessi=-
ble to that routine. For the Progrem Transletor, for example, the
control information defines the modes of input end output, and whether
one program 18 to be assembled or all programs on the Input medium.
Each routine returns control to the COMPASS Control Program after

i1t has completed its operation; the COMPASS Control Program then
reads in the next control cexrd snd the process continues.

2.7 All COMPASS programs which produce e binary card output automatically
feed two extra cards through the punch. The user need no longer
press STOP, FEED, twice on the punch to get the binary output of a
run. .

2.8 ‘The COMPASS tape-to-drum program now pexrforms a load from AM dxump
function after logging COMPASS ON DRUMS. This hae the effect of
bringing the Control Program, fGeneral Input, and General Output
into core. Whereupon the Control Program immediately tries to read
a control card. To start COMPASS operating:

i COMPASS Master on unit 1
2. Bet up tapes and/or cards
3. Control cords in reader
‘4, Ready ronder

9+ Btart from tost memory



STARTING COLUMN 18
MEANING. FUNCT
OF FIELDS

o, -

" ASSEMBLY CARDS

A0l -
A02 -
A03
AO4
AQS5
A06
AO7
A0B
A09 .
Al0
All
A12
Al3
Als
Al5
- Al6
A17
Al8
Al9
A21 :
A22
A23
A24
A25
A26
A27
A28
A29
A30
A31
A32
A33
A34
A35
A36

 ASSEMB
" ASSEMB

ASSEMB-

. - ASSEMB

ASSEMB

© ASSEMB

ASSEMB
ASSEMB
ASSEMB

© ASSEMB

ASSEMB

"ASSEMB
~ ASSEMB

ASSEMB
ASSEMB
ASSEMB
ASSEMB
ASSEMB
ASSEMB
ASSEMB
ASSEMB
ASSEMB
ASSEMB

-ASSEMB
_ASSEMB

ASSEMB
ASSEMB
ASSEMB
ASSEMB
ASSEMB
ASSEMB
ASSEMB
ASSEMB
ASSEMB
ASSEMB
ASSEMB

25
SYMB
IN

TAPE

TAPE
TAPE

TAPE
TAPE
TAPE

TAPE.

TAPE
TAPE
TAPE

‘"TAPE

TAPE
TAPE
TAPE
TAPE
TAPE
TAPE
TAPE
TAPE

TAPE
TAPE

TAPE
TAPE
TAPE
CARD

CARD

CARD

CARD -

CARD
CARD
CARD
CARD
CARD
CARD
CARD
CARD

30

BIN
out

TAPE .

TAPE

TAPE -

TAPE
TAPE

TAPE.

TAPE
TAPE

‘TAPE

TAPE
TAPE
TAPE
CARD

CARD =~
CARD
"CARD

CARD
CARD
CARD
CARD
CARD
CARD

CARD -

CARD

TAPE

TAPE
TAPE
TAPE
TAPE
TAPE
CARD
CARD
CARD

CARD

CARD
CARD

36:
SYMB

©our!

TAPE

TAPE
TAPE

TAPE;
DIR

DIR
DIR

DIR
NONE
‘NONE

NONE
NONE
TAPE
TAPE
TAPE

"TAPE "~

DIR
PIR
DIR
DIR

NONE -

NONE
NONE

NONE

TAPE
TAPE
DIR

DIR

NONE
NONE
TAPE
TAPE
DIR

DIR

NONE

NONE

42

TYPE
STOR

DRUM

- DRUM

CORE
CORE

DRUM
" DRUM -
CORE -

ALL

ALl

ALL

ALL

CORE

DRUM

- DRUM

CORE

-CORE

DRUM
DRUM
CORE
CORE
DRUM

DRUM -
- CORE
CORE’

DRUM

DRUM

CORE

ALL

ALL

ALL

ALL.
Apy'
ALL

ALL

ALL

CORE.
DRUM -

CORE
DRUM

CORE

DRUM
CORE
ORUM
CORE
DRUM
CORE
DRUM
CORE

TAPES
TAPES

TAPES

TAPES

TAPES .|

TAPES™
TAPES
TAPES
TAPES
TAPES

TAPES

TAPES
TAPES -

TAPES -

TAPES
TAPES

TAPES ¥
TAPES. |
TAPES™

TAPES::
TAPES

_TAPES

TAPES
TAPES
TAPES
TAPES

TAPES |

TAPES
TAPES
TAPES
TAPES
TAPES
TAPES.
TAPES
TAPES
TAPES

EXPLANAT ION:

REO
REQ

REQ

REQ.

REQ
REQ -
REQ
REQ
REQ
REQ
REQ

REQ

REQ
REQ’

" REQ

REQ"
REQ
REQ

:REQ
REQ

REQ
REQ
REQ
REQ
REQ .
REQ
REQ
REQ
REQ
REQ
REQ
REQ
REQ
REQ

REQ

29344y
29304,
29394y
233904,
23394,
29344,
23394y
241344y
21344,
2v3 94,

29306y

29396y
29394,

29344y

29394

23394,

29394
29324y
29394y
293 04y
29344,
29304
24304
29304
293 ¢by
293 94
24394,
29304,

25394y

FEEELY)
2¢3404,
293 0by
boBon
21344,
293404,
29304y

RESPECT

RESPECT ~
RESPECT -
RESPECT

RESPECT

RESPECT

RESPECT
RESPECT

RESPECT
RESPECT

RESPECT
RESPECT -
RESPECT
RESPECT
RESPECT
RESPECT
RESPECT
RESPECT
RESPECT

RESPECT.
RESPECT

RESPECT

RESPECT =
RESPECT .

RESPECT
RESPECT -

_RESPECT

RESPECT
RESPECT
RESPECT
RESPECT
RESPECT
RESPECT
RESPECT
RESPECT
RESPECT



co1
co2

co3’

cos
cos5
cos
co7?

© cos8

co9

- C10

c11
€12
c13

14

ASSEMBLE COMPOOL ‘' CARDS

- COMPOL
CoMPOL
COMPOL
COMPOL
COMPOL
COMPOL
coMmpPoL
COMPOL
COMPOL
COMPOL
coMpoL
COMPOL
coMPOL
COMPOL

TAPE
TAPE

TAPE.

TAPE
TAPE
TAPE
CARD
CARD
CARD
CARD
CARD
CARD

TAPE
TAPE
TAPE
CARD
CARD
CARD

"TAPE

TAPE
TAPE
CARD
CARD
CARD

TAPE

DIR
NONE
TAPE
DIR
NONE

TAPE

DIR

NONE
TAPE
DIR
NONE
TAPE
DIR

ASSEMBLE SEQUENCE PARAMETER CARDS

S01
502,
YER

S04
505
S06

SO07 .

508
S09
S10
S11
512

SEQPAR
SEQPAR
SEQPAR
SEQPAR
SEQPAR
SEQPAR
SEQPAR
SEQPAR

SEQPAR.

' SEQPAR
SEQPAR
SEQPAR

ASSEMBLE ENVIRONMENT

EQL
E02
E03
E0u4
EOS
ECh

CENVSIM
ENVSIM
FNVSIM
ENVS IM
ENVSIM
ENVSIM

TAPE
TAPE
TAPE
TAPE
TAPE
TAPE
CARD
CARD
CARD
CARD
CARD
CARD

TAPE
TAPE
TAPE
TAP[
TAPE
TAPE

TAPE
TAPE

TAPE

CARD
CARD
CARD
TAPE
TAPE
TAPE
CARD
CARD
CARD

SIMULATION

TAPE
TAPE
TAPE
TAPE

TAPE-
TAPE:

TAPE
DIR
NONE
TAPE
DIR
NONE

TAPE

DIR
NONE
TAPE
DIR
NONE

CARDS

TAPE . DRUM

TARE

DIR

DR

- NONE
_NONE

" CORE

DRUM

CORE

DRUM
CORE

DCP
bceP
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TAPES IF
TAPES |IF
TAPES |IF
TAPES (F
TAPES |IF
TAPES |IF
TAPES |IF
TAPES IF
TAPES |IF
TAPES |IF
TAPES IF
TAPES |IF
TAPE 4
TAPES 'IF
TAPES |IF
TAPES IF
TAPLES IF
TAPES |F
~ TAPES {F
TAPES, IF
TAPES IF
TAPES |F
TAPES . IF
TAPES |IF
TAPES IF
TAPES IF
TAPES |IF
TAPES IF
TAPES |IF
-TAPES IF
TAPES |F

REQ
REQ
REQ
REQ
REQ
REQ
REQ
REQ
REQ
REQ
REQ

REQ

REQ
REQ
REQ
REQ
REQ
REQ
REQ
REQ
REQ
REQ
REQ

‘REQ

REQ
REQ
REQ
REQ
REQ
REQ

29344
223494
233¢4
29304
29324
20304
21304
2134
29304
29394
213194
2934

29304
29394y
29314
29394
293940
21314
29394,
21304,
29394
2903040
29304,
23304

21314y
29304,
21344y
29304,
20304y
2¢3 04,

RESPECT

RESPECT -
RESPECT

RESPECT
RESPECT
RESPECT
RESPECT
RESPECT
RESPECT
RESPECT
RESPECT
RESPECT

RESPECT
RESPECT -
RESPECT
RESPECT
RESPECT
RESPECT
RESPECT
RESPECT
RESPECT
RESPECT
RESPECT
RESPECT

RESPECT
RESPECT
RESPECT
RESPECT"
RESPECT
RESPECT



EO7 - - ENVSIM TAPE

E08 _ . "ENVSIM. TAPE
€09 , ENVSIM TAPE
E10 o ENVSIM TAPE
“Ell " ENVSIM TAPE
El12 . ENVSIM TAPE
E13 . .. ENVSIM CARD
Ela - ENVSIM CARD
£15 : ~ ENVSIM CARD
. E16 : ~ENVSIM CARD
E17 ‘ ENVSIM CARD
E18 - ENVSIM CARD
E19 . ENVSIM CARD
E20 : . ~ENVSIM CARD
E21 ENVSIM CARD
E22 . © ENVSIM CARD
E23 ENVSIM CARD
€24 . ~ -~ ENVSIM CARD

ASSEMBLE GEOGRAPHY CARDS

G601 - GEOGR TAPE
602 , . GEOGR TAPE
G03 - 'GEOGR CARD

GO4 , GEOGR . CARD

CARD

CARD
CARD
CARD

"CARD

CARD
TAPE
TAPE
TAPE
TAPE
TAPE
TAPE
CARD
CARD
CARD
CARD
CARD
CARD

TAPE
CARD
TAPE

CARD

TAPE FILE MAINTENANCE CARDS

101 . . POS 1R
102 - POS 1
T03 . POS 2R
T04 ' POS 2
T05 - POS 3R
T06 .- POS 3
107 . - POS.4R
T08 - . POS 4
T09.1 . . LOG 1
T09.2 . LOG 2
T09.3 LOG. 3
T09.4 = LOG &

|

T10.1 - _ bupLIC 1

TAPE
TAPE
DIR

DIR

NONE
NONE
TAPE

NONE
NONE
TAPE
TAPE
DIR

DIR

NONE
NONE

REW THEN
REW THEN
REW THEN

REW THEN

DRUM
‘CORE
DRUM -
CORE -
"DRUM

CORE

" DRUM
TAPE .
DIR
DIR -

CORE

" DRUM.
CORE -

DRUM

CORE

DRUM
CORE

‘DRUM

CORE
DRUM
CORE.

POS
POS
POS
POS
POS
POS
POS
POS T
' CATALOG BINARY OR.
CATALOG BINARY OR
© CATALOG BINARY OR.
CATALOG BINARY OR

TH-15 #3  Page

prﬁé

. TAPES.
- TAPES
"TAPES

TAPES
TAPES
TAPES

- TAPES.
TAPES
TAPES -

TAPES
TAPES
TAPES
TAPES
TAPES

TAPES

TAPES

©  TAPES.

TAPES.

TAPES

" TAPES -

TAPE .
TAPE
TAPE
TAPE
TAPE
TAPE
TAPE
TAPE

S P U WNRN

IF

|F

1F

T0
70
TO
T0
10
TO
T0
70

3

ea
REQ
REQ
REQ
REQ

-REQ

REQ
REQ
REQ
'REQ

“REQ

REQ
REQ

" REQ

REQ
REQ
REQ
REQ:

REQ
REQ
REQ
REQ

»

Rediay
29394y
29394y
24344
29304

29394

23394y
293404y
29394y
29394y
29394,
29394y
24344y
29344
29394,
293945

29324y

29344y

293
293

2+3.

243

IDT IN COLS
IDT IN COLS
IDT IN COLS
IDT IN COLS
IDT IN COLS

10T

IN COLS

IDT IN COLS
IDT IN'COLS

HOLLERITH TAPE ON UNIT
HOLLERITH TAPE ON UNIT
HOLLERITH TAPE ON UNIT
HOLLERITH TAPE ON UNIT

0.

RESPECT
RESPECT

‘RESPECT
RESPECT
RESPECT

‘RESPECT
RESPECT
RESPECT
RESPECT .

RESPECT *
RESPECT

'RESPECT
RESPECT "

RESPECT
RESPECT
RESPECT

RESPECT -

RESPECT -

RESPECT -

RESPECT

- RESPECT -
~ RESPECT ;-

25-30
25-30
25-30
25-30
25-30
25-30
25-30
25-30

x 3¢ x X



T10.2
T10.3
T11
T12
T13
T14
T18
Ti6
T17

puPLIC 2
DUPLIC 3
CMPARE
PUNCH

FILE

END

UPDATE CARD
MERGE
UPDATE TAPE

WAIT

L INK
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COMPARE TAPES ON UNITS 2 AND 3 .

PUNCH A BINARY DECK OF THE IDT GROUP ON 3
WRITE A FILE (DT REC. ON TAPE 3 COLS 25-30
WRITE AN END IDT REC ON TAPE 3 COLS 25-30

~ UPDATE HOLLERITH TAPE ON 4 NEW TAPE ON 2

BIN TAPES MASTER ON 2 CHANGE ON 4 NEW ON 3
UPDATE HOL TAPE OLD 4 CHANGE 2 NEW 2

CHANGE TAPE SELECT LINES AND CONTINUE
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3.0 Binary Card and Tape Formats |

The assembly programs of the COMPASS system (Program Translator, :
Assemble Compool, Assemble Fixed Geography, Assemble Sequence Parameters,
and Envirooment Simulation)and also certain of the File Maintenance

A functions) produce a binary output on either tape or cards. Shown be-

' . low &re the formats of such information. COMPASS programs will only
vhandle binary information organized in the following mannea,with the
exception of DUPLICATE ‘and COMPARE, which do not exsmine format.

3.1 Binary Cards

Tdent. characters are gangpunched in columns 1 - 6 of each card. " If the
binary deck ‘contains a. program, columns 7 - 9 of each card will contain
the compool with which this deck was assembled. :

1. Cards with drum locations

9's left row: Bit 02 equals "1" indicates a drum card.
‘ o Bita O4 - 09 contain drum field. ‘
Bits 10 - 15.contain number of words per card.
(Does not.include itself or checksum word, hence,
. maximum value ip 22) L L
Bits 16 - 31 contain drum 1ocation.. - - !
Bit 17 eqpals "1" indicates auxiliary drums.

~ 9's right row: Contains the complemcnt checkSum, thﬁt'is, thel
complement of the sum of &ll the words on the - .
card not including itself(the complement checksum)

8's left Tow to 12's right row: Containg the binary information,~u
maxioum of 22 words. :

2. Cards with core locations. Exactly as described above with the
following exceptions in the; . : ’ .

9's left row: Dit 02 cquals zéro
- Bite Oh - 09 equal zero .
Bits 00 and 16 - 31 contain core location
3. End card. Applics to cither core or diﬁm.cards.
9's left row:; ~ Bit 0l equals one
o : Bits 00 and 16.- 31 -- core location for the. .

read-1n program to branch to. .

"~ 9's right row: Coatumns the complement checkeum.
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4 Environment Simulation Cards

9's left row - ' -
LH Word: Bit 03 equals "1" indicates ENVSIM card.
RH Word:. Bits 10 - 15 contain. number of words per card.
 (Does not include itself or checksum word, hence
maximum value is 22)
AN
9's right row ' '
Full Word: Containa the complement chiecksum.

8's left row

LH Word: - Bits 10 - 15 contain drum field; blank when core
eddress 1is involved.
RH Word: Bits 1 ~ 15 contain address.

8's right row .

Full Word: Contains item value CONVERSION.
The rest of the card is filled to the maximum
of alternating addresses and contents as 1in
the 8's row, left and right.

3 2 pJpinary tapea produced by. COMPASS have five different types of records

NOTE- Type of record 18 & number. such that either bits 30 or 31,
or both, of word 1, conteins a "l", thereby identifying this as a
binary tape. A Hollerith tape contains zero in these bits.

l. The file 1dantification, storage identification-and end. identifi-
cation records are three-word records.and differ only in bits
28 < 31 of word 1. Thepe bits contain the record type. The format
of these records followsi

Hoxd its Contents
1 00-23 - L Hollerith characters
o identifying the file
or data.
28-31 Type of record
2 18-29 2 Hollerith characters

completing the identi-
fication of the file
or data.

3 00-31 : Complement checksum

File idontificotion (Type 1)

This ia the first record of a file. A "file" is a programming
-eystem (o.g., DCA, TADOR, SGS, COMPASS). A file is structurally
made up of 1dant1fication groupa.
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Storage identification (Type 2)

' This precedes one or more storage records and contains identi-

fication for them. This record could identify a program, the
binary Compool, or any kind of binery date, therefore, the ~ -
storage identification record and the storage record or records

it identifies are called an identification group.

End identification (Type 5)
Thig 15 the last record of a file and is followed by an end-of-

file mark

The storage record contains the actual binary data.° There are“two'f o
,_types of storage records -- core or drum. ‘

i . 00-15 - ° Number of data words. Maxi- ,
IR S , . mum of 2—ﬁfror one drum fieldr
, 28-31. .  Type of record -

2 0031  Contains the information'

- necessary to locate the
_data in core'or'on'drums

3 :(n-1) 00-31 . The binary dstas information

‘n .i S 00—31 D Complement checksum )

NO”E -n is a number between 4 and 2051 inclusive.‘

Core record (Type 6) ' ; “ -
Word 2 contains in bits 00 and 16 - 31 the starting core location o
for this ‘block data._

~ Drum record (sze 3)

Word 2 contains an SDR complete with drum field and the starting :
drum location for this block of data.

vEnvironment Simulatinn Records (Type 9)

Word, - Bits '[ - Cnntents

1 - 00-15 °  Number of data words, maximum
, . | , ~ of 200 - :
| | 28-31 " Type of record ¢
2 00-31 ' Blank | o
3 to (n-1) 00-31 , " The binary data information .
'n . 00-31 * Complement checksum

(b = n = 203)
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Core op'erate (Type T)

‘This 1s a three-word record following one or more storage records

for d.rum or core containing a program. Word 1 contains the type
of record in bits 28 - 31. Word 2 contains the core eddress
specified in the END card of the program when it was assembled.

The third word contains the ‘complement checksum.

-This record provides the same function for a program assembled to

binary tape that an end card on a binary deck performs:. That is,
&8 program may be assembled to binary tape and if core assembly is
spec:lfied., it may be read in and operated. The tape read-in pro-
gram branches to the address specified ln the core operate record.
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W12 343 67809101 1213 1h 15 16 17 18 19.60- @1 22 23 24 25 26.27 28 29 - M

<

File identification

Chs
£ : ‘2
Complement  Check - Sum
End Identification
4 ool . : e . , T g1pd
L R S ) iR : 2 Follefith Characters = - AN

Complement  Check

‘ Core Storage Record

‘

nta Words (Max. 2048

Binary Data Intlonmtion

Complemant  Check - Bum

Drum Storage Record

. Number of Data Wordas (Max. 2048 i
8 D R lm-uL [ riea

C oment _ Chac um

) (R Ry P '- Y
Coro Address Specified in END Card
Complement  Check  Qum o

Bits @ and 16 - 31




4.0
k.1

4.2

k.3
b
b1

44,2

L5
“cols. BT - 49
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PROGRAM Progmm Translator
IDENT 0370, 0371

FUNCTIONS

Program Translaéor is a two-pass ansembly program. It converts symbolic cards -

in the format specified below into binary words recognized by the computer's
circuits and stores the binary form of the program on & permanent storage
medium (either punched cards or magnetic tape). In addition, if desired, a

1isting of the assembled program in symbolic and absolute, with programmer's

comments and an error printout, may be produced on delayed tape or directly
on the line printer.

‘Note: "Compool Dependen " progrume are ones which use tags defined in the:

COMPASS Compool. DCA and CCA programs axre exsmples of "Compool Dependent"
programs. Any progrouming system ueing a Compool is "Compool Dependent.

OPERATION See Section 2.0 of this document.

INPUTS

COMPASS Control Card

"TAPE" or "CARD" (symbolic input medium)

"TAPE" or "CARD" (binary output medium)

"TAFPE" (symboliec output on tape) or "DIR"

(cols. 36 - 38, symbolic output on printer) or "NONE"

(ne symtolic output)
"TAG" (tmg table on the dlrect.line printer, Cols. 36 - 38)

=z "DRUM" or "CORE" (type.of stovage)

= "ALL" or (blank) ("ATL" permits essembly of all programs on
the input tepe with one COMPASS cd&t;ol card. If these columns
are left blenk, only one program is assembled and control is
returned to COMPASS control).

cols. 25 - 28
cols. 30 - 33
cols. 36 - 39

L

cols. L2

Symbolic Input Cards

,Note? Thera is a COMPASS plugbosrd wired and available in the Santa Monica

card room for the card-to-tape machine. It rearranges colums 17 ~ 80 of
the instruction caxd in the following mannexr.
Card Columns: 17-T1, 78 - & no change

8 - 13 now in columns 72 - T7

This_allows the card numbers to appear on the listing piroduced by the Program
Translator. At the cost of 6 columns of contents, the programmer has in one
listing all the information reguired to develop or make changes to a program
being worked on, - espogially those programs maintained by the card room.
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18-22 symbolic tag e
'Symbolic Location

a. For Compool Dependent Programs = DL (digit - digit - letter),

no zero suppression

'b.  For Non-Compool Dependent Programa = any alphanumeric charac-.

ters and/or bl&nks

Items

" &. For Compcol Depéndmnt Programs = LLLL (letter - letter - letter -

letter) o : -
b. For Non-Compool Dependent Programs = any alphanumeric characﬁers
&nd/or blenks - . '

Table _for use with’ Cumpaol Override Cards E '
&.  For Compool Dependent Programs = LLLD (letter - letter - letter -

digit) or LLL (letter - letter - letter)

b. For Non-Compool Dependent Pbograms = any alphanumeric characters
‘and/or blanks

24 = index register

For indexable instruofians, blank or & number between 1 and 5 in-
clusive is permissible.

