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1.1 Tbe Meaning of SAGE 

Chapter lo 

Introduction to SAGE 

Page l. 

The word SAGE is an abbreviation of "Semi-Automatic Ground 
Environment11

0 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 scopes3 correlation of tracks 3 etc.) to be 
performed in a semiwautoma.tic fashion.· Men are still. needed to 
make most of the decisions, but the computer does the routine 
calculationso ' 

1.2 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 air 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 tools for detection are: 

a) Long range radar (LRI) 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 LRiwso Height finder radar sets obtain 
information regarding the altitude.of aircraft.I> to supplement 
the information given by LRiws and GFiwa. 

b) Picket ships.)' bearing powerful radar antennas and trans­
mitters .)l 11l trol 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. Airborne 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 Corps (GOC).)l 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 platfonns erected on the 
shallow continental shelf off · the coast of the U.. S. , cQlltain 
radar equipment, and are another link in the early detection 
and warning of aircraft which are sti'll 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 planes a.re required to file, with a central agency, the 
plans of t.heir flight, stating the time and place. of take-off. a..nd 
landing, together with the course which will be flown and oth~r 
pertinent information. When a plane is detected by radar, GOCor 
some other means, the c:ourse of that plane is immediately tel~­
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 which filed 
the flight plan. If the course of the plane does not, however, 
compare with aoy 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 identify it .• 

(3) Interception and (4) Dest.ruction - When a plane has b.een 
identified as hostile, it becomes necessary to intercept and 
destroy it in order to protect the United States. This is the 
end purpose.pf the Air Defense Project. 

1.3 Advantages of Computer for the SAGE Air Defense Project 

The SAGE Air Defense Project may E!asily be likened to a human 
organism. Radar, GOC,_AEW planes, picket ships, etc., are the 
eyes and ears, or sensing mechanisms, fol' the project. The computer 
is the l'brainrr, in that it receives messages from these sensing 
mechanisms and "rem.embers" and associates the ma.oy varied messages 
which it receives. The computer, however, makes no decisions about 
what should be done. These are. left to Air Force officers who, at 
the various display consoles, are shown the air situation picture 
.which the ccmputer has ma.de up., and whe> then decide on the actions 
to be taken by pushing buttons or via other me~~. 

The ''hands" .or means for action of the SAGE project are the 
interceptors., anti-~ircraf't batteries., missiles., etc • ., which 
according to directions given by the computer and by Air Force 
officers., actually do the wprk of' destroying enemy attackers. 
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1.4 The Combat Direction Center 

Air Defense Combat Direction Centers have the job of compiling and. 
processing the air movements information within 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 ;e'riendly planes wh~reas another display might show the.tracks 
of all planes which haven't yet been identified); and of supp~ng 
information to air defense weapons (e.g., interceptors, missiles) 
on the basis of inf'onnation supplied to the computer from picket 
ships, GOC, AEW planes.I> weather stations, etc., and the decision 
of Air Force officers. 

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

1.5 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 (ir~n) cores 
which can be magnetized in either of two planes, thus representing 
either a binary "011 or a 11111

0 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 rand9m access, 
i.e., you can immediately recall the information from any specified 
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)r Drum System - The computer has twelve d.rums, 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. 'rhe average access time for the drum is ten th9usandths 
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 r~gister on a drum field it is necessary 
for the computer to read the address of each register and wait 
until the correct register comes lJllder 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,ca.n core memory. 

(3) Tapes - At present there are six tape drives being used 
in conjunction with e~ch eomputer. Although the access time for 
tapes'is siower 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 w.ot be used in ac~ual 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 systems on in case some failure causes the programs to be 
lost from the drums, thus requiring that they be started qver from 
tapes. 

(4) Display Sy~tem· - 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 displays 
to the various consoles.. Situation displays cover air movement,;: .. · 
information and may be compared to plotting boards in manual air 
defense centers. . Digital <µsplays contain statistical type informa-­
tions:, rather than representations of air pictures. 

• I 

(5) Input System - Inputs to the computer come from.several 
sources: Long Range Rada.rs, Gap Filler Radars; Mark X IFF 
(Identification Friend-or-Foe); crosstell messages from other 
Com'ba.t Direction Centers; ba.cktell messages from Combat Control 
Centers; weather I stations, AEW planes:, GOC, etc., reports entered 
manually via IBM .. type cards; · light gun actions, area discriminators; 
manual input console switches. . 

(6) Output System - The ma.in outputs, once the computer has 
received, sort.ed and computed the inputs; are the ma.king up of 
situati~n and digital displays for Air Force offi.cE!rs,. and, finally, 
the ma.king up of messages directing the defensive actions to be 
taken a~inst hostile aircra~. A 

(7) Central Computer System~ This system perfom all of the 
computations invol.ved in the air defense problemo It consists of · 
the following elements: 

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

bo Arithmetic element - receives data from core memory, 
performs necessary calculations on this data, and 
returns the information to core memory; 

Co Instruction control element = directs tre step ... by .. 
step oi;e rations of' the ari tbm.etic element; .· the 
instruction control element receives, and interprets 
the program instructions and se.nds to the a.rl tbm.etic 
element a series of electrical impulses necessary to 
perform the given program instruction; 

d. ?rogram element .. controls transfers of information 
between different elements of the central computer; 

' transf'ers 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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Maintenance· control unit .;. used in testing the·· 
central computer system,; ,in loading programs ·into 
core memory and in determining whether the · central · 
computer is res:i;,ondi ng correctly to errors and alann 

· conditions; 
External IO units - technically included. in the 
central computer system are the card reader, card 
p~ch, line printer and magnetic tape units. 

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

J..6 The Direction Center Active (DCA) Program 

The purpose of the DCA-syetem is to perform all the computational 
functions involved in air defense. There are, altogether about 
eighty DCA.progra.ms involving some 90.l'OOO instructions. Radar 
and other sources supply information on the air picture (planes, 
clouds.l' storms, etc.,) to the computer. The computer, directed 
by the DCA programs:; masks out such things a!S clouds or storllis, 
detennines which detected objects are actua~ 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 tre consoles can request, via switches, the 
computer to perform many other computations so that they may make 
decisions as to whether a plane 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 eaeh DCA 
program, see document 6M-4469. · 

1.6.1 DCA. Program Classes 

'l'l;le 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 a.11 of the DCA. programs will be 
operated. This means that just about all of.the a:ir defense 
functions -_masking out clouds and storms, calculating 
tracks, making up displays;,· computing courses for inter-
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ceptors, etc,~ - will be repeated during each f'rame. 

The frame, in turn, is divided into three subframes, 
in terms of'· time o Most important of the DCA. programs, as. 
for example the tracking programs, will be operat.ed once· 
every subframe. These '.:"programs, which are in the "A" 
class, will thus operate three times ier 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. 

Chapte~ 2 - Introduction to XE>-1 

2.1 General 

AN/FSQ-7 (XD-1) Combat Direction Centrals are essentially complete. 
data-procesf51ng machines designed to handle large amounts of · 
military- tactical data associated with a number of aircraft 
detection and search devices. BecaWJe of operational considerations 
the Combat Direction Centrals {CDCvs) are divided into six separate 
systems, each of which has its _qwn special functions to pe~orin. 
These systems_as shown in-figure 2=1 are: 

a. Input System 
b. · Drum. System, -
-<;:.. Central Computer System 
d. Output System · 
e. Display System 
f. Power Supply.arid Marginal Checking System 

The function of the I~ut System is to control the flow of 
information to the Drum. System from radar sites and other CDC's. 
The Drmn System is a medium-speed, med:i:um-capacity storag~ device. 
It stores slowly recurring intermitteut data from the Input System 
and transfers these data to the Central. Computer Sys~eJll. 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 integrated with the Central Computer Systelli. Data which 
have been processed by the Central Computer System and stored o~ 

the drums are further distributed to the Output and Displ,$y · 
Systems~ The Outp~t System controls the flaw of the•e-··processed 
data ·~o~:the radar and weapons sites, while the Display. System 
presents these data in visual tol'lll to human.·observers for.,,,_i1:1~~r- . 
pretati~n · and contrc;,l. The Power Supply .aJi4, Marginal Checking · · · 

· System provides the a-c and ~°C voltages needed for el~ctronic 
()peration and also provides the voltages ·needed for the. margiml 
~hecking·ot CDC'so . 
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--~~~~~-~..,Al.1 Systems 

FIGURE 2-1. 

Combat Directi~nal Central, Simplified Block Diagram 
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As shown in figure 2~1» the Central Computer System occupies 
a central position relative to the flow of data within the CDCo 
Thus, the. Central Computer System receiyes tactical information 
from the Input System via the Drum SystemJ processes it,. and. 
transmits it to the Output 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 (IO) units. 
The IO units consist of auxiliary storage devices which are capable 
of storing data received from, or transfe~ring data into the Central 
Computer·system. 

2o2 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 numberso This memory device is termed 
magnetic core memory, or more briefly, core memory, 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 
typesJJ instructions and numerical datao 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 a programo 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 memoryo 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:1 and Display Systems» as determined by the programo 

2~3 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: 

a. Arithmetic element 
b. Instruction control element 
c. Maintenance control element 



·~ 

TM-15#1 Page 9. 

d. Memory element 
e. Core -memory element 
f. Selection and IO control element 

These elements are illustrated in figure 2-2. 

Arithmetic r Maintenance 
Element , , Control Element , , I 

I I 
I 

Program Core I I Selection & IO IO units 
Element Memory Element I I Control Element -+nrum 

•. 

11 Input 
I I Output 
I I Systems 
I I 

r I I 

I Instruction iJ· ·-- - - - - Control.Element - - -

FIGURE 2-2. 

Central Computer System, Simplified Block Diagram 

The instruction control, program, and eelectionand IO 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
'ions 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 inf'orma~ 
tion between them. 
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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 nmnerical data are transferred out of the memory 
element to the arithmetic element9 where they are subjected to 
operations of a strictly mathematical nature. After the computa­
tions are complete1 the resultant mnnerical 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 
c'omputational operation of the CCS is one of continuously circuJ.at­
ing data between the memory and arithmetic elements. 

The flow of numerical information and the mathematical 
operations to which this information is subjected are sequenced 
and controlled by the instruction control and program elements. 
These elements provide the circuits necessary for internal control 
of the CCS. During the execution of the CCS program, the instruc­
tions qf' which it is composed are transferred one at a time to 
the instruction control a.nd 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 an 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) CDCi the transfer._is directed 
by the'progra.m. It is the function of the selection and IO 
control and program elements to co-ordinate and effect this informa­
tional transfer; Le., to perform the external control function. 
It should be noted that the program element contains circuits 
associated with both the internal control functions of the 
instruction control element and the external 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=ordinated9 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 farm. This information is handled in groups 
of 16 or 32 bina:ry digits (bit~), 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 bi ts 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 le:f't half­
word (LHW). The symbolic layout of a :f'ull 32-bi t Central Computer 
System word is shown in table L 

TABLE 1. COMPOSITION OFA WORD 

Le:f't Half-word Right Half-word 

S 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 S 1 2 3 . 4 . 5 6_ 7 8 9 10 11 12 13 14 15 

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 bas 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 S bit is 1, the number is negative and is in 
l's complement form. Wh~ referring t9 a single bit in a 32-bit 
word, a special notation is employed. ·, For instance, L8 refers to 
the 8 bit of the le:f't half-word, and Rl4 refers to the 14 bit of' 
the right half-word. 

2.4.1 Instruction Words 

An instruction word is a :f'ull 32-bit word containing 
a binary coded command to the Central Computer System which 
when decoded and'a:cted upon, will cause the CCS to execute 
a designa.ted operation. Because of' their special importance, 
the le:f't and right half-words of' a :f'ull instruction werd 
have been assigned distinctive I1SJ11es. The le:f't half-word 
is termed the operation portion and the right half-word is 
termed the address portion. These names are derived from 
the names or the registers in the CCS in which the. left 
and right hal.f'-words are stored while the instruction is 

being executed. 
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The .operation portion.9 or lef't=hand portion o:f' :the 
instruction word.9 contains a biIJary' code1d instruction or 
command to the CCS des~ribing the ope~tion it is to 
perform" The S bit is meaningless in the operation portion 
and bits l.through 15 may be broken down into groups having 
their own operati~nal significance" The manner in which the 
operatioIJal portion bits are grouped and the names assigned 
to .these groups·. is shown in. table 2. 

TABLE 2. BIT DESCRIPrION OF ~- HALF-WOR;o 

Bit . LS IJ. L2 L3 L4 L5 j,6 L 7 t8 L9 IJ.O - IJ.l IJ.2 Ll.3 IJ.4 Ll5 

Desig­
nation 

Index 
n1dica:tor 

Class Variation 
Operation Code Index Interval 

Bits IJ. through L3 are termed the index indicator 
sine~ they are used to specify one of three index registers. 
The utilization of an index register, under the control of 
bits-IJ. through L39 is called indexing, and provides a 
means.of altering or cycling the Central Computer System 
program. ·There . are 59 instructions associated wi. th . 
AN/FSQ-7 (XB-1) Combat Direction.Centrals. These 59 
instructions are grouped into eight classes. 

- I • • 

Bits L4 through L6 indicate~the.class withing which a 
specified instruction is contained. Within a given class, 

there may be as many as nine distinct instructi'ons. Bits 
L7.through IJ.O are used to specify the particular instruc;;. 
tion.9 called the variation.9 inv9lved in the class determined 
by bits L4 through r.6. The c~biIJation of bits L4 through· 
IJ.0-is.termed the operation code of an instruction and 
complete].J' specifies·tl:e instruction by the class and 
variation. The separate instructions within a; class are 
determined by the variation of the ·Class; the combination 
of class and variation bits serves.to completely identify 
an instruction. Bits IJ.O through IJ.5 .are terme4 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 bi ts L4 through Ll.0" It should be noted that bit IJ.O 
is utilized.in both the operation code and the index· 
interval. However9 this ·causes no ambiguity since, by 
design,- the instructions which use.the index interval do 
not require bit IJ.O for their· identification. Thus, whe,;i 
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 th~ memory element 
or other storage elements of the CCS from which additional 
infol'Dl8tion pertirient to the instruction specified.by.the 
operation portion may be-obtained. This additional informa­
tion usually takes the form of operands required to execute 
an instruction specifying a mathematical operation. For 
example, if the ma.chine is to add, an addend must be 
obtained. It is the purpose of the address portion to 
specify the location in the memory element where these 
operands may be,found. · 

TABLE 3o BIT DESIGNATION OF RIGHT HALF-WORD 

Bit RS Bl R2 R3 R4 R5 R6 R7 R6 R9 Rl0 Rll Rl2 Rl3 Rl4 Rl5 

Desig­
nation 

Memory 
Unit 

Selector 
Address 

Additional words may be stored in the Drum System. 
The Dram System of AN/FSQ-7 (XD~l) Com.bat Direction Centrals 
is divided intQ 39 sections, called fields.· ~ch 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.·wo~ in the ccs memory. 
element .or on a particular field of the Drum System. In 
the case where Drum System words are designatedj 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 portion.bits are shOWil 
in table 3. · · · 

Since the address portion does not contain information 
of a numerical nature,,.the S bit is. meaningless. Bits Bl 
~rough.R3 are called the memory unit seiector, since they 
specify the core memory UDit in which the des:tredword may 
be found. Bi ts· R4 through Rl5 designate· the a~ss ;· since 
they spc:U'y the exact locatien in the care memory UDi t 
where the desired werd is st~reci.. 



20·5 XD=l Instructions 

The abbreviations used in the foll.OW'ing descriptions of 
XD=l instructions are~ 

L = left 

R = right 

Ace= accumulator(s) 

Cl= clock 

Reg,= register(s) 

p = microseconds 

Ix = index 

Itlk = interlock 

I=O = input=output 

Progo = program 

Ad.r = address 

Wd = word 

ctr = counter 

x = selected memory register 

n = number of words, or number of 
steps 

K = interleave factor 

The expression, "augmented right half-word" is used to 
designate the.l7robit expression formed of the contents of bit 
positions LS, RS~Rl5. · ' · · 

The "Instruction action11 is a brief statement of what 
happens when the instruction is executed» and of' the final contents 
of the following registers, if they are altered by the instruction~ 

Register X (the selected 
memory register) 

Accumulators 

B Registers 

Right A Register 

Program Counter 

Index Registers 

In=Out Word Counter 

In=OUt Address Counter 
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OPERATIONS LISTED BY. OCTAL OPERATION CODE AND CLASS 

Octal._ Octal 

-· .. Operation Operation 
Class· ·Abbreviation Code··· p e Class . · Abbreviation .Code Page 

Mlscellaneous : . m.T 000 store:. FST 324 
ETR 004 LST 330 
PER 01- RST 334 

... : . · .• ·1 csw 020 >-- ---.· . STA 34o 
.. 

SLR 024 AOR 344 
LDB 030 ECH 350 
CMM o4o ·DEP 36o 

.. 
CDM 041 Shift: DSL 4oo ... 