' Compool override caurds :
© (1) "I" defines this card as an item card

: (2) "T" defines this card &s a table card

cols. 25 - 27 = oprration code

a'
b.'

C

Standard Q-7 instruction codes ) ’ ’

All ‘the new 65K memory inslructions (CMF CML, CMR, CMM, CDF, CIL,
‘CIR, CDM, TOB, TTB, CAC).

Assembly instructions

TPT - Tdentification. This is the first card of every deck. The
charecters which appesr in the director of this .card will be gang-
jpunched -on all binary cards of the deck produced (in cols. 1 - 6):
4t appsars in the storage identification record, .if the output is
to tape. If the first character of the directaor is a 5, this program

~ ig presumed to be a Compaol Tependent program: GCompool dependent _

restrictions apply and the Compool is used.

LOC - Locstion. This is not needed with -Compool dependent programs,
for the starting core address is specified in the, Compool. If the. .
10C card is inserted in a Compool dependent program deck the location
apecified overrides the core address containmed :in the Compool. The
octal number in the director of this card defiines the core location
of the succceding instructions or constants. .As many LOC cards as

" are deslred may be inserted. The number of LOC cards in an instruction

deck is up to the progrsmmer,
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DRM - Drum. This is not required with Compool dependent programs,

. for the reason given under LOC above. Thisg card does the same
thing for a ‘drum location as 1OC does for core locations. The

drum field is indicated in the index interval. Aux. drum locations
are indicated by a 4 in column 37 of the director. Columns 38 - kLl
of the director contain the drum location in octal. The number of
IRM cards in an instruction deck is up to the programmer.

" SKP - Skip. Program Translator is to skip the decimal number of

registers specified in the director at this point.

DIT - Ditto: - The previous instruction or constant is to be re- .
peated the number of times specified in the director, The content
- of the director is interpreted as a decimal number, S

END - The END card goes at the end of the symbolic deck and can
contaln an absolute location, or a symbolic tag in the director,
This location is put in the last card of the birary deck or in the
core operate record on binary tape. This 1s so that the read-in
_program may branch to this location after the program is read into
the computer. If the director of the END card is left blank it is
assumed to be the core location specified in the first LOC card of
the deck. A

Pseudo-instructions

POS - Position. To be used with an item tag in the director. The
instruction will ceuse the Program Translator to substitute the
machine code for an FCL, with & right-half word computed such that
the item will be cycled in order to put the least significant bit
in the accumulator bit position specified in the index interwval of
'the POS instruction.

RES - Restore. This will cause Program Translator to substitute an
FCL with the right-half word computed such that the item is positioned
ready for depositing in its original stérage location.

SDX - Prdgr&m Translator will put & "1" into bit 17 to address aux.
drums. In other respects, this instruction is the same as SDR.

HOL - Hollerith. The 5 Lh&T&Ct@rB eppearing in columns 36 - L0 of
the director are to be converted to 6-bit Hollerith in normal pre-
stored form (inverted) and stored either &s & full 32-bit constant
word or as an RC word, depending on whether HOL appears in the op-
code fleld or as the left bhalf of an RC word.

CPO - Compool override. These cards permit a Compool dependent pro-
gram to override the Compool, with respect to item or table tags. They
permit non-Compool depsndent programs to set up tables and items outside
‘ the range of a program. In effect they permit a non- -Compool dependent

program to set’ up & private Compool for itself. These cards are
actually an extension of symbolic coding.
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For table compool override card the director (cols. 36 - hl)
contains ‘the octal address of the first word of the table.

_ For item compool override card, the index interval contains the
number of bits in decimal, columns 34 - 35 of the RC word left
half contains the most significant bit position of the item and
the .director (columns 36 - 4O) contains the symbolic tag of the .
table in which this item is located. , ) » g

T0B, TTB - When used with an item tag in the director, the index
interval will contain the relstive bit position of the most sig-
nificant bit to be tested. Thus, if TSTS is a five-bit item and
‘the two least significant bits to be tested, the instruction TTBE3
should be used. To ascertain the relative bit position of any bit.
of an item call the most significant bit @, the next bit 1.

e. General Input and General Output Calling Sequences, ete.

Two general purpose progreams dealing with in/out are provided, to
save the programmer the time-consuming job of conversions. General
Input and General Output are directed by 2-word calling sequences,
immediately following s BPX to them. As many consecutive sets of
these calling sequenges ss are needed way follow one reference to
either General Input Or Ceperal Output (BPX). A list of General
Input and Genersl OQutput calling sequence instructions follows:

CLR =--. Clear input or cutput image
MOV -- Move Hollerith characters
RCD -~ Read a card

RTP -- Read tapo

WPR «~ Write printexr

"WPU -~ Write punch

WIP ~- Write tépo

OCI -- Octal intm@ﬂr

OCA -~ Octal sddres

OCF -- Octal frictlon

SDT -- Signed decimal integer

UDI ~-- Unsigned decimal iutegeér
SDF -- Signed decimal fraction
UDF -~ Unsigned decimml fraction

For more informmtion on General Input and General Output, sce
Sections 12.0 and 13.0 of this docurent.

In the first word of a calling sequence, the right-half word is either a
.symbolic or an absolute address. The letters ACC ' '@ccumulator)
moy be written in columns 36 - 38 of the director.
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In the second word of the calling sequence, the instruction field is
divided into 2 parts, coluwns 24 - 26 and columns 27 - 29. Two unsigoned
decimal integers are written here with the lesst significaent digit to

the right of the column groups, and leading zeros suppressed. The right-
half word has an unsigned decimal integer with the least significant bit
in column 41 and lesding zeros suppressed. The progremmer mey use the
first word of a calling sequence as an RC word; but he may not use the
second word of a calling sequence in an RC word.

cols. 28 - 29 = index interval

. Col. 28; :
An "A" with ADD, ADB, SUB, AOR, XAC, STA, CSW, RST, TAD, TSU
operation codes desiznates & 17 bit address. A "1" is ingerted
in bit position 12 of the binary instruction by the Program
Translator.
Concorns inatructions causing overflow.
(1) Blaenk -- Set .indicators, no suppression
. gag L -- Set indlcetors, suppress left alarm
- (3) 'R -~ Set indicotors, suppress right alarm
(4) B -- Set indicmtors, suppress both alarms
(5) E -- (Everything) - Suppress all overflow alarms and
. indicators. : ‘ '
¢, Cols. 28 - 29
gl; Octel number with BSN, PER, SDR, SDX, SEL, IRM.

2) Decimal number with BPX, POS, RES, TOB, TTB, CFO, RDS,
WRT (interleave codes) and all General Input oxr General
Output ecslling sequence instructiono requiring an index
inbcrvnl.

cols., 30 - hs = referenco

@, RC words-columnn 30 - b5
The lettors "RC" stend for "register containing" and the function
performed by these type words is primarily one of emse of pro-
gramuing. Program Translator assigns en absolute location at.
the end of the program es the right-half word of the instruction
calling for an RC word and stores in that location the walue
spocified. An example follows: '

ETR 177hoo 000377
Program Translotor asslgns & location to thelRC word:at the end

- of the amspsembled progrsam and fills the right- half word of the -
ETR wlth that eddress.
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' IDT, END, DIT, BKP, LOC, DRM, CPO: " these characters and the
- second word of a cal]ing sequence may not be used in the RC.

word field. The instructions which will take an RC word are
Add class, Multiply class. Compnre class. ETR, LDB, and LDC.

The director, cols. 36 - I ) - : B

The self reference symbol. A $ in column 36 of an inetruction
card 1s understood by the Program Tronslator to refer to the
contents of the location counter at that instruction, for example-

BoNlb, $
o No tag is needed

This may be used in conjunction with the increment or decremnnt
feature. To wit: 4if it is desired to turn off the left over-
flow light and operate the next instruction~ :

' BoNlQ S

Thc AUrector field may contmln elther symbolic tugs or conatanta.
Congtants are written at the right of the director field.
‘Symbolic tags are written atartin nt kho 1oft of the director
field. The rules for tags for nohﬂ pﬁ ﬁlwmq*hro the pame as
the rules for tags in the location field - 'g;ﬁiyr nlphgnumeric
charactexrs. A list of pcrmiuaiblo tags foaA : pr&kxmmu rollows-

Tocation tags: DDL (dlgit - dlgit - letter)

Item tegs: LLLL (letter - letter - letter - letter)
Table tags: CLLLD (letter - letter - letter - dlglt)
 Program tags: = - LUL (letter - letter - letter) ' .

Temporary storage TPYP . .

‘Each Compool dependent progrom must bave a TPYJ table get up for
. 1tself in szction T of the Compeol 1f temporary. storage reglsters
axe used. TPY¢ mey also be defined uning a CIO card.

"M LL Af test memory in the 65K memory. computer ig destred a T
in column Ul will caune Progrom Transleter to £111L in an nddreas
of 377760 which corresponds to 20000 fin the 8K machine. Relatlve
addressing may be used to grt successtve mglaters of test nemoxy.
For qumplﬂ, T + P15 1s the live 1ogluinr

Incrmmcnb' rodecrerant. ) columna B2 < L5,

Al or a "-" {n <oiumn 2 and a three-d) git declmal number
ranging from 1-999 in columns h3 - W5, A ivdsank is interpreted
as a vero. .
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k.5 QUTPUTS

h.5,1 Cords -~ Program Tranglator produces 2 binery deck with the ldentification
characters (from IDT cord) gaogpuached in columne 1 ~ 6, and the Cowpool
used Lo assemble this prograwm lg gangpunched in columns 7 ~ 9, of each
card in the deck. The format of the binary deck 1s desgceribed in the
chapter of this document on binery format(Section 3.0).

43502 Tape ~- Program Translator producen binary recoxds on tape. The forwat
. of’ thOa records is specified in the chapber of this document on binary

9

format. The three-word storege ildentification record contains the six
charscters of the direchor field of the IUD cord and the Compool used
to assemble the progrem in 6-bit Hollerith. One or more storage records
following the storage ldentification record contains the program. More

than one storage record is produced for one program 1f:

1. The program ig over one dvwa field in leagth (2048 words).

2. There are SKP caoprdg in the gymbolic deck.

3. There 1s more than one LOC card end the program is being sssembled
with core sddresnsecs.

b, There is more thon one DRM card and the program 1s being assewnbled
with Drum addresses.

4.5.3  PRINTOUTS

L.5.3.1 Listing of sssembled program (see saomple listing at end of this chapter).
All agsenble instructlon cards and CPO cards do not prindt 1, 3, 4, and 5
below. The BC woxrds at the end of the assenbled progran a]bo appesr in
the listing. The llsting for RC words prints 1, 3, % and 5 below, only.

1. Priont wheels 1 - 8; Lrum £ield and drwn location.

2. Print wheels 11 - 45 Contents of columas 18 - 45 inclusive
of the input instruction card.

3. Print wheels 48 ~ 53 Core locwtion of thisg iastruction or
constaut, as an octal address.

L, Print weeels 57 - G0 Contents ol the lefh-half word of this
ingtruckion or constant, in octal.

5. Print wheels 66 - T Contents of the right-halfl word of this

Instruction or constant, in octal.
6. Print wheelg 75 -~ 107: The contents of the comwent field of the
input instruction card, coluwus 46 -
77 inclusive. '
T. Print whecls 111 - 120: FBrrors tn the assembled program detected
' by the second pass of Program Translator.

h.5.3.2 Yor the_conveniuﬁce of field pergonnel, an optlonal sywbolic outrub is
produced by the Progrom Teavsliator. Since wost field zites do not hawve
tape-to-printer cquipeent, a tog table moy be had Instead of the usual
Idsting. The control ~mrd Lo &*wwmon must have the word TAG in columng
36 - 3u& the remaindey Lhe card is described in Scetlon 4. U, 1.
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L.5.% SPECTIAL POINTS

1. Errors not csusing the program to halt. Errors detected in the agsembled
© program. All error lines of the listings are logged direct whatever the
form of symbolic output requested. ,

8. "INDETR LEW":! TIndeterminate left-half word is generally caused by
elther a special symbol in the instruction left-half word field,
or & decimal integer such as 8 or 9 in an octal constant, or an op-
code punched in the wrong columns of the instruction left-half
word field.

b.. VINDETR RHW": Indeterminate right-half word is generally caused
by & special symbol such as an asterisk in the director field.
G "UNIEFINED": This appears when Program Translstor cannot find
the symbolic tag contained in the director field in either the
' - tag table or the Compool override table,and,for Compool dependent
‘ programs, cannot £ind it in the Compool elther.

d. "DUPL TAG": Duplicate tag appssrs on the line which contains the
duplicate in the director. The address of the first duplicate is
used for all the others. , '

ce. "ILL USE RC": TIllegal use of the RC word. This is caused by the
use of an RC word with an iustruction left-half word which does
not teke an RC word or an illegal instruction in the left-half
RC word field, such as DIT or CFO.

[

£f.  "INDETR RC": Indeterminate RC. This is caused by the same sort
of error mentioned under indeterminate left-half word except the
error would appear in the left-half word in the RC field.

g  "EXCESS RC": Excessive number of RC words. At present this will
be caused by & program having more than 200 different RC words
in 1it.

h. "MEMORY OVERFLOW": This means the program ﬁraps around memory.

i. "XXKXX ILLEG TAG": Generally caused by an illegal symbol in the
tag field of the instructlon card. The X's will contain the
illegal tag. .

. ‘ :
2. Errors causing the program to halt. All error lines of listings are
logged direct.

&.  "NO IDT CARD": If symbolic input is from cards, attach IDT card
to deck, put deck in card reader, and press "CONTINUE." If input
is from tape, nothing can be done, ,
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b, "READY i/O UNIT O1": Cerd reader not ready. Ready card reader

and continue. This error printout also means there may not
be an END card on the deck being assembled in the card reader.
"In this case, add the remainder of the deck with END card and _
press"continue. If there is no END card on the tape, no re-

covery is posstble.

c. "READY I/0 UNIT 1X": Tape X not ready. Ready tape X and
press progran “continue, , . .

d.. "READY I/O UNIT 02": Punch not ready. Ready card punch and
press program’ continue. . .

e, "TOO MANY TAGS": ,This ‘occurs if the program being assembled
has over 900 tags. No recovery possible.

f; “ "LOAD SUBR LIB ON 11": If the COMPASS3 master is on unit 11
.when the subiroubtipne library tape 1s. needed, load subroutine
library on 11, and“continue.”

Information printouts: If assembly is from prestored tape, the
IDT card of each progrem assembled will be logged on the line
printer. All errors will be logged directly, even i1f no symbolic
output is indicated.

Definitions Pprtajning to oubroutine Libraries

Primarv subroutine - A subroutine which is self sufficient, that
is, it does pnot refer to any other subroutine. :

Second order subroutine - This gubroutine refers to one or more.
primary subroutines. ’

Third order subroutine - This refers to one or more subroutines,
8t least onc of which is a asecond order,

‘The -extension to subroutines of hlgher order is obvious.

Bubroutine locotion taps - Tags of any five alphanumeric characters

or blanks with the OXLUPthH of all blanks or all numeric'characters.
For use with compool dependent progroms,DDLBB (digit - digit - letter -
blank - blank) 1s the tormat.

Subroutine rcference - This is a subroutine location tag which
defines a subroutine. ‘I'iis tag is in the director of the IDT

card of the subroutinc, colunns 36 - 40, It appears as the location
tag of the first insLruction of the subroutine, always a STAA (Store
Address). It also iduntifies the pubroutine in the index and appears
as the director of the SR op code.
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Subroutine reqpest-- This is an SBR with e subroutine reference
in the director. This is used to call for a particular subroutine
and can be written in the program to be assembled or-on a-subroutine

- in the library.

' Subroutipne index < A statement of the relationships between the :

subroutines in the: library° The subroutine index is made up of

- & nunber of cards. The ‘format of a ‘subroutine index card is as

follown: Columng 17 - T6 of thé card are partitioned into 12
fields of five columms each. The first field, starting at the
left, contains a non-primary subroutine reférence, Successive
fields contain the different subroutine references directly used
in the non-primsry routine, up to a maximum of eleven. Each
non-primary subroutine must be defined in this way. The whole

of it is the index. ) : '

Library Tape - This is & prestored tape consisting of the index
and an END card; then follows the subroutines and one end-of-file.
Each subroutine is enclosed, has an IDT card with its subroutine
reference in the director, the STAA with the subroutine reference
in the location field, followed by the remainder of the sub-
routine and an END camdo .

A statement on the limits of the present (8K) Program Pranslator

1. Tags maximum, 900; minimmm, 3, with the exception that a
: program without any tags may be assembled.

2. RC words: maximum, 200.
3. Cards in input deck: maximum, 6120.. '

L, CPO caxds: maximum, TO.

The Program Translator accepts symbblié compool references to

drums, such as:

SDR TDTL
LDC TDTL .
RDSP3. TDIL - (Resd TLT1, TDT2, TDI3)

At present, the Program Translator will not accept compool
porameter tags, althdugh this feature may be included for the
combat center. program. S

Progran Translator does not convert the letter "O" to ¢ or

|



i"i°9 

T™M=15 #3 “Page 27.

Compool dependent programs R _may not suppress zeros in :
internal location tags._ - S : -

Ir a table or program used by 1 compool dependent program being
assembled. is not in section E (Formerly sectlon i) of the compool
for this program, the tag will be undefined since the Program
Tranglator does not Jook 1in Section T (indexable) or Section P

. (non—indexable) sections of the compool.

Further definition of the "Director" of an instruction card.

The director field on the symbolic card is interpreted by the

“Program Translator in snveral ways, depending on its context.

If it is symbolic, it may in some cases (POS, KES, LDB, ETR)

~ be. interpreted as a function of bit position of an item; in
other cases (SDR, RDS, WKT) it may be interpreted as drum location

. ,or pumber of words. With & Geperal Input or Output calling sequence,

finstruction ACC 1s translated to zeros and meany éccumulatoro In
“all other cases, the syabol is replaced by . its correlative 17 bit

- .binary core addresso. Core address -is always 17 bits long. This

12,

hsg' some consequences vhich -should not-be overlooked, particularly

'when the left-half word contdains a constant rather than an in-
‘1structiono Cnusid@r this example

- ¢, 6¢A b@cmnea' ;25 77777, ¢.9226p

'6¢A is regieter 226¢ and notice the conatant left-half word hae

been chang@d in valuro'

7\

Programs over a drum fi@]d in length.

A program being asgembled for ‘drums having more than 2048 (decimal)

© words will have the excess (over 2048) assigned to the next higher

drum field. number. The programrexr should take. care. tbat the drum

. field specified for assembly plus one is an existenb drum, for the
" Program Translstor will not. "
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438C  [LLEICAL TAG
1224 SAMPLE032 A PICTURE IS WORTH 19635 wCR2DS B
2av92 DRUM FIELD 2 LGCATICR ZERO
cC 1000 STARTING coa; LOCATION 1M GCTAL -
v o . . THE FOLLOWIMNG ARE VARIOUS CCNSTe
~rZo2225 OX . an1eo0 90009 090000  NOT A COx- ENT CARD 3ECAUSE TAG Tt T e
STZODTIY CONST S + 1c 001001 §G0CIs  £09012  OCTAL LHd DECINAL RHW
ItI ootz - 9 175231 051ca2 177755 175231 OECIMAL LHYW OCTAL RHYW Tttt T T T
TtzoIoTs s 1 051093 000008 000009 LHY COMSIDERED OCTAL MO + OR - INOETR LHY
TI2 TTTA FRACT +43823 -a12354 891¢04% 071067 170063 SIGMED DECIMAL FRACTION LRWeRHW ™  ~—~ ~ ~ =7 -
B e DECIMAL OIRECTOR INSTRUCTIONS .
222 ATT3 0 ARCD3 DSt 10 T 091005 0040007 T 000012 T A SAMPLING OF SHIFT CLASS T T -
12 0TS TEGWA ASL 9 601095 004260 000011 NOTE VARIOUS TAGS
272 2007 1UKLS oL 17 201007~ 0C460G 505021 AND CYCLE oo T T T T T T e
282 2712 m3Rs SLR 15 on1c1D 000243 000017  MISCELLANEOUS CLASS
£22 °"211 QRSTT  2XIM 10 T 001011 T 027540 000012 T T - T T T e e —
272 C012  UYULX8  1ADX 11 0c1012 017700 000013
- T B - T T T T T T GYERFLOY THDICATORS AND IT BIT = -
ODRESS CLASS INSTRUCTIONS
¢32 29213 YZe TaDA - C01013™ 081113 ° 0CO000  SET IMDIC NO SUPPRESS T T T T T -
222 251s su3aL 601014 001351 0C2000 SET {HNDIC SUPPRESS LEFT ALARM
T22 3215 A7 4R T 091015 Q03452 000000 T SET {HDIC SUPPRESS RIGHT ALAR® ™~ ~ -
232 5315 ADD S 001016 601050 cC0N0 SET INDIC SUPPRZSS 30TH ALARMS
=22 2217 TSUAE T T TTITUTTTT Q01017 T 001416 T 000000 T TSUPPRESS EVERYTHING ALARMS TTNDT T
72 3227 Cs. A £01020 00G210 005000
©i2 o021 T T RSTA T 001621 0033507 ©0coce CoTToo o T T T -
£22 ¢222 ST2A go1022 063510 000000,
£32 5223 07T 7 sxaca C - N T 0010237  04785G7 680000 —
222 ¢o24 ADRA 001024  CO1153 cosneo
952 $025 FsTa T T T T T T Q01525 T 0632460 020000 T ROT IT BIT ADDR BITIZOROTEG Y
. OCTAL AUXILIARY INSTRUCTIONS
092 725 A asnza 2A 0201526 cCs521% 001026 ; T T
7732 2%27 224 ’ 22A 001027 £66211 001027
222 6033 2224 - 2223 T T Q0133%° 7 0£0101” 7 ¢0lQ3¢ T T T T T —
202 £931  2222A : 250920 031631  ©06147 040020 HOTE NO LEGALITY CHECK HO AUX
T T T T T T T e TUDRUM ET IS ON U=7T T
~n2 04032 10 601032 006110 040010  AUX DRUM
£1-2 ) ’ ST © T QCTAL AUX NOTE CONLY DRUM LOC TS
i CHANGED NOT CORZ LOC IN ABSCLUTE
- - - - T T T o T s T T T GECTHAL AUX TUTARY FRSTRUCTIONS
NOTE DEC DIRECTORS ON NEXT 3 IXS :
032 4533 T T URDesi T T T 13 001633 Co6701 0006015 T IMTERLEAVE EVERY BTH REGISTER —
252 27351 URTH2 8 601034 006742 000010 INTERLEAVE EVERY 16TH REGISTER -
352z 8932 WIATN4 T Tt 25 T 001035 T 006744 T 000030 T IMTERLEAVE EVERY 8&4TH REGISTER
ccz 05332 42°X24 Yz9 001036 045130 - 001013 . )
‘4527 6435 TTTUPGS3ITT T TTEX CO1037T 004700 BUOJITS THE TTEA 1" T S M DEFIRED BY &
92 £553 RES26 ITE™ 001040 094700 . 000026 CPGC CARD FURTHER DOWN 1IN PROGe
£42 £556° T T T TUTYOS2% T T ASCD3 901051 BOCSIS UOI00S TTNEW BSKTTRSTRUCTTIONS
552 9957 TT817 704 001042 006561  G01070
T N ’ T - GENERAU TRPUT "AND "GERERAL TUTPUT
CALLING SEQUENCES
- T T T e T T e ” NOTE THE AUX OF THE FIRST WORD
__AND THE THREE PARAMETERS IN THE
T e —— “ARE CONSTDERED DECS
5732 092460 RTPO&G 001043 007204  0G0O000 READ TAPE ON UNIT lb—duLLER!TH
052 CG51 ST T g Tt T T T g T TTUUI0AS T 000000 T 0LO000 T fanale B
002 0252 RCD 001045 007240 000000  READ A CARD-NO BINARY CARDS .
952 5053 I+ T g T UTTG0I086 T TO00000TTT Q00000 -
032 036# WPR29 TOA 001047 Q07275 -

€4 ST-WIE

*ge ofed



¢n10T0  CONVERT THE 6 21T HOL info sthar éz)

312 2238 115 321050  CZ0&1T  050C9Q 130G 1M TOA 31T 29 AND EXTINCING :
________ __ N _ _ FCR 15 CHARACTERS TO CARD IMAGE )
oo T : T OACPRINT OGN LUINE PRINTER [N PRINT T T T T Ty
’ . WHEEL POGITIONS 1-15
T2 0058 ~R029 - 021051 7007335 7 000090 WRITE PRINTZA- CONVERT FIRST 66 7 o L Ve
352 2287 1 54 T €21952  5605Q9 oocooo CHARACTERS OF QuTPUT 6 BIT IMAGE
) Tt/ T T T TTO CARD IMAGE T PUNCHTA CARD T T
—— - - g Uy P 17-80 ———— e . C e e -
22 0270 80Y23 70A 001653 ~ 067427 © 001070 "MOVE HOLLERITH cuAaacrcks ST
222 ¢2T1 15 ~.601054 __ 000405 _ 000000 %
¢z 2n72 T T Tumyar T T T ACC T 001055 007947 000000  UNSTGNED DEC THTEGER ACC Mc EANS — - -
172 2a73 T2 5 €N1655 600402 0C0C06 ~  ACCUMULATOR
232 2374 5o C3oMsT ©01e57 0927037 . 06C1001  SIGRED DEC INTEGER T
232 £375 LA . 15 01289 00048 £20020 - .

2 307S B RS B T UFRACT S T T Tgo1csl ’“007537"‘001004.”stsnso‘oac;ﬁaAcrrou T T C Tt T
~aT7 ER S 18 201952 004235  0COC20 . ) , .
~123 - SCF1s T UTUCENST T T e01083 T 00:IJ7""60ICOI___UCTAE_'RACTTC ; T TRt T -

171 1705 1% 051084  2184¢% 03232020 .
2 L3 T T/ T eoicss5 T 0073437 0C0900 , '—
1 23T 1s FaacT 3~1~es AnsN02 080000 UNSIGHED DECIMAL FRACTILLEGAL I%DETR LHW
: 4 13 C - 1577777 £31487 17021005 0 000015 C HERE'SINCE SECCHD WORD OF CLR -~ ~ T -
X ALLIHNG SZQUINCE WAS GMITTED
HOLO T TTUTTTTTITARTTT T TTe014Ts T THs1s 3'_"I7U G"“"FL[ TITR FEATURE TRZ WORSS IN — 7~ -
=CL noT R 21371 122 153224  THI CIRECTORS OF THESS THREZ INS
THOLT T EADY 25157 vcosr: 030725 T+ ARZ CGNV 7O & @FT TNVERTED I
' FORMAT AND PUT INTO 31TS 0=~2% OF
— - 3 T - cemeee - EACH LORD - -
32 701973 001000 001070  HOLLERITH-RC %CRD THE WORD TAPE
222 TTOOTATE T 001343 T 001520 IS SET UP AS AN RCWORDTIN & 3fT T - T ST — T
322 001075 023400 001012 ’
T - T T VARTOUS OTHER RC WORDS ST ) T
c22 001976  ©001£00 001521  NCTE 17 BiT ADDR IN RC WORD .INST
252 "@n1Q77 7601043 © 001522 ° CCTAL LHM RC 7 - e —
272 031109 . 021043 001523  SIGMED DSEC INTEGER LHW RC-.
%2 CO1I0T 001000 7 €0I52% STGNED DEC FRACTION LHY RC——~ ~ ~——~— - — -
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5.0 THE COMPASS COMPOOL

5.1 INTRODUCTION
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The 'binu'y Compool used in COMPASS is cal.led the COMPASS Com;pool to distinsuieh

it from the slightly different Compool in the Lirncoln Utility System.

In

terms of information contained, the ILincoln Compool and the COMPASS Cm\pool

are essentially identical.

Because the traaslation processes which use the

Campool are different im the two utility eystems, the structure of the MWtion
The COMPASS Compool is composed of five sections, conteining. Tablen, °

18 different.

Programs, Items, Scaling and Euviromment.

5.2 _COMPASS COMFOOL SECTIONS

v

A table tag is made up of three
‘the "block number."

lettors sod a digit.
Each block of a table contains tho same number of

These are described in detail be.l.ow.

The digit 1s called

regieters, and the bdlocks occupy consecutive and adjoining blocks of core
and drum storage.

The table's definiticn coneistse of ita initial core location, ite drum
location (1f amy), its block lemgth and the mumber of bdlocks it conteins.
LLLY, for instance, might be defined as belng st core location n, and as

baving m registers per block.
core location n £ m, and LLL2, n /

1 gassionT

of 250 table tagﬁa.

cgr

(1 word)

Cc1T ,
(250 words)

c2r
(250 words)

C3T
(250 worda)

0 1 .15
Core Addressj Noo words per block, for Core Address

: eoch tog im CLT. o

0 9 10 15 16 31
Ne. blocks im - ' :
this tabhls. Drvm Fleld Drum Address

2 Mo

16

LI, therefore, ig wderstood to mean

(,«mmxpom[t coxmlén xmuz'il rogisters, It cam comad.n & maximum
In COMFPASS, it is stored on drum field 1, registers 0000
to 1356 ,C2T and C3T are ipdexed by the eams inerement velus as CLT.

No. Table Tage ip Sectionm T

0 | T

18

hree-lether table tage o &bt
Hollerith-Choracters raad  from
elght to Jeft. Tage are: worbed

in apcending algebraic order.

Totel No. words 1m Goble (glvenfor
tablos vhere the no. words per
btk times oo. of blocks does not

equal total po. of woxds im table)]

16 | | 31




2,

o cgp

Section P (Programs)

A Program tag is made up of three letters.
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Since programs of a system are

sometimes also identified by a four diglit teg, with the first digit constant

for that system, the last three digits of this tag may also be included in the
Coupool. The progrom's Compool definition conseists of its core and drum 1°ca-
tion, and the allocated drum length.

Section P of the Compool 18 451 registers long, containing a meximum of 150
As & part of COMPASS, 1t 1a stored on drum field 14, registers

program tage.
1357 - 2261.

C2P and C3P are indexed by the same increment value as CLP.

(1 wsfa)

Clp
(150 words)

cap
(150 words)

C3P
(150 words)

16 31
" No. of Program Tags in Section P i
0 7 18 29
Three~letter progrem tog, in | Program No. (1f any)-rSecond digit
6-bit Hollerith, reading from| in bits 18-21; third digit in
right to left bits 22-25; fourth digit in bite
o J 26-29. Toags are sorted in
ascending algebralc order.
1 15 16 31
Mox. no. of words in Core address of each
each progran listed program in C1lP
in CLP :
10 - _ 15 16 31
Drum Field of
each progrem Drum address of each program
in C1P in C1P,

gection I (Item Informntion)

Any part of a toble word may be defined ag an item. The formst of these tags

18 four letters.

mation this item 1s desigoned to contain.

All items must be one of seven typea

Blonxy

Chearactron

Floating

Logical

Track Number
Binory-coded decilmal
Aphabetic

-~ O\ < R
o

~ The definition consiasts of the table block in which this item
18 located, its bit position within words of that block, and the type of infor-



T™-15 #3  Page 3h.

It the type is "floating", & reference to aeetion 8 1. siven for lco.ung :
1nfomation on this item. - ‘ .

Seetion I wiu. oonte.:l.n & maximum of. 850 items., It 15 broken down into threo
blocks: CPI (1 register), CLI (850 registers) and C2I (850 registers). Ite
.total length; therefore, is 1701 regimem. In COMPABS, 1t is locnted. on drum
ﬁ.eld. 13, registers gidg to 32bh, . , | o o

; ' 16 : .
(L Woxd) .| | . No. of Ttem Tege in Section I
0 ' ' 23 2 - 26 27
: C Four-letter ifsem teg, resding | Type of Coding | -Address, relatin to
cir right to left, im 6-bit of Item (7T | 'CPI, of ecaling info.

. (850 words) [|Hollerith. Tegs are sorted pozsible types | for item. Given
T in a,acemw &Ly,ebmic ordl@r.. ligted above.) for "Flosting"codl

o9 17 1821 22 26 21 31
< Threeull.otter table name for | Tsble| Most significant | No. Bits 1n

leach item in 6-bit B[@M.erimh, Block | bit of item im 1tem.
right'to le:i“t. Noo table woxrd. 1

car '
(850 uordu)

h. Section 8 (Sca.ling Infom&timm)

Bection 8, or CFS, is 32 reglsters JLong and is stored om drum field 13 in
" registers 3736 - 3775. It is ipdexed by a valus given for floating type
items in ClI. The three chmwter 1dp.ntgiven on the IDT card i- stored on

drvm field 13, reglater 377so | ' T

0o . 15 16 - | B 1
cgs 1 Exponsot Coding type |
(32 words) . ' - B

5. Bection E° (Enviromemt 'm:ffmmuon)

For each vprogram of ‘the systean uwaing the- Compoml, Y 1list of the ta,'ble and

program tags available ‘to 1t is included im Sectionm E. This section has been
designed to provide the Program Tremslstor with all the imrormti@n (except Section
I) vhich it requires to sscmable a given program. Sinee Lt consists of

a ca.teﬂ.ogue of available tags for many progreme, ite structurs is somewhat
complex. Basically, it comsints of thres mcti@mw CfE (1 word), CAE (150 words),
and C2E (27k2 words). ClE is am index to « It #bhould be noted that CIBE -

is not gorted in eny individuel msoper; t.hxe ent1 ies are in the same order as the
programs are listed inm ClP. Thws, if a progréw bas been found by & binary -
search of ClP with the use of ipndex registerfl,the relevant p«oxtiom of C1E can be
obtained by a "1 CAD ClE."
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"cﬂmcmu-e noreaonamﬁ.mm 2262 - 251¢ C2E is stored om
arus ﬁom 1h, rezintm‘s 2511 to 3777 and drum field 15, registers gggp

16 - n

- (gzwrd) ‘ . Ho. Entries in C1E (always 150) ‘E
_ 0 1 12 18 19 1
cle - Location of First
(150 uords) Prog. Ident. No. Entries in C2E Entry in C2E
0 17,18 21 28 31
o : Bliock Noo Blockﬂ
[Program or Teble Tag | (Blank for (For Tables
' - Prog. Tags) - only)
c2x | ' '
(3072 S | |
wrds) L 15 16 31
‘ N@o words (For Programs) or Words/Block [ Core
(for tables) ('I‘his block should be blank) Address
Subroutines o

In the hope’ that a.u. PROZTANS ming toe COMPASS compool will do zo in & consistent’

fashion,, & @et of subroutines is Svailable which will perform the necessary

search, and which will exit with either an indication that the tag is not in the

_ cmpool or with the relstive location of the tag in the Compeol in Index Register .
This 18 presently available as a manuseript subroutine, and should prc:ve

useful to those planning to use the COMPASS Compool.
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6.0 PROGRAM Assemble Compool o
6.1 IDENT 0363 o

6.2 FUNCTIONS Constructs (on either cards or tape) a binary COMPASS Compool,
of the format described in section 5.0 of this document, from symbolie
input information on either cards or tape, and upon request produces a
symbolic and octal listing in side by side format. . :

6.3 OPERATION See Section 2.0 of this document

6.4 INPUTS
6:4.1 Cards
6.4.1.1 COMPASS Control Card

cols. 18 - 23 = "COMPOL" (to indicate Assemble Compool Program)

cols. 25 - 28 = "TAPE" or "CARD" ssymbolic input)

cols. 30 - 33 = "TAPE" or "CARD" (binary output)

cols. 36 - 39 = "TAPE" or "DIR" or "NONE" (1listings to tape drive
number 4, DIRECT, or NONE)

Special control card for COMPASS Compool listing assembled on master

tape.

cols. 18 - 23 = "COMPOL" (initiates load COMPASS from TAPE drive
_ number 1 to AM drums) :

cols 36 - 39 = "TAFE" or "DIR" (1listing, delayed or direct)

cols. 47 - 49 = "pDCP" (list Compool from master) ,

6.4.1.2 Assemble Compool Deck - the deck must be in the order shown below: .

1. Identification Card

cols. 25 - 27 = "I1DT"

cols. 36 - 41 = Compool identification characters (chosen by
user of program); these identifying characters
appear in Hollerity in the Compool.

2. Table Input Cards

col. 18 = "I" (for indexable)
cols. 19 - 21 three-letter table tag

|

col. 51 = number of blocks ]
rcols. 52 - 54 = number words per block, in declmal
‘cols. 59 - 62 = total number of words if mot equal to number
of blocks X words per block; otherwise blank.
cols. 63 - 68 = beginning core location of : table, 4in octal

cols. 69 - 71 = drum fiecld .
cols. 72 - 75 = drum location

3. Program Input Cards '

col. 18 = "N" (for non-indexable)
- cols, 19 - 21 = three-letter program tag
=~ cols. 55 - 58 = four-digit ident. number
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6.5
6.5.1
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cols. 59-62 = number words in progrem, in decimel

cols. 63-68 = beginning core location of progren, in octal
cols. 69-T1 = durm field

‘eols,’ 72-75 = beginning drum 1ocation of progrem, in octal

Item“Input Carda _
col. 18 = "I":(for item)
cols., 19-22 =.four-letier item tag
~colss 27-29 = three-letter table tag
col. 30 = number. of teble block in which item is located
cols. 31-32 = position of first (most significent) bit, in decimal
cols. 33-3h .pumber of bits which item occupies, in decimal
col. 35 = type of coding of item-"F" (floating point decimsal) or "L"
(logicel) or "B" (binafy) or "C" (charactron) or "T" (track
number) or X (binary coded decimal) or "A" (alphabetic).
cols. 37-39 = signed exponent, col. 37 =45 cols. 38 - 39 4‘1510
cols. 76-79 mnultiplier T
Environment Input Cards
col. 18 = "E" (for environment)
cols. 19-21 = three-letter table or program tag
col. 22 = table block number (blank, if cols. 19-21 contain a program tag)
cols. 23-26 = four-digit program ident. code (blank if cols. 19-21 contain
. a teble tag)
col. 51 = number blocks im teble (blank if cols. 19-21 contain a table.
tag), in decimal
cols. 63-68 = beginning core location of teble or progrem (if not punched
here, program will take this information from.éither Section
P, for programs, or Section T, ‘for tdblee of the compool),
in octal
End Card
€Cols. 25-27 = "END"
 apes
“The Assemble Compool deck described aboiewmay,{iﬂidesiréd)”begprestored
“on tape. The order and contents of ocards. will -be-exactly as described
" above. .
OUTPUTS ' .
Cards

A binary Compool deck will be punched out on the cerd punch. The format
of these cards is shown in Section 3.0 of this document.



| 6.5.2 Tape

6.6
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The binary output of the program mey be, if desired, vritten out on o
tepe unit number 3. The format 1is shown in Section 3.0 of this'docu- e

‘ment.

SPECIAL POINTS:

41'

The progrem has been designed to use input cards of the Lincoln.
Utility Assemble Compool (UAC) Program. However, only such cards
with an I, N, T or E in col. 18 will be accepted; others will be.
logged as 11legal, but will not int@rfere with operatien of the
Program. .

Cards.which hré ill@gallfor.&ny'r@as@m are l@gﬁed and then’ignofe@t'

If there is on excessive nunber of imput cards for any compool
section the progrem halts. Further operation may be risky and is

.left to the operator’'s diwcretion

Decause of the Bortimg techniques uaed, there must’ be at least two
ioput cards for each cowpool smotiono

If the four iuwut decka are not im the proper sequence, chaos results,-

‘with all uaw&g bwing Tog ge& asxill@gmlo_'Further operation 1is 1mpos-“.’

sible.

It uuplicate tags are uiawmvorn& ?he tug will be log&ed and the, pro—»ﬁ

o gram will halt. Pushing "Program Continuse" will cause one of the

tags to be iguored (which toag ie ignored is s random decision of
the progr&m); the prmgwmm will then montimwe operating;

It should be noted that the new Compool is assembled using aux drums A

only, for temporary sterage. The new Compool does not replace the
Compool version which is a part of the operating systemo In no way
will any COMPASS program alter the system which was read from tape
and is stored on MD druma durimg operation.
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7.0 PROGRAM Assemble Sequénce Parameters (ASP)
7.1 IDENT 036k
7.2 FUNCTIONS Constructs a Sequence Parameter Table (SPT) end an SEQ table
, from symbolic input information contained on either cards or on
tape, produces (if desired) a symbolic listing of the tables, direct or
delayed, and also outputs a binary deck or tape of the SPT and SEQ tables.
T.3 OPERATION See Section 2.0 of this document.
T.4 INPUTS
7.4.1 Cards

Tol.1.1 COMPASS Control Card

"SEQPAR" (to indicate Assemble Sequence Parsmeters Program)
cols. 25-28 3 "TAPE" or "CARD" §Bymbolic input)

cols. 30=33 2 "TAPE" or "CARD" (binary output)

cols. 36-39 = "TAFE" (symbolic listing on tape) ox "DIR" (cols. 36-38,
symbolic listing om direct printer’ubr "NONE" (no symbolic
listing)

cols. 18-23

8¢ 8¢ 38

7.“»1.2 Assemble Sequence Paraweters Deck (The SPT table will be loaded in the
same order as the cards in the deck). :

1. Cémment cards - Any number of these, with any combination of
characters, may be put in the deck preceding the'Ident. card.

- 2. Ident, Card

cols., 25-27 = "IDD" '

cols. LO=41 = (Numeric Mod) this information. will be gang punched
on every binary card, preceded by‘"SPT¢'" {(Sequence
Parsmeter Table. )

cols. U2-80 = any entry

3. Transfer ("T") Cards - Contain all the information required by
Program PEC to initiste an in-out transfer. Several items on "T"
caxrds may be epecified by tag; the values for such items will be
taken from the COMPASS Cowpool; these items are: RHSD, PICL, NWDS,

and CBRA 3 i

(¥« required items; others optional)
Column Item Description

17 TYPE Card Type (T) Bee
19-21 SFTIR Subframe in which operatins Note 4,
23-2h PTSK Conditionality bit in PIC (below

: (See note a, below) :
26 VLTI Varisble length transfer

indicateor
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. Column - . - Item . . bedcrigtion _
28 . 8SDI ',SEL/SDR 1ndicator R R
30-32. . 8DSC* . - SEL/SDR index. interval R
34-~37 ' RHSD* Drum Address . Ca
39-84° . - prcL* - Core location L
.. W6 . ROWI¥  Read/Write Indicator ~~\'g :
U821 T NWDS* * Number- of words - R
; ‘53 55 o EOWC .= Entry on which conditional (se
” . ' - . note e, below) g S
'57 "~ RTAI - = Record transfer. addreas 1ndicator '
AR A R channel nimber (see note b, bélow)
59 LTAI - ' = Look up trensfer address indicator .
. 61 o | VACN - Variable address channel number (see
S ~ " note b, below)
S 63 - 'CILFK =  Clear fleld key (see note Y below)
65-67 ' CBRA' . Comditionsl branch address
.69 . LACI .. - Lock address counter indicator. .
71-73 REID ‘ Required entry identity (see note e,“
o ' ‘ 'below) o '
75-78 © . PROG ID DCA Program number (see note 3 below)j
‘PISKE63
:VACN # 3

b

Co

" CLFK Das the following values,_ -

Blank - off:
g - clear field A §CEAI§

1 = clear field B (CFBI
SFTI must contaln at least one subframe iniicator, or
blockette will be léft blank. : R
_EOWrv and REID ave related items and occur in: pairs.,IV"
They are of the form- 1@tter-dig1t-digit° The digit-

" digit perts wust be unique without duplicates, The .
" letter is used only for program function. reference,
. &.gy K ‘Tor awitchea, B, for Bomarc, ﬁt,ca o

b, Program ("P") Cards . bpeoifieq the core 1ocation to which PEC will branch o
to operate a particular program K

a.

b.

e
d(l

e,

f.

- TYPE (P)*
SFT'L -

 PTSK -

PICL. *
EOWC
REID

5. End Card - laet«rard ln dwck

chs.

T.h.2 Tépes

25 .27 = "rND""'

The Assemble Sequencp Paramﬂtvrb Program input cards may, if desired,-bef‘
preshored on tape. The order and contents of caxds 1s as deecribed above.
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7.5.1 Cards |

1. Sequence Parameter Table (SPT) binary deck, with drum locations.
’ The :Sequence Parameter Teble contains three words per P or T card
and 18 set up as follows: A .