CMR 042 DSR 4o4 
CDR 043 ASL. 420 
CML 044 ASR 424 
CDL 045 LSR 44o 

-~ 046 RSR 444 
CDF 047 DCL 460 
TOB 050 FCL 470 

._; . 
• t 

!lrrB 054 · Branch ,BPX 51-
; Add: CAD 100 BSN 52-

ADD 104 BFZ 54o 
TAD 110 · .BFM 544 
ADB 114 . BLM 550 
CSU. ... 130 BRM 554 
SUB 134 In-Out: LDC 600 
TSU 14o SDR 61-

·CAM 160 SEL 62-
DIM -164 RDS 670 
CAC 170 WRT 674 

Multiply: MUL 250 Indexing: XIN 754 
TMU 254 XAC 764 

~DVD 260 ADX 770 
TDV 264 



Name: ADD 

Instruction action: 
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ADD, ADB, ADX, AOR 

Abbr •. ADD 

Add the numbers in the left and right halves 
of register X to the numbers in L and R .· 
Aces respectively; .leave the results in 
Aces. 

Put +O into A Regs. ··· 

Instruction word· layout: IJ.-L3: · 
L4-IJ.O: 

Index register selection 
Operation code (104 octal) 
Configuration control 
overflow cont~ol 

IJ.2: 
IJ.3-IJ.5: 
LS,RS-Rl5: Memory address 

Execution time (µsec): . 12 

Name: · ADD B REGISTERS TO ACCUMULATOR REGISTERS 
· .. · (ADD B REGISTERS) 

ADB 

. Instruction action: Add the numbers in Land RB Regs to the 
numbers iri L arid R Aces respectively; 
leave the results in Aces. 

Put +O into A' Regs. 

Instruction word layout: . L4-IJ.O: Operatic~ code (114 octal) 
Ll2: ConfigurE1,tion control 
Ll3-Ll5: Overflow control 

Execution time {µsec ) : 12 

Name: ADD INDEX REGISTER ADX 

Instruction action: Add the numerical contents (ignorin_g sign) 
of the specified Ix Reg· 'to'. the augmented 

_right half of the instruction word; leave 
the 17-bit result in RA Reg. 

Overflow is possible but it does not affect 
overflow ala.rm or overflow sense units. 

Instruction word layout: Ll-L3; 
L4-Ll0: 

Index register selection 
Operation code (770 octal) 
Number LS,RS-Rl5: 

Execution time (;1Sec) : 6 

Nome: ADD ONE (ADD ONE TO RIGHT) AOR. 

Instruction action: Add the octal number O. 0 0 0 0 1 to · the right 
half word in register x; leave the result 
in R Ace and in the right half of register 
x. 

If the augmenten configuration is selected, 
clear L Ace 1-15. 

Put into A Regs the original contents of 
Reg x. (Cont.) 
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AOR 2' ASL.t ASR 2 BFM AOR ( Conti.n.ued) 

Instruction word layout: L1-L3: Index register selection 
Operation code (344 octal) 
Configuration control 
Overflow control 

L4-LJ.O: 
Ll2~ 
L13-L15: 
LSiRS-R15: Memory address 

Execution time (µsec): 18 

Name : SHIFT . ACCUMULATORS LEFr ( ACCUMULATORS SHIFT LEFT) ASL 

Instruction action: Shift the numbers in the L and. R Aces 
(-wi.th the exception. of the contents of 
the sign bit positions) n places to the 
lefty the bit positions thus made vacant 
being filled with Ace sign bitsJ and bits 
shifted left out of Aces bit position 1 
being lost. 

Instruction word layout: L4-L10 ~ Operation code (·420 octal) 
RlO-Rl.5: Amount of shii't (number of places, n) 

Execution time (µsec): 3. 5 + -~ (minim1.nn is 6.o) 

Name: SHIFI' ACCUMULATORS RIGHT (ACCUMULATORS SHIFT RIGHT) ASR 

Instruction action: Shift the numbers in the Land R Aces 
(with the exception of the contents of the 
sie;n bl.t positions) n. places to the right JJ 
the bi.t positions thus ma.de vacant being 
fUJ.ea with Ace sign bits, and ·bits shifted 
r:Lght out of Aces. bit position 15beinB lost. 

Instruction word layout : L4-Ll.O : Ope:ra.t.i.on code ( 424 o.ctal.) 
R.l0-R15: Amount of shift (number of places, n) 

Execution time (µsec): 3.5 + -~ (minimum i.s 6.o) 

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

Instruction action: 

Instruction word iayou~: 

Execution time (µsec): 

If the numbers in _Aces are both negative, 
put i.nto R A Reg the origin.al contents 
of the Prog Ctr pl.us 1.1 and put into the 
Prog Ctr the a.ugmented. right half .word 

. of the i.nst:ruction. 
If the numbers .i.n Aces a.re not both nega-

t:i.ve ,9 :put. +O t:nt.o A Regs. · 

L4--Ll0: Ope.rat.ion code · ( 544. octal) 
LS.?RS···Rl.5 ~ Memory a.d.dress 

6 
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. . . IW'l., m.M., BPX 

Name: BRANCH ·-on ZERO (BRANCH ON FULL ZERO j BFZ 

Instruc.ftio~ 'action: I:t the numbers·, in A~cs .are both zero (any. 
combination or +O a:nd/or -Oh put .into· 
R A Reg the original. contents of the Prog ··•· 
Ctr plus 1., a:nd put into the Prog ctr · 
the au@ilented r~ght half word of the -in­
structiono 

If_ the. numbers in · Aces are not both zero,•· 
put +O into A Regs o · 

Instruction word layout: ~-IJ.O: Operation code. (54o octal) 
LS,RS-f 5: Memory address 

Execution time (µsec) : 12 

Name: BRANCH ON LEFl' MINUS l3LM 

· · Instruction action: 

.• 1 

Instruction word layout: 

Execution time (µsec) : 

If the number i'n L Ace is negative, put into 
R A Reg the original., content~ o:f the Prog : 
Ctr plus 1, and put into the Prog ctr the 
augmented right half word of the llnstruc~ 
tiono 

If the number in L Ace is positive, put +O 
into:A Regso 

L4-Ll0: Operation code (550 octal) 
· L$jRS-Rl5: Memory address 

6 

Name: BRANCH AND INDEX (BRANCH ON POSITIVE INDEX) BPX 

Instruction action: If the contents or the sp~·cif'ie·d Ix Reg (1, 
2., 4, or 5) are positive, put into RA 
Reg the original.· contents of the Prog 
Ctr plus 1, and put into the Prog Ctr 
the augmented right haJ.f' word of the in-· 
struction; subtract the positive number 
( t el" m e d the "index interval") given by 
the contents of bit positions LlO-IJ.5 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 -Oo 

If the contents of the specified Ix Reg are 
negativey put +O into A Regs. 

If Ix Reg O or 3 is specified, put in RA 
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 +O into A Regs. 
(Cont.) 
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BPX;,. BRMz. BSN2 CAC BPX (Continued) 

Instruction word layout: Ll-L3: Index register selection 
Operation code (51 octal) 
Index interval 

L4-L9: 
Ll0-Ll5: 
LS,RS-Rl5: Memory address 

Execution time ·(µsec): 6 

Name: BRANCH ON RIGHT MINUS BRM 
Instruction action: If the number in R Ace is negative, put 

into RA Reg the original contents ·Of 
the Prog Ctr plus 1, and put- i.nto Prog 
Ctr the augmented right half word bf 
the instruction. 

If the number in R Ace is positive, put 
+O into A Regs. 

Instruction word layout: L4-Ll0: Operation code ( 554 octal) 
LS 7 RS-Rl5: Memory address 

Execution time (µsec): 6 

Name: SENSE ( BRANCH ON SENSE) BSN 

Instruction action: 

Instruction word layout: 

Execution time (µsec): 

Sense the unit specified by the sense 
code. (See Sense Codes.) 

If the branch condition is present, put 
into RA 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 branch condition is not present 
in the specified unit, or if. ,a lilon­
existent unit is specified, put·+o into 
A Regs. 

L4-L9: 
Ll0-Ll5: 
LS7RS-R15: 

12 

Operation code (52 octal) 
Bense code 
Memory address 

Name: CLEAR AND .. ADD CLOCK CAC 
Instruction action: Provided that the address part of the i· 

instruction is a. test memory address 
(377760 thru 377777 octal), replace 
the contents of ·R Ace by the ·contents 
of the Clock ~e~ister, and put +O in L 
Aqc. 

Page 19, 

(Cont.) 



Ins~ruction word layout: 

Page 20. 

CAC 2 CAD, CAM, CDF, CAC (Continued) 

If the address pa.rt of the instruction word 
is not a test memory address, it may 
ca~a memory parity. 

Put +O into A Regso 

IJ.-L3: 
L4=IJ.0: 
LS.,RS-Rl5: 

Index register selection 
Operation code (170 octal ' i 
Test memory address 

(377,7778 by convention) 
Execution .time <ysec): 12 

'' 
Name: CLEAR · AND ADD 

I~truction action: 

Instruction word layout: 

CAD 
' Replace the coatents of Aces by the contents 

of register Xo, 
Put +O into A Regso 

IJ.-L3: 
L4=IJ.0: 
IS,RS-Rl5: 

Index register selection 
Operation code (100 octal 
Memory address' 

Execution time yisec): 12 

Name: . CLEAR AND ADD MAGNITUDE . CAM 

Instruction action: !Replace the.contents o:f Aces by the positive 
magnitudes of the contents of the right 
and left halves of register Xo 

Put +O inte A Regs o . 

+nstruction word layout: "Ll.=L3: Index register selection 
L4=L10; Operation code (160 octal) 
IS, RS".'Rl5 : Memory address . · 

Execution time visec): 12 

Name: COMPARE AND DIFFERENCE FULL WORDS CDF 

Instruction action: Comp. re the contents 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)o 

Subtract the numbers in the Land R Aces 
from the numbers in the left and right 
halves of register x, respectively; 
leave re1sults . in Aces o · 

Put +O into A Regso (Cont'd) 



Instruction word layout: 

Execution time (µsec) 

•' 
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· CDF;, ODL2 CDM CDF (Continued.) 

Ll-L3: 
L4-L12: 
L13.:..L15: 
LS,RS-Rl5: _ 

12 

Index register selection 
Operation code (047 octal) 
Overflow control 
Memory address 

Name.: COMPARE AND DIFFERENCE LEFT RALF WORDS CDL ---'-------------------------------'----·---·---· 
Instruction action: 

Instruction word layout: 

Execution time ( µ)3ec) : 

Compare the contents of L Ace 'With ~he left 
half word in register ~; if the half words thus 
compared are not identi·ca1 bi t-.for-bi t, a.i1.d · 
1 to Prog Ctr (in order to skip the ne.xt 
instruction). 

Subtract the numbers j_n the L and R Aces from 
the nmnber in the left and right halves of 
regi.ster x, respectively; leave the results 
in Aces. 

Put +O into A Regs._ 

Ll-L3~ 
L4-Ll~: 
Ll3-L15: 
LS,RS-Rl5: 

12 

Index register selection 
Operation code (045 octal) 
Overflow control 
Memory address 

Nat11e: CCMPARE ,AND -DIFFERENCE :MASKED BITS CDM 
Instruction action: For each "l" bit i.n B Regs, compare th~ _ -

contents of the corresponding bit position 
of Aces with the contents of the correspond­
ing bit pos.ttion of register xj if not all of 
the bit pairs thus compared are identical, 
add l to Prog Ctr ( in orcbr to· skip the next 
i.nstruction) _; for the special case where the 
B Regs contain +O., do not add. to Prog Ctr. 

Change the contents of Aces to the value 
obtained by the followjng steps: 
1. Logical.. mul tlply the 1 1-s complement of 

the contents of Aces by contents of B 
Regs. 

2.. Logical. add the contents of register J:t 
to the 1 1 s compleiuent of the contents of 
B Regs. 

3. Add .• in normal. dual arithmeti.c .• the results 
.of steps_ 1 and 2 and. place results i.n: 
Aces. (This .• :in effect_:• subtracts the 
nunibe:cs :i.n Aces,, as d.efl:ned. by u :ma.ski 
from the correi:1pomUng rn.[(!ibers i.n register 
Xn) 

rut +O in A Reg:.~. (Cont. ) 
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Instruction word layout: Ll-L3: 

CDM ( Continued) 

Index register selection 
Operat:ion code ( 041 octal) 
Overflow control 

L4-L12; 
Ll3-Ll5~ 

. LS,RS-RJ..5: Memory ad.dress 

Execution time (µsec): 12 

Name: COMPARE AND DIFFERENCE RIGHT HALF WORDS CDR 
Instruction action: Corn;pare the contents of' R Ace with the right 

half word. i.n regi.ste:r. x;. if the hal:f words 
thus comp1:Gred are not fdenti.cal bit-for-bit, 
a.dd 1 to Prog C!tr .( in order to skip the next 
instruct:i.on) • 

subtract the numbers ln L and R Aces from the 
nurribe:r.s in the left and rig.ht haJ.ves of 
register x., respec:tlvely.9 leave the results 
in Aces. · 

Put +O into A Regs. 

Ins:bruction word layout: Ll.-L3: I.ndex regist,er selection 
Operation code ( 043 octal) · 
Overflow control· 

L4-I.12: 
Ll.3-Ll.5 ~ 
LS ,RS·-R15 ~ Memory addreB s ' 

Execution time (µsec) ~ 12 

Name: COMPARE FULL WORDS 

Instruction action~ 

CMF 

Compa:re the contents of Aces with the .contents 
of :re gist.er .x.; if the words: thus compared are. 
not ide.nt:l.ca.1 b:tt-·for..:b l t, add 1 t.o Frog 
Ctr ( tn o:,:,de:r ·to akip thr;.~ 'next instruction) • 

Put +O :i.nt.o A Regs .• 

Instruction word layout: Ll·-L:3: Im'lex x·eg:Lster sel~c·-1:.iion 
Opt~:c·ation code ( 046. octal) L4-·IJ.2 ~ 

I-S,RS-·Rl5 ~ M/,:m.o:ry atld1.·ess 

Execution time (pslc!c) : 12 

Name: .· COMP ARE LEFT HALF WORDS CML 

Instruction action: Compare the contents of L A.cc ·with the 
left h,3..J.f word. :i.n :reg:i.ster x.; if the half 
worrls thus comr)are<i a:-e not identical 
b:it·-·fo:r-·bit_.. a.a.a. 1 to Prog Ctr (in order 
to sld.j;> the next j.nstruct.ion). 

Put +,) i.nto A Regs. 

Instruction word layo1xt: Ll·-1.3 :: 
1,l~···L12 ~ 

Ind.ex reg1Bter s.e:tection 
Opern:U.on code ( 044 octal) 

LS.,Rs. .. Rl5 : Memory address 

Execution time (p.sec)::. 12 
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CMM2 CMR1 CSU 

Name : COMPARE M)\SKED WORDS CMM 

Instruction action: 

Instruction word layout: 

· For each ".l" bit . in B Regs, compare the 
contents of the corresponding bit position 
of Aces with the contents of the correspond­
ing bit position of register x; if nota.11. 
of the bit pairs thus compared are identical,. 
add l to Prog Ctr ( in ord.er to skip the next 
instruct~on); for the special. case where the 
B Regs contain +o, db not add to Prog dtr~ 

For each "O II bit in B Regs J) place a "l '' in the 
corresponding bit positions of Aces.,:' · 

Put +O into A Regs. " 

Ll-L3: 
L1.~-Ll2: 
LS3 RS-R15: 

Index register selection 
Operation code (o4o octal) 
Memory address 

\ 

Execution time (µsec) : 12 

Name: COMPARE RIGIIl' HALF WORDS CMR 

Instruction action: 

Instruction word.layout: 

Compare the contents of R Ace with the right 
half word in register x; if the half words 
thus compared. are not id.entical bit·-:for-bit, 
ad.d 1 to Prog Ctr (in order to skip the next 
instruction) a 

Put +O into A Regs" 

Ll.-LJ: 
L4-L12: 
LS }RS-·Rl.5: 

Index register selection 
Operation cod.e (042 octal) 
Memory address· 

Execution· time (µsec) : 12 

Na.me : CLEAR AND SUBTRACT 

,Instruction action: 

CSU 

Replace the contents of Aces by the copipl.ement 
of the contents of register x. 

Put +O into A Regs. 

Instruction word layout:· Ll-L3: Index register selection 
Operation code ( 130 octal) 
Memory address 

Ll~-LlO: 
LS,RS-Rl5: 

Execution time (µsec): 12 
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csw, OOL, DEP 

Name: CLEAR .AND . SUBTRAC.T. WORD. COUN~ER . ( COPY WORD COUNTER) . csw 
Instruction action: If' the normal · configurati9n is selected, .. 

replace the contents of R Ace by the corit¢nts 
of the right 16 bits of the I-0 Wd Ctr, 
(RS-Rl5). . 

If' the augmented configuratior1 is selected,. 
replace the contents of Ac.c LS and R Ace by 
the entire contents of thel I-0 Wd Ctr. 

Instruction word Layout: L4,-u:o :' . Operation code (020 octal) 
Ll2: Configuration control 

Execution time (µsec): 6 

. 
Name: CYct..E.LEFr (DUAL.CYCLE LEFI') DCL 

Instruction action: 

Instruction word layout: 

Execution 'Eime (µsec): 

Shift the entire contents of L Ace and LB 
Reg and the entire. contents of R Ace and·· 
RB Regn places. to the left, the bits . 
b~ing shifted left out of the sign.bit 
position of each Ace being reinserted into 
bit position 15 of the associated B Reg so 
that no bits are lost. 