0 1 2 78 ‘1516 SRR 31
) u N\ . -
SPTO | P PTSK SDSC PTCL
01-23-b5 678 15 16 17 31
‘ R{C{ V| L |LIR v
SPT 1 | ol ol Al alrle EOWC L RHSD
Wi F{ Cc| ClA|A T
Il K| N| I|IjI I
‘0 23 ’ A 15 16 ' . 31
SPT 2 | F NWDS ' CBRA,,\ -PENC
T | ' - () T (P)
T |

2. SEQ binary deck
SEQ. The Sequence Code Table 1s set up as follows:

Word ¢ RHW Number SEQ entries
' , Three characters of
Word 1-N L12-R13 DCA Program code of
- P card in 6-bit

17.5.2 T Hollerith.
+5. apes : :

The SPT and SEQ binary tables may be recorded on tape rather than on cards.
7.5.3 Printouts

A symbolic listing of the SPT table may be requested.



Yoot

MM-15 #3  Page 2.

1.6 SPECIAL Pojmps

1. The program does not stop when it encounters. an illegal item on a card.
The card is logged on the direct printer slong with the resson for its
being 11légal. The bite in the SPT table where the item would have gone
are left blank, apd the progrem continues operating.

2. ASP uses the COMPASS Compool to look up the current locations of pro-
grams end tables involved in constructing the SPT talle. The cards dare
read in, processed, and the output 1s arranged using the General Input-
General Output subroutine features of the COMPASS system.
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8.0 PROGRAM Environment Simulation
8.1 TIIENT 0366
8.2 FUNCTIONS -

The Environment gimulation program 1s an adaptation and extengion of the
Lincoln Table Simulation program. In Environment Simulation the generation
of output is treatéd as the aésembly of input data read 1in from cards or
tapes coded im alphanumeric form. Two kinds of output can be generated
through the opération of this|program; binary cards or tape records. - The
‘nature of the output is.described below. -Unlike Table Simulation, this
program does not store the information in its Compool-assigned location.
Thus, Environment Simulation is designed to generate data which can be
used to check out the mester progreém or to evaluate the transfer function
of any program The programmer exercises direct control over the input
data.

8.3 OPERATION See Section 2.0 of this document.
‘8.4 INPUTS
8.1 cards

8.4.1.1 COMPASS Control Card

. cols. 18.7 23
cols. 25 - 28
cols. 30 - 33
cols. 36 = 39

"ENVISM" (to indicate Environment Simulation Program)
"TAFE" or "CARD" (symbolic input) . -

"TAPE" or "CARD" (binary output)

"TAPE" (symbolic listing on tape) or. - .

"DIR" (columns 36 - 38, symbolic listing on direct printer) or'
"NONE" (no symbolic listing)

"DRUM" or "CORE" (type of Btoragé)

cols. 42 - 45

8.k.1.2 Environment Simulation Deck

1. Ident. Card

"IUI‘"

test no. (optional), first digit must be a "5"; if core
enviromment is to be simulated, first four digits should
be DCA number of program using the 1nformation.

" cols: 25 « 27
cols. 36 - ll-l



‘2. Tagged Items e
‘ 00180 18 - 2l = 1ndex value or channel number in decimal; indicates i
‘relative location in table block in which item is stored, can be o
| any value == (nul), where n = number of wnrda per block. - .
.. cols, 23 -‘06 z four-letter item tag ,
':*_eols. 28 - 39 3 1tem value

SR #; 'Binary or joglcal itema - unaigned decimal integersof

S Floatingwpoinf Decimal = AlY items specified in ‘the Compool
7+ @as baving P (F]nabing polint dﬂﬂimal) coding are expréssed as -
“either signed, unsigned or dual signed decimal numbers. ‘
‘Fractional parts of a unit must be proceeded by & decimal -
- point and a commna wjll bn used to separate the two vnlues
-of & dnal item° . R :

e Alphabetic {see note below) RYCR! 1tems which are expressed as
. baving C (Charactron) or A (Alphabatic) coding in ‘the COmpool
_-are expreused in 0ctu1 fraction form. - e

db"Binary~Coded Dwnimal (eee note below) “ Al; items which are
: _expregsed as hoving X (Binatry-coded Dncimal) coding in the
o Compool are expw@ssed in octal fraction form.

e, Track Number - All ltﬂms which are spﬂcifiad in the Compool
as having T (Track Number) coding are- expressed in the form
LLDD or LDDD vhere D is & dacima] digit erd L 18 a- letterol'

3. Tagless Ifﬂms‘

' cols“v18 ~‘¢ Andex velue of channel, in decimal
colg. 23 - 26 teg of table block in whidch item belongs
ool&. 28 - 39 - itenm vnlue in-cetal: frawtion Poxm, full word’

L, 'End‘card
Cdl’.ﬁm "25 - l?-l R ‘"ﬂ"\rl)"

8 b.2 Tepes

The anironmwnt ;1uu]allon deck dwscrlbed &bovn msy, it desired, be 
prestored on tape. 2

NOTE: These will invelve preending as prescribed aad then resolving

that result to octal tructisn form to render the correct input expression.
If the final octal fraction expression is equiwelent In magnitude .to a
half-word, it may be entered in either columms 28 - 33 or columneg 34 - '39.
In the former cage, cclumog 3h = 39 must be left ‘blavk. In the latter
case, columns “8 - 33 must be coded plus zero.
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. 8.5 OQUTPUTS ‘
8.5.1 Cér&s‘i

Environment Simulation will generate simulated date on either punched
. cards or tapes. . In elther case, the output is derived from a table
~ comprised of addresses (core or drum) alternating with corresponding
" contenta.. This, table is formed in core memory from the input using
the Compool to determine the sddress for the individual items simulated
as well as to establish the coding type, bit position, number of bits
and conversion factor. The cards produced by Environment Simulation
preserve the format and order of the table of alternating addresses
and contents generated in core. No duplications exist in either of
these modes. ' ' ' ' '

‘The data is presented in the seme order as that given in the input.
That is,the first data word corresponds to the first card input, ete.
The IDENT is gangpunched in columns 1 - 6. '

8.5.1.1 Table Card,Formasz

lst word: 9's Row, LHW: @1¢@¢@ éColo 20 identifies card type)
- 9'6 Row, RHW: @@pP26 (No. of data words on card, cols. Ul - 48)

. 2nd word: 9°s Row, Fhll‘Word:’ Checksun

3rd word:. 8's Row, LHW: = Drum Field (Cols. 27 - 32 blank for core locations)
: "~ 8's Row, RHW: Address (Cols. 33 - U48) -

hth‘worde "BstRow, Full Word: Ttem Velue (Cols. 49 - 80)

" The rest of the card is filled to & maximum of 22-entries of alternating
addresses and contents., e '

8:5.1.2 The End Card

lat word: 9's Row; LHW:  go@ddd
9's Row, RHW:  @@gggo
2nd. ﬁord: " 9'g Row, Ful1fword:_ Checksum

| 8{5}2' Tape

The tape output is preceded by the usual Storage.Idént.“récdrd. The

first word of the Storage Record contains the number of data words in

the record-(left-half word) snd the tape record identity bits (@dgp11)
right-half word. The second word is blank. Following this is the series
of alternating addresses and contents. The record is terminated by the
complement checksum. The Tape Record cannot éxceed a length of 2,503. . .
registers of 1,250,, card inputs. (Also see the section diréctly abo%g
for more information.) ‘ ‘ o



8 6 BPECIAL POINTS

T ) varror Print-Out e R - o
N ‘Should the input cards be improparly pwepared or contain e;no : ent

‘ teg (from the current Compool) ‘the card will:be printed-out ﬂith an R

. appropriate’message indicating where; on the card, ‘the error was, .
found. In addition, should the: number of entries to.the ‘table: of :

- alternsting sddresses and contents exceed 1250, the ‘cards exceeding;'ﬁ
that limit will be printed out with an appropriate message.. In all
cascs, ‘after the print-out, the program will continue operation on ﬂ

“the data successfully read in. , ) -

2. . .When the program ident. ie not- found after searching Section E of
¥ .'the Compool the program prints out an appropriate meesagc and halts.

3.- - Provision hae been made for permitting a Compool override action.,;'

© ' In order to initiate fhis function, the Environment Simulation Deck
must be supplemented by .- =~ Table Input and/or Item Input cards-
in the format prescribed for the Assemble Compool Deck: Any table o
or item feature can be glven alternative designation in this =~ -~ .
supplementary’ input,‘ It is also poesible to- submit definitions o
for non-existent tables and ‘itemss ’., - e

_These aupplnments must precede ‘the Environment Simulation Deck and
follow the IDT card if it is desired that all of the succeeding '
input be. affectedo; In order to exclude certain input from involve-
ment, the Compool Deck’ Supplement must be entered after. the input. -

- In addition, when it is desired to override the table designation
- or allocation for sn item, both the reapective Table Input Overri&e
- and the Item Input Override must bo given, the “one: immediately
~ ' following the other. , ] .

The program cen handle. 150lo item override entries and 5010 tsble

override entries.
)

‘b, An item or table value can be repeated up to a maximum of 100010 o
times. The input whose value is to be repeated is indicated ;
by 3 DLDDy, (digit-digit- d:hgit~digi¥t) in columns 67 - 71, inclusive.

8.7 "LIMITATIONS OF PROGRAM

- Cértain items in the Compool are- otfﬂcth by changes : in the eqaling for ‘
.Fatype coding. Environment Simulation.assumes that the exponent.-represents
a“power of 2; the multiplier is not used.  Therefore, with their.presently "
spdcified scaling, these items cannot ‘presently be simulated hy Environ-
méntlsimula.tionw CSXX, GSYY HALT, :
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9.1
9.2
9.3
]9.u
R
[YREN

~ cols. 25-28

"si.iu,l.a'

PROGRAM ASSRMBLE GEOGRATIY -
mnmr 0365 |

FUNCTIONS Converts fixcd geography display informaiion in Hollerith form which '
{s on corde or tape into display formnt, output is either on cardd or tapao

OPLRATION See Section 2 0 of this document o
INPUT» '
Cards

e —————

COMPASS - Control Card

cole. 18-23 "GEOGR" (to indicate Aaﬂambly Geography Program)
"PRPE" or "CARD" éﬂymbolic input)

"TAPE" or "CARD"' binary output)

- l‘. n ll‘

cola. 30-33.

Amacmble Geography Deck

s Tho inpmt deﬂk has. the followlng ordtr: Roference card data carda, end. card

'Each vcntor mesnage 13 mndo np of a V card follownd by on X card.

fcola. L=XT of all of bhe follovmny cands have thc some’ format ¢

Ceole. 10-13

_col,‘ 17T

colss -7 7 caxd room no.

cola. 8-9 = pubsactor 1o,

caregory nmm@ .

colsa: M- 16 = no. coxds 1n category
blank -

ll

f'I..;héférénéoﬁ

Colunn - tn@}gnmtton D - card Contents.
1 IK A - (oee above) . ' S
: w o ”,Unrd ldﬂntiflcatlon I U
  19—“® - _ © 0 Subgector Numbex . Unolgned Dccim&l Inteser (UDI)
‘ ’65 : : '_-'__:vQVRFum Conter -Longitude Ungigned Decimal.: Integcre
' L ceolA. - 20-23 L Degirees: (UDI)
ST S colas 2h260 ' 1/10 Minutesn (UDI)
]27631 SN e qynfnm ConrorfLuhitude «'Unn[gncd Decimal Integer
‘ . Cols.27-28 . . pegrcens (UDL). '
S S edla. 2931 S 1/10 Minutes (UDI) ,
oo 32-3 - DLeplay CanLor Ixmwitudm AUnodgned ‘Decimad, Integor
o Cole. 3”{3“ S Degreen (UDL)
; e olse 35-37. - L/10 Minuten’ (vpT) .
B-ho . DLaplay CﬂHL01~Lﬂbltndw ‘Unalgned. Decimal In&mger
- ' . Colk, - }0 : " Degreen (UDI)
o S gola, ho-hn ' 1/10 Minuten (UDI)
W3-k . . C Dlaplay Yeckor Muﬁhlpllnr -Unnlgnm& Decimal Fraction’ (UDF)
© hBa52 R o Dlnp]nv rwleLon Mulblp&lor Unolgned Dncimnl Frnction

5)3--80 = : ’ e m e b s i v e e et e o Dlank

TA et
IRULU



‘2. Tabular Message Carxd
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Tnformation stored on tabuler message type carde may be either track
(T) or information (I) messsges. ‘The tebular message cord consists of

28 fields of information.

Column

1-17
18

19
20-22
23-2k

25
26-~36

37~30
39-h0
h1-h2
L 3-Lhy
h5-46
L7-48
h9-50
51-52
535k
55-56
57~58
59-60
61.-62
63-6h
65-66
67-68
69-70
TL~TR

73
™h-T6
T71-80

Information

(See above)

Coxd Identification
Display Drum Flold

Drum Slot Number
Display Message Category
E Positiom

B Tocation
Diepley Cooxdinates
Cols. 26=30 X

Cols 32-36 Y

Degrees Longlbude
Coles 26-20
Cola 29~3),
Dagrees Latitude
Cols 32-33
Ccols 34-36

|4

Light Gun Control,
Veckor Magnitude
Vector Headlng

3. Vector Messoge Crad - First Caxd

Caxd Conbenta

"T" or "x"
upx (1-6
upx (1-240)
upx ($-31)

WBVIRT or R

g8igned Decimal. Integer
8ilgned Decimal Integer

Dagraon

-1/10 Minutes

Dagroes

1/10 Minutes

Charactron Code or Character
(1]

Hlank or "L"
Unolgned Decimnl, Integer
Unsigned Decimal, Integer

‘The lret eoxd for a veclov message contalne 16 Clelds of infoxmetione



T

. .20-22
232k
- 25e35

"'f536—38‘~

393 -

s 53

| _wdﬁnim

(ena sbove

.. Card Tdemtificstion .
o ‘Dletpw Drum Field
© ' Dpim 8lot Number
' Dieplay. Measage catogor,y

© Oxdgin v‘ac’tor Vo
‘Dimplay, Co {nates
_Cole, 25-.:9 X IR
o Coles 31-35 X
: "Dmgreem wngiwde

Cole 25-27"

.,'-""5-":0011.8 "0 -30Q-
U Deigreein L.ﬂt:l.t.ude
o, Coles - 3” o
. . (“Q]Llﬁo \% 35
. Vector 4 Magnu:udc ,
L vertor A Hﬁadi.ng :

origin. Vectox 3.

. Di eplay ("oarrdimtea :
4 Cola.. W3- 147 :
' :«-:C‘mm 10‘) k) o
© Dogrees Longltode
U codis W3- hﬁa
- C"‘"IM- h6" ‘4
.-Degreep Latitude
Colis. 49- 50

Cols. 5L-53.
Vector 3 Magoitude

‘Vactor 3 Haadlng

lh_- ‘Vector Mesaaga 'Ca.rd ~ Bemond Cemd

:rhe second co:rd ‘of tho mcmx mensnge ‘has thm sone

‘ with the follmring exceq,vtlomm

S Colmnns

. ‘1_]._7‘
B

~ 23-2h
- 2542

h3-60

61-Bo

- . _Int‘m'mtlon

( nom n'bmro )
: C‘an’l [rl mu £1 mo.t.ion

_Vantqr 2
Vactor L

B ]

. UDK $1~6)

| mvels A3 Page 1&9
 cAra contentu .

"v“ :

UDL (1-256)

w e

81g.nad Docsimaa. Integer

. -.“sigued Deci.mnl mteger

o ‘_Degr'eea .
«;rl/lo Minuten .

'.Dugr'eee
- 1/10 Miputes

. Uneigned Decimal Intagor
'-;Unsignnd Deedmal Integer

‘Btgned D@eim&l Integer
' B:lgm@a Dwi.mal rnteger‘

" Degrees ©
- 1/10 utmxtm '

'D-mreea o
1/10 Minutes . -

Unelgned Decimal Intoger

Uneigned Decimal Integer

Chiaractron Code or Charactes
L v “ . v

L]
"

Nank

formh ‘as the firet card

- Card_Conteaiba

‘ 'ic')tn S

Blank

Plank -

)
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'me lastz card of the ﬂxed geographw diaplay deck contai.ns a "Z" 1n colmn,lﬁo' .

f .

B -‘ﬁ."a.e Assemble Ge@graphy deck described ‘above maY;’ if desired, be prestored on
B ta,pe. The- order a.nd aontenta of cerds will be the same. = S R
L 9.5 ou'mrrs

9;5;1 Camds

* A bipaxy deck will be pmmce»a, the format is thrvm in Section 2.0 of this
. d@cument. . ‘ _

'9'55'-é Tape

I specified, a binary tape will be pmduced, tlme fomt 1s shown in Seetion 3 0 of :
this docmmmt. R S

| 9.6 SPRCIAL FoINIS DR -
| ' ’l_o. The foll.wing lega.lity crmeacks are perf@mnd on a.u cardw ' B

a. Pro:per format m each item
Duplicatiom of drum elot assigrments .
c. Proper :umm in each ea.ml itz@mo

For any of the ‘above errors; o:w if’ the first card read is not a reference

" card, the contents of the cemd avd the coliem number of the first column of
the field in vhich the error occurred are pr.ﬁ.ntexﬂ, on the line. prmter.. 'me
pvogxam will proc@m the rest of the c&mi@ and check for :mr'thezr errors. R

2. ALl message cardg ere pw@ﬂﬂ»mxm to c«.»mmx't vo@mr p@s_ﬂ &;iom to X, - in ‘
dieplay undts, convert vector magnitudes and headings to :n., y in (usmlay :
units, convert,, characters to charactron code; and zwt neceassary indicator 'bits.

3. The upcgi table is set from the first 43 slote of drum £ield 43.
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10.3
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- PROGRAM Memory FPrint

IDENT 0352
FUNCTIONS

Prints out on the direct or delayed printer, in octal or inmstruction :
form, 8ll or parts of core, drum or tape. The progrsm is controlled by the
"A" and "B" and Sense Switches, -the uge of which is described below.

OPERATTION
COMPASS Progrems Alresdy On Dirums

L. Use the following binsry card to get Memory Print into core:

SDR 26 0
1.DC 0
CWRT lI-()O()a
SPR 11 ‘ 0
e 60
RDS 1720g
HLT 0
BPX 60

(1he read-in card stores the contents of core memory locations @
through 3777 onto drum 26 and then resds the Memory Print program into
reglsters 6f through 1777, and halts with the program counter at T. Upm
completion of the read-in, drum 26 contains the read-in progrem in :
locations §-27 and the contents of core memory in 3@ through 3777.)
2. Assign "Test Memory". ‘
3¢ Press "Load From Cexrd Resder."
k. {Go to Section 10.3.3)

COMPASS Programs Not Already on Drums

A Memory Print Deck con be obtained and run by itself, apart fron
COMPASS syetem. The deck comes with & special. read-in caxd.

1. Read Memory Priant deck into core.
2. (Go to section 10.3.3)

Control. of Memory Print Program

1. Bot Sense Switches:




| Comels 43 5 Pafgejsa..
Bense Switch No. 1 ON = Pmmsing "Program Continus" causes
- : _contents of drum 26 to be read imto
core, thus restoring core. Opero.tes
" after one pass Of Progrem. '

Pressing "Program Comtinue" causes -
Memory Pm.nt ngram to be rerun.,

OFF

- 8§

Se@@e" fsw,tch No. 25 ON = Direut: Outputﬁ; om Line Prim;er LT
P OFF s Delmyed (mm U‘mlt. No. ) Ou:tput o
Se:m;esmmbx ‘N@.'é: ‘ ON 8 Ocm.l Comatnm;l Prinmub .

S  OFF * Insbruction P.M.nt(me, :

| ‘ Bense Switcht No. s ON = Right "A" sod "B" Switches determine
T o portion of teps record to be printed. -
OFF = Entive tapes record will be printed

2. Set "A" and "B" Switches: 4_

Core ,
©O"A": IS aMRS - -Rl‘j = Starting Address
- LL - L5 & zenro’ S L
' "B"; IS aod RS - RLS ¥ ¥ival Address
S o Ik = L1S @ Zexo o
TEAT I - 19 W | SDR Cole. (61)
S _ LJL¢ = ]L.'HS = o ("@(1@ ‘
, - RL # "L" For sk drum
i . RHW =« Starting Addircss
"B": 1BW  Zearo S
FHEW 2 Final Address
Tapeﬁe o

"A": Ik - 19 % SEL code (62)
Ll = LLS * Tape Code ' ' '
,  REW = Startiog Address (zero Por mm xnc@m)
”B" LHH H ZF‘UI.‘O . . B
' LL 2 Files may be pmﬂm,mi f‘mm mp@ by dezprewing L.l. of the» '
B wwitebew. - Records will be printed wntil the'end
of [ile‘mork fs reschéd or LL is raised. Only ‘
“one eod of £ile will be written on the delayed output
'mwm The pumbar of worde ia t,rom t‘.npm mm mﬂ is prin‘b@d.
mw S Piuel Address

S Print all of core delayed as instructions
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- M-15 3 Page 53.

‘Sense Switéhea: 2-OFF ' 3-0FF

gy s s
. B: ¢¢¢¢ faipss |

Print 165¢8 to 273y of awdliary drum 2 direct ds constents

Sense Switches: s-on 3- ON

A ﬂzon)ﬂ Au165¢
B Yt Ba37d

i’_’rint one record of tape 3 direct as instructions

e - ON 3 - OFF 4 - OFF

oA,
g Jﬁ

Sense sw.*
Ao
B’ 4 ,‘»’);' yyé

Pxim 6¢3 o 3 ,68 of the next record on tape 2 direct as constants

Sense Switehes: 2 - ON 3 - ON b - . ON
A piceLs S m;ﬁsyf,
B; @dﬁw’ . ¢ﬁ3¢¢

3. Press "Prog;ram Comtinue., "

L. Progrem may be re-run ss often as desired by resetting "A" and "B" switches
and pressing "Program Conbtimme". Changlng the "A" and "B" switches will not
affect the operating of Memiory Print omce it ham begun Sense switches
2 Emd 3 are examnnm ol e:m.h PaRL o :

To reatore core after conpletion, d('prem SBZN“E SWITCH 1 and. press
"Program Continue’.

OUTFPUTS

The output of 'th.@_. progres e printed four registers to a line with the locetion
of the firet register of ihe line specified at the left. Only the first
register of a consecative string of identical registers is printed, the

rest are suppreossed. Fach block of memory primted. is preceded by 8 line
apecif‘ying the block requzsted.

SFECIAL POINTS

1. Memory. Print : Sakes gevernl legallty checks and prints ERROR * on the line
printer in tho fo]_] owing cases: Test memory wnassigned; starting - .
- oddress greatcr thsn the £insl address; left "A" switches (Ll-LlS} not
zero, SDR,or {iR L, tope unm L reguested to be- printeda

2, The large memc:y addresses (up to 377, 777%) and the new instructions are

included.

“Instructlons weing L12 for con

rol are primted vith a "1"-

follawing the inﬂtructiun code (e.g., STAL, AL®L).