L4-LlO: Operation co.de ( 460 octal) 
RlO-Rl.5: Amount of shift ( numb~r of places, n) · 

'n 
3.5 + 2 (minimum is 6.o) 

Name: DEPOSIT (SELECTIVE.STORE) DEP. 

fostruction action: For ·each "l" bit ln . B Regs,, replace the 
contents of the cor:respondi.ng bit position 
of register x by the contents of the corre­
spondJ.ng bit position of Aces; then replace 
the contents of Aces by the new contents of 
:r.egl'...ster x. 

Put i.nto each blt, posltlon of' A Regs the 
logica.l sum of the contents· of the corre­
sponding 'b:i:t pos:i'..t:lor.is of" B Regs and register 
x~ The table of J.ogieal sums is~ 

0 + 0 - 0 
0 + 1:::: 1 
l+0-.1 
1 + 1 = 1 

Instruction word layout: Ll-,L3: Index regi.ster selection 
O:perat:Lon code ( 360 octal) 
M~1ory address 

L4,-L10:: 
LS.,RS .. R.15; 

Execution time (µsec): 18 
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. DIM, DSL, DSR 

Name: 'DIFFERENCE ?MGNITUDES ( DIFFERENCE OF MAGNITUDES) 

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 Land R Aces respective­
ly; leave the results in Aces. 

Put +O into A-Regs. 
Put the ori.ginal contents of Aces into B 

Regso 

Instruction word layout: Ll-Ll3 
L4-LlO: 

Index register seJ.ection 
Operation code (164 octal) 
Configuration control 
Memory address 

Ll2:" 
LS,RS-Rl5: 

Execution time (µsec) : 12 

Name: SHIFr LEFT (DUAL SHIFT LEFT) DSL 

Instruction action: Shift the number in L Ace and L B·Reg and 
the number in R Ace and R B Reg (with 
the exception of the contents of the 
sign-bit positions of the Aces) n places 
to the left, the bit positions thus made 
vanant being filled with Ace sign bits, 
and bits shifted left out of Ace.bit 
position 1 being losto 

Instruction word layout : L4-LlO: Operation code ( 400 octal) 
Rl0-Rl5: .Amount of shift (number of places, n) . 

Execution time (µsec): 3.5 +; (minimum is 6.6) 

Name: . SHIFT RIGH.r .. {DUAL SHIFT RIGHT) DSR 
' Instruction acti,on: ·Shift the number i.n L Ace and L B Reg and 

the number in R Ace and RB Reg (with 
the exception of the contents of the sign 
bit posi.t:i.:ons of the Aces) n places to 
the right, the- bi-t positions thus made 
vacant being filled with Ace sign bits, 
and the bits shifted_ right o u t of B 
Regs bit position 15·being lost. 

Instruction word layout: L4-Ll.O: Operation code (4o4 octal) 
lUO:-Rl.5: · Amount of shl.ft (numb.er _of places, n) 

Execution time (µsec): 3.5 + ~ (minimum is 6.o) 



Name: DIVIDE 

Instruction action: 

Instruction word layout: 

. Execution time (µsec) : 

Name : EXCHANGE 

Instruction action: 
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DVD, ECH,p ETR 

DVD 

Divide the number in the L Ace and LB 
Reg and the number in the R Ace and RB 
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 1 the signs 
of the remainders also being the signs of 
the respective quotients. 

Ii' the quotient cligi t :i.n R B Reg 15 is · a "l" 
put into RA Reg ·the negative magnitude of 

.the number in the right half' of register x; 
if .. a "O "., the positive magnitude. 

Ll-13: 
L4-IJ..02 
LS,RS-Rl?: 

51 

I 

Index register selection 
Operation code (260 octal) 
Memory address 

ECH 

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

Put into A Regs the original contents of 
register Xo 

Instruction word layout: . Ll-13: Ind.ex register selection 
Operation code ( 350 octal) 
Memory address 

I)~':"'Ll.O: 
LS,RS-R15 ~ 

Execution time (µsec): 18 

Name: EXTRACT (~GIC.AL MULTIPLY~-------------ETR 

Instruction'action: F'or each bi.t pos:i.ti.on of register x which 
cont:a:1.ns a 'b:i.:na:ry "O "J set to zero the 
co:r.:r.espond:I.ng 'blt :i.n t.he L or R Ace. 

Put into A Heg the or:i.ginal contents of 
register Xo 

Instruction word layout: Ll-L3 ~ 
Llt-LlO: 

Ind.ex regi.ste:r. selection 
Ope:mt.:i.on code ( OOlt octal) 
Memory ad.dress LS.~RS·-R15: 

Execution time (.µsec) : 12. 
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FCL2 FST2 HLT?' LDBLLDC 

Name: CYCLE-ACCUMULATORS LEFT (FULL CYCLE LEFr) FCL 

Instruction action: Shift the entire contents of Land R Aces 
n places to the left', the bi ts shifted · · 
left out of· the sign. bit position of .each 
Ace being :reinserted into bit position 15 
of the OTHER Ace so that.no bits are lost. 

Instruction word J..a.yout: L4-LlO: Operation code (470 octal) 
PJ..0-Rl.5 ~ Amount of shift· (m.nnber of places, n) . 

Execution time (µsec): 3.5 + ~ (:minimum is 6.o) 

Name: STORE (FUIJ.. STORE) 

Instruction action: 

FST 
Replace the contents of register x by the 

coi:rten:ts of Aces. 

Instruction word la.yout: . Ll·-L 3: Too.ex register selection 
Operation code ( 324 octal) 
Memory address 

L4-Ll0: 
. LS 3RS-Rl5: . 

Execution time. (µsec): 1.2 

Name: PROGRAM STOP (HALTJ ·-----------------lil.J_T_, 
Instruction action: 

Instruction word layout: 

Execution time· (µ,$eC) ~ 
' ' 

Name: . LOAD B REGISTERS 

Instruction act!on: 

Instruction word layout: 

Execution time (µsec): 

If the y .. ,o Interlock is on.9 -wait unt.il it 
:i.s tu:rned. off'. , 

Ad.d. 1. to the contents o:f the Prog Ctr; \ 
stop the, computer 

L4·-1,1.0: Ope:rat:i.on code ( 000 octal:) 

12 

Replace the con.tents of B Regs by the 
contents of' reg:tster x. 

LDB 

Ll..:.L3: 
L4~·Ll.O: 
LSJRS·~Rl,5: 

Inde:x: :registe,r seleci:iion 
Qpera:ti.on cod.e (030 octal) 
Memory ad.dress 

12 

Name: LOAD INPlJr-OUI'PUT ADJJ!!ESS COUNTER (LOAD ADDRESS COUNrER) LDC 
Instruction action: If I-0 Interlock is on; wait until it is 

turned off. 
Put the augmented right hal.f' word of t.his 

instruction (suitably rnodi.fied. i.f an Ix 
Reg is specified) i.nto the Im,0 Adr Ctr. 

(Cont.) 



Instruction word Jayout: 
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LDC, LSR, 1ST, MUL LDC (Continued) 

IJ.-L3: 
L4-IJ.O: 
IS,RS-Rl5 ~ 

Index. register selection . 
Opera ticm code ( 600 octal) 
Memery address 

Execution time (JlSec); 6 

Name : LEFI' ELEMENT SHIFI' RIGHT ISR 

Instruction action: 

Instruction word layout: 

Execution time (psec) : 

Name: LEF1' STORE 

Instruction action: 

Shi~ the number in L Ace and LB Regs 
(with the exception.of the contents of 
the.sign bit position of L Ace) n places 
to the right, the bit positions thus ma.de 
vacant being filled with Ace sign bits, 
and the bits shifted right out of L B · 
Reg bit position 15 being lost. 

r.4-IJ.O: Operation code {44o octal) 
Rl0-Rl5: 

n· 
.Amount of shift. {number of places, n) 

3o5 + 2 {minimum is p.O) 

'\ 
LST. 

Replace the left half~wor~ in register x · 
by the-contents of LA.cc. 

Fut into A Regs._;the· o~gi~.l., .. to:tit~nts' of, __ 
r.eg·ist·er X.vf . .,,_·.·· , .. ,.. . ,_ 
·, 

Instruction word layout: . IJ.-L3: · 
. L4..,IJ.O: 

Index register selection 
Operation code (330 octal 
Memory address LS,RS-Rl5: 

Execution time {J1Sec): 18 

Name: MULTIPLY 

Instruction action: 

Instruction word layout: 

MUL 

Multiply the numbers in Land R Aces by the 
numbers in the left and right halves, re­
spectively, of register x;ieave the. 
results in Aces and B Regs. 

The fil:lal contents ef bit position 15 of the 
Land R·B Regs are.identical to the contents 
9f the sign bit pG>sitiens of the Land R ·· 
Aces respectively. 

Put into A. Regs the magnitudes of the numbers 
in the le~ and right halves of register x • 

. •' . 

IJ.-L3: 
L4-IJ.0: 
LS,RS-R15: 

Index register selection 
Operationcode (250 octal 
Memory address 

Execution time (psec) : 16. 5 



Name: OPERATE (PERFORM) · 

Inst;ruction action: 

· ~~truction W?rd layo~t: 

Execut:Lon ti.me {µsec): 

Name: READ 
. . . 

Instruction action: 

··-.:.. 
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PER2 RDS2 RSR 

PER 

Act! vate the unit specif'ied by the Operate 
Uni i code. . ( See Operate Unit Codes. ) · . 

. If the Operate Unit.code specifies anon-
. existent unit, .take no action~ 

L4-L9: Operation _code (01 octal) 
LlO~Ll5: Ope.rate' unit, 

12 

RDS 

If' r..,o Int~rloc;it i~ on, wait until it is 
. turned o:fr. 

Provided that a suitah1.e in-out unit has 
. ' 

been previously selected, and that it is 
ready to operate, initiate the transfer 
of ·the number ·of -words specif'ied by the 
augmented.right half' -wbrd of this instruc­
tion (suitably modif'ied if' an . Ix Reg. is 
speci:f_ied) :· the -wora:s -will be transferred 
from the currently selected input-output 
.unit to a ·bloc_k . o:f · consecutive regis:t;ers 
i.ri memory starting at.the address contained 
in the I-0 Adr Ctr •. 

Tti:rn on the I-0 Interlocka. 

Instruction -word layout: Ll-L3:: Index register.selection 

Execution time {µsec) : · 

L4-Ll0: 
Ll.3·-Ll.5 : 

Operation code (670 octalJ 
Interl.eave ( used wi.th address modes 
only. . • 

LS,RS·-Rl.5~Length of transfer {number af words) 

6 

Name : RIGHI' ELEMENT SHI.FT RIGHT RSR 
' . 

Instruction action: 

Instruction. word layout.: 

Execution time (µsec): 

Shift t.he number in R Ace and R B Reg (-with 
the except.ion o:f the. contents of the sign 
bit posi.t:i.o:h. of R Ace) n pl.aces to t.he 
:r.ight_, the bit posit:I.ons thus made vacant 
being fi.lled. by Ace sign bi'ts, and' the 
bi ts shifted ri.ght out o:f R B Reg bit 
posi.tion 1.5 beirig lost. 

L4--Ll0: Ope:ratio~ cod.e (444 oc·tal) 
Rl.O·-Rl.5: Amount of shi:ft (number of places, n) 

. . n 
3.5 + 2 (minimum i.s 6.o) 



Name: RIGHT STORE 

Instruction action: 

Instruction word layout: 

TM-15 #5 Page ·30. 

RST 

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

Put into LA Regs the original contents of 
~fl. half' of register x.and clear the right 

Ll-L3 
! L4-Ll0: 
r Ll2: 

Index register selection 
Operation code (334 octal) 
Configuration control 
Memory address .. 

j LS,RS-R15: 

Execution time (ps'ec) : · 18 

Name: SELECT DRUM 

Instruction action: 

\ 
Instruction word layout: 

SDR 

If I-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),_. 

Ll-L3: 

L4-L9: 
Rl, Ll0-Ll5: 
R5-Rl0: 
Rll-R15: 
Rl4-Rl5: 
R5-R15: 

Index register selection· ( used 
with address and identity modes only) 
Operation code (61 octal) 
Drum field and mode 

Identity (used With identity modes 
only) . 
Drum address ( used with address .. 
mode only) 

}U:x:ecution time (psec) : 12 



Name: SELECT 

Instruction action: 

Instruction word layout: 

Execution time (µsec): 

<~-15 f/1 

SEL2 SLR 

SEL 

If' I-0 Interlock is on.9·wait until it is 
turned off'. 

Select for·subsequent input..:output opera­
ti0I1s the specified input-output unit; 
dese.lect any previously selected drum 
field or in-out unit. (See Input-Output 
Unit Selection Codes.) 

L4-L9 Operation code (62 octal) 
Ll.0-L15: In-out unit code 

12 
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Name: SHIFT LEFI' AND ROUND SLR 

Instruction action: Shift the number in L Ace and L B Reg and 
the number in R Ace and RB Reg (with the 
exception oft.he contents of the sign bit 
positions of the Aces) n places to the · 
left, the bit positions thus made vacant 
bei~g filled with Ace sign bits, and bits 
shifted left out of Aces bit position 1 
being lost~ 

Round off' the results to 15 numerical bits 
in each Acc. Roundoff' of' a positive 
number is accomplished by adding 1 to the 
contents of Ace 15 if the S bit of the 
corresponding B Reg contains al; Roundoff 
of a negative number is accomplished by sub­
tract:i.ng 1 from the contents of Ace 15 if 
the S bit of the co.rrespond.tng ~ B Reg contains 
a O. 

Put +O into A Regs and B Regs. 

Instruction word layout: Ll~-Ll.O: Operation code ( 024 octal) 
Ll.3-Ll.5: Overflow control 
Rl0-Rl5: Amount of shift (number of places, n) 

Execution time (µsec): 5.5 + ~ (minimum is 6.o) 



"· ·· .. 

} . 

Nain.e : .. · 9J10im ADiltESS 

Instruction action: 

• ;•:. 1. 

. f . 

In~truction vord layout: 
' . ' 

·.· . 

Execution time . ( )iSeci) : . 
. . 

· Name: · ·aum'BACT 
. . 

~ .', Instruction. ~tion: 

.. · .• 1. 
. '• .... 

·. . Execut~ii t:lllle ( µsec ) : 

N•e : . TWIN AND ADD 
Instruction action: 

Iiistruction·word layout: 

Execution time (~sec) : 

. ,~; ..... ~ .. 
/ 

· · · . BrA:p SUB1 TAD 

srA . . . . . . ~ ~·~·.. . . 

If the normal contiguratiori. :ls setect~d~ . . . . . ' ... ,. 
. replace the right half ~rd iil·~egister X 

by the. c911tents of ~e R -~ Reg RS..iU~;-. 
If the augmented contigurE'.tion is selected,.: 

replace the . contents of LB and- JIS~Rl.5 of · 
register x by _the· contents of R A. Reg· LS .. 
(Sic: ). · and .RS-Rl5 •. · · 

IJ.~L3: Inde~ register selection·· '. '· . 
L4-Ll.O: . Operation code (349 oc'tai·) 

· IJ.2 : · dont:i.gura:,-1on control, · . ·. · .. : 
LS1RB-R15.: Memory· address .' ·. · . 

ia 

·stn3 ' ' 
Sµbtract · 'J;he · n~bers · in t~~-· i¢·tt: abd· ·right :.- .'. 
· · halves of ;register X fiail ~- n~°b~rs 1~ · ,·. :_;' 

L . and R AQcs :r;-e.specti vely J leave :'the· · , .' .. · .. 
res'\ilts ·in Aces. ·· · · r ... · • .·,. •• 

· Put- +O into A Regs.· 

IJ.-:t3: - . Index ~gister selection 
.- L4-IJ.9: · Ope~atlon ·code. ( 134 .octal) 
· · IJ.2:. . ' Configuration. c9ntrol 
IJ.3-L15·: · Overflow ·control 
LS,RS-R15: Memory ~SB '. : 

. . . . .... 

12 

'''.;i,_· . ~. • . 

;.: ...... 

: .•., I .· .. TAI)·.·· ··:··· 
. . . . . , ..... ·: ' · .. 
Add the number in the left ~ of· reg:lste:i;- · 

· x .tt> the numbers in the t .f1iDd R Apes J · 
· leave the resw.ts in Aces. · ·· 

~t +O hlto A Regs. 

IJ.-L3: Index register selection 
L4-IJ.O: Operation code (110 octal) -
IJ2: Configuration control· . · · · 
IJ.3-Ll5: Overflow' control 
LS,RS-Rl5: Memory address _ 

l2 



Name: .. TWIN AND DIVIDE 

Instruction action: 

Instruction word l~u~: 

Execution time (µsec): 

Page 33 
·{': 

TDV, TMU, TOB 

Divide the number in the L .Ace 'arid 'L B' Reg···. 
. and· thE! number in the R Ace. and R B Reg by. · 
the number in the lef't ha.if' of register x; · 
leave the 16numericalbits of·both quotients 
in B Regs., and.remainders.in Aces., the signs 
of the remainders also'being the signs of the 

. respective quotients. · 
If the quotient digit in RB Regl5 is a "111, 

put into R A Reg the negative magnitude of 
the number.in the left half- of ~egister x; 
if a "O"., the positive magnitude. 

Ll-LJ: 
L4-LJ.O:. 

, LS.,RS,-R;J..5: 

51 

Index register selection 
Operation code (264 octal) 
Meino:r;-y addl:'ess 

. Name: TWIN. AND .MULTIPLY TMU 

Instruction action: Multiplythe_numbers in ·Land R Aces by the 
number in the left half of register x; leave 

.. the results in Aces -and B Regs. 
The final contents.of bit position 15 of the 

Land RB Regs are identical to the contents 
. of the sign bit positions of the L and R 
Aces 'respectively. 

Put into R AReg_themagnitude.of the number 
in .. the left half of' r~e;ister ·x.' . 

Instruction word layout: IJ.-L3: Index register selection 
L4~IJ.o: Operation co.de (254'octal) · 
LS.,RS-Rl5: Memory address · 

Execution time (psec): 16.5 

Name: TEST ONE BIT 

Instruction action: 

TOB 
Add to Prog Ctr the contents of the designated 

bit position of r~gister x; if bit thus sensed 
is .. a "l"., the next instruction will be skipped. 

Instruction word layout : IJ.-L3: : Index register · selection . 
Operation code (o;o octal) L4-LJ.O: 

Lll-LJ.5: 
LS1RS-Rl5: 

Execution time ( psec) : 12 

Bit position (0 thru 31 decimal) 
Memory address 
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•. . . ·. 

TSU1 'TTB 

Name: .. ·TWIN.· AND • SUBTRACT ·· .. -TSU 
Instruction action: · subtract the number in tM left 'half 6f' · ... 

. register :ic from the numbers in .. and L and 
R Aces; leave the results in Aces. . 

_.Put +o· into A Regso-
. . . 

• • • •. •· 0 Instruction word layout: .. Ll-L3: ·. · ·. Index ~egister selection 
1 L4-Ll.0: · Operation a.ode ( 14o · octal) 

. Ll2: Configuration. control · 
Ll3-Ll5: overflow control 
LS.,RS-RJ.5: · }1emory, addres~ 

Execution· :t1Die:. (µsec): :; : . 12 · 

Name: · TEST TWO :er.rs 
Instruction action: If the:rightmost bit position ·of the.designated 

pair of bit positions is other than O orl6 · 
decimal,·· e.dd··to Prog ,Ctr: the contents of _the 
d.esignat'ed pair of ~it pqsi ti6Iis of . register 
x; if-the bit pair thus sensed·is binary 01, 
10, or 11,.then.the next i, 2 or.3·instruc­
tions respect! vely will be skipped.·. 

If the rightmost bit position of the. designated 
pair of bit positions is either O of 16 · 
decimal, add to Prog· Ctr the; contents only. . 

· of the single designat·ed bit . position of 
regis~er x; if the bit thus sensed isa· "l", 
the next instruction. will .. be .skipped. . 

· Instruction word layout : · Ll-L:3.: : ·. 
. . \ . . . . 

Index register selection 
Operation · code ·( 054 octal) · · ·· 
Rightmost bit·:l,)os:Ltion (o thru 31 

. L4~IJ.o: 
Ll.1-Ll.5: 

. · LS,RS-Rl5: Memory address .. · decimal) 
. . . ' 

Execution time (µsec):· 12 



Name : .. 'WRITE 

Instruction action: 

Instruction word layout: 

\ 

Execution time (µsec): 

'WRT 

· If r.:o Interlock is on, we.it until it is . · 
. turned of:f. 1 

Provided that a EJUitable 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 hal:f word of this instruc;;. 
tion (suitably modified if an Ix Reg is 
specified); the word.a·. will be transferred 
to the currently selected inpu,t-output unit . 
from a block of consecutive registers in 
memory starting at ·the address contained in 
the I-0 Adr Ctr. . 

· Turri .. on the I-0 Interlock. 

IJ.-LJ: 
L4-IJ.O: 
IJ.3-Ll5: 

Ind.ex register selection 
Operation code (674·octal) 
Interleave ( used with ad.dress modes 
only) 

LS,RS-Rl5:Length of transfer (number of' words) 

6 

Name : RESET INDEX REGISTER FROM RIGHT ACCUMULATOR . XAC 

Instruction action: 

Instruction word layout: 

If the nonnaJ. configuration is selected,· 
replace the numerical contents of the 
specified Ix Reg by the contents of' the 
R Ace and set the Ix Reg s:i.gn. positive ( "O II). 

If the augmented configuration is selected and 
the contents of L Ace . S is .. •;o" · replace . the· 
entire contents of the specified Ix Reg by 
the contents of the L Ace Sand the R Acc. 

If the augmented configuration is· selected and 
the contents of L Ace S is "l." :i set the 
contents of the specified IX Reg to its 

. special representation of -0. 
The R Ace cannot.be used.as an Ix Reg with 

this instruction. 

IJ.-L3: •. 
L4-IJ.O: 
Ll2: 

Ind.ex registeT ,sefuection 
Operation co@de (( r,64 octal) 
Configux.mtio~ ·conttmoa 

Execution time (µsec) : 6 



. Instruction action: . 
. . 

. Instruction '.W()rd layout: 

Execution time .(psec) : 

'rM-15 .#1 Page 36. · 

:-xm· .. _.._. 

If·the contents or i.s or the instruction·word 
is· "OIi, replac¢ ·the ·entire conitents of the 
specit:l.ed'In<iex Register by the contents or 

. tlie .augmented right· halt or the ·instruction 
word.· · . · .· . . 

If' the· .contents or LS or the instruction word 
is a · ''l. ", set the contents of. the specified 
Ix Reg to its special representation of -o. 

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

. IJ.-I3·· .· ; ,_,.. 
L4-LlO: 

·~,RS-BJ.5: 

.. 6 

Index register s~lection 
Operation code (754 octal) 
Number · 
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OPERANDS AND RESULTS TO 
AND FROM MEMORY ELEMENT 

LEFT MEMORY BUFFER RIGHT MEMORY BUFFER 

- - - -- - - - - -
LEFT A REGISTER RIGH'l;' A REGISTER 

LEFT ADDER RIGHT ADDER 
- --~ 
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LEFI' ACCUMUIATOR RIGHT ACCUMUIATOR 

LEFI' B REGISTER RIGHT B REGISTER 

LEFT ARITHMETIC ELEMENT RIGHT --ARITHMETIC ELEMENT 

------- --i---
NOTE: 
COMMUIDS 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 be classified by the total number of different symbols-used in counting. 

This total number is called the base of the sy"stem. 

A. Decimal 

The decimal system is a number scheme based on Len different symbols -·o, l, 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 be1cn born with four digits on each hand he might well have counted in the 

octal system which has eight symbols - 0, 1, 2, 3, 4, 5, 6, and 7. Some modern computing 

machines require information to be fed lo them in the octal system and in turn give out the re­

sults in .the octal system. 

_; C. Duodecimal 

Another numbering system which has been suggested is .the duodecimal system which is based 

on twelve different sy'mhols - 0, l, 2, 3, 4, 5, 6, 7, 8, 9, X and E - the latter tw~ symbols 

are named dee and elf. This system allows certain common fractions such as 1/3, 1/4, 2/3, 

3/4, 1/6, etc., to be expr·cssed in a simpler way than in the decimal system. Some mathemat­

ical tables have been tabulated in this system. 

D. Binary 

The number system which is most widely used in digital computing machines is the binary sys­

tem which has only two symbols - 0 and l. The reason for this is that many devices which are 

used in electronic circuits have two different electrical states during operation. Thus, a re­

lay or· switch may be on or off'; a vacuum tuhe may be conducting or nonconducting; a crystal 

di.ode conducts ver·y well in one direction but becomes a high resistance·to current in the oppo­

site direction. 11: nppears then that th.e natural counting scheme for electronic circuits is the 

binary system•: 

II. DECIMAL SYSTEM - REVIEW 

Inasmuch as most people are familiar with the decimal system of counting through everyday 

exper·ience, it. will he helpful to revicw,itr:; r:;ymbol-structure as an aid to the understanding of 

1.he binn.ry system. 

I\. Counting 

Since I.he decimal system has ·I.en symbols (including 0), one may ·count up to nine using only one 

· symbol al. a time. (Table I ... column I.) 

In order· 1.o co11111. paHI. nine, combi11a1.io11i; containing two symbols each are used .. This allows· 
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TABLE I 
.. DECiMAi. NUMBER cbMBi.NATiONs 

j 2 3 4 5 6 7 

Q .. JO 20 90 jQ() 190 990 

I 11 21 91 lOi 191 '· 991: 
'. 

2 12 . 22 92 1q2 192 992 

3 13 23 93. 103 193 · 993 

4 14 24 94 104 194 994 
5 .. 15 25 95 105 195 .995 · 

6 16 26 96 106 196 996 
·1 . ·17 27 97 · 107 197 997 

.' 

8 is 28 98 108 198 998 

9 i9 29 99 109 199 999 

us tci c_ount up to ninety-nine. The combinations are selected in .an orderly way. The symbol. · 

,; l''. is first used in conjurictiori with aU the· symbols (Tabie I, column 2).. next the symboi ,; 2". 

·. is us~d in conjunction with all the symbols. This· process is ·continued untii ali possible com"" · • 

... bihatioh~ have be~ri exhausted, which occurs at ninety-nine, To cou~t further, three symbols 

niust be used. Proceeding in a similar.fashion,' the.symbol "l" is used together with all.the 

previpUsly de\ieloped two-symbol combitiations. This all~ws us to go to i 99. · Proceeding in 

this fashion we discover t_hat. all combinations of three symbols are ·exhausted at nine--hundred 

and ninety-:nine .. Higher numbers teq_uire combinations containing four or more symbols .. In 

101 = 10 

102 ~· 100 

TABLE II 

'. POWERS OF TEN 

JOO= 1 

rn~1 =0.1 
10-2 = 0.01 

-3: ·• .. 
JO = 0.001 

·general, if one uses combinations. containing m decimal 

symbols it is possible· to count up to, ·but .not including, . 

mm. With'three decimai symbols (m = 3L 103 ·=·1000, 

·so the highest number ·that we cah co_unt ~p to' is 999. 

In algebraic notation, if M represents the highest 
. . ·ID . 

number, M = 10· -1 . 

. B ... Powers of Teri 

· The power of a number "N", it may be remembered, 

_ is the number of times "N" is multiplied together. 
.. · •; 

Jo3 = 1,000. 

104 ~lo.ooo · 
:· 105 ~ 100,~o 

fo-4 ; 0.0001 

10-:5 = O.OOOOi 
A parti.al table of powers of 10 'is given in Table II, 

where ~egative powers are defined· by 10-x·;,, 1/lOx: 
'~106 ·= 1,000~000 ··jo-6·=0.o()()(jo·r:; 

·-;,; . ::._ Since th~ base of the decimal system is ten, ·au num~ 

_}·_::,~~'rs m~y be expressed a~ a sum cif'po~ers of ten (each p~wer beirig inultiplied by an ap~ropriate 

. : :\Wfmher) .. Ft>~ ~xainple, take. th'e riuinb~i 1063 .40 I. . If' we examine each· dig'jt w,e find thf~ ~um-
. ·. '.::·.-be"r :rrtay be co~sidered 'thu's: . ' . ' . 

. l· 0 6 3 4 0 1 
. . ' .·, . . . ' '' ' ' .. ' . . ' '.. ' ' ' ' .. ' 

,, i/,, (.I x-103) + (0 X 102) + (6 .x 10 1) + (3 x io0, + (4 X .10- 1, + (O x.10-2, +(IX 10-3) 
·, .. : ' ' . ·.· .. : ' ' . ' • . ' • . i . . l' . . ' '. . • . 

• ;=;. rnoo o ~o 3. o . ..4. o · 0;001 

~ "~··~· 

. :'::~-~~--



-Adrling the~e riilmber_s we- get: 

ill. BINARY SYST.Eivf 

A. Iritrodudioh 

1000. 
oeio .. 

60. 
3 . 

. 0 .. 4 
6.00 
0.001 

I063.40i 

·.· :.:·· 

Page-3. 

A binary symbol is often called a i1bit", thus a seven-bit riuriiber is a binary number coritaining 

seven binary symbols. As inention~d before, the binary systein uses-6nlj tw~ ~ymbols - O and 

i. With st.ich brevity of symbol~ it is ~pparent that larger combi~ations. of symbols will ,be 
. . 

necessary to express most numbers than if one were using the dedrrial system which has ten . 

_ different syrribois t<> use. As a matter or tact; it wm be s~en that with a combination ~ontaini~g 

n biliary Syfubois it is possible to count up to. but not including, . Zn .. in algebraic notation, if 

N is the highest nuinber, N =Zn-I. 'thus, with.three binary symbois (ri =_3) z 3 = 8, so that 

the highest riumber which may be _expressed with three binary symbols is N = 8 - I = 7. -
'.-

TABLE Ii'! 

RATiO OF Bi NARY SYMBOLS TO DECiMAL SYMBOLS 

Decimal 
Decimal . Biriary 
Sy"1bois _ SY!'lbols _ Ratio ; 

Number · Binary Number - Used Used - (Binary to q~dmal) 

J J J J i 
2 JO J 2 2 

-4 1.00 J 3 -~ 

8 . · 1000 l 4 4 
JO - JOJO ·2 4 2 

16 10000 2 5 2-1/2 

. 32 JOO 000 2 6 3 
---·64 J 000 000 2· 7 3-1/2 

' 1~. lOQ JOQ 2-1/3 1 3 7 

i28· · iO 000 000 3 8 2-2/3 
'256 100 000 000 - 3 9 3 
.512 1 006 boo 006 3 10 3-1/3 

-· 
·1000 . ·. 1 111 101 000 4 10 2-1/2 

.-
1024 .. .10 ooo_.ooo ooo 4 11 - 2-3/4 

2048 100 009 000 000 ·4 12 3 

49?6 J 000 000 000 000 4 13 3.:.J/4 

8192 IO 000 000 000 000 4 14 3-1/2 

10000 JO 011 100 010,000 5 14 2-.4/s-· .. 



Compare ~his with the number 999 obtained with three decimal symbols in Sec. lI,.;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 r~tios are given for numbers up to 

10,000. 

' 

It is necessary to accustom oneself to the handling of rather bulky binary numbers Which may 

seem rather small in magnitude when considered on the decimal scale. The lack of economy 

in size, however, is more than compensated for by the ease with which these numbers are 

ft'ocessed in electronic computer systems. 

B. Positive Whole Numbers (Binary) 

fable IV: is a partial table of binary numbers, and may be referred to for this discussion-.. 

~; ' 

TABLE IV 
BINARY NUMBERS O -15 

The one-symbol combination is exhausted after a count of one. 

The one- and two-symbol combinations allow a count to three, 

the three -symbol combination to seven, and the four -symbol 

combination to fifteen. The combinations are arranged in an 

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

bols are formed, a 11 111 is put in the next place to the left and all 

previous combinations are repeated. Note that any number may 

be thought of as having zeros to left of the first place on the left. 
All of the numbers of Table IV may be written as four-symbol 

combinations, by adding an appropriate number of zeros to the 

left of the given number. This changes nothing significant, but 

is a convenience in most uses. It is easier to keep track of 

numbers if they are all of the same symbol length. Table V is 

,' 

• ' 0 0 8 1000 

1 1 9 1001 

2 10 10 1010 
3 11 J1 1011 

4 100 12 1100 

5 101 13 1101 

6 110 14 1110 

7 111 15 1111 

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

C. Powei:s of Two 

Just as decimal numbers may be written as a sum of powers of ten, a binijry number may be 

written as a sum of powers of two. A partial table of powers of two is fou~d in Table VI. In 

a whole bin~ry numb~.r, the first bit on the right is the 2° terrri: 1 the others foll~w in sequence 

f f~m r~g~~ }P ~rn: A.s an example, take the binary number 1 Cl. · 
f,j}§fl!rc;"r;:e,r.:, ;:,p;i:ts, we have the following: 
1,;['f{".i/~:/i,;~, ,'/ ~ ?ii,1·~·, 

11; separating it into its 

.fa~ilf< ..,,, !., '. 'i ·, \. ·)' ., · o 

' ' ~ 
(1 X 26) + (O X 

' i 6i 0 

64 
0 

16 
0 
0 
2 
1 

sum 83 

1 1 
~ . 
X 2

1
) + (1 X ZO) 

l l 
Z 1 

Pase 4. 
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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 binary number of a given decimal number by the· inverse. 

process. -The process is to take the d~ciinal number and subtract succes~ively the powers of 

two, given in Table VI, starting with the largest number possible and wor1:<,ing toward the smaller 

until the rem~inder is z"ero, The binary ni:imb(!r may then be written directly by writing a II l" 

whenever it was ·possible to subtract a power o~ two and·wr.iting a ''0" .. otherwise. In order to 

ill~strate this method, take'the number 87~. The largest number irt Tabie VI which may be 

subtract_ed from this.numb!;?~ is 29 = 512. The remainder is 36J:· Subtracting 28 = 256 next we 

get 105: .This is sm~ller than 2 7 which is ~assed over. The next· i~ ?~- = 6.4 :which, when sub­

tracted, gives a re~ainder of 41. Finally, when 25, 23 a."nd 2° ,~~ subtracted there ·is a re­

mainder of zero. 