3 Btnce test nemory 1a uaed roa.- control, s mcial uamory Pr:l.nt mt bo o
" used when operating on & computer having the fill 65K memory. This -
.00 . program operates -in the seme fashion as #352 and 1s available as a
Ty binary deck. The ma.ximm record length is. restrieted to 200, 0g°
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PROGRAMfiile Kaintenanoef4‘
IDENT 0367

This program 1s & group of subroutines designed to perform various handling end
procéssing functions on. tapes produced by the COMPASS 8ystem. The functions
performed are divided into three brosd classifications: Functions involving
Hollerith tapes only; functions involving binary tapes only; functions
involving nollerith or binary tapes. ‘ _

OPERATION "See Bection 2.0 Qf.thin dqcument, '

INPUTS

Functions Involving Hollerith Tapes Only

ii Load
Control Caxd: _Cols. 18-21 = "LOAD" .
- Inoput: ' t Any Hollerith punched cards .
‘Output: © Hollerith (cols l?-BO)on tape 2
Chaxacter Type- _Hollcrith

i . The LOAD suhroutine provides a means for loading tapea with Hollerith data
" where card-to-tape equipment is not available. The subroutine writes 13-
- word records containing the Hollerith coding of columns 17 through 80 of
 the cards on taps 2. The proceass operstes until end-of-file 1s reached
in the cexd resder. A% this point am end~of-file record is written on tape
2 followed by a branch to COMPASS Control. The input deck is set up with the
IOAD control. caxd followed by the cards to be loaded on the taps.

2, Um&te : R R
Control Card: Cols 18-23 = "UPDATE"
. S Cols 25-28 = "CARDS" or "TAPE"
Input: . Master on tape b
' o Changes on tepe 3 or cards
Output: New magter oo tape 2
" Cheracter Type: , Hollexith

The UPDATE subroutins provides a means for changing thpas loaded wiih in-
struction decks of progroms. The subroutinn changen, daletem or 1nserta whole
programs or cards within a program.

To insert, chango, or delete an entire progrem: Punch an "IDT" card identical
to the one on the master tape, and in columns 30-35 punch "CHANGE," "INSERT" or
"DELETE." If the progrem is to be deletnd, thir is all that is needed. If
change or ingert, this card must be follound by the new progresm, including sn
"IDT" card and an "END" coxd. For insert, the mew program will be insartnd ¢
before the program indicsted on the "INGERT card.

-
w
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To. 1nsert, change or delete e card within & program' Punch an‘"IDT" card.
 4denticel to the "IDT" of the program on the master tape, columns 30-35.
blank. For each change within & program, punch &’ control cerd with "C"
‘in column 17, previous symbolic location in columns 18-22, increment 1n
24-27 (increment must be positive) and "CHANGE, " "INSERT" or "DELETE" '
‘in columms 30-35. . If "DELETE," punch in cols. 36-41 the number of cards. -
to be deleted. If "CHANGE" or "INSERT," it must be followed by the cards
. to be inserted or. changed. _n -'__ e , IR

.Only one "IDT" card 1s needed for a program, regardleas of hcw many changes'
-are made 1n it. A control card is needed for each non- ~consecutive location:
affected, or for each change of control. For example, five consecutive. cards -
mey be changed after one control card, but if a card 1s to be inserted before
“the . sixth card, another control card 18 needed. o . »

- To change an "IDT"-card the following cards are,neceseary: 

1. "An "IDT" card 1ike the one on tape . S
2, ‘A card.with "C" in column 17 and "CHANGE" 1n columne 3O 35
3 The new "IDT" card. .

. In the- same way, cerds may be inserted, delefed or changed before the .
"first location tag by leaving columns 18-23 blank on the control card but
putting ‘an increment in columns 2& 27 Co

It the change carda for updating are in the card reader, follow them with -
a card containing IDT: in columns 25-27 -and FINISH in columns 3¢ -35. This
"may also be done if the change cards are on tape, - This card tells UPDATE -

. that this: has read the last card.

If UPDATE ceannot f£ind the symbolic. tag in a program which 48 'referred to by

a change card it will print out this fact on the line printer and go on to’
make changes to the next program for which changes have been. 8pecified

Bince update provides the facility whereby an inetruction card file may be
maintained on tape, a method is provided to make the backup card files
reflect the changes to the tape files. The same deck usged to update the
megter tape files may be processed using EAM prqqq¢ures &hrougn the card room.

The on@y type of change card which canunot be dingc&ly prgceesed by EAM
procedures is the DELETE X. For this reason the programmer shoyid, for,
example follow a DELETE 3 cards in the change deck with 3 cards containing
Just the program identification and card numbers to be deleted in columns 1-6
end 8-13 of the card. The update program will bypuss these cards 1f they

are in the deck. ' . o N
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11.4.2 Functions Involving Binary Tapes Only.
" 1. Punch

Control Card: " Cols. 18 - 22 = "PUNCE"
. Input: - Tape 3
' © Output: Binary Deck

The "PUNCH" subroutine generates binary decks from tape storage records on
tape 3.  The tape storage identificatlon is gang~punched on each card. The
subroutine will punch the storage record at which the tape is located. To
punch a specific record, the tape mst be poeitioned (see below) to that

record.
2. Merge S S '
~ Control Card: . ° Cols. 18 - 22 = "MERGE"
~Imput: |~ Master omn tape 2
‘i. . Chenge on tape %
. Output: i ‘5. " New master on tape 3

The "MERGE" subroutine will. change delete or insert a block of records
corresponding to the records assoclated with a storage identification record.
These functione are specified on merge controcl cards. Each control card is

punched. with "IDI" in columns 25 - 27.

To change & record block, the six character Hollerith identification of that

block, as it appears on: the master tape, is punched in columns 36 - 41 with
the word "CHANGE" in columns 30 - 35. The record block on tape 4 whose first
four identification characters agree with the 1dentification on the control

card is substituted for: the existing block.

To delete & record block, the six character Hollerith identification of that
block, as it eppears on the master tepe, is punched in columns 36 - hl with
the word "IELETE" in columns. 30 - 35.

To insert one or more record blocks, the six chaoracter Hollerith identifi-
cation of the block after wolch the insertions are to be made is punched in
columns 36 - 41 with tho word "INSERT" in columns 30 - 35.7:For each record
block to be inmerted, punch an IDT cerd with the record idﬂntification in -
columns 36 - L1, Columna 30 - 35 of these cards are. blank. These carda are
placed directly following the insert card.

To change & File or End Identification recoxrd, regular change cards are punched
with the f£ile or end identification in columns 36 - 41 and the new file or ‘
end identification in columns 43 - 48,

The "MERGE" control caxrds must be in the ord@r of the records on the mastey
tape (2). An end card ("END" in cols. 25 - 27) is the last card in tha
deck. The records on the change tape may be in any order providsd an end-
of-file is written on the tape.

3, PFile ' '
- Control Card: Cola. 18 - 21 = "FILE" :
Cols., 25 - 30 = Identification
Output: File 1dﬂntification record on tape 3.
Charactexr Type: Binary

The FILE subroutine writes & file identification record on tape 3 with the
six-character identification specified in colummns 25 -~ 30 of the control card.
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b. End |
Control Card: ~ Cols. 18-20 = "END"
o "~ Cols. 25-30 = Identification
Output: ~ End Identification record on tape 3
Character Type: Binary

The END subrdutine vrites an end identification record on tape 3 with the
six character identification specified in columas 25-30 of the control card.
An end-ofmfile is written following the end identification record. :

.Functions lnvolvigg Hollerith or Binary Tapes

© 1. Positiom -

‘Control Card: Cols. 18.20 = "Pog"
. Col. 22 = Tape Number
Col. 23 & Rewind Indication

' Cols. 25~30 = Program Identification
Character Type: ‘Hollexrith and/or Binary

The "POSITION" subroutine places the tepe unit apecified in column 22 or

the control card to a point just before the record block identification in

columns 25-30. For Hollerith tapes this point is before the "IDT" card with

the specified identification. For binary tapes this point. 1s before the storage
identification record with the specified identificaticn. Column 23 of the control
card contains either an "R" or is left blenk eignifying position with or

without rewind, respectively

2. Duplicate

Control Card: " Cols. 18.23 = "DUPLIC"
. - , Col. 25 - Numbar of copies
Input: Tape 2 ;

Quiput.: " Copy 1 - tape 3 '
S ' "« Copy 2 ~ tape L
o Copy 3 ~ tape 1
- Charsacter Tyywes ) Hollerith and/or Binary

The duplicate subroutine Lranﬂfwrs thﬂ contents of tape fe outs tapas #3
end b and 1, respectively, as determined by the number of copiea specified
in column 25 of the control ceard.

3" 'gtt.m‘gar_,_g
Contral. Card: - ~ Cels. i8~23'm'"GMPARE"
Input.: Tapes 2-and 3 :
Outpuit M fterence logged on line printer

Character Type: Hnlleri+h and/or Binaxy
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The "COMPARE“ subroutina oompares tapes 2 and‘B'record for record.

. If the record lengths are not ‘the game, no comparison is made and the
record pumber with the lengths of the records is printed. 3 )

Record yx L Tape 2 xxx Words Tape 3 XX  Words

|
Records of the. same length are’ compared word for word and differencea

are printed.;_~_ v y . ‘
Record 3j:”xt ‘ Wbrd XXX . Tape 21Wbrd 'fTapél3'word

- The words axe printed as octal fractions. Records are numbered deimally
~ from 1, Words within records are in octal with the position first word

of the record aasumed at g.

~ Comparison. continues until an End of File is reached on. elther or both
tapes. The appropriate messa.ge is printed.

k. Ccatalog
'~ Control Card: " Cols. 18 - 20="10G"
- ; Col. 22 = Tape to be logged
Qutputs : : Listing on printer
Character Type: Hollerith and/or Binary

‘The CATALOG subroutine reads one file from the tape unit specified in
column 22 of the control card,printing out the type of i{nformetion in -
the file. For binary tapes this consists of the types of records, the
identifications of the reco;da, ‘the number of data, words in the '

record, and the sterting addréss of . program records. For Hollerith tapes .
this consists of the "IDI" cards, the number of cards between the "Im" '

cerd and the "END" card, and the. "END" card.
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. '12.0 PROGRAM Gemr&l Input
1201 IDENT 0360

12.2 YFUNCTIONS

’Gexneral Ioput 1s & cloged mbrmntine allowing the programmer to apecify, by
means of calling @eqluemcw, verious imput operations end conversiomns. It
will read cards or Hollerith tepe re@okﬂa , and convert any field from octal
or decimel to binary. It will read, as one operation, one card or up to 20
~ words from t&peo If. 'mpe records are longer than this, informetion in the .
later words will be lost. Two calling sequence words are needed to create a full
binary word. General Imput will imterpret & sesien of calling sequences, .
. and branch back to the first register vhich is not interpretable as & calling
‘gequence. If tlhm raquested operation i&s not possibls,’ Condition Light No. 2 will
. be tumed o , ,

The two-word c&J.Mng gequence specifies the operation '&'.o be performed,

where to get the imput information, and whel to do with the output. It conteins:
The action to be performed, the location im the input imsge to start the ,
conversion, the number of characters to be comverted, the address (which can

o be modified e s ecifﬂ.el pdex regle the acoumlstor 1n vh‘ir'h‘
to gtowo +hnbxq~ Q % ﬁ'«mnm&";mm %ﬁi'*%l%r ;q?re bta specitied. 7

12,3 OPERATION

Tois program, which is actually a closed subroutine, is sutomstically =~ =
uged by the progrsm translator. Anyone wiching to use Gemeral Input R
by itoelf must inn@rpomﬁw it ioto his own pmgrmm as with any other
" cloged subroutine. , , .

12.h  IpoTS

,Ji":yb

Mwwrd oelling eegquance:
Word 1: |

Col. ?&v indey. regloter

The "Iodex Register" and "A:cmme*m" together mpwcﬂfy vhears the outpm;
of & conversion te to be placed. If the "Address” comtains e zero,
(on the ‘a\nmlbxoluw cord) and "ACC" im column 36-39, the result will
be .'!Lef‘t in the right sccumdlator. Not wsed with RCD or RTP.

Cols. 25-27 = operution code ( e in wrmﬁ;b\wm 8, bem\w, are octal codes)
‘1. ECD. (7 %)  Besds one cm:r.\dtp comverbs to slx-bit Hollerith snd stores

1t in pre-storcd tape fommet. IXf cerd reader ig mot resdy, Sense

Iight No. 2 is turned on. “ o ' ' L

Paxrameters need~d: mone.
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SDI. gz ) The input columna apacified (in "Location" and "How'Many")
are assumed to be a signed decimal integer. This is converted to

‘binery, snd gtored in the right-helf word of the spucified sddress. If
‘the first charecter is not "£" or "-", or if any of the following characterﬂ
-are not. ‘digits or blenks, Senss Light No. 2 18 turned on. Parameters
' needed _relation location, "How Meny", sddress. :

UDI. QTth The specified £ield is converted as an unsigoed dccimal
integer, and btored, a8 with SDI. If any of the charsctera
specified are not digits or blanks, uenae Light No. 2 15 turned on.

"'Paramcters npﬂiad" relative locatiom, "How Mnny, address.

ho

0CT. ' g 2 Ihn &pacifi@d field ia converted from en octal integnr
to binmry and stored, as with SDI, If suy of the characters sre
not-.digits (0 to 7) or blenks, Semse Light No. 2 is turned om.

. Parameterm nceded relative l@omﬁion, MHow- Mnmy," addreaso'

f MOV,ST#O[ The Hollerith characters in the columna specified by

Locations and "How Many" sre moved to the sddress specified, or to

-;the eccumulator if mpeﬂifi@d. A moximum of 5 characters may be moved

with one calling sequence. “The cheracters are stored in pormal

sequence (not inverted) - and all blank bits are left at the beginning of
the word. For example if the calling sequence requests that three
characters be moved, starting with the charscter in position ten;

' character twelve will be stored in bite 26-3L of the specitied location;

character -eleven wili be otored im bits 20~ ~25; character ten will be

stored in bits lh -19; end bits 0-18 will be 0. If only one character .

6

8.

15 to bs moved, 1t will be stored in bite 26-31 of the specified
location. Pmcamv..tmm needed; relative location, "How Hany, " address.

'UDF §7hh) The columnﬂ spacified must contmin a dccimal point followed

by four decimal digits. This field will dbe converted a8 an unaigned
decimal fraction, and storéd, s in SDY. If thé first character is not

& . decimal point or ons of the following four colwmns is not & decimal
~.aigit, Sense Liﬁht No. 2 1n turned on.  Nunber of columns need not be
- specified, since the field is mlwnv& 5 digits. Parmmeters needed:

- relative locatlon,ﬂddremﬂo '

,'ggg 7°Q) Reads one recoxd from a Hollerith tape witb a PERO? (Assign
‘Parity) and waits for the I/ Interlock to go offs Paraamcters nceded:

tape numberi - If tape is not 1eady, or not prupared ENXR condition light
{2 15 turned on.

SDE_&Z?O) The coluana specified must contain a "/" or "-" followed by

. 8. .decimal. point aend b decimal digits. This fleld is converted as a
signed. decimal froction apd. Btored a8 in SDI. If any 11 egal ‘characters =
‘are found, Sense Light No. 2 ie turued on. The number of columns '

3

need not be gpecified, mincc the field 1s always 6 charactcrs. Parameters

needed: relative location addreas.



9.

™-15 #3 Page 62.

0CA (T760) The specified code i converted from an cctal address to a
17 bit binary mmber snd is stored im bite ¢ and 16-3L of the specified
' address. If eny of the characters are not digite @-T or blenk, Sense

Light No, 2 is turned om. '

cols. 28-29 ® tape no. ; must be specified ooly with the RTP instruction;
legol range is from l-l. :
cols. 36-h1 = addrews ‘

Second Word:

Cols. 24-26 = relative locstion ‘
v | ,

"Relstive Location” refsrs to the position in the input imege of

the initial cherscter to be converted. ¢ is used omly with the

conversion routines, and not with RCD or'RTE in which ceses it

nust be zero. It is & decimal integer with the rangs L-100.

colg. 2729 » "How Many."

"How Meny" specifics in decimal the number of cheracters, starting
at "Relative Locatiom," which are to bde converted. This mmber
mast not exceed the awmber of charvacters that cen be fitted into
half-word after comversion, except for MOV which requires no
comversion. The field must dbe zeroe for RTP amd RCD.

12.5 SPECIAL POINTS

1.

2.

b,

It should be noted that the output of all the conversion rowtines,

except MOVE, is & binsry numbar of up o 16 bites. This is always

stored in the right hall of the specified register; the left-half of the
word is clearsd to f0. .

RCD snd RTP do not require informstiom im the second word of the calling
gequence. However, this word cemnot be onitted, since Gemoral Ioput assunes
that all colling sequences are two words loog.

Senze Light No. 2 is wed to indieste fllegsl request. The sense light
should, therefore, bs turnead off bafors branching to General Topub.

Calling Sequences
Word 1: L 3'1h ' 1O 1L 15 | 16 31
Todlex : .
[ngo .: OperatLon - Tape | Address
Relative Location , "Hew Many"
Word 23 '
0 71 0 15
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l3 0. PROGRAM General Output ’ :
13 1 IDPNT 0361 -

13, 2 FUNCTIONS

General Output is 8 cloqed subroutine enabling the programmer to produce
the equivalent ‘of a 120 character print line in any format desired. .The
program, under the direction of the programmer, will convert binary infor-
metion to" Hollerith characters end store them in & 24 word "tape image".

It will vwrite:the record on tape .cr nonvert ond print the ?h wordg as one’
~ line on the line primtwr, or convert: amd punch the first 6h charncters on
e card. o -

The operation of Ty G»neral Oumput is govnrned by a BPX to the output

. program, followed by & two-word caJlina gequence . Where more than one
" action is désired of the output progrem, a series of cglling,cequences
~may be written with cnly one Traxnch. - The outpum progrem exemines the
~calling sequence(s), performi the actions specified, snd returns |

control to the main nro&rﬂm at the first instruetion not distinguishable '

as a calling &equonch.

7

13 3 OPERATION
This program; whioh 15 smtwally a closed ﬁuhtoutine, is automnmically used
- by the Program Translator. Anyone wishing to use Gemeral Output by
dtself mugt- 1ncorporntw it into his own program, as with any other close&
subrouxine.. .
S 13.4 INPUTS

Two~wOVd fnJ]inp ﬂcqgﬂnﬂozl

13.4. l Wc»:f_(_i.é:

col. 2% = Tondex register a

The "Index Register" and ”Addxoﬁa” together spedify the address of the first
register to be comverted. Froo oasing the contents of the accumulator is
‘specified by a "g' in the "sddress.” Co

‘cols. 25-27 = opnratimn code (mmbers in paron&heﬂim, below, are octal codes;
-~ the illustratiou 1cfkrrvd to Lle at the end of this chapter )

1. SDI: (700) Simned Decimal Integer

The SDI rowtine converts a 16 bit half-word to a signed decimal

Cinteger with leading zeros suppressed.  The output, of this routine is a
sign followed by 5 inLeger cheracters placed in the "Relative Locatioh’ -
specified and the Chﬂrﬁkuﬁr ponitionﬂ ollowing.

\



| X cal. ng"sequence 1n the 1J.l.ustra.tion ehown converbs thg zfigh ~half
wond of hoz, _placing the result in: positions 1-6 of the tape m;e. The. . .
- Bequer e at 10B converts the contents of the right. acc\mula.tor ‘end: placeo

- the re ults :in position 9—1&. The sequence ‘ot 10C. converts the defts
ha.l.r rd of 40Z end’ ‘places the result in 1.7-22. !me contento of the tapo
:Lmageg ;(equive.lent to the printed line)is mows o T

S / ___’ ::.*_- / s 0 bl ‘3]273 ""860'0".::_‘1
2. ' (701,,) ‘Unsimed.necim Integer \ TR

. ‘.A....
G Ny e

The U‘DI routine comrerta up to 19 bits of 'bim.ry data :mto an mi@ed
~.dec1mal integer with the number of . d:l.aita apecified in "How Ma.nw" T L
I.eam.ng zeroa M.JL]. be smppremed. E o o L » o

'.lhe caJ.ling sequence at JLOD comwerts 'bita R’{-RI.S of register 1&02 to en ..

uneig:oed deci.mal 1nteger and plmeu the remnlt in positiom -25-27 of the.

ta.pe image. - The sequence at 1OE converts bits L1-L15 ‘of register 4oz = .~
places tme result in posaitiom 30-32, . chhe tha.t the contents of the register o

va.s a negative numbero ‘The contents of tne tape ima,ge a.re now Tl : o

Ch wmmn 0mmfreen 02 31273 —mn 0 o uggag - ,,,..3.' '.  ‘ R
(710L0cta.1 Intﬂ'ger s o '

: The OLI routine come:rb@ mrp to 15 bits of bimm:y data. into an octa.l S o
1nteger.< Loading zeros are suppressed. The converted octal - 1ntegar is placed. Can

. in the tape image starting at the "Belative Location" gpecified amd the . 7 - .

character poaition followmg. The OCI rcmrtine doea not interpret signs. o

The calling aeqluence at 10F Oomrames Ll-132 of re:.gim.er how to a.n octa.l
1nteger and places the recult m po&itlom 35~ 37. Thez com;em:s of the '
tape mage &re Dow:

/ === 0 e f e ¢ -- ~’¥19’73 L h% <= 3”3u  .
he ,ocn".: (f(lh) Octa.‘ll. Frant:!onv

. The" OCF romtine converts the contents of trma ha.l,f mm mpacimed to a 6-
character: octa.]. fraction. The comverted octal number is placed in the

. tape image st arting 8t the "Relative Location" specified snd t,h.e five -
cha.racter positioms fouowlngo Lﬁadlng LETOS are: mmmm‘edo

The calling qu_u,ence at 100 converts the right, ~half word of registar lLOW

to an octal integer smd places the result impositiom 1-6. Note that the

contents of the tape image bhave not deen erased and that the octal number S
* generated 1s placed into the positions previously cwmvpim by the characters -

) generated by ﬁequeme lOA. - The contente o.t” the tape im&p;@ Are now: ' .