29 
873 

-512 

28 
361 

-2.56 --
6 105 

2. .:... 64 
-.--

·25 
41 

-'- 32. 
--

?3 
. 9· 

8 

20 
1 
1 

·--
Remainder 0 

The binary number may now be written 

(1 x 2.9)+(1 X 28 )+(0 x 2 7)+(1 x 26)+(1 x 2 5)+(0 X 24)+(1 x 2.3)+(0 X_?2)+(0 X i 1)+(1 ~ 2°,: 
When this is written in a inore abbreviated form we have: 

1 101 101 001. = 873 

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

following examples. 

1) 10 000 001 = 129 
2) 10 001 000 = 136 
3) 11 111 111 = 255 
4) · 10 101 010 = 170 
5) 11 100 111 = 231 
6) 00 000 011 3 
7) 00 000 110 = 6 
8) 00 001 100 = 12 
9) . 00 0 11 000 = 24 

10) 00 110 000 = 48 
11) 01 100 000 = · 96 
12) 11 000 000 = 192 

13) 
14) 
15) 
16) 
17) 
18) 
19) 
20) 
21) 
22) 
23) 

100 = 01 100 100 
200 11 001 000 
251 = 11 111 011 
197 = 11 000 101 
87 = 01 010 111 

5 = 00 000 101 
10 = 00 001 010 
20 = 00 010 100 
40 = 00 101 000 
80 = 01 010 000 

160 = 10 100 000 



' ' 1 •,~: 

. 't .. 
:•1;,·· 

' 

' > 

.' 

0 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

27 

28 

29 

30 

31 · 

0 000 000 32 

0 000 001 33 

0 000 010 34 

0000011 35 

0 000 100 36 
0 000 101 37 

0 000 110 38 

0 000 111 . 39 

0 001 000 40 

0 001 001 41 

0 001 010 42 

0 001 011 43 

0 001 100 44 

0 001 101 45 

0001110 46 

0001111 47 

0 010 000 48 

0010001 49 

0 010 -010 50 

0010011 51 . 

0 010 100 52 

0 010 101 53 

0.010 no 54 

o 010 1 n 55 

0 011 000 56 

0 011 OQ.1 57 

0 011 010 . 58 

0 0·11 011 59 
' 0 011 100 60 

0 011 101 61 

0 011 110 62 

0011111 63 

- ··-:_ ·,: 

. - -_ -/:r: __ : 
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TABLE V. 
BINARY NUMBERS 0- 127 

0 100 000 64 1000000 96 1 100 000 

0 100 001 65 1 000 001 97 1 100 001 

0 100 010 66 1 000 010 98 1 100 q10 · 

0 100 011 67 1 000 011 99 1 100.011 

0 100 100 . 68 1 000 100 100 1 100.100 

0 100 101 69 1 000 101 101 1 100 101 

0 100 110 70 1 000 110 102 1 100 110 

0 100 111 71 1 000 11 t' 103 1 100 111 

0 101 000 72 1 001 000 104 1 101 000 

0 101 001 73 1·001 001 105 1 101 001 
' 

0 101 010 74 1 001 ·010 106 · 1 101 010 

0 101 011 75 1 001 011 107 1101011 

0 101 100 76 1 001 100 108 1 101 100 

· 0 101 101 77 1 001 101 109 1 101101 

0 101 110 78 .1°001 110 110. 1 101 110 

0 101 111 - 79 1 001 111 111 1 101111 

0 110 000 80 1 010 000 112 1 110 000 

0110001 81 1 010 001 113 1 110 001 

0 110 010 82 l 010 010 114 1 110 010 

0 110 011 83 1 010 011 115 1 110 011 

0 110 100 84 1 010 100 116 1 110 100 

0 110 101 85 ' 1 010 101 1l7 1 110 101 

0 110 110 86 1010110 118 1 110 110 

0 110 111 87 1010111 .. _119. 1 110 111 
' ' 

0 111 000 88 1 011 000 120 1111000· 

0 11100:1 . 89 1 011 001 121 1111001 

0 111 010 90 1 011 010 122 1 111 010 

0 111 011 · 91 1 011 011 123 1111011 

0 111 100 92 1 011 100 124 1 111 100 

0 111 101. 93 1 011 101 125 1111 101 

0 111110 94 1 011 110 126 . 1 111 110 

· 0.111111 95 1011111 127 1111 111 
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TABLE VI 

POSITIVE AND NEGATIVE POWERS OF TWO 

Positive Powers Negative Powers 

20 = 1 

21 = 2 2-l = 1/2 = 0.5 

22 = 4 2-2 = 1/4 =0.25 

23 - 8 2-3 = 1/8 = 0.125 

24 = 16 2-4 = 1/16 = 0.062 5 

25 =- 32 2-5 = 1/32 = 0.031 25 

26 = 64 2-6 = 1/64 = 0.015 625 

27 = 128 2-7 = 1/128 = 0.007 813 

28 = 256 2-8 = 1/256 = 0.003 906 

29 = 512 2-9 = 1/512 =0.001 953 

210 = 1,024 2- 10 = l /1024 = 0.000 977 -

211 = 2,048 2- 11 = l /2048 = 0.000 488 

212 = 4,096 2- 12 = 1/4096 = 0.000 244 

213 = 8,192 2- 13 = 1 /8192 = 0.000 122 

214 = 16,384 2- 14 = 1/16,384 = 0.000 061 

215 = 32,768 2- 15 = 1/32,768 = 0.000 031 

216 = 65,536 2- 16 = 1/65,536 = 0.006 015 

217 = 131,072 2- 17 = 1 /131 , 072 = 0.000 008 

218 = 262,144 2- 18 = l /262, 144 = 0.000 004 

219 = 524,288 2- 19 = 1 /524, 288 = 0.000 002 

i 0 = l , 048, 57 6 . 2-20 = 1/1,048,576 =0.000 001 

Note: Decimal values have been rounded off to'the 
nearest millionth place. 

Page 7. 



D.- Fractional Binary Numbers 

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

o"r the decimal poin( the positions being successive powers_ of ten, 0.1, 0.01, 0.001, etc. (see 
. • I 

Sec.11-B). 

In the binary system,- fractions are represented- in an analogous manner, by a II l II or "0" to the 

right of the binary point, the positions being· successive negative powers of two, starting with 

2-:.1, 2-2 , 2- 3 , etc .. or 1/2, 1/4, 1/8, etc., going from left to right. The binary fr~ction is 

· then found by adding together the numerical values of these negative powers whenever a II l 11 

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

_separately. 

1 l O 1 0-' 0 
l 

= (O X 20) + ( l 
t ·t .. t l t 

x 2- 1, + (1 X 22) + (0 X 2-3, + (1 X 24) + (0 X 2-5, 
t 

(0 X l) 
t 

0.0000 

0.8125 

t t t t t 
+ (1 X 1/2) + (l X 1/4) +(OX 1/8) + (l X 1/16) + (0 X 1/32) 

t t t t +· 
+ - 0.5000 + 0.2500 + 0.0000 + 0.0625. + 0.0000 

Stated in fractional form we have 1/2 + 1/4 + 1/16 = 13/16 = 0_.8125. The process for con­

verting a fraction from decimal form to binary form is similar to the one given for whole num­

bers. The table of negative powers found in Table VI will be found useful. Let us convert the 

decimal 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 2-l or 0.500. The remainder is 0.339. The next 

largest number which may be· subtracted is 2-2 or 0.250, leaving 0.089 as a remainder. After 
-4 -6 -7 ·-9 -10 

2- , 2 , 2 , 2 , and 2 have been subtracted there is a remainder of 0.000132. Since 

the original decim~l was given to the nearest one-thousandth place, the 2,-lO place is suffi-cient 

to'·give approximately the same accuracy_(O.l per cent). 

2-• 
0.839 

-0.500 
----

2-2 
0.339 

-0.250 

2-4 
0.089 

-0.0625 

2-6 
0.0265 

-0.015625 

2-7 
0.010875 

-1.007813 

-9 0.003062 
2- -0.001953 

2 ..110 0.001109 
--0.000977 
---·--·---

0.000132 (1·emainder) 

__ ... ,,., 
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Adding.these together we have 
•· • ' ' I 

(0 >< 20) ~ (1 X ;/1) +.(l X 2-2) + (n X 2~\+ (IX 2"' 4) + (0 >< ~- 5)+ (IX 2:..6) + (lx 2~ 7) 

+ (O ;/ 2 ~~)+ ( i x 2 .... 9)+i1 x Z ~10r 
·. or iri the rriore compac\ form·, . 

0.839 = 0.1]0_101101 1 (;pp'roximately) 

The· ,;round-off" in the above example is equivalent to wnat is done in the d_ecirrial system when 

repr~seriting, decimally; the fracti~n ,;tw'o::thirds" by 2/3 = O. 66 7.. Actually, the decir:nal con- . 

taini an infinite numbe·r of sixes .. · Wh~n r'ept,esehtin.g a: f~~ction ih the decirriai_system, the only 
. .. . .. , . . . . 

time there is a zero remainder is when the fractiori:is equal to the' sum cir a series of negative ., . . . . . . . ..• ·. . . . ·. ' ·. . . ' 2 ·. . ·. . 
powers of ten, as 1/20 = 1/100 + .i/100 + i/iooa+ 1/rdo + i/ioo,;:5;-x ,io.- = 0.0500 or.1/5 = 1/10. 

+ 1/10. = 2 >< 10-l = 0.200. Othe~ f~actions can ~ever be c9mplete1y· r~p:ese~ted.byafinite 

number oi decimals; such asli3 = ,0,3333 .. i, or 1/9 = 0.1'1(, .. ·' ' . . . 
. ' ·,· .. ' : . . ' : .. · 

in the same way'. ,..;hen. representing a f~action i~ the binary ·system;. the only time the re is a 

zero remainder is when the fraction is equal to .the si:irri of a series o(negative powers of two, 

as 3/4 ~-1/2 + 1/4 -~ i X z- 1 ·+i X 2:.. 2 = o.Uooo::.: or7/S ~- i/L+ ·1/f+\/8 "0.11100: .·.·, 

'''Round off" miiy sorriet.i~es be delib~rateiy avotded *~en it is·ahticip;~edUiat additional accuracy 

and, henc~'' rhore bits may bey~q~ir:ed. in the future' ' '.fhe 'additional bits may be added without 

. changing.the original 1:umbe!. •.- Also;. this so~et~mes simplifies. the changing of the. original 

fiI'CUitry. 

Table Vlllists decimal tci ?inary convers.ions for decimal~ ·rrom· 0,01 to l.OOin steps of O .01. 

Table VllI Hs~s fractional' t6 biriafj, co~ve'rsi6ni fo~_fractions from 1/64 to 63/64in steps of 1/64. . . ' . . ; . .. . . 

. In general, when given ·a, d~~imal ~umber to: c~hvert to binary form, one should also know the 

. required accu.racy or repre~_enta:tion' .. , .Thus, :fo1e bits allows an accuracy .or one part in 32 or 

1/32 which is ~pprqxirrtately 3 pe; cent. Seven bits allow~ ah atci.lracy of one part in- 128 or 

1/128 which is about .one p~r. cent',. whiie :ten bits allows·_ari ~cc:uracy ?f 1,(1024 or a.bout _0.1 per 

cerit. . That this is true is easily_ seen ~ince ~ "l" in thete~th binary place -adds 1/1024 to the 

. final s~m' . A t~_ble of per~entage ac~ura~y of representation is give~ in_ Table IX' This table 

may b_e used whether the binary nui'.nbe1; is;· whol~:nurt1bei, fractional, or a combination .. It is_ 

the total number of bits which is sig~1ficant. 
·. . '' ' 

P.ROBLEMS 

Verify the_ following: 

I)· 3/64 = 0.000011 
2) 6/64 = 0.0001 lO 
3) 12/()'1 = 0.001100. 
4) 2'1/(,4 = 0.011000 
5) 48/(,'1 = 0.110000 

: ! ~l appt·ci'x. 8) 
.. 9) 

0,640625 = .0.1.0100.l 
. 0732 ·= 0.000 100 

o.no.11 "o.s4 
0.011011 = 0.42 

IO l l 
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TABLE VII 
'.··· 

DECIMAL TO BINARY CONVERSION TABLE ·• ' ' 

0.00 
··... .. ·, 

.0.000 000 00 . 
: 0:01 0.000 000 11 0.26. 0.10000011 0.76 · 0, 110 096 11 ' 0.010 000 11 0.51 

0·,02 0.000 001. 01 ~.27 0.010 001 01 0.52 0; 100 0.01 01 0.77 0.110 001 01 

0.03 . 0.000 010 c:io 0.28 o.oio 010 oo 0.,53 0.100 010 00 0.78 0. i 10 010 Ob 
0.04 0,000 010 10 0.29 6;01ooio 10 0.54 0.1.00 010 10 0.79. 0.110 010 10 

' :o .ODO on 01 .· 0.05 0;30 0.0.10 011 01 0.55 0. 100 011 Oi 0.80 0;110.01101 
'.'' 

· ci.06 0.000 011 11 0.31 0.010011 11 0.56 · . 0.100 011 ll. 0.81 0.110,011 11 

· .o'.01 . 0.000 100 10 
·. 

· 0.32 0.010 100 io 0,57 0.100 100 10. :0.82 . O; no 100 10 

0.000 101 00 
.. 

0:08 o.~3 b.010 161 00 0.58 o. ioo .101 oo. 0.83 0.110 101 00 

·.·· 0.09 . 0.000 101. 11 0.34. 0,010 iOl 11 0.59 b. 100 101.11 0.84 0.110 101 ll 
' 0.10 0. 000 110 , 10 .0.35 0.010 110 10 · 0.60 0.100 110 10 0.85 0.116 110 _io 

0.11 0.000 11100 .. 0.36 0.010 111 00 0.61 0.100 111 00 0.86 0.110 111 00 
'• 0.12· 0.000 11111 0.37 0;010.111 11 ·o.62 O; 100 111 11 0.87 ·0.110111 11 ' 

0.13. 0,001 ooo oi 0.38 0.011 ooo oi 0;63. 0.101 000 O.l 0.88 0. 1i1000 .61 

0,14 o.boi 001 oo 0.39,. 0.011001 00 0.64 0.101 001 00 0;89 0.111 001 00 

· o; 15 .0.001 001 10 .0.40 ·0.011 00.l 10 0.65 0.101 001 10 0.90 o. ri 1 001 10. 

0.16 0.001 01001 0.41 0.011 010 01 0.66 0.10101001 0.91 ·0;11.101001 

0:17 0 .001 011. 00 0.42 · 0.011 011 00 0.61 0. 101 011 00 0.92 O;lll 011 00 

0.18 0 .. 601 611 10 0.43 0.011 011 10 0.6.8 0.101 oil 10 0.93 ·o,i.n 011 10 

0.19 0.001 100 01 . 0.44 0.01 l -100 01 0.69 o.1oi 100 01 0.94 0. 111 100 01 

0.20 0.001100 11 0.45 0.011100.11 0.70 0.101 100 1l 0.95, o. 11 l 100 11 

0.21. 0.001101 10 .0.46 0.011.101 10 0.71 0.101 101 10 0.96 0.11 l 101 10 
·0.22 

,•' 

0.001 110 00 0.47 0.011 110 00 0.72 0. lOl 110 00 0.97 0.111 110 00 
.. 0.23 p.001 1,101 i ,;0.48 0.011 110 11 0.73 0.10111011 0.98 0.111110 ll 

'. ,., 
I 0;24• 0.001 111 0) 0,49 0.01111101 b.74 0.101 111 01 0.99 · 0.111 111 01 

0.25 0 .010 000 00 0.50 0. 100 000 00 b.75 0 .. l 10 000 00 1.00 1.000 000 00 · 
... 

·. Note: . Six-place decimal numbers frorn Table Vi have been used to cal cu late the above table. 
The binarf number has beeh rounded off by adding "1" to the 2-8 bit if there is ci "1 •. 
in the 2-9, bit, · · 

,, ,, 

,·.,:JI 

·. '. ~ .. 
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TABLE VIII 

FRACTION TO BINARY CONVERSION TABLE 

Fractional Decimal Binary 

0/64 0/32 0/16 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/l6 0.06250Q 0.000101 

5/64 0.078125 0.000101 

6/64 3/32 0.083750 o.oooi10 

7/64 0.094375 0.000111 

8/64 4/32 2/16 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,()10010 

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 13/32 0.416250 0.011010 
27/64 0.431875 0.011011 
28/64 14/32 7/16 0.447500 0.011100· 

29/64 0.463125 0.011101 
30/64 15/32 0.478750 0.011110 
31/64 0.494375 0.011111 

- ·----- --~---· --·--:--L..... 

(Table VIII continued on next page) 



32/64 16/32 

33/64 
34/64 17/32 

35/64 I 
36/64 18/32 ' I 
37/64 

1 

38/64 19/32 

39/64 

. 40/64 20/32 

41/64 
42/64 21/32 

43/64 
44/64 22/32 

45/64 

46/64 23/32 

47/64 

48/64 24/32 

.49/64 

50/64 25/32 

51_/64 

52/64 26/32 

53/64 

54/64 27/32 

55/64 

56/64 28/32 

57/64 

58/64 29/32 

59/64 

60/64 30/32 

61/64 

62/64 31/32 

63/64 

I' I 

'/ 
ii 

··-··, j 

TABLE VIII (Continued) 

Fractional 

8/16 4/8 2/4 1/2 

9/16 I 
I 

10/16 5/8 

11/16 

· 12/16 6/8 3/4 

13/16 

14/16 7/8 

15/16 
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Decimal Binary 

0.500000 0.100000 

0.515625 o. 100001 · 

0.531250 0.100010 

0.546875 0.100011 

0.562500 0.100100 

0.588125 0. 100101 

0."603750 0.100110 

0.619375 0.100111 

0.635000 0.101000 

0.650625 0. 101001 

0.666250 0.101010 

0.681875 0.101011 

0.687500 0.101100 

0.703125 0.101101 

0.718750 0.101110 

0.734375 0.101111 

0.750000 0.110000 

0.765625 0.110001 

o".781250 0, llOOlO 

0.796875 0.110011 

0.812500 (h 11d100 

0.828125 0.110101 

0.843750 0. 110110 

0.859375 0.1101 ll 

0.875000 0.111000 

0.890625 0.111001 

0.906250 0.111010 

0.921875 0.111011 

0.937500 o_.111100 

0.953125 0.111101 

0.968750 0.111110 

0.984375 0.111111 
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TABLE IX 

PERCENTAGE ACCURA.CYvs NUMBER OF BINARY BITS 

No. Approximate No. Approximate 
of Bits Percentage Accuracy of Bits Percentage Accuracy 

1 50 11 0.05 

2 25 12 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 

ponverted to binary form, each part is converted separately. The binary number is then written 

with a binary point separating 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 = 1 111 001 

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 per ce~nt. 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 = l 000 111 

When the whole number is combined with this decimal we get 

l 111 001.100 011 1 = 121.}6 

F.. Negative Binary Numbers 

It has been common practice. to introduce high-school students to negative 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 affix:ed to those numbers below zero and a plus sign (+) is affixed to those 

numbers above zero. The + and - might be thought of as additional symbols which enable us to 

double the range of application of the set of numbers. 

· If one is working with 5-bit binary numbers, .numbers from Oto 31 may be expressed; O =. 00000 

and 31 = 11111. Now if it is also desired to use 'negative binary numbers from -1 to :---31. an 

additional bit or il total of six bits must be used, since we are effectively doubling the range of 



TABtEX 
Pds1T1ve AND NEGA11ve·0.1NARY NUMBERS .. 

·.O 00,000(). 

+1 0000:oi 

+2' ooooio 

+~ 000011 

+4 oooioo 
+5 ·000101 

+6 oooi 10 

+7 000111 

+8 6oiooo 

+9 001ooi 

+10 001010 

+H 001011·. 

+12 ooi100 

+13 001101 

000000 :. 

~l 1iti11 
-2 .. Ti hio 
-:3 TiHoi 
.c.4 ,, Ti 11 Ob. 
.::cs 
-6 

1iio\1: . 
Ii 1010 · 

'···· : 

111001 

-8: 111000 

~9 110111 

·-10 11oi10 
-11 11ofoi 
'- 12 1101()() 
-13 · 1i6oll 

+14 "001110. -14 llQOi(), 
+ls 001 l n :... i.s .Tfooo.1 

+16 610600 .:.:,, i6' 110000 

.+17 610001 ·.:...17 ·toi11l 

+10. 010oib 

· +i9 01ooii 

·+20 610100 

+21 

+22 
'•. +23 

+24 

+25 

+26 

610101 

610110 

61<'.nll 
61 iooo 

.611001 

6i 1010 

~is 101\io 

...:19 101101 

..:.20 lC>'llOO 

-21 
...;22 

.,.23 

..:.24 

...:25 
, .\ 

..::,26 

101qfl, 
101010 

101001 

To1006 

1.00111 

16011oi 

.+27· oi 1011: • 'J.<.-27 100101 

+28 '·01110.0 -28 100190 

+29 ' 0.11101 -29 100011 

+30 01'1110 -.30 ' 100010 

+3.1 611111 .. ~31 , lOOOOL 

···,s; .. ·' 
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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 use, this ·".sign 

bit" is "O" with positive numbers and "l II with negative numbers and is identified as O or 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 Z3 = 10111 

sign 
t 

+23,,,010111 

complement To 1000 
add II 1" + 1 

-Z3 = 101001 

Example: take the number 18 = 10010 

sign 
t 

+18 = 010010 

complement 
add II 1 11 

To 11 o 1 
+l 

101110 

When "l" is added to "l" the sum is 11 0" with "l" 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 10 11 100 101 110 
+l +l +1 +1 + 1 + 1 + 1 -

10 11 100 101 110 111 

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 negatiV:~ 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 some simple arithmetical operations using six-bit numbers. Only numbers less 

than 31 are considered. Add two positive numbers, 5 and 9 

5 
Add + 9 

14 

000101 
001001 

001110 

Add two negative numbers, -3 and -8 

-3 
Add -8 

-11 

111101 
111000 
----

( I )I 1 o 1 o 1 

t 
discard 
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The carry out of the _end bit on the ieft is discarded, since we are dea-lirig-·witfi\.'oni~:s~x:..bit 

numbers and a se~~n-bit numbe~ is not defiried in this syitem._ ·N_ot~')~at'"ad.atngj.inl~ee~·,6_r1ei:;- . 

together yields. a "l" with a·'.' l ,; to carry .. · 

Add a positive_ and ne·gative number,. +lZ and -'-.7 

+iz 
Add. - 7 

+ 5 

001100 
111001 

(1)000101 ·, 
disca·rd 

iidd a positive' and negative number,. +4 and -13 

+_4 
Add .-13 

-:· 9 

000100 
.TlOOll 

TlOl 11 

·,··.·-. 

\if··~ 

·:ifY 
i;": -

-Thus it is seen that the negative numbers formed by the rtile.given:do; _iii fact, behave in.the_ 

same way as do the negative n~mbers' of a therm~ine~~r:· ~caie or the" rieg~tive--~umbt:ir~ ·in:~lgebra, 

Negati\ie numbers larger t_han.those given in Table X trtay be formed by.th~ rul~_giver.i ~nd wi~l be 

found .to follOW· the Same 11 COU.nt dOWn 11 sequence indicate.a in t_h~ ~ab}e. 

· The process 9f f~diiig the dedm~l -rriagnitude of a .neg~tive .hinar~ ii.umb~t- cdn9.is_ts ·of finding_ the 

. positive equivalent by the inverse of the method just given and .then.coriverti~iftnis ·num_ber to the 

decimal form .. In order to get the p6sitiv~ equivalent, a II l" is subtracted "rroni. the)ast bit oil 

the right arid then each bit is complemented. The exanipies- below illustrate this_ process:. 
. . . . . . . ·- .·: ... · .. ·. ' .... 

-9=110111 
Subtract "l 11 • ...:.1 

110110 
Complement 001001 = +9 

·. -lZ• = 110100 
·Subtract ,; l" .-1 

(1) 

- .. "'-""' 
.f-···· 

-. -~ 

. - ;~1~;··:,; .. ¥ 

·-~: , - : . 110011- · 
Complement ooi 100 = +ll . (Z) 

In the second example, it was nece.ssary to borrow. 11 1 11·· in order to subtract ·a II l_" ·frciin the 11 0 11 

in the last bit. Since the adjacent bit was also· "O'r-,. it _~as necessary to go to the third bit from 

the right to borrow a II l ";. this made i_t "O" and ·the other two bits 11 1 11 • The process of ·subtract-
} . . . 

ing one is equivalent to a "count down" of one and is the same as the method used in ordinary 

· · ~;it.hmetic, wh~th~r. binary or decimal.: 
. ··~· :· -~: ..... ~·,:i.;; . . . . 

It is)nteresti~g to note that the procesi;· of subtracti~g "i '! from a binary number .gives. the_ saine 
. . . . . . . 

.. result as adding a._numb(!!r·of the same length as the given·binary number and consisting solely 
) . . .. . . . . . . 

·· of ones., Reconsider the t"'.o examples jqst given, · · ·. · · · 



i 
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~ 9 =· t1 O 1 i i . 

A.dd. lll i"i. l · 

(.'l)TlOliO . 
· .. ·" f .. ·.· ... 

, di_s~iarE · . . .. 
Cdmpleineht: · ·00_1091 =·-1'9 : • · 

-· . "'7.tz."' 1 io 10·0 , ... 
Add· Tiln.·(· · · .. 

· .... -. (1)11<>o'u.· . 
. . ·. ' . 't . ·. . . . .· 
·. · · · . diSca.f.d- · . . ·· ·· 

; :· ·.•, 

... · .. 

... ··-

,·. 
·-.:· 

. .. . : ' .. ¢.i,µ;_pieineQt .. ·J>:o.rfoc> ": +! z .. • .. 
·-th~ ~:~~()~· 'ior thi~ 'iil.~~~est:i,ri:g. ~ro~e~ty ~~y .~~ '. u~d~~s·t~~d. if ~n~ co~sider~ w~~t happ~rts .~he~ ... 

. a."c~ne· is add~i to: a -~u~be'i- cort~isiing solely of oifes; . . . . . .. 

·tui'1' · 
·+1 

:(-l)ifOOOO : 
. t . 

'·disc·ard' 

Th~ orilY..nu~b~r y,hich may be a.dded"to +.i.to ·give ~ero ls ~l. he~·ce; Ti111 i~ t~e ab~ve.exarripl~ < 
,is eq~i~alent to --·1;. ·or. stated in algebraic f~rm,'·if A = Ti t'l 1 - . 

·A+l.=O 
· ... ·, ·.·.A=-~--

·this f~¢t ri'iay also be ~een by referring to Table X . 

. · :riie rltle for: forming n:egativ'e whole riuinbe~s ~lso applies to' fra~tioi:iat ~nd mixed numb~rs.. It 

. is .. irtlportar:it"to remember. tha; any ~o.Sitive binary number ~ay be considered as .having' ~erp~ 

.·.to ... the ~Elft'~f the m.6st·significant digit, hence in the process of coinplerrien,ting each bit, these 

· .. :, ·. --~~ditim1atbits are\o~pl~me~ted, · Ui~ usually o~iy_necessary to mak~ note of this fact m~n-
. · . .' tally so "thilt the pr.oper numbe"r of bits are kept. . . : . 

• In ali .t)le foilowiiig problems and examples, no positive or negative ~umber with .magnitude. 

,:_·>greater than l!f'or .with ~ore. than 1/i6 accura~y will be encount~red·. All numbers will have 

.'• ~ix bits tp the left of. t·he de~imai place (including ihe sign bit) and four bits to ·the_ right. (See 
'.Tables VIII and X.) . . . . . . 

Example: express. -3 ·3/1°6 in pi.nary form 

'3 3/16 = 0,00011.0011 
Comple·nierit, . 111100 .1100 

Verify: 

+l 

-3 3/16 ;= 111190.1101 

-11 1./16 = I1oioo.1001 

:.....14 10/16 = 110001.0110 

+8 4/16 = 001000.0100 

-8 4/16 '.' 11011.1.1100. 



Example: 

Add -3 3/16 and -11 7/16 

~3 3/16 = 111100 .. llOi 

Add -11 7/16 = !10100.1001 

Verify: 

· (1)i10001.0110 = -_i4 io/16 
t 

discard 

11 7/16 - 3 3/16 = 001000.0100 = +8 4/16 

3 3/16 -11 7/16 = l101i1.1100 = -8 4/16 
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It might be ~ondere·d jusf.'what application negative binary numbers would have. It is often con.-· 

.. ven:ient, .in certain kinds of calculations, to use negative numbers. One example of this is the 

process of subtraction. While subtraction can be don,e by certain· r~les it sometimes becomes 

awkward to implement this ·process. The process of subtracting +B from +A is exactly the 

s_ame as adding -B to +A. The process of obtaining a negative number is quite simple, and 

ti.·sually adders have already been built in the sy~tein so the subtraction is easily ~one. Also, 

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

of an angle which varies from O to + 1 to -i and ba~k to zero as the. angle goes from O to 360 
:.. . . 

degrees;-

IV. ARITHMETIC PROCESSES IN THE BINARY SYSTEM 

A. Addition 

The process for adding binary numbers - whole, fractionai and negative - has been. illustrated 

in the e:x:~mples gi~en in,past sections. Table XI below gives all cases .. The carry is added to_ 

the adji1.,c~nt __ bit on the ieft. . 
. :· .' 

In the_.c·as~s . .wliere.orie _is dealing with negative numbers, the given number of bits to be used 
.-. .·. . . 

(including 'th~' s·ign bit) )s ·decided in advan:ce. This number is determined by the largest number 

to be encountered_;and the fractional accuracy desired. A car~y out of the s_ign ~it is discarded 

since ari addit_i?nal bit has not been defined in the selected system. 

The process of addition proceeds, as in the decimal case, from right toJ~ft \1S each bit is added 

iQ turn. 

. TABLE XI·. 

ADDI-TION TABLE 
'· i i---------------f~ 

.Q + 0 =0 

1 + 0 = 1 

0 + 1 := 1 

1 + 1 . = 0 (and •. ta car~y) 

1 +. 1 + 1 = 1 (and 1 ta carry) 

TABLE XII 

SUBTRACTION TABLE 

0 ..:.O=O 

· c,:_ 1· = 1 (and borrow 1) 

l-0=1 

1 -1·=·9 
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The special case of ;;i.dding a series of ones to another number of equal length is t_he saine as 

subtracting one or "counting down" by one as previously explained. 

· B. Subfraction 

The process of subtraction is the converse of addition. Table XII gives the various cases. 
. . 

It is necessary to keep careful tab on the "borrowing" of ones which occurs tnore frequently 

~h~n in.the. decimal anal~gue. · Becau~e of this, it is sometimes more convenien·t to change.the 

subtrahend to a negative binary number (adding a si~ bit on the left)' and then add this negative . 

m.in:i,ber to the other :number. 

A~ B =A+ (-B) 
. . 
. . . . 

The special case of subtracting on_e ~rom the last bit of a number is equivalent to adding a m.im-

. ber of the same length consisting solely of ones. This i.s the convers·e of the special case stated 

in the section on addition. 

C. Multiplication 

In t;he decimal case, multiplication is c;:arried out by successive additions of multiples of powers 

of ten, e·ach multiplied by the multiplicand and .each positioned according to its power. 

Example: 

357 
134 l 1428 

· Add 1071 
357 

47838 

multiplicand X 4 x 100 
multiplicand x 3 x 10 l 
multiplicand x 1 X 102 · 

product 

The binary case is analogous. Multiplication is. carried out by successive additions 9f powers 

of two (multiplied by 1 or 0) each multiplied by the multiplicand and .positioned in accordance 

to its power. 

Example: 

10111 = 23 
101 .5 

. 1·-1-0_1_1_1 

Add 00000 
. 10111 

. 1110011 = 

multiplicand X 
multiplkand X 
piultiplicand x 

115 (product) 

l X 2Q 
0 X 21 
1 X z2 

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 pow~of two as 2, 1, 8, 16, etc., it is merely necessary to move the binary 

point to the right . 

.Example: ·-----
IOI .0000 5 X 1 5 
JO J 0.000 5 X 2 LO 
10 I 00.00 5 X 4 ?..O 
JO J.000 .0 ,. 

X 8 ·- 40 .) 

10 J 0000. - 5 X I(! = BO 

i 
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TABLE XIII 

COMPARISON OF DECIMAL, OCTAL AND BINARY NUMBERS 

Decimal Octal· Binary Decimal Octal Binary 

0 O· . 000000 32 40. 100000 

1 1 000001 33 41 100001 

2 2·. 000010 34 42 100010 

·3 3. 000011 35. 43 1000n: 

4 4 000100 36 44 100100. 

5 5 000101 ~7 45 .· 100101 
·' 

6 6 000110 38 46 100110 .. 

7 7 QOOll 1. 39 47 100111 . 

8 10 001000 40 50 WlOOO 
9 11 001001 41 51 . 101001 

10 12 001010 42. 52 101010 

11 13 001011 .43 · 53 101011 

12 14 001100 44 54 101100 

13 15 001101 45 55 101101 

14 16 · 001110 46 56 101110 
·,. 

15 17 · · 001111 47 57 101111 

16 20 010000 48 60 110000 

17 21 010001 49 61 110001 

18 · 22 010010 50 62 1100]0 
19 . 23 010011 51 63 110011 .. 

20 24. 010100 • 52 64. 110100 

21 25 010101 53 65 11010l . . 
22 26 010110 54 66 110110 

.,.. 23 27 010111 55 67 110111 

24 30 011000 56 70 111000 

25 31 011001 .57 71 111001 

. 26 32 011010 .58 72 111010 

27 33 Oi 1011 • 59 73 111011 

28 34 · 011100 60 74 · 111100 
-29 . - 35 011101 61 75 111101 

30 36 011110 62 76 · 111110 

31 37 011111 63 77 111111 
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The reader may recall that the problems given previously i~cluded such an example. 

D. Division 

The process of division is the inverse of multiplication. In the decimal case, 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 l or 0) are multiplied by the divisor and are 

successively subtracted from the number. The·re may or may not be a remainder. 