140000 == f <eZ 0 = -31273 womn O <o hgh - 323_-; oes
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5. WTP (720)_ write Tape’

' The WTP routine writes the contents of the tape image onto the tape unit

. selected. The WIP routine ‘does not check for tape legalities nor write i

‘ '“end of file¢

The calling sequence at lQH writes the contents of the tape image onto
tape unit 3 The contents of the tepe image remaln unchanged by this
-operationa ‘. _ ) \

6. WPR (72&) Write Printer

' The WPR routine prints the contents of the tape image on the line printer.
The routine eonverts and prints a 120 character line. It also is possible
“to print from. & core locetion other than the tape image. To do this the -

‘ Hollerith eharactero muat be in 3equential core registers, positioned from’
right to lefto The least significant bit of the first character must be in

one of the following bit positions: 5, 11, 17, 23, or 29 of the first
reglster, 'If the information extends beyond the first register, all the

following reglsters must have the information starting in position 29 The
"How Many" datermines ihe mumber of charaoters to be printed. : o

The calling sequence ai lO J prints the contents\of the tape image. The‘ "
sequence at lOK prints the 9 characters: staxting in.bit 17 of register LOW

in the relative - location specifiedo- The © ntents of\ghe original tape-
image are unaffected by tho seoond printin from core
are :

1hoooo --‘/ ——im olw-i -31273 wm—e O w= hgh - 323 == eooo
(mmmmmns FRINT - OUT - ..

T WEU: (730)_ Write Punch

. The WPU routine punches thﬁ eontents of the first 6 characters of the tape
image on the card punch. It is possidle to punch directly froam' core memory,

a8 in printing from core. To punch in cols. 1-16 of the card, the data to

“be punched in these columns must be placed in "Relative Location” positions
1-16 and Sensé Light No. 3 turned on prior to branching to- General. Output. o

Note that Sense Light No° 3 muwb be off for rogular punching.u,w

The calling sequenoe at lOL punches the contents of the tape image. The
sequence at 10M pubches cut the 9 characters starting at. bit 17 of Lhow
in columns 25-34 (Relative Location). Thé contents of the cards is the o
same as the output printed by the WPR lnstructions. R B

8. CLR: (T734) Clear Tape lmﬂge

The CLR routine  clears the tape image or any block of the tape image as
specified by the "Relative Location" and "HOW'Many "

The calling sequeoce at‘lON cleafs the contents of the tape imoge.

Tho two lines printed

oul



e MOV° Move Hollerith

. 'me MOV rou&;ine mwea Holla;rith cha.racters "seat up in com memo:v a.nd pla.ces o
. . .them in the tape i.mm;a at the "Relative Location" specified. The cha.racters ‘
_"to be moved must be seb up a,a for primbing from core.; ST SR

\,.;‘f'Tfhe calling :se:quﬂme) aa.t. ]LOP mveea mm charact,ers at.ored in:l&ow :!.nto ‘the:
. tape, inage. The aﬁquﬁmcn in’ lOQ prints; cmt; the tape :Lmaga.{ The contenta
: of the tape :Lmage am mwo ' B R Y

PR'DIT ouT

10, U'DF Umf.gma D‘Wmnl th‘wtion ::,:.,_,.

Tme UDF rrmtine c@m\vmrm JLS bit;s of blnm'y data int'o & l& digit \msignea T
- - decimsl’ fraction. The "Relative Lm‘atlo:m" speciﬁ es the poaition of the. ..
o decimal poin‘k; in the '&;apea imageg. . ' . .

v-_".';"'.??The c'a]- g sequsnce. s ak ] JlOR mmmrw thne ri,ght hodf of register ll»OT into SR
S aaunslgned deci.ma.]l. ;,wm,wn and plme:a% thez result in positions 21-25. L

B -'I.‘he com.’cents of the tape imag@ are nowWs

(DUT _ __’ e56ﬂ5 - o"“ ° e“ . ; e -

J.I..SDF ig,n i.l:Dﬁ, 1mn31.?“mwbi@m

> ihe DF rouumn or‘mve.mm n, JL6 bit hxa,l,t%wmd im:@ a hedigit signed dezci.ma.l
: "fraction.; “The "Re]a,tivc» Jj,«omauon" ﬁp«moiﬁ ea the pc»siticm of the sign in
the tape imageo . n ‘ o . .

: Thxe ML'leg e&equﬂm‘@ a&, 103 «mnwr& 3 ma lertmhxa.lf o»f regmter 1&01' :Lnto &

: signexd ‘décimal fravtion eod pﬂmm the reswlt in. p@mtiona '28-33, ' The sign o
of the fractiom is in 28 and me dncim&l point in 490 The com;ents of the
'tape image mre; DO .

mn‘w owc , --.-,'5'6::5 '_' _ '«.5‘000- L . siite T .j{

. _—.——.—-n‘--.-- LOPRE A . T et - -~ s

12, O("Au OOt»”i.] Adﬂmm

. _T'hm OCA muum c«mv:_m:é 117 biw cmmls!im m’ the I.S and t.?me BHW of the
- register.spewified mw 8 Hix diglt ort.a.]. mmb@r ﬁtaming, in the relaf.ive
- loaamon ppr»c‘ilmed. 5 : S : SUTERIL I O 3 :
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."cols 36\-hlnad.dresa o B s

-The Mdress" (modiﬁed by the "IR" 1f designated) refers to »
-the J.ocation of the.first word to be processed by the. mrtput
program. Where it is possible to. process more than one . -
. o register at one time, “the registers must. be 1n sequence. o
13.4.2 Wo'r'd & - , '

_ co].s. 2h-26 3. ”relsti.ve locatio' LI - '
'__'._"'Relet:l.ve Iocetion™ refers tojthe’ position 1n the tape image of the i’irst
i character converted. It is a decim&l 1nteger with ‘the ra.nge 1-12¢ :

: Cols. 27--29 "Hov Ma.ny T

. - "How Many " specifies in decims.l the number of characters, stsrt:lng e.t
, "Relative Location, " 1nto which the de.ta is to be converted. -

: .001s. 3 5..1”. no. bits (no. of binary digits to ‘be processed )

13.5 SPECIAL PO]:NTS :

1. CODING AMD LBGAL VALUES

| OPERATION |  copmNG . ‘l°. - . LEGAL VALUES

NAME | SYMBOLIC]OGTAL| . . let BIT ~ |HOW MANY|NO. OF BITS REL.L0d

R IS R Y PRI PR I
Unsighed Decimal Integer wr | ok ‘-;.0‘;,'31 s [1-15 .
Octal frx.x@eser o L ocr | Mot o- n ) 1 5 Ja-15
Octel Fractton | ooF | T |15erm |6 . a6 1s |

Write Tape . © WrP | 720 |Tape Unit - {120  |Blenk

I R = SRR T
AT

Write iPr;l‘pter_.: o | WER T2U '. 5,11,17,23 e;‘-_':ag 1 - 120 | Blank -
Write Punch | weu | 730 "5,-11;,-_17,23 or 29|1 -36;!_;:17 Bla.nk Ji-e
|crear Tape mage | cR | 734 [Blemx - - 120 Bla.nk - |1-120
[Move Hollerttn | mov Tho 5,11,17,23 or29 1 -.12_01":1'31@:" 1-120
Unsigned - Decimal Fraction . UDF - -71;1;"'10 s »l‘_jil o - 161

"._Signed Decima.‘l. o | sor | 750 is0r 31 116 "C'J.'- 1i5

o o

Octal Mdress coca | 760 |32

e fi-ms|

k‘
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2. TIllustration of General Output o | |
' o S oex . 8gago
Y7 N : SDI3L . A

CAD e Lgz
S AR e COBPX . Bpago
s | SDI3L . Lt s e ADC
s e 9 6 .l S 16
Ao o ‘ Cspms o o o bge
SRR o 7 6. . a6
igp - ‘ upI3: - . bgno
) : S, 25 3 S N .9
CAgE | RS L wr
Y : S ooen2 o g
. o ._ B3
¢ R OCF3L
) I
. R N -1
147 : ; . WPR29
: o R s K1
e . WFRLT
gL , ' WRUZ9
R SRR 1 6k
1w | . ' WPLT
L . 9 9 o E
N CLR S }
- ' . Lyag .
g MOVLT
o o - 3 9
- 1gq o ' WFRAQ
, : . Lo
wWR ' WOFRL
o S . 2L 5
s SDFLS
' ' 28 6
- HIR - ' ‘
hefy 137777 : - 0hkooo
Wiz : ~3L2T73 . 0pO0Owy
hgw - Hon, : : | FRI .
‘ B | (4 . : 'NT-0U

5
=
TS

<
= .
RSN SEER S0 SRY

£
£

=1
=
_T|arsl |TaTs

55
A \n

L wL o- : P e e
hgr - ' ‘ 5625 B ‘ -.5000
1A ' prK : 8#AGO
' : OCARL - ‘ S WX
L6 R 1

AR ' K1Y

w6 . ) S 16

OCARL iz .
.20 6 16
Lix 101000 - 100000
4y 101000 000000
41z, - 001.000 154763
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" 14,0 PROGRAM; Link

1h.1 IDENT 0372

4.2 FUNCTIONS

Tra.nslates certain Lincoln Uti].ity System terms into COMPASS le.nguage. "I‘he
terms translated are

Lincoln ' © " COMPASS
IDENTC _ © IDT
TERM START END
SKIP BKP
. DITTO DIT
CORE $de1eted;
' DRUM o deleted
g2 | - TPYP £ gp2
Comée3 TPYP £ --3
A CAD . g@a  CAD
B.ADD . L ¢#B  ADD
1B FST _ - g1B  FST
26A LDB 26A 1DB
B DEP ' 268 DEP

} Suppressed digits in tags in
. ' . C the director are filled. in with
o ' Zerosg.

1.3 OPERATION

\

1. DCA Program to be aesembled should be loaded on prestored tape
and put on tape unit No. ,3 .

2. COMPASS Control Card, with’ "LINK" in cola. 18-21, should be put
: into card reader. _ ' : S

‘3. A COMPASS Control Card, with "POS" in cols. 18-20, and "2R" in
cols. 22-23 should follow the "LINK" card in the reader.

4, Press "Load From AM Drums."
The Lincoln deck on Tape No. 3 will be translated to a COMPASS language
deck on Tape No. 2. The tape on drive No. 2 will be rewound to the
lond point,. reedy for assembly.

14.4 SPECIAL POINTS - ’ o

A Compool Override Caxd (see Program Tranulator) should be in the 1nstruction
deck (preferably following the "Ident" card) to define the location of

- the artificial table TPY, upless table TPYJ 1s defined in the environment
section of the compool for thgs program. .
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0 0000 00292 0148

APPENDIX A. Changes to Program Translator Program (L.0)

‘ The following changes have been incorporated to date into the .
65K version of the Program Translator, as differentiated from the 8K
version. '

1. Capacities have been increased as follovs:

) a) Maximum number of cards 7650
' b) Maximum number of tags 2000
¢) Maximum number of .RC words 750

d) Maximum number of CPO cards 300

2. When the maximum number of cards is exceeded the direct
printer will log,'"TOO MANY CARDS".

3. When the maximum number of CPO. cards is exceeded, the direct
printer will 1og,U"EXCESSIVE" to”the right of each additional card.

L, The program will. assemble programs located anywhere in the
65K (large) memory. It will also accommodate .programs in the hK
(small) memory, except for the following case:

It. will not sssign an address above 177777 to & word containing
a constant (i.e., not in instruction) in the LHW and a location tag
in the RHW. To do this would prohibit the use of ‘the subroutine tape.

5. All assemblies, DCA or otherwise, will log on the direct
printer. sll IDT, LOC, DRM and END cardso

6. DCA assemblies will, in addition to- (5) above, log on the direct
printer all CPO cards; and the number of spare registers, as determined
from the Compool allocation minus the program length, will be indicatcd
after the END- card.

7. In case an END card contains an undefined tag on the director,
it will be .80 indicated on the direct printer.

8. Instructions or tables located at zero may now be tagged,
and absolute references to register zero will be printed (and punched)
as 000000 . rather than 377777, as in previous versions.

9. All programs, including DCA, will be accepted with 5 character
alphannumeric tags. The “tag table search sequence is as follews-

'a) CPO assignments
b) Location tags
c) Compool (if Compool sensitive)
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Thus, a program may assign for its own use a new item to an
existing table in the Compool, or assign a Ccmpool item to a table
defined by the program.

10. The program will now distinguish between an EOF and an EOT,
thus very large. files of successive programs may be loaded onto a tape.
without fear of running off the end. If an EOT is sensed before the
. END card of an assembly, the translator will halt vhile a new tape
containing the remainder of the program is readied on TD-2, A CONTINUE
action will allow it proceed assembling the program from the new tape.

1l. A program which does not include a LOC card to define the
starting location will automatically be assembled starting in location"
300. .

LI Z
&V, R. Tobey
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1.0 TAPE READ-IN

1.1

1.2

DESCRIPTION

TAPE READ-IN is a four (4) card "Load from Card Reader”
program which will perform the following functions:

1. Read into core a binary tape (Tape Unit 3) containing the
following records:

File ID (Type 1)

Storage ID (Tape 2)

. Drum Storage Record (Type 3)
. Core Storage Record (Type 6)
. - Operate Record (Type T)

. End ID (Type 5) -

2. Place the contents of "d" (Core Storage Record) into its
properly assigned core location.

HOo 0 o

3. Place the contents of "c" (Drum Storage Record) onto its
properly assigned drum field(s).

L. Provide an option (Sense Switch 1) for operating "d"
(Core Stoarage Record).

OPERATION

If the binary tape to be read in contains more than one (1)

identification group, it must first be positioned; using a
COMRASS Control Card.

TAPE READ-IN is loaded by the "Load from Card ‘Reader” a.ct:.ong
and will halt under the following conditions' .

1. Program,Counter at thirty»two»(32):

a. Condition Light 4 YOFF" =-.A checksum error has
occurred.

b. Condition. Light 4 "ON" «- An END ID record has Jjust
been read. ' ’

A "Program Continue" action with the PC at 32 will cause
Tape 3 to backspace»and rearead’the'same record.

2. Program Counter at oné hundred ten (110)

a. Condition Light 4 "OFF" - An OPERATE record has just
been read. A “Program Continue“r&ction will:

1. With S.S..1 "ON" -- operate the last Cere Record
that has been read in.

)



NOTE:

READ-

2 o )

Condition Light h' "oN"
Just been read.
read the next record

TM-15 #b - Page 2.

With S.S. 1 "OFF" == read the next record.

== A STORAGE ID record has

A "Program Continue" action w1ll_

TAPE READ-IN is designed for use with COMRASS binary
“output. tape (on Tape Unit 3). ;

IN

2.0 CORE

2.1

2.2

2.3

Purpo

sSe

To read into core storage COMPASS binary decks assembled for
CORE (decks assembled for drums will be read into core at
the drum addresses -- the program does not check type of

assembly).

Loading and Control

This card is entered by a LOAD FROM CARD READER action and
occupies Regs. 0=5T. : \
following it until a branch card is sensed (determined by +0

in bits R. 11-15 of word zero).

PC=27.

It will read in the binary cards

3 ‘ It will then halt with the
A CONTINUE action will bypass this condition. The

sum check will not be effective when word one is full zero,
either plus or minus.

Program Description

Loc
LoC
Loc
LocC
LoC
LoC
Loc
LocC
1.oC
LOC

10C

1oC
Loc
Loc -
Loc

-~ 1OC

LoC
1oC
10C
LoC
LOC
16C
LoC -
Lec

RBS
1nC
CAD -
RSTA
RSTA
C1XIN
1ADD
1BPX01
BFZ:
CAD
BFZ
HLT
LY
FCL
ETR
BFZ
1XAC
1BPXO1
1CAD -
1FST

1BPX01

BPX
HLT
BFX

30
30
30

a7
23

26

31
1k

31.

1k
37
30
20

13

26

22
32

22

-CORE READ IN-READ ONE CARD.

WAIT FOR 1/0 LOCK AND SET CTR.
FOR NEXT CARD

SET INI'I'IAL CORE ADDRESS

SUM CHEC‘K CARD -

BRANCH IF OK

IF NOT 0K, CHECK BYPASS

CHECKSUM HALT

“GET NR OF WORDS.

IF ZERO - BPX CARD
MOVE WDS TO CORE LOC

RETURN FOR NEXT CARD

ALL CARDS LOADED -
BRANCH TO OPERATE
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3.0 DRUM READ-IN (oe.hs)

3.1

3.2

Purpose

To read-in.COMPASS binary .cards assembled for DRUMS and store
their contents on drums.

Loading and Control

This card is entered by a LOAD FROM CARD REA)ER action and
utilizes registers ¢ - 57, It will read-in the binary cards
following it until an End ca.rd is sensed. (Detemined by a
9's Tow. punch in column 18). It 'will then halt with the PC =.
31. When a check. sum-error is encountered, it will halt with
the PC = 25. A C@N’I‘INUE action will bypass this condition,
When the checksum word (9's row right) is full X ¢, the check-
sum"will not be performed.

NOTE: If an attempt is made to read in with this card a COMPASS

3.3

deck assembled for CORE,. the computer will hang up select-
ing drum ¢ after the first card is read,

Program Description .
0 SDROO 0 PERFORM  XFER ‘TO DRUM
1 WRT 0 DISCONNECTS ON FIRST PASS
2. SELOl READ A CARD
3 oc 30
L RDS 2k :
5 IbC 32 PAUSE AND SET FOR DRUM.XFER
6 CAD- 30 - : -
T  RST 0 SET DRUM ADDRESS
10 FCL 26 '
11  RSR 10 :
12 RST: 1 SET NUMBER -OF WORDS
13 1XIN - 22 SET IX FOR CHECKSUM
14 LDB 25 ' '
15. DEP 0.
16  CAD. 31  CHECKSUM BY-PASS
17 BFZ - 26
20 CAD 30 CALC CHECKSUM
21 1ADD 31
22  1BPXOl 21
23 BFZ 26
2k HLT CHECKSUM ERROR -HALT:
25 7 0°  MASK - ETR INSTRUCTION
26 TOBO1. 30  TEST FOR-END CARD
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PUNCH 24 WORD CARD

If it is desired to write 3hort; self.loading programs, the use
of this one card program takes all the drudgery out of it. -

Write the program in symbblic and assemble it with tape specified.
as the binary output, and core as to the type of storage. Symbolic
input and output are left to the programmer's choice. If symbolic

input is cards; & WAIT card follows the instruction deck; if tape,
- the WAIT card follows the ASSEMB card. This one card program:

follows in the reader. When the assembly is complete, COMPASS:
will halt upon reading the WAIT card. Then "Assign Test Memory"
and put the number of cards in the right A ewitch and "lLoad from
Card Reader". The deck will then be punched, 24 data words to
the card and two extra cards are fed through automatically. If
more copies are desired, press “Program Continue".

The 1OC card should contain zero in the address field. The pro-
gram may not be over a drum field in length nor may it contain any
SKP instructions. The first instruction of the program to be
asgsembled will usually contain a RDS instruetion. Do not branch
to this instruction. If this instruction has to be modified; or
branched to, address it in absolute. .

Q-7 UNIVERSAL GARD LOAD

The Universal Card Read-In Program (UNCDRD) is a six card, self-

loading deck. It 1s designed to accept the ‘following types of
cards and store them in thelr specified core or drum locations:

1. COMBASS binary cards to be stored in core.

2, COMPASS binary cards to be stored on arvm. ,.

3 Environment Sim load cards to be stored in éore'or drums.
4. Octal correction cards to be stored in core or drums.

An incorrect check sum will halt the computer with the program
counter equal to 20. If "Continue" is pressed, the card will be
stored in its proper location. To bypass the check sum verifica-
tion (on card types 1-2-2 above) column 27 in the 9's row now
should be punched. . . ‘

A punch in column 18, row 9 signifies an END card° When this
card is reached the computer will halt. Upon pushing “Continue"
a branch to the core location specified in the End card will
occur. This core location 15 also stored in the live reglster.
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The UNCDRD occupies and uses registers 0-237. Therefore, special
caution should be observed to avoid reading in data below core
location 20,

6.0 Q-7

35CARD. OCTAL LOAD ) (0359)

6.1

6.2

7.0 BOLD

Purpose

3 Card Octal Load is designed to simplify the storage of
information into core or drum memory.

Operation
The program accepts cards of the following format:

col. 18-22 location
23-24 drum

25-36 : "~ 1st word
37-48 2nd word
49-60 . 3rd word
61-72 , 4kth word

The parameters specified in "lst word" will be stored in the
location specified. The "2nd:word", if not blank, will be
stored in the following register; similarly with "3rd word"
and "bth word". If the drum field is blank or contains zeros,
it is understood that core is desired. In the case of\ aux
drums, column 18 will contain'a b4; i.e., 18 to 22 will be
translated as the complete right half of the SDR instruction.

Cards must contain only octal numbers. No checks will be
made for illegal punches. The first "word" field which is
completely blank signifies the end of the card; no further
information will be read from it. Zeros (except all zeros)
may be supressed in any field. '

An YE" in column 17 will signify an END card; when this is
read, the program will halt.

The program is available as a Three-card self loading deck.
It occupies and uses registers 0-137.

7.1

- A Binary and Octal Loasder for the AN/FSQ-7
ose

BOLD is designed to load cards produced by the COMPASS system
(cards with drum locations, cards with core locations and
Enviromment Simulation cards) and octal correction cards in
both UNCDRD format and OTL format. |
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7.2

7.3

Card Formats

Card formats: are as specified in TM-15 #3 except that OTL
format may be usef for octal correction cards -- i.e.,
mnemonic codes may be used for instructions and an "x" in
column 18 may be used to denote auxiliary drum storage.

In addition, one extra column, column 17, is added to the
location field of octal correction cards to permit the -
expression of addresses in excess of 77777. BOLD will store
corrections into any core location. ’ '

It is not permissible to introduce meaningless punches into
the zones of end cards or binary cards with a word count of
16. Doing so may cause the card to be erroneously considered
as an octal correction.

;Sﬁécial Features

a. §EE Checks

All methods for suppressing the sum check used by other
loaders in use are also applicable with BOLD. Either a
9 punch in column 27 or & full zero check sum word will
suffice.

b. Octal Cards

1. In addition to the instructions recognized by OTL,
BOLD recognizes the new compare, test bits and CAC
instructions. A test memory address, however, is
not automatically provided for CAC and thus must be
supplied by the programmer. In addition, the
mnemonic "STZ" will be interpreted as the ops code
300.

2. As in coding for the Program Translator, the 17-bit
option may be indicated by following the mnemonic
instruction code with the letter "A".

3. Ifa right half word requiring 17 bits is specifieqd,
it will be so stored; but if the right half word
requires less than 17 bits, the sign specified for the
left half word will be stored in left sign.