Example: divide 65 by 13 

10 l 5 

1101 hooooo1. 
22 H 01101 divisor x l X 

00110 
21 H 00000 divisor x 0 X 

1101 
H 1101 divisor X l X 20 

--
0000 no remainder 

The special case of dividing a number by a power .of two consists merely of moving the binary 

point the proper number of places to the left.· 

Example: 

1100000. 
110000.0 
11000.00 
,1100.000 
110.0000 
11.00000 

= 96/1 
96/2 
96/4 
96/8 
96/16 
96/32 

V. THE OCTAL NUMBERING SYSTEM 

A. Octal to Decimal Conversion 

= 96 
= 48 
= 24 

12 
6 
3 

Because octal numbers are frequently used in certain computing systems, a short description of 

their use will be given. 

As mentioned in Sec. I, the octal numbering system uses eight symbols; viz., 0, 1, 2, 3, 4, 5, 6, 

and 7. Counting in the octal 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, octai, and binary numbers in parallel columns. As in 

the other ·systems described, numbers in the octal system are written in terms of the powers of 

!he 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 negative powers of eight. An example of an octal 

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

l ? l 5 2 (octal) 
' t t 

(3 X 8 3) + (0 X 8 2) + (7 X 
. t t t 

+ (5 X SO) + (2 X 8-l) 
t t 

1536 + 0 + 56 + 5 + 2/8 

1597 .25 (decimal) 
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TABLE XIV 

POWERS OF OCT AL NUMBERS 

Positive Powers Negative Powers 

80 = 1 80 = 1 = 1. 

81 = 8 8-l = 1/8 = 0.125 

82 =· 64 8-2 = 1/64 = 0.015625 

83 = 512 8-3 ,= 1/512 = 0.001953 

84 = 4,096 8-4 = 1/4096 = 0.000244 

85 = 32,768 · 8-5 = 1 /32768 = 0.000031 

86 = 262,144 8-6 = 1/262, 144 = 0.000004 

87 = 2,097, 152 8-7 = 1/2,097, 152 = 0.0000005 

TABLE XV 

OCTAL TO BINARY CONVERSION 

0 =000 4 = 100 

1 = 001 5 = 101 

2 =010 6 = I 10 

· 3 = 011 7 = 111 

TABLE XVI 

OCT AL ADDITION TABLE . 
+ 0 I 2 3 4 5 6 7 

0 0 l 2 3 4 5 6 7 

1 1 2 3 4 5 6 7 10 
2·· 2 3 4 ·5 6 7 10 11 

3 3 4 5 6 7 10 11 12 

4 4 5 6 7 10 11 12 13 

5 5 6 7 10 11 12 13 14 

6 6 7 10 11 12 13. !'4 15 

7 7 10 11 12 13 14 15 '16 
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B. Octal to Binary Convet.sion 

"I:he base of the octal system is 11 8.'; The base of.t_he binary system is 11 2. 11 Since 23 = 8 one 

might expect some simple relatiortship to exist between numbers irt the two systems. The re -

1auon is. this: one octa1 digit may be replaced by a three -bit binary rti/.mbet which ~eptesents 

that- number (see. Table XV). 

Take the example just given: 

' 

3 
4 

(OH)' 

' 0 
4 ' 

. (000) 

7 
l 

( i 11) 

·s 
' 4 

( 101) 

2 (octal): 
4 

(b io) 

or oi1 ocib 1 i 1· 1oi.tflo (binary) 

The reason the odal system is ofteh desirable in computing machines is because the inpuf an·d · 

output nuinber~ may be in the octa'i systein t_hus reducing the length of .numbers by a factor of 

three times. brtce in the machine, the simple re1ation·between·octa1 and binary nu~bers, sho~1{ 

above •. allows tli.e irtformatiori to be processed ih the biriary system' which is the· riattirai way for 

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

system again for operating, say an electric typewriter. 

C. Octal.Arithmetic 

Arithmetit operations in the octal system are simil~r to those in other systeqie. The addition 

and multiplication tables are given in Table XVI as an aid to· these operations. The use of these 

tab.lea ~m be illustrate,d in the following two examples. 

Add the twp octal numbers 547 and 304. I( we refer to Table XVI, 4 + 7 = 13, so a 3 is put in 

the last pl~<:e, a_nd a 1 is carried to the next place where i.t is added to 4, givirig 5. Finally, 5 is 

added to 3, giving 10. Parallel operations in the octal and. decimal systems are shown beiow. 

547 
+304 ·-··-· 

(octal) = 3 59 
(octal) = + 196 

(decimal) 
( de c iriial) 

I053 (octal) = 555 (decimal) 

Multiply the two octal numbers 372 arid 53. If we refer to Table XVIi. 3 x 2 = 6 which is placed . . . ' . . 

.. TABLE XVII 

9CTAL M\.!LTIPLICATION TABLE 

' 
X 0 1 2 3 .4 5 6 

'' 0 0 0 ·o 0 6 0 0 

1 0 1 2 3 4 ,• .5. 6 
2 0 2 4 6 10 :.12. 14 

3 0 3 6 i 1 14 .v 22 

4 0 4 10 14 20 --~4:: 30 ·.·, 
. ' 5 0 5 12 17. 24 ~) . 39_ 

6 0 6 14. 22 30 36 44 
/• .·· .. . ' 

7 0 7 16 2,5 ~4' 43 · ·52 · 
,;·)<· 

. 
7 

0 

7 

16 

25 

34 

43 

52 

61 
,, 

" 

in the last place .. 7 x 3 = 25 so 5 _is put in the 

next place with Z to carry. 3 x 3 = 11 and add 

2 which was carried giving 13. Multiplication 

by 5 is similarly done. These products are 

added giving the answer. · Parnllel operations 

in the octal and decimal systems are giv_en 

below. 

372 (octal) = 250 (aecimal) . 
X 53 (octal) X 43 (decimal) -- --
1356 . 750 

2342 1000 ---
24776 (oc~al) = 10750 (decimal) 

· The special .cases where there is multiplica·­

tion or division by a power of eight are handled 
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bi me~~}y .s.hi~\'ing i~J· :~_ct~l )o,ih.t t~~ pjo~e ~ · iluinber. ·of:.pls;c~ s)o .. the .. ~i-ght: ;r:i~ :~~~ ·i-~ti r~ s~e'c; ~ . 
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.. ·6'00 .. ·. ,:·:, ;'.\' .. ,_. '··,' ,' 
' .;_·'•,' 

,.; :_D; ._Nega~ti~e:Odai~umb~~~:: ,, ; . :,, ... ·::.. >,:-· :· .·· 1'.:.;.·,
1,>. ,, ·.··.: ... · :.>:,·.-.,. .· :_·::. ', 

.. Betofe w.e ·give. the: /ule for. r6tmihg ·~·egative o~t~r tiumb·e~s:'.',: i~t ui~~ietiy .cil~hss n~gati~e :', ,i :.· · 
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\nuriib~rs:in'. g~heial.. : Metely ~fo~Ir:ii ~:.negative: f;ypibof(-{ tta ,numb~r doeS:ri~t' cJ:!.ange· th~·.:-:·· .. 
'!·numb~ r' itse.i.r, · .. iia ther it.· ~di~11-~i~ ·rn:~ kind.· of ·.op~r~ tid~ .~rt1c11 is. i~ ~(!· ~:~ rio~~~ ct :wtten ti~i{.,:: .< · ·. 
· {~jrilbbl is:,pres~·rit. ··)rhus;. in °th~,f~riiili11~-d~cimi1 .~'rste& :\vheri ·_+zi• i~ adci~d f6)isthe,actha1·. . 

'' ,:~p~r~tfoh is ~h·e' of' sµb~rac,tt<>n .. ilri cird~~J, actu~li~ ~dd·the j~Ositi~~ r14inbef\Z4.to t~~ J~g~tive 
' I• .~• ~ ' , ' ' , : , , •' , •' ' ' , ' , •.' , ; '' ' , ,,' , , ' ' , •' I , , • ' ' ' , , I , •,,,,: / • , ,"•: , " : ,• , ," ' , 1 ; , , 

.. · !1unibe:r .~is, "the:n:e·ga:tive iiumper .must. be fc,rmed 'tpgether::.with· a sign'dighf~r)Ust!,ncUon P.i.u~-. 

· · :p6s~s .. · '.rr~e h~g~tive nu~b~rsi'-tfois, f'6;med,. Iri~y be' add,e,d 'just as p,os'Hive·numti,er~. . 

,;\. 

••• ,' • • ': • ' ', ' •• ", .: •••• ,'' ' ' ' ••• ' ' •• ' '•.' ',, t ; ' 

·: One· d.~firtit._ion .. of ,a n¢ga~iV~ ri\.u:p.ber .''~A.".: might .. -b~. a~ (~1l·owS:: ·.:l, ·,,, ' ... 
\. .. ,, . ' ,, ' . . ·:. ,,•. : .. ,•'.. ... ;. . .. ' ' . 

·(+A,··+ (-J\r.=·:o.·i . .-, .~·· ... 
,. . ':-. 

silpp~se ire ili.J.k :ab.~ut: the. ~et of ~ne·~aig~~·d~~imal :symbols:· Let. us tabJ°ia:t~ nu111bers> ~hich 
'· .when .~dcl~d togethe'r' give II io. ,C SindE;- we are dealirig only with th~ 0Set of one -digit syrnbol~ • 
.'tne' II fn '.ill 101 1011.iS, diSCa~d~d·leaving l\(); 110 •. 

. . - . . . 

Numbers·. Numbers which 
·to. be made must be a:dded 

Negative tci·:get Zeto Discard 

' ' ·, ' O· + 10 = ' (1)0 
1 + 9 = (l)O 

z + 1:1 = ( 1 )O 

3 + ·7 ·= '(1)0 
4 + 6 = (l)O 

s ·+ s = (' 1) () 

6 + 4 = . JJ)O 

7 +. 3 = ('l )O' 

8 
· .... 
+ z ·- . ( 1)0 

9' + · .. ,1 = . ( l)o 
" 

·'.,: 
,, 

5 

=· 
. ==· "• 

. •·,:'•· 

···9•'s·Complement. 
' ' '' ' 

0 + '(9-0) . + l 

1 .+ (9-1) 

z + (9-Z) 
'·, 

3 + (9.:.3) 

4 + (9-4) 

5 ·+ .(9:~). 
':; ... ·. 

6 + .• .. (9.:.6) · 

7 ··+ :' (9-7) 

8 ,+. . ,,(9-8)' 
. . ' i 

9 .. :+' (9-9), · 
. ', .. ,: •: 

+ .. 
+ 

·+' 
+ 
+ : 

+ 
+· 

.: + 
+· 

'l 

l 

1 

l 

, 1 ' 

' .l ' 

l 

'l 

1 ' ' 

··:, -..::·:i-./, .. ::·. 
'.. . . , .. : . '. . ' : ~ . . .' . . ' ' ' _. : .. ' ••" . . . . ' .. : . ·: ,' .. ' ', \'" - ~. ; . \ '. . ' ' ' . . ' : . . 
~it\i:T~e .. quantity within., the p~renthe ses)s known ag, the'. 9 's•, complement :of :a digit.'. Fre>m · the above 

• r.>!i 7, ,' • ; • , ' •. " , .' ·:. ,. .' •, · · ·, " · ,· .• ' · . • • ' 

. •.· ·. fa;btilat'fon .it 'is seen•thatifa dfgit's '9i s coinplei:nent plus r' i's added to'th~ 'orfginal 'digit, the re·.:. 
'·,,,, stifris·O (in our single::.digit:s~,t): ife·nce, it_i;i~ha~~,s as a'neg~ti~~ n.~;ber\ ,. . . . 

. . ,:,,1ri oA?Efr :to disti~guish be~J~if ;e~~:\t~, ¥1nd P.~~}Uv~·pumb~i~ ··~ ~·ign 'digit is :~sed w~i.~h is o f~r . 
':';.p_ositii~i:humbers and 9 ror'.:~fga\ivE;·.11.umtiers.,.,"A's an example, we may talk about positive and 
,:.;~;!'tegativ~'(numoers which cio ·'if~fe'~ceed :9: i·n· ma~~it~cte. ':A table ro; th~s se.t may now be constructed 
,;:it.J.~Ar;ig:J:~~Krule or forming the .·9 • s complement and adding 1. 
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Positive 

+ 1 = o l 
+2 = 02 
+3 = 03 
+4 = 04 
+5 = 05 
+6 = 06 
+7 = 07 
+8 = 08 
+9 = 59 

Negative 

-1 = 99 
-2 = 98 
-3 = 97 
-4 = 96 
-5 = 95 
-6 = 94 
-7 = 93 
-8 = 92 
-9 = 91 
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Let us perform operations whose results do not fall outside our set of numbe~s from -9 to +9. 

-1 = 99 
add -4 = 96 

-5 = (1)95 
t 

discard 

-7 = 93 
add + 4 = 04 

-3 = 97 

-4 = 96 
add + 6 66 

+2 = (1)02 
t 

discard 

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

reserving 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 l'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 Ofor positive nu.mbers and 7for negative numbers. Table XVll 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 O to 31 (decimal): 

Example: express -16 (de.cimal) in octal form. 

16 (decimal) = 0020 (octal) 
7's complement = 7757 • 

+l 

-16 (decimal) = 7760 (octal) 

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

27 (decimal) = 0033 (octal) 
7's complement = 7744 

+l 

-27 (decimal) = 7745 (octal) 
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Example: express -59 (decim~l) ·irt Otta! form. . . ·, . .. . ' . 

59 (decimal) = 0013 (octal) 
7's complement ,:' 7704 

. ' +l 

-'59 (decimal) = 7705 · (octal)· . . . 
. . . . . ·. . . . . 

Examples of arithmetic.operations.involving negative m,irl\bers are'given below: 

.Decimal ·6Cta1 

-16 = .,7760 
Add .-'Z7 = 7745 . 

-.43 - (1}7.725 .·. 

Add 

. . t 
discard 

Decimal dc'.t-al 

.;.:16 ·= : 1160 .. 
·+27= ... 0033 

+l i = (l}<J013 
. . t 
'discard 

Decimal Oc'tal 

·c..59 =' ·7705 . 
.Add _ '-'..59 ·~. . 770 5 

(1) 76! z. 

... 
Add: 

. t . 
discard 

·Decimal Octal. 

-"-.59. = 7705 
+ Z7 = · 0033 

-3Z = 7740 

Page 27. 
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1.0 BRIEF 1ESCRIP.l'ION8 OF THE COMPASS PROGRAMS 

There. are •. ·ten programs, one table ( the COMPASS Compool), two system . 
subroutinee an<1.·n1ne related programs in the COMPASS system. Eacq. 
of' these ·is described in detail in later chapters; .. they are listed 
here by. way ot · introduction. · 

. l.l. COMPASS Progra.I!ls 

1. COMPASS Tape-to-Drtttn Prof2-:E1.lll (0350)~ R~~ds the contents.·of' the 
cor,wAss tape.onto_dr\$s,. and then reads the·co~ASS Control·Pro­

.gram (0368,) and-the General Input (03~)·and General Output 
( 0361) subroutines into core from drums. . Tlrl.s program then turns 
control "over·. to the COMPASS Control Program. 

2. Memory Print .(0352). As, a convenience_. in· prep:i.ring COMPASS,· it 
was decided to· include e. routine to print out the contente of. . 

·any part of memory,·".I.'his is not a function necessary to the 
successful operation ot COMPASS; .jt,is .useful ~imarily as a 

·. checkout· tool in the prepar~tion of new versions of' COMPASS. 

3. Assemble· ··compool (0363). Thio program produces, ·f'rom aymbolic 
cards, ·a binary COMPAS.S Compool for the use of the Program 
Translator, Assemble.Sequence Parameters and Environment Simu­
lation Programs •. Its output is on cards or tape. 

4. Assemble Sequence· Parameters (0364-) •. This program accepts 
n;,mbol1c.: input defining the sequence· of' operations and trans­
f'ers in the DCA. program. It produces the·binary sequence 
to.bl.es required by the DCA program. Aa with the Program , 
Translator, it writes. its. output on cards or .. tape... • 

-t ~ • • ' 

5. ' Assemble ·Geogr"aph~ (0~6~. Thie program is a.~revised version ot 
the program SGO ( ixe. ography Bituo.tioli Display - DCA 5.3.3.0). 
Its input·is symbolic cards listing.the geography display re­
quirements for a SAGE sector •. The progr_am makes up the display 
messages., stores them on the display drums and also prese~s 
the binary ·messages on cards or tape. ~ 
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6. Environment Simulation (0366) It ia conven_ient ·to be able to apeoify 
the contents of.DCA tables and items in -symbolic torm, since the 
Co.mpool contains the information as to how and ~ere thia ·ia to· 
be stored. Thia program will convert such symbolic data to birl&1'7 
form. It v:l.11 not, however, store: this information in the Compool• 
specified location, since the CO~ASS system utilises virtually all 
ot the computer memory: its outw~ ~a stored on cards or tape, in 
a :rorm ·i~ which it ·can readily be 1read into memory when _some apecitio 
teat ie 'to.be run. · 

i. 
' . I 

7. File, Maintenance (0367} Aa will appear f'rom the deac~ipt:;iona in· 
tht1 body ot this document, COMPASS is moat effectively used when 
its input and output are on tape, rather than on cards. Ideally', 
the only cards it should be required to read are control cards; it 
should punch co.rde only for special· -purposes and not. as a general 
rule. Therefore, facility is required to handle these tapes iri the ·, 
so.me way that a programme·r or· EAM equipment can luuldle pun~hecl c~ •. 
The File Maintenance. Program is this facility. . It allows the pro•. 
gr8.ll'llller .. to reo.rrange, change, delete, insert, merge . and. .examine ap• . 
bolic or btnary tape ~~ord,Ji. · 

8. COMPASS Control (0368) Thia control program determines the ~eq1:,1ence. · 
of operations to be performed and controls the core envi~nment of 
the other COMPASS programs. To do ·this, it· reads and interprets ... 
control cards; stores the information from these cards,_and branc~ea 
control to the required program. When the operation baa been com• 
ploted, the program branches back to the Control Program, which. 
takes the next request from the card reader. ·The-COMPASS Control 
Progrr.Lin performs no useful util:1.ty function i tae·lf, but Only 
directs.the operation of the other COMPASS programs. 