As an example, the foilowing are representations of
the same word and would be interpreted as being
identical:
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LADDA 200371
4ADD10200371
041050200371
141050200371
141050200371

c.. End Cards

When BOLD encounters an end card; & holt will .occur.
‘Pushing "PROGRAM CONTINUE" will cause a branch to the.
y location specifiéd on the end ‘card. If an uninterrupted
" branch to this location is desired; a 9. punch should be
placed in column 19 of the end c:a,rd.c “Since this will
invalidate the check sum, one of the sum check inhibition
described in "a" should also be employed

To4 STORAGE AND ASSEMBLY INFORMATION

BOLD currently requires 245 (decimal) registers of permanent..
storage plus 27 registers of temporary storage. In the
standard version currently available, this storage is’ located
consecut:.vely in registers 177360 to 177777

BOLD may of course .be assembled at other locations. The
symbolic deck has 0700 as an Ident. and is.on file .in the . -
Building F card room. To assemble BOLD at a different loca=
tion, it will usually be desirable to change the TCPO cards.
defining temporary storage ‘as well as the 1OC ca,rd There -
are four of these defining the symbols IM, DPI, VAL, and
WORD. Twentyc- four registers must be reserved for IM; the

other symbols refer to single registers. To place the temporary

storage immediately after the program, add 365 (octal) to
the value on the LOC card to get the value for the first. TC'PO
card..

UsE

a. @t&g Deck.

1. One card loader (B' for example)

2. Binary deck of BOLD (with end ca.rd)
3. Cards to be loaded

4, Fnd card

Coples of the standard version come with a copy of
Bt attached.
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b. Loggiggv

Logging of octal cards is controlled by sense switch
four (4). 1If sense switch 4 is in the inactive (up)
position, all octal correction cards will be listed _
on the direct printer. If sense switch L is in the .
active (down) position, only error cards will be so
listed.

c. Halts

BOLD con'ﬁa.ins .three halts as follows:

Cause of Halt 'P.C. contents P.C. contents Effect of pushing +
e (standard version) (relative "PROGRAM CONTINUE" .
An end card has been 177403 23 Branch to core
encountered. Y location on end
o ’ card.o ’
An illegal mnemonic 17756k ” 204 _ Read next card.

code has been detected
(most, but not all,
such errors will. be
detected).

Check sum error | 1776k2 262 Check sum will
-be ignored.

NOTE: a) A check sum error in loading BOLD itself will cause B’ to
come to a halt at 1k,
b) If BOLD is not destroyed in the machine, it can be re-
entered by a BPX to 177368.

¢) No 12 punch is allowed in col. 79 or 80 of an octal card.

JRT/hht : -
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1.0 Q-7 Memory Print (0352)

- 1.1 Purpose

‘The Memory Print program (0352) will print out selected por-
tions of core memory, drums, or binary tape records as
constants or instructions either directly on the line printer
or as delayed output on tape unit L. The program will
operate in either core memory and with the hew:instructions.. The .
program will destroy itself and restore rare memory (with the
exception of locations ¢ 27) if desired when printing core

or drums. When printing the contents of binary tapes, how-
ever, locations 2000 thru 6004 or core memory are used as
temporary storage and part of this region may be destroyed
depending on the length of the tape record. None of the
control or computing registers are retained.

1.2 Operation

Memory print is available as a self loading binary deck, or
on the COMPASS system tape. This description of the program
is concerned with theltinary deck.

The program is read-in with test memory assigned. The read-
in stores the contents of core memory ¢ thru 3777 onto drums
26 and then reads in the Memory Print program into registers
60 thru 1777 and halts with the program counter at 6¢ Upon
completion of read-in drum 26 contains the read-in program in
locations @-27 and the contents of core memory in 3@ thru .
3777. The program operates on information in the A and B
switches using the sense switches for control and is operated
by pressing the "Program Continue" button.

The A and B switches provide the parameters required by

Memory Print. The left A switches (not including LS and Rl

for aux. drums) determine whether core, drums, or tapes are

to be printed and alsc which drum or tape. The right A switches
and the IS (for the 17 bit large memory addresses) specify

the starting address of the region to be printed. The right

B switches and the LS specify the final address of the region
to be printed. The A and B switches do not affect the opera-
tion of the program once it has begun.

The four sense switches control the operation of the program.
Sense switch 1 controls the re-run of the program.: In the off
(up) postion pressing "program continue" will re-run the
program. In the on (down) position pressing "program continue"
will cause the program to read in the contents of drum 26
into core memory, thus restoring core. Sense switch 2 in the
off (up) position will give a delayed output on tape 4. In
the on (dcwn) position the output will be on the line printer.
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Sense switch 3 in the off position will provide output in
the form of instructions. In the on position the output is
in the form of octal constants. Sense switch 4 controls the
tape printing. In the off position an ‘entire record will dbe
printed. In the on position the right A and B switches
determine the portion of the tape record to be printed.

The output of the program is printed four registers to a
line with the location of the first register of the line
specified at the left. Only the first register of a consecu-
tive string of identical registers is printed, the rest
being suppressed. Each. block of memory printed-is preceded
by a line specifying the block requested.

Operation Features

Memory Print makes several legality checks and prints ERROR
on the line printer in the following cases: test memory
unassigned; starting address greater than the final address;
left A switches (L1-I15) not zero, SDR or SEL; tape unit U
requested to be printed.

Sense switches 2 and 3 are examined continuously. The A and
B switches are examined initially and may be changed while
the program is in operatlon w1thout affecting the output.

In printing tapes the addresses specified begin with the
value in the right A switches.. When printing whole records
this should be zero. When printing a part of a tape record
the addresses in the A and B switches are interpreted on the
basis of the record startlng at zero. Maximum record length
is- 2¢51 words

The large memory addresses (up to 377,7778) and the new
instructions are included. Instructions using L12 for control
are printed with.a "1" following the instruction code (e.g.,
STAl, ADD1).

Examples .
1) Print all of core delayed as instructions
Same Switches: 2-up 3-up
A: 000000 . 000000
B: 000000 020000
2) Print,l6508 +0. 27308 of auxiliary drum 2 direct as constants.
Same Switches: 2-down - 3-down

A 006102 0hk1650
" B: .000000 002370
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3) Print one record of tape 3 direct as instructions

' Sense Switches: 2-down 3-up

A: 006213 000000
B: 000000 00400

L-up

4) -Print 608 for 300g of the next record on tape 2 direct

as constants.

Sense Switches: 2-down
A: 006212 000000
B: 000000 000300

Restore éore .
Sense Switch l-down

1.4 Summary of Operation

1.5

3=down

L-down

Load deck in Card Reader with Test Memory Assigned Press.

"Toad from Card Reader",

Set A and B switches for desired output.

Press "Program Continue".

Program may be re-run as often as desired by resetting A and
B switches and pressing "Program Continue". Changing the A
and B switches will not affect the operating of the Memory
Print once it has begun. Sense switches 2 and 3 are examined

at each pass.

To restore cofe'after-completion, depress sense switch 1 and

"Program Continue".

Switch Operation

SENSE SWITCH . 2
SENSE SWITCH 3
SENSE SWITCH = &

A and B SWITCHES - CORE

A: Il - 115 - ZERO
B: - Ll - 115 - ZERO

A and B SWITCHES - DRUM

o0 '8:

OFF':

ON:
OFF:

LS and REW :
;S and RHW

DIRECT OUTPUT
DELAYED OUTPUT (TAPE 4)

OCTAL CONSTANTS
INSTRUCTIONS

PART OF TAPE RECORD
TAPE RECORD

STARTING ADDRESS
FINAL ADDRESS

A: LHW - SDR and DRUM CODE* - RHW : STARTING ADDRESS

B: IHW - ZERO

" RHW

: FINAL ADDRESS

* also Rl for auxiliary
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A and B SWITCHES - TAPE

A: LHW - SEL and TAPE CODE  RHW: STARTING ADDRESS*
B: LEW - ZERO - REW: FINAL. ADDRESS

* gero for full record ’

‘This program is further described in TM-15 #3

2.0 Storage Dump-
2.1 Purpose

To read-in Memory Print from-drums and operate it, when the
COMPASS programs are on drums,

2.2 JIoading and Control

A "Load From Card Reader" action will enter this one card

program and cause the Memory Print program to be read into
core beginning at location 60. After the read-in, a halt

will occur with PC=7. A "Continue" will operate Memory

Print.

0 SDR26 .
1 1DC 0
2 WRT 2048
3 SDR11 -
I 1.DC . 60

5 RDS 976

6 HLT

7 BPX 60

3.0 Q-7 Trap and Print

3.1 Purpoée

The Trap and Print program (0355) is intended to interrupt

the operation of a program at specified points and print the
contents of the machine registers and any portion of core
memory. The original program will then continue at the point |
wvhere it was interrupted. Printing way be direct or delayed.
It will handle locations in core through 177777.

Trap and Print is controlled by means of cards which specify
the location at which the trap is to occur, the region of
memory to be printed, and how often the trap is to be executed,
if the program goes through it more than once.
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3.2 Restrictions

The following restrictions govern the use of the trap and
print program:

1. No more than 25 traps may be ﬁsed at one time.

2. Only one'contiguous portion of memory may be printed
at each trap.

3. Although all other registers,and triggers are saved
and restored, the I0 word counter and A register are
not saved.

4, Instructions which the program modified cannot be
trapped.

5. Since the A register is not saved, neither an STA
instruction nor BPX to an STA 1nstruction can be
trapped.

3.3 Use

The program to be trapped, and any octal corrections, should
be read in with a read-in program which stores the starting
location in the live register. The following deck is then
read in by pressing the Load From-Card Reader button:

Core Read In - Single card which does not store the
. starting location in the live reglster.

Trap and Print»Binary deck

Trap Print control.cards

End Card - 9 in column 17

Any other cards

If no other cards follow the end card, it may be omitted.

Trap and Print starts at 167008 but can be relocated for
convenience. o S

If a program stops unexpectedly when Trap and Print is in
memory, any portion of memory can be dumped by manually branch-
ing to Trap and Print with the address of the first register to
be dumped in the left B switches and the address of the last
register to be dumped 1n the ‘right B switches.
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3.4 Control Cards

3.5

The cards used to control Trap and Print have the following
format:

22: L (Octal location of instructions to

bé trapped).,
Columns 25 - 30: M (Octal number, of times to bypass trap).
Columns 31 - 36: N (Oc¢tal number of times to execute trap).
Columns 37 - 42: A (Octal location of first register to

be printed).

Columns 43 - 48: B (Octal location of last register to
‘be printed).

Columns 17

End card:
Column 17: 9

Trap and Print will do nothing the first M times the instruc-
tion at 1 is executed; it will print ,the first N times after
that. If M = N = 0, the trap will be executed each time the
instruction is encountered. ‘

The registers from A to B willvbéfprinted each time the trap
is executed; if A = B = 0, no memory .registers, but only the
machine registers will be printed.

Output

Output will be on tape L, unless sense switch 2 is depressed,
in which case printing is direct on {he line printer.

‘No headings are provided on the output. Each trap prints the

following information in octal:

A line (indented one space) containing, in this order,
the location of the trap, contents of accumulator,
contents of B register, contents of index registers 1,
2, 4 and 5, the numbers of the condition lights which
were on, and L or R to indicate left or right overflow
indicators. T

This line if followed by the contents of memory registers
requested (if any). - A location and four full words are printed
per line. Printing is non-repititive; i.e., only the first

of a block of registers with the same contents will be printed,
but ~0 is distinguished from O. For example:
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110440 013642 177546 027453 002310- 177777 O0001kk4 003216 000001 Rl12
112100 014637 021301 177510 036142 000000 000000 177777 177777
112104 150h37 ooo32u 000277 000234

Here the instruction at core location 110440 was trapped. At
that point the accumulator contained 013642, 177546; the B
register contained 027h53, 002310 index registers 1, 2, 4
and 5 contalned 177777, OOOlh-Lt 003216 and 000001; the right
overflow indicator and sense 1lghts 1 and 2 were on. The
contents of registers 112100-112107 are printed. Since 112104
and 112105 are blank, they had the same value as 112103.

If output is on tape, 'I‘rép a.nd Print does not write end of
file or rewind the tape. A one-card program is available to
perform this function.

4.0 Loop Trace ‘(029‘6: and 0297)

b1 Purpose

Loop Trace is a twenty-eight card self loading program which
has been designed as a diagnostic aid in program checkout and
also as an emergency aid in unpredictable problem areas. It
functions as a branch trap, printing each active branch en-
countered by the program being traced, the location and
director of the branch, the contents of the accumulator, the
B register and four index registers just after the branch was
executed. It is equipped to handly any combination of IO
transfers in the program being traced. Two versions are
available: ILOW (core memory ¢ to 1267) and HIGH (@ to 27
and 20¢@¢@@ to 37TT77). Binary decks are available from the
card room by request. Requests for HIGH should be for deck
@#296. Requests for LOW should be for ¢297 A sample print-
out is included as appendix number 1.

L.2 Operation
To trace a loop...

Whenever any program uﬁexpectedly loops and a record of the
branches being executed would. be helpful,

l. Stop the program using “PROGRAM STOP".
2. Place the contents of the progra.m counter in the.
right "A" switches (and the left sign if necessary
- in the large memory).

3. ‘Assign test memory.



4.3

T™-15 #5 Page 8.

k., Depress sense switch number 2 if output is desired on
the line printer.

5. Place the deck of "Loop Trace" in the card reader.
6. Ready reader.

7. 'Push "LOAD FROM CARD READER"

It everybhing has been done properly, the 1oop will be tra.ced.
and control return to the looping program. The work "COMPLETE"
will be logged on .the printer at tke conclusion of the tra.ce.
At this point a core dump may - be ta.ken. ’

To use Ioop Trace as a branch tx'ap program,
1. Read in the program wlth its enviromment inteo core.

2. Place the starting address of the program in the right
"A" switches (and the LS if needed).

3. Assign test memory.

4k, Set sense switch number 2 up for delayea or down for
direct output. '

5. Place. the deck of "Loop ‘Trace" (HIGH or Lfﬂ) in the
_reader. ‘ _ o

6. Ready reader.
7. Push "LOAD FROM CARD READER"

The- printer will restore the page if selected initially. The
trace will continue until eithker a program halt or an sttempted
branch to any ama occupied by "Loop Trace". In either case,

"I AM FINISHED..." will be logged on the printer and the trace is
complete. No halt will ever be made by "Loop Trace" unless it
first logs the reason on the printer.

Printouts .

ASSIGN TEST MEMORY ~-- self explanatory. Assign test memory
' and "CONTINUE".

READY TAPE 4 ‘=== DLO tape has been selected and either
: " no tape 4 is on line or it is physically
not ready (not prepared does not stop
"Loop Trace"). Either depress sense
switch number 2 for direct output or
ready tape number 4. Push "CONTINUE".

COMPLETE --- "Loop Trace" has completed tracing a
loop. The next line to be printed
would be identical to the first line.
The traced program will be in control
(and will be looping, of course).
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I AM FINISHED ~== The last active branch encéuntered
was. an attempt to enter that portion
of core occupied by "Loop Trace"

(9 to 1267 for LOW, @ to 27 and
20@@@@ to 377777 for HIGH) or the
traced program was preparing to halt.
"End of file will be written on the
-DIO tape if sense switch number 2 is
up at the moment this branch is en-
countered. Any attempt to press
"CONTINUE" will do nothing,

4.4 Use of Senmse Switches 2 and 3

It is not necessary to get all your output on the printer of
the DIO tape. FEach line is sent to the IO unit selécted by
the sense switch. This means you can start direct and finish
delayed, or any combination of printer and tape. "Loop Trace"
will not lose a line regardless of how much the sense switch
setting is changed. The delayed output tape is never rewound.
This means that Compass listings, core dumps and the "Loop
Trace" output may all be placed on the same tape. "Loop Trace
- will write end of file at the completion of the trace if tape
- is selected by the sense switch at that moment. If it is
wished to send output to both the printer and the tape, SS
number 2 should be up, and SS number 3 down. This, in
effect, allows the operator to monitor the DLO tape. SS
number 3 may be raised or lowered at will without affecting
the DILO. - :

1"®

4.5 The "B" Switches

Occasionally it is more desirable to have one's output direct
and immediately available, yet a great many active branches
at the beginning of the program must first be executed and
in being logged, slow down the program with unnecessary
information. - In such cases, the address in the "A" switches
should be the location where logging is desired. The start-
ing location of the program itself should be placed in the
"B" switches. The program will then be operated from the
point: specified in the "B" switches to the point specified
in the "A" switches where printing (if sense switch number
2 is down) will begin. .No check on the comparative size of
the values in the "A" and "B" switches is made. They are
checked for reference to areas of core occupied by "Loop
Trace"” however (see note under "I AM FINISHED..." above).

If no printing is obtained using this "B" switches feature,
it means that the address specified in the "A" switches was
never finished.
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4,6 Restrictions

1.

- 2 °

"Loop Trace" uses six of the new computer instructions

‘and hence cannot be used on any Q-7 not recognizing them.

Although one may switch between direct and DLO at will,
no indication is made on the output that this has been
done and it may be difficult to tell when the output was
sent to DLO and when to the printer. Sense switch number

'3 should be used for both outputs, if desired.

When using the "B" switches feature described above, be
careful to select the address of the instruction where
printing is to start such that this instruction 1s never
modified or referred to by any other instruction. Usually

-any non tagged instruction in your program will be

satisfactory. This is necessary because the instruction
specified in the "A" switches is replaced with a BPFX to

. "Loop Trace" and should any other instruction subsequently

refer to this location, it will not contain what it

expects to find.

"Loop Trace" is unable: to 'distinguish sn actual halt from

.a +3, +§ register which will be filled with a FST before

operation. As an example:

3CAD  6fA
FST 10A

1ga +¢ + 9

Assume that 6@A is a table of branch instructions. "Loop
Trace! uses a type of look ahead routine rather than an

“interpretive one, consequently it will assume that the
- program would halt if allowed to, and will itself halt

with the "I AM FINISHED..." printout. There is not
solution to this problem except coding a dummy branch

“(if that is what is expected) or other class instruction

(if a branch is not expected) into that register.

Any bra.nch to a subrouting wh:.ch does not begin with an
STA(A), but with a FST, say, then an STA(A), will result
in "Loop Trace" ending the trace at the exit of the sub-
routine. No solution or recovery possible.
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6. Indexing inte & table which immediately follows a BPX
without an intervening branch class instruction or TTB
will result in erroneous results, the éxact nature of
which is completely unpredictable.  If any programmer's
program contains either type of coding.described under
this or the preceding peint, he should use a different
trace program. : ‘

WA
é§;7 Jd. ééégﬂﬁey

JRT/hht
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1. Introduction

In the process of digital computation, three things must be known
about each quantity used: ’l. the digits in the numerical expression of
the quantity, 2. the position of the radix, or digiyal point, with respect
to the digits, and 3. the units in which the quantiﬁy is ‘expressed, such
as inches, seconds miles per hour, or bits per time at bat. Unless all
three of these are known, the quantity is incompletely expressed, and iS'
meéningless° | '

Automatic digital computers, in general, keep no record of the units
associated with the numbersvthey process, and the record of this infor-
mation is therefore the responsibility of the programmer. For example,
if the computer is programmed to compute a velocity, the programmer must
know that the numbers expressing distance and time are expressed in miles
and hours, respectively, in'order to know that the result of tﬁe computa-
tion is avnumber expressing velocity in miles per hourev

Some digital computers are built to keep an automatic record of the
position of the point in every number taking part in thevcdmpufation. In
such a computer, the point will automatiéally assume a position that deQ
pends on the result of the computation. A computer that does this is
called a floating point computer. For feaéons that will be evident below,
a computer that keeps no record of the position of the point with respect
to the digits may be called a fixed point computer. When prograﬁming a
fixed point compﬁter, the programmer must not only remember the units in
which the quantities are expressed, he must also keep a record of the
position of the point. The technique by which he does this is called
scaling. '

2. Scaling for a Desk Calculatdr

Because of the size of the keyboard, only a limited number of digits
may be used to express a number in a desk calculator. For iﬁstance, a
calculator with only five columns of keys can handle only five of the digits
of the quantity: $23,962.17. In order to store this number in the key-
board, the five most signifiQant digits of the number are punched in the
five columns. If the dials are then cleared to zero and the add button is
pressed, the’digits will appear in the dials as 23962. The operator
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remembers that fhe units are dollars and that the'deqimal point is after
the Pifth digit. If he then wishes to add the quantity $402.23 to the pre-
vious quantity, he will punch the number O0O402 into the keyboard and press
the add button. Again the decimal point is after the fifth digit, and the
sum, 24364, appears in the dials, where it is understood to mean
$2L,364.00. This is the correct value of the sum to the nearest dollar.

If, in another problem, the operator knows in adwancé_that the quan-
tities he will add and the sum he computes will never exceed $999.99, he
can decide to place the decimal point after the third digit and perform
his compﬁtation with greater precision. He would then add the qpéntities
$170.18 and $73.46 by clearing the dials, punching 17018 into the keyboard,
pressing thé add button, punching O73h6; and pressiﬁg the add button again.
The sum 24364 again will appear in the dials, but this time it is under-
stood to mean $243.6L4, since the décimal point is after the third digit.

At this point a notation will be introduced. rinforder to provide a
refefence point from which to count digit positiohs to the decimal point,
it will be convenient to assume thét there is a markér Just fo'the left
of the'fiiét_kéyboard column. This marker can be thought of as another
decimal point, always to be associated with the numbers in the machine.
Thus the quantity,$2#3c6h appears in the machine as, °2h36h; or a nunber
1/1000 as large as the real number thét is meant. Using the letter 4 to
represeﬁt the qpéntity in dollars and the symbol d (read d bar) to re-
present thé corfeéponding number in the machine, the operdt§r'of the
machine writes the equation d=1000 4, which means that the decimal point
in d is three places to the right of the point in the corresponding nﬁmber
d. If the real point in x, (that is, the point in the real number x), is
understood to be 9 placeé to the right of the machine point in x, he
writeé x=l,OO0,000,QOO 2, or x = 109 X. Since the machine point is under-
stood to remain always at the same position, the machine may be called a
fixed point computer. |

It is conventional to assume, for scaling purposes, that the fixed
point is to the left of the first digit, and that therefore the numbers
in the machine are'aIWays less than one. It is this convention that gives
rise to the belief on the part of some programmers that a fixed point

computer can handle only fractions. To consider the numbers in the machine
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to be greater than one;, it is only necessary to forget the convention. and
adopt a different one. For instance, the convention that memory register
addresses are all whole numbers, with the point to the right of the last
digit, is often convenient.

3. Scaling for AN/FSQ-T7

The basic information unit it the AN/FSQ-7 Central Computer Syétemfis
a 16~digit binary number called a half ﬁorda The first binary digit is
reserved for the sign of the number;, and is called fhe sign bit. The other
15 bits in the 16-bit half word are called magnitude bits and represent
the magnitude of the actual number stored. If the number is negative, the
sign bit is a 1 and the magnitude bits are in complement form.

For purposes of scaling, it is conventional to assume the fixed binary
point to be just to the left of the first magnitude bit in the machine
half word, or to the right of the sign bit. To load the binary number
x = 101110.1011 into a register in the computer,; the programmer must know
the position of the real pdint in x with respect to the:fixed point in X.
For this case, suppose the real point is to be nine places to the right
of the fixed point. If X is loaded this way, it appears in the register
as 0.000 101 110 101 100, which is a number much smaller than x.

Just as a decimal number is multiplied by the base of the decimal
system, namely ten, by moving the decimalbpoint one decimal place to the
right, a binary number is multiplied by the base of the binary system,
namely two, by moving the binary point one binary place to the right.

For example, the binary number 0.000 101 110 101 100, multipled by two 9
times (or by 2°), is equal to 101110,1011, and the equation, x = 2° x, is
true. Here x is the actual value of the quantity, x is the nurber in the
register, and 29 is the scale factor that expresses the relationship be-

tween x and x.

L. Determination of Scale Factors for Programming

Y

The programmer may be required to write a program to compute the value
of f, where £ = x(y+z). He is given the information that 25 values that
the variable x has assumed are stored in Core Memory registers starting

at 100, and in the 24 registers following, and that x is caled 27°



He writes on his worksheet:
Similarly, y is in the 25:-register block
‘starting at 200, scaled 29, and z is in the
25-register block at 300, scaled 2°. He writes

and

Since the largest possible value of x

is 0.111 111 111 111 111, he knows

that x itself cannot exceed 27 time this
value, or 1111111.11111111], a,blnary
number Jjust less than lOOOOOOO, or 27

He writes

which means "the pogitive magnitude
of x is less than 2/." Similarly,
he knows that

and that

He still must determine the scale
factor for the sum, (y+z), since this
nunber must appear in the accumu-
lator some time during the computa-
tion. Since {y+z) will be largest
when both y and z are at their maxi-

mum values and have the sage sign, he writes:

This number is less than 2%, since

25 + 25 s o he writes:

and dec1des that 2 ‘is a ssfe scsale
factor for (y + z). Any larger scale
factor would also be safe, but in order
to keep as many significant bits as
possible, the binary point must be as
far to the left as is safe, so he writes:

Finally, by similar methods, he
determines that 213 or anything larger
will be a safe scaling factor for f.

If the programmer's assignment is to
store the results, f, in the 25 registers
beginning at 400, scaled 217, he writes
on the worksheet: _

and is now ready to use the scale factors.

T™™-15 #6 L,

ba1)x =27 &
h.2)y= 23 ¥,
4.3) z = 2’ 3
/x/< 27
[x/ < 23
Jz/ < 2°.

[y+z/ < 23_’- + 27,

[y+z/ < 26

bb) (ye2) = 2° (532).

b,5) £ = 250 B,



™-15 #6° 5.

Use of the Scale Facors in Programming

The first step in the computa.tioﬂ is to compute the qﬁantity 'ly_-i- ’.'

The programmer revrites th_e scaling
- equation 4.b): 5.1)
Substituting the scaled equivalent
of y, k.2) y = 23 ¥, end of gz,
4.3) z =27 , 5.2)
Dividing all terms by 2°, 5.3)
he now has the equation that tells him how
to compute (y+z). Equation 5.3) says that
in order to compute (y+z), the computer .
' must obtain y.

Multiply.it By 273, by éhifting it

' three places to the right:
and store 273 y for future use:

Then it must obtain z :

and multiply it by oL,

Since 271 Z is now in the ‘accumulator,
23 Y may be added:
and the first part of the program is finished.

In order to complete the program,
the programmer writes the original equation: 5.4)

Again substituting the scaled equivalents;

4.5) £ =22 F, b1)x=2 % and

5.5)

L.k) y+z = 26 (y+2) '
collecting factors: 5.6)

and dividing through by 215: 5.7)

he can complete the computation. Equa-

tion 5.7) says "multiply (y+z) by X,
and multiply the result by 272n

26 'Zy;pz J = y+2

. 26_(y+z) =23 v+ 2’ Z,
Gy =23 52t 3,

CAD

ASR

FST
CAD

ASR

ADD

1000

300

1000

£ =x(y + 2).

A% = 2Tz O,

215? = 213? (y7+2)

F-2% (y+2).
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Accordingly, since zy+25 is now

in the accumulator, multiply it by X, MUL 100
shift the preduct 2 places to the right, DSR | 2

round off the result, SLR 0
and store the answer, f, into L0O. FST 400

After indexing, the completed program is as follows:

0 1 XIN 30
1 1 CAD 200
2 ASR 3
3 FST 1000
4 1 CAD 300
5 ASR 1
6 ADD 1000
7 1 MUL 100

10 DSR 2

11 SIR 0

12 1 FST 400

13 1 BPFXgl 1

1k HLT 0

Thus the scaling equations have not only provided a conven-
ient way to record scale factors, they have alsoc made it easy for the
programmer to decide in which direction and how far to shift, to obtain
the desired results

6. Choice of Scale Factors according to Upper Limits

In the example above, the programmer was given the scale
factors for almost all of the quantities to be handied‘in the computation.
In the following example, the scale factors are not given, and the pro-
grammer is free to choose them. Here it can be assumed that he has
control over the loading of the data, and can store the bits’ into the reg-
igsters in any bit position he wishes. In order to chooseythe best scale
factors, he must know the upper limits, (and for divisors, the lower limits),
on each factor taking part in the computation.
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Suppose the following computation is to be performed:
g = (u-v) + x, and the following limits are given lu| < 49,

|v | <v21, jx| <18, and 2< |w/ < 158. (This last statement means "The
magnitude of w is equal to or greater than 2 and less than 158"). Since
u can assume its largest positive value at the same time that v is at its
largest negative value, the upper limit on |u - v | is the sum of the
separate upper limits on u and v. Hence, |u - v] < b9 + 21 or 70. Since
70 is less than 27 or 128, the programmer chooses the scale factor 27

for (u-v). 6.1) (u-v) =2 @W=7)

"This is the best scale factor to
choose, since it is the smallest safe value.
7 To save machine time, he chooses
2 for the scale factor for each of the two : 3
quantities u and v. 6.2) u=

6.3) v=2%
This_is safe, since ju | and |v| are o
each less than 27. He loses precision this way,
since the binary points in these: quantities are
too far to the right, but if he chose smaller
scale factors, he would have to shift u and v
to the right before subtracting, losing the same
precision as before, and wasting computer time in
shifting as well. . 8 —
Since | w | < 158, he scales 6.4) w=2"W
He must now choose a scaling factor for the final '
result, since, as shown above,

u - v and the quantity x should have the same
W
scaling factor as g, their sum.

To find the upper limit on g, the pro-
grammer assumes that all the variables conspire to
make g large. In this case, x will be nearly 18,

(u - v) will be nearly 70, and to make g large, the
divisor, ¥, will assume its smallest value, 2, so that
u - v will be as large as possible. Altogeter, the
1ifits combine to make the upper limit on g equal to

70 + 18, or 53.
2

Hence the scale factor for g is 26: 6.5) g=2 g,



and accordingly he chooses:

and for the quotient:

Rewriting equation 6.1):

Substituting for u and v using

equations 6.2) and 6.3):

Cancelling out 27,

From 6.10) the first steps in
the program may be written:
(vhere L(u) means the memory location of u).
and no preliminmary shifting is necessary.

Now, rewriting equation 6.7):

Substituting in the right side of egqua-
tion 6.11), using 6.1 and 6.4):

Dividing through by 26 and collecting
the power of 2:

Since {u -« v) 18 now in the ac-
cumulator, the progwammer, using 6.13),
may now write:

to multiply by 27, Then, he writes:

and

TM-15 #6

8.
6.6) x=20%,
6.7) u-v =:26(u -V
: w A v
6.8) 2/(av) = (u-v)
6.9) 2! T5v) =27 -
27?;0
6.10) {(u=v) =u = v
“CAD L({u)
. SUB . L{v)

2‘7 fu - v
v
DSR. 7
DVD L(w)
SLR 17

)



The last step, SLR 17, has nothing to do with scaling.

™-15 #6

9.

After

a division, the first magnitude bit of the resulting quotient, unlike the
resﬁlts of MUL, ADD, or SUB, is in the B register sign position. The
"fixed point" must still be just to the left of the first magnitude bit,
and hence must be thought of as being at the left end of the B register.
In order to restore the fixed point and the magnitude bits to their normal

positions, the imstruction SIR 17 is given.

Since the "fixed point" and

- the magnitude bits move together, the scale factor for:thé qﬁotient is

not affected.

The quotient, (u - v ), is now
W

in the accumulator. Rewriting equation 6.5):

and substituting from the formula for g:

Substituting from equations
6.6) and 6.7):

' Cancelling out 26:

Accordingly, without further
shifting, x is added:

The result, g, is stored:
and the program is finished.

Below is the complete program.

CAD L{u)
SUB L{v)
- PSR 7
DVD L{w}
~SIR 17
ADD L{x)
FST L(g)

HLT 0

6.14)

6.15)

6.16)

6.17)

(VI
[o NN
o

;|

ADD
FST
HLT

L{x)

L(g)
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The program contains a minimum number of shift instructions
because with the aid of the scaling technique, the proper scale factors
for maximum precision and minimum shifting were chosen. This is the most
fruitful application of the technique, but even vhere the choice of scale
factors is not left to the progrﬁmer, as in the first problem, the
technique is a useful aid in writing programs.

JRT/ht/ar -
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SAGE 1401 1LOG PROGRAM

I. Purpose: LOCOT = (LOg & COseal Tape) is & Sage 14l Program

T designed o log binary tapes produced by the Coseal System,
This program logs the identification and other pertinent
information of each tape record. Ten (10) types of binery
records mey be found on & Coseal Master; a listing and
sample of the output for each is contained in Section IV
of this memorandum. The tape record formats are described
in detail in FN=6179 COSEAL UTILITY SYSTEM FOR THE AN/FSQ=T
COMPUTER, System Development Corporation.

II. Restrictions:

A 141 System modified to read and yrite 728 mode (Sage
mode) tapes, 4 K, one tape drive, advanced programming,
special features (High-Low=Eq Compare, Multiply/Divide,
Print Storage, Column Binary) and 132 character print line,
are necessary for the operation of this program.

III. Descrigtion
of Records:

Each record produced by Coseal conta.ins the record identi-
fication bits in bit positions 28=31 of word one. In .
addition, some records contain further descriptive ma.ter:.al.
LOCOT distinguishes records from one another by the record
identification biteg, and prints the record type and what-
ever descriptive material it can. The following paragraphs.
describe each of the ten records. A sample print follows.

. For records whose identification bits are not one of the
ten legal types, LOCOT prints the comment "Unknown Record
Type" (except combined tape records, see below).

1. 'étoragé Identification Record Ident Bits Récord Length
28 31 (3 words) '
(gggr).

The Storage Identification Record precedes one or
more storage records end contains identifications of
them. This record and the storage record or records
it identifies are called an identification group.

2. Core Storage Record Ident Bits Record length -
; 28 - 31 (3 words +

(#11¢)  number of data
words)

The Core Storage:Record contains actual binary data, . the
number of data words, and the starting core location of -
the data. _
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Core Operate Record Ident Bits Record Length
: 28 - 31 (3 words)
(g111)

The Core Operate Record follows one oxr more storage
records for drum or core contalining a program. This
record contains the core address specified in the End
Ccard of the program when it was assembled.

Tag Table Record Ident Bits Record Length
28 31 (8 words + the

(1¢11) number of DDL
& non-DDL tags)

The Tag Table Record information printed by LOCOT consists
only of the Ident and mumber of Digit- -Digit-Letter Tags.
For a more complete description of what is contained in
a parhicular tag table record, a tape dump - is suggested.

Drum Storage Record Ident Bits Record Length
- .28 31 (3 words *+
‘ (ﬁgll number of data
words)

The Drum Stcrage Record contains actual bjdary\data; the
number of dats words, the drum fleld and. starulng drum
location cf the date.

File Identificatlion Record Ident; Bits Recdrd‘Length
' 28 .31 (3 words)
(ddd1)

The FilefIﬁantifioaLLon Record is the first record of a
file. A "file” is a programming system (e.g. DCA, Coseal).
A file ig. structually made up of identification groups,
and is usually ended by an End Ident Record.

End Idegﬁification Record Ident Bits Record Length
“ 29 (3 words)

(¢1¢i>

The End Identificaticn Record is the last record of a
file and i noroally followed by an end-of-file mark.

Combined Tape Identification Record
. Id@nt Bits Record Length
31 (3 words) ‘

(l¢l¢)

A Combined Tape Record is a record of not more than 3900
words produced as output from a Coseal Assembly. Each

set of combined tape records associated with a particular
Coseal IDT card is preceded by a combined tape ident record.
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The Combined Tape Ident Record contains the Ident and
Mod of the program which follows in the next record(s).
It also contains the compool ident of the compool used.
LOCOT prints information from the combined tape ident
record and passes over the following combined tape
records until it has passed a record containing the
indicator for "last record of a combined tape program'.
This indicator is a 1 Bit in the 31lst Bit position of the

first word of that record.

After passing the record

containing that indicator, LOCOT resumes logging records

of any type.

9. Environment Simulation Record  Ident Bits Record Length

31 (3 words &
(1¢¢1) number of data
words)

The Epvironment Simulation Record (which is produced by
the Environment Simulation Program) is designed to gener-
ate dsta which can be used to check out the master ’
program or to evaluate the transfer function of any

program.

10. Correctlon Inventory Record

The Correction Inventory Records are produced by DCA -
tape load and are located betiWeen the End Tdentifica=-
tion Record and the End~Of-File mark of & DCA master tape.
At present this record has not been generated-and there-
fore the section of the program which handles this hasn't

been checked out.

STORAGE IDENTIFICATION RECORD
CORE STORAGE RECORD

CORE OFPERATE RECORD

‘TAG TABLE RECORD
FILE IDENTIFICATION RECORD
DRUM STORAGE ‘RECORD

"END ‘IDENTIFICATION RECORD

ENVIRONMENT SIMUIATION RECORD

COMBINED TAPE PROGRAM

Saqplé Print of Each Record Type (veriable informstion is underlined)

IDENT PLT AH COMPOOL R19
0153 WORDS START CORE 000006

START CORE 204000

0019 DDL B

- IDENT COSUT COMPOOL QlB

0460 WORDS START DRUM g2 2058
IDENT PILOT COMPOOL 1B
g4 WORDS

IDENT PLT MOD AH CQMPOOI.__2
RECORDS OOOH
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V.

Operéicing Instruchions

: Wheﬁ starting, set btapes to load point, Load LOCOT and press

start. LOCOT will check tape records for parities. If a
record contains a tape parity LOCOT will t‘r'y ten (10) times
before printing out a comment. (See number 4 of this section.)
When an End=Of-Tape has been read LOCOT will print out (END-
OF=-FILE). (PRESS START FOR NEXT FILE. )

L. Deck Makp-@p

LOCO‘I' Program

| 2, Tapes

 Selent 3 |
"Tape to he logged

3. Sense "Switches .
None i
b Erroz Pri'n*l;out
' Mou.tov' +he prin‘ber for the following pr:.ntouts :

Comment ‘ Recovezfy and Reagon

Redimdant Record Press. Record‘ read was redundant.
Stert to print it. Pressing start button will
, ’ print out appropriate areas
and continue on to next
record,

Unknovn Record Type When this comment is printed
‘ : ‘ a record read from tape was
unable to be identified by
the program. The printer will

not stop.
Stops
1265 S 'Redundant Record. Press start
: » : to print it.
"1311 ~© An End=0f-File on Tape 3. Press
S o - . " start for next file.
21y An indication of machine trouble,
o Please take a core dump. Pressing
. start will continue program ignor-
ing record just read.
-JJ'R/ nep m

Attachment Distribution ' . T, Connqr

- List

Obinson
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ABSTRACT

The SAGE Multiple Utility Program (SMU-3A) is a 1401 program consisting ‘
of seven utility routines which make possible off-line processing of
XD-1 (or AN/FSQ-7) computer inputs and outputs.

Brief descriptions of the SMU program functions and- operating procedures
are contained in this document.
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INTRODUCTION

The SAGE Multiple Utility Program (sMU-3A) is & modified version of ‘the
SAGE Multiple Utility Progranm described in TM-77#5,Sl Differences
between Version 3A and previous ver51ons are:.

1. The original PEST-coded 1nstruction3'have been converted to
lhOl Autocoder'language;

2. A "batched record" option has been ‘added to the Card-to-Iape
- function. . . .

3. The Card-to-Card and Card-to Printer functions haVe been removed.
" (One-card 1401 programs 2 are available for these functions, if
‘required. ) ' .

For the convenience of XD-1 users a complete desoription of ‘the SAGE

Multiple Utility Program (SMU-3A) is contained in this document.

GENERAL DESCRIPTION

The SAGE Multiple Utility Program - Version 3A (SMU) is a 1401 program
consisting of seven ytility routines, which make possible off-line
processing of XD-1 (or AN/FSQ- ) Computer inputs’ and outputs. These
routines include: (1) Tape-to-Printer, (2) Card-to-Tape, including
COMPASS feature and BATCH feature, (3) Tape-to-Card, (4) Tape-to-Tape,

(5) space Back, (6) Space Forward, and (7) Stop. Particular functions

to be performed are controlled by sense switch settings ‘and/or control
cards.

PROGRAM FUNCTIONS

3.1 Tape-to-Printer

Prints a BCD tape with a maximum record length'of 1794:characters or
299 SAGE words. Through the use of sense switches, the user has

the option of- selecting Program Control, Single Spacing or

Double sPacing

All’switches are off for Program Control. Single spacing is
forced by using sense switch "D";. double spacing is obtained by.
‘use of sense switch "E".': Both single and double spacing

(Sense Switches "D" or- "E") override Program Control.

On reading an end-of-file mark from the tape unit selected, the
comment "END OF FILE-PRESS START FOR NEXT FILE." is printed.
When the START button is pressed, the next file will be printed.
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: Card—to -Tape

Prepares a BCD SAGE mode tape of 13 words (one card image R
Columns 17~ 80) per record. The first 16 columns of every card =
are ignored because they are not read by the XD-1 Computer.

" A SAGE format end-of-file mark is written on the tape when the

© last card is read. The tape unit used for writing is select #1.'

. Sense switch "B" controls this "prestore” function. The card-
to-tape function includes two 0ptlonal features: COMPASS and

" BATCH. .

: 3.2Ll COMPASS Feature

Use of the COMPASS feature causes BCD information in
columns 8-13 of the cards being prestored to be moved

- to columns 72-77: A COMPASS control card is required and
must be placed in front of the deck to be prestored°
Control card format is shown below:

7 | 8-79 = , 180

COMPASS >‘( *

" The COMPASS control card needs-only.to:be read.in.once’for.
subsequent COMPASS prestoring. The SMU deck must be read
in again to return control back to normal prestore. '

3.2.2 BATCH Feature

The BATCH feature permits two to a meximum of nineteen
~card images (Columns 17-80) to be batched on one tape
record, resultlng in faster ‘assembly input to the XD-

A BAICH control card must.be placed in front of the deck
to be prestored. Control card format is shown below:

15 [ 6-15 —16-17 875 ] 8

BATCH| (No, of cards to be Batched) . ' *

The BATCH feature can only be: used to prestore special

assembly input decks: Assemble Compool Assemble Initial
‘Conditiona, Assemble Sequence Parameters, Assemble MOR®

and Assemble Geography. :Input to.put,.the Storage Allocation

‘Program, may  also be batched. BATCH cannot be used to C

prestore XD-1 prOgram asaembly input aecEsu
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The BATCH control card needs only to be read in once for
subsequent BATCH prestoring. The SMU deck must be read
in again to return control to no:rme.l prestore.

Tape-to-Card

Punches out a deck of cards from a variable length tape reco'rd
that does not exceed 1794 characters or 299 SAGE words. The
tape record must be in BCD format and written in the SAGE mode.

All punching beglns in column 17, in order to be compatible with
the SAGE (XD-1) computer.: If a tape record is greater than 78.
characters or 13 SAGE words , every 78th character will be dropped.

All SAGE words consist of six (6) characters on tape, but on:l\}r
five (5) characters on an IBM card. The first character of
every word contains the parity bit. Thus, in transferring a
tape word for .punching, onl;r characters 2-6 of a word are moved
to the punch image. :

The tape-to-card function is controlled by sense switch "C". An
end-of-file mark on the tape terminates this operation.

'Duplicates a tape Of variable length records that do not exceed

1794 characters or- 299 SAGE words. The tape-to-tape operation .
will read BCD or Binary records from the input tape on select #3
and write the same record on a blank tape on select #l

An end-of-file mark on select #3 will be written on select #l.

Sense switches "B" and "C" control this operation.

Space Back

Allows the back-spacing of tape files. The START button ig
pushed for each file to be back-spaced.

Sense switch “F' controls this operation.
Space Forws.rd
Provides the facilitfr‘ to space the tape forward one file at a

time. The START button is pushed for each file to be skipped.

Sense switch "G" controls this operation.

 stop

Terminates any of the forego:.ng functions through the use of sense
sw:.tches "F" and "G".
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4.0 OPERATING INSTRUCTIONS

4.1 Ssense Sw1tches and Tape Set Up

Sense switch settings and tape set~-ups for each SMU function
are summarized below:

Function . Sense Switches' Input Tapes~  Output Tapes

Tape to Printer ' -
Program Control No switches TD#R
Single Space ' D T TD#3
Double Space E TD#3

Card to Tape

; Normal Prestore
COMPASS Feature
- BATCH Feature

Tape tc, Card

Tape to, Tape

Space Back.

Space Forward

Stop

TDfL

DL
TD#3 ,
- TD#3 | TD#1

M OQEHEm QW W
o = 3
o] Q

4,2 ° Error Printouts

The following error printouts are logged on the line printer:

8. "CONTROL:CARD IN ERROR" (Either the BATCH or the COMPASS -
T control card has been punched
improperly.) Check and correct
control card. Reload deck to be
prestored using corrected control
card.

b.  "REDUNDANT.RECORD" (A redundancy has occurred in
: : reading a tape record.) Press
START to continue.

4.3 Special Points

When performing tape functions the tape units must be set to low
density for compatibility with the Model 728 Tape: Uhlts used with
the. XD-1 Computer.

Once SMU has been read in and one function has been performed,. ‘
resetting the sense switches and pushing the START button will - again
operate the program. SMU does not have to be read ¢n each time
a different utility function is d.esired°

Jog 3 . |
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