9. Pror;:rnm _'l'ro.nslator {0370, 0371) ·Thi'& is the basic assembly- progralli 
at the heart of the COMPASS system. It reads symbolic input .(from 
·co.rdo or prestored ·tape) and converts the information into binary · 
inotn,ctions and ,constants. It preserves this bi~ry data on ·either 
cards or tape. It will al-so produce, it requested, a listing ot · 
the program it has assembled, shoving the symbol~c input and the 
corresponding output in octal form. Although this program consiata 
of tvo separate decks, it is .operated as a. single program, and it 
is treated as ouch, ~ 

10. Link (0372) Translates a preotored, Lincoln o_ymbolic deck into 
a COMPASS oymboli-c tape, 

1.2 COMPASS Compool 

An intogrlll part of the COMPASS system is the binary compool. Thia ia 
a complex series or tables -ot about €,ooo re_giaters le~la. 
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. r.j COMPASS Subroutines 

i. General Input (03WL Gen.er8.l Input .is a closed subroutine allow­
ing the programmer to s:pec:\.fy, by mee.ne of calling sequences, 
various input operations a.nd conversions. ' It will read ·cards 
or Hollerith tape :recorcla,. and C(,rnviert any field f'rom octal· or 
decimnl to bina:ry. It will ree.d., a.a one operation, one record 
of. up to 20. worcla from tap':!. If tape recor'dB a.re longer than 
this, informution ill the 1".ter words, will be lost. 'Two calling 
sequences a.re necood·to cres.te o. full binary word. 

2, General Out~t ~61) Geu~ral Output ia e. closed subroutine 
enabling the pxogri;mu:u0r t 1J produce the equivalent of a 120 
character print line in "1,ny forma.t desired; The program, under 
the direction of the proe;r,:-<J:11mer, · will convert binary information 
to Hollerith chii:r-1:1.ctcrri ~.na. atore them in a 24 word "ta.pa image. 11 

It will write th,~ r,"eord on t.u,pe, convert and print the 24 worda 
as one line cin the lin0 printc,r, or convert and punch the first 
64 characters on e, co.rd, 

1,4 Other Programs 

Associo.teci with COMPASS, but not n. rcrt of it, are several programs 
Which are e.va.ile.ble only I.HI bl1w.ry cnrd ae,cks. As requirements for. 
such _programs chnngc, th~:: liGI; 1, 1:ndn to ·grow. 

1. Core Read-In, A one-·offd. ;wogram which read3 binary cards into 
coi;~fLer. r0>:'l,d.-J.n, it }i(l.ltn. 11 P1.·ognim Continue" branches to 
the str.i.rting addreDs.1 ns specified on the biM.r.y END card, The 
program also lw.lts on cl1Fcksum en·or, "Program Continue" causes 
the error to be ig.c1orca., tmd the card to be processed in the . 
normal manner. 

2, Drum Read-Ill, A one -c>J.td. pn,gra~ which rends in binary cards and 
stores thelr conLentu on drwrm. Aft;1.H' read-in, it halts. The 
program niso h11.l tn Con cheekm1m error. "Prog.J:"(:l.m Continue" causes 
the· error to be ignond, ri.n.d the card to be processed in the 
normal mo.oner. 

3, 'F.nviromnent. Sj mu1ntion ncnd-In, A two-ciJrcl program which reads 
'irito core or onto d:cum(I birw.ry ca.rd.a of· the format :produced by 
Env-lrcmmcnt Slmuln:LJc,rL After reod.-in) the progrrun halts .. It 
also halt.a oo chccltcq1m e:rror. "Progn1m Continue" co.uses the error 
to be ignorect ntHl the. 01.ru. to be ,pr.oceosed ,in the nonna.l., msumer. 

4. · Octnl Lo,J.d. RetJ.da luto core en" d1ruma -.co.rd.a cconbalning octal addresses 
o.nd octtll vn.lueo. 
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. . ,.. : ~":ite~(l.;.!~~ .·: Reads OIUt ·program ~r a set ot ctata :troai.biriar;t . 
· tape. (ih!ch 18_ in COMPASS format); l'b atorea in core or on : . ·. . . 

. · drums,· aa epecitied in the tape record. After reacUng in.-ona . , ', . ·.- . 
. _:. ·s~t ot_ data, 1t· Halt,s. ''Progre.m Continue" causes. the next oet ·. . ·-:. 

· · of.:,reaQ:rda· to be :read in. . If' the program on bi.l:iary'. .tape has . : / 0,· ; .. '. . 
: beeil lil~embled. · for ·core,._ "Progra.111 _ Cont:lnuett w1 th aenoe oY.l~cb · '·. · · _: ·. 

. l ctovn vJ.11· operate the progra.m· since the TA.PB ·READ. Iw· program · ·. : :' . 
vi1l. 'branch ·to the adclresa · specified :in the core operate re9ord., · .. ·. ·. ·' ·, 

.·· ,::.·~.::;r'.-'t1n1~;·s111'°·6~ ~~~- A··program ·to reacl:in-~y·CO~AS~·:bfnaey ~>.:.:.:-·' 
: _>; : .. >, or.. o.ctal ~orrection cards, : Fo~ cbmplex decks,· tbi.s vil).-aimp,iif7 _-·. <'.· · . 

. · ;_· :· :~.· :_:: -the _rea\l..;in_-proceas. _ Its. d:lsadvantage ia_ that it ~· _lon~r ,t.b¥,.·.·. ·:-",.: .. > .. 
: :: .. :.,: , Bl11' e>t. the. simpl~ read•in programs. ·· . . -'. . . : · , ... · -· .. :: ., , ·_ ·. 

. . . . . . .. ' . .. . .. . . . ,· .•·. . : 

' '7~ :i> ,eh~ck.~tjm do~ctor, ' _Reads· on~ car4, computes .:a n~w. checksum, ·and···. > . 
. . · punches out .a card Yi th a co~ctea. checksum. This opei:-ation' Yl.U' · 

· · _continue 'until· EOF concli 1;ion· i, reached in the · card reader. 
' ' '' -

... Punch 21'-word .. c~. Prod~cl!a b1JmY cards trom carde0 punched in·.- : ··· .. '·· .. 
symbolic ··f'orm. . . . . . . . ·. · . . · . ·. ·.: . 

8 •. 
. . . •;' 

. . . . . . . ' . . . . •,• ' . . ;. · ... •:{. : . 
9~ · . storage Dump •. ·A .one-ca.rel program which brings thee MemoJIY' Print_·. "' 

_lirogram (0352) from its· COMPASS drum location. . · ... . . . 
•• • I,' 

!'· 

' . . ~ . ... 
; j ' • 
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2,0 OPIRATINO INSTRUCTIONS FOR .COMPASS PROGRAMSa· 1 PROGRAM '1'.RANSLA'l'OR 
2 · ASSEMBLE COMPOOL • ASSEMBLE SEQUENCE · PARAME'l'ERS 

MISCE US INPORMATION. 

2,1 Starting·CoMPASS· Operation trom Scratch 

1. , Put COMPASS master ·tape ·on tape drive fl. 

2. 

3A, 

Put COMPASS Control Card into card reader ( aee ·.'indi v1duai program 
deacript~ons in this document· tor format ot card). _ . · 

Decks to· be loaded f'rom cards: . 
Insert symbolic deck into card reader, following the COMPASS 
Control Card (see individual program descriptions 1i1 this doou• 
ment tor :t'ormat·ot decks). NOTE: If' you wish to process 
several decks, a COMPASS Control Card should precede each deck, 

-Do'cks t9 be loaded trom tape: · · . · 
. Put .tape on which the aymboli·o deck( a) baa been loade4 on tape 
drive {12. NOTE: If' you wish to process several decka, the7 
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.tape drive 13, 

'lf-'B,, Binary output on cards deairecl1 · . 
Place sutf'ioient blank earda la -car4 1111Bab., ,ana. make punch rea~. 

5A, Symbolic o""tput on tape desired: 
Place blank tape ·ora tape drive {14. 

5B, Symbolic output on pri:iter deaired1 
Place auf'f'ioient blank :pe.per'. in direct line printer and make 
printer ready. 

6. Lincoln Utility Teat Memory plug~oard ahould be uaod, 
. . 

7, Preas "Start from Teat Momory." . 

2,2 It COMPASS Ia On Druma (and no part ot it baa boon do_atroyed)s 

l, Perform atepe 2 to 5 in Section 2,1, a~ove. 

2, Pre as "Load From AM Druma. " 



.. 

.:/ '(f /·'· i '.]M~·i5 #3 . · ' Page ~~ · '.) :: -,,}': ···:.,· 
... ·::. ···:. . . . . .··.=:-:::·Y:~·_:~ 

ee . t a. :broutine ... t:i:b · With The Pro . Trtmsi.e.tor · (see Section 4.o ·".?:· 
of this document· .. for definit:1:o~s of te~s tis~d· below • . . ..... ·.): 

The 11~~- kpe ~~· ~oade~ ob·,Tape ~i~ #lo. ~e~··ia.llO·CQ~lfct ·;~~ :/e .. ·:. · 
the COMPAsS· ma.st~r· since once ·coMPASS ·is on ·drums:; it ·doe·s not ref'e:r to : :i·'.:.>.:.,-_. 

. the master again.' If the. Program T:ransiator finds a binary tape OD . . .··,· 
Tape Drive #1 (presumably the COMPASS master) it will halt af'ter logging 
"LOAD · SUBR LIBR ON ii". The fl,ssembly :will be continued ·a.f:ter the· · . . 
library tape is switched ·on rµid "Progre.m.·continue" action 1• taken. \ ~ : . '· 

2,4 · General. Printouts' 

1. - "READY READER" : . Car<l 1ree.der is empty; COMP4$S Control Program . 
halts. · :rt further work involving the COMPASS System is to. be performed, 
put a. .COMPASS Control Card in the reader; foll9wed by.a s~bolic deck · 
(or a tape on the proper tape .unit) and press ''Continue". · 

2. "MORE INFORMATION REQUIRED" = COMPASS_ Control Card is not complete 
(if columns 18 - ·23 are no~·complete.or are incorrect."Illega.l Cs.rd",is 
logged) or is incorrect; COMPASS Control Program halts; correct the · · 
card and press ".Continue." 

3. 
· not 
the 

"IL!.EGA.t CARD" 1.11 Colum.us 18 - 23 of· the: COMPASS Cont~l · Card a:nf 
complete or are incorrect; COMPASS Control Program halts;_ correct 
card and press "Continue." 

2, 5 "WAIT" COMPASS Control Card . ( Other COMPASS Control Cards are discussed 
in indi vidua.l program descriptions· in later sectio~s of --~hip document.). 

There is, at present, a con·tr'Ol ca:r.d with "WAIT'i in columns 18 - 21. . 
Thi_s is a directive to the COMPASS Control _Program to halt before read-

', :tn:g 1 the next control ca.rd.. WAIT causes COMPASS Control to· ha.it while 
select lines are switched or tapes a.re i.oaded, Upon "Program Continue", 
COMPASS· Control wili, read and. carry out. the next ·COJltrol · card "in the 
reader. · · · 

2. 6 General Statement ~ .. Loa.ding a.nd UaiD.fS COMPASS 

COMPASS is available as a binary tape. The f'ormat~~f': this tape is con­
sistent with that described in the chapter on t-orma.ts,·since COMPASS 
is naturally capable of o.ssembli.ng itself as ,a. ·bina;ry• tape, in the same 
fashion as it assembles any program system. 

The first program record is a drum loading.routineddelJigneci.;to. be-read 
,in by the test memory program whlch is used f'or'·ther:Uncoilnl,'Utility 
System. · "Drum Loa.d" load.a the entire COMPASS syste!D on :dnmts,, and halts 
after logging "COMPASS ON DRUMS." The binary COMPASS;tape1is,no longer 
required, unless drums a.re c:r.o.sed or destroyed by some means external to 
COMPASS, The system will ~der no conditions destroy itself'. 

;,. 

. .... ·.: ··.: .- . 
. . :~ . ~>.? 

. ,. · ... · 

,, _· :_. 
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Once COMPASS is on drums, "LOAD FROM AM DRUMS" reads in the COMPASS 
Co~trol Program, e.nd the General Input and General Output subroutines. 
General Input a.nd General Output are essentially system subroutines 
for COMPASS. They a.re always in core at fixed.locations a.Iid are used 
by a.11 COMPASS programs. The Q_OMPASS Control Program is controlled 
by cards of' the format described below. It exa.nrl.nes ca.ch ca.rd for 
errors and omissions. If the ca.rd is incomplete, it is logged 'With 
"MORE INFO REQ". If the card is unrecognizable, it is logged with 
"ILLEGAL CARD" below it, In either .case the control pr9graru halts, 
Prepa.red to read another control ca.rd upon "Pro~a.m Continue." 

If the card is acceptable, CC calls in the required.program and 
stores the control information in.binary form in a location accessi­
ble to that routine. For the Program Translator, for example, the 
control information defines the modes of input end output, and ~ether 
one p:J,oe;ra.m is to be o.socmbled or o.11 programs on the input medium. 
Ea.ch routine returns control to the COMPASS Control Program after 
it has completed its op0r1:1.tion; the COMPASS Control Program the11 
-reads in the next control co.rd and the process continueo. 

2.7 All COMPASS progrnms which produce!:\. binary card output a.utoma.tica.lly 
:feed two extro. co.rdo through the punch. The uaer need no longer 
:press STOP, FEED,twice on the punch1 to get the binary output of a. 
,run. 

:e./8. 'The. COMPASS to.po-to-drum program now performs a. load from AM drumll 
function after logging COMPASS ON DRUMS. Thia has the eff'ect of 
~~lrig:1.ng the Control Proe;:rom, IJcneral Input, nnd General Output 
into core. Whereupon the Control Program immediately tries to read 
o. control co.rd. To ata.rt COMPASS operating: 

1. COMPASS Master on unit 1 

2. Set up tapel!l o.nd/or cards 

3• Control co.rdo in road.or 

14, Ready roo.der 

'.5-, Start from toot memory 
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STARTING COLUMN 18 25 30 36 , 
SVM~ 
OUTi 

.... , M!AN1NG ~UNCi SYMB BIN 
OF FtELDS IN OUT 

ASSEMBLV CARDS 

AOl 
A02 
A03. 
A04 
A05 
A06 
A07 
A08 
A09. 
AlO 
A 11 
Al2 
Al3 
Al4 
AlS 

· Al6 
Al7 
Al8 
.\19 
A20 
A21 
A22 
A23 
A24 
A25 
A26 
A27 
A28 
A29 
A30 
A31 
A32 
A33 
A34 
A35. 
A36 

ASSEMB TAPE TAPE. TAPE 
'ASSEMB TAPE TAPE TAPE 

ASSEMB TAPE· TAPE· TAPE 
· ASSEMB TAPE T A'P.E TAPE: 

ASSEMB TAPE TAPE ~IR· 
ASSEMB TAPE TAPE. D'IR 
ASSEMB TAPE· TAPE DIR 
ASSEMB TAPE TAPE .DIR 
ASSEMA TAPE ·TAPE NONE 
ASSEMB T.APE TAPE NONE 
ASSEMB TAPE TAPE NONE 
ASSEMA TAPE TAPE NONE 
ASSEMB TAPE CARD TAPE 
A~SEMB TAPE CARD TAPE 
ASSEMB TAPE CARD TAPE 
ASSEMB TAPE.CARD TAPE" 
ASSEMB TAPE CARD DIR 
ASSEMB TAPE CARD ptR 
ASSEMB TAP{: ~,i\ijD D'I R 
ASSEMB TAPE CARD DIR 
ASSEMA TAPE CARP NONE­
ASSEMO TAPE CARD NONE 
ASSEMB TAPE CARD· NONE 
ASSEMB TAPE CARD NONE 
ASSEMB CARD TAPE TAPE 
ASSEMB ~ARD TAPE TAPE 
ASSEMB CARO TAPE DIR 
ASSEMB CARD TAPE UIR 
ASSEMB CARO TAPE NONE 
ASSEMB CARO TAPE NONE 
ASSEMO CARO CARO TAPE 
ASSEMO CA~O CARD TAPE 
ASSEMB CARO CARO DIR 
ASSEMB CARD CARD DIR 
ASSEMB CARD CARO NONE 
ASSEMB CARD C~RD NONE 

42 . 47, 
TYPE 
STOR 
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. . . : . . 

. _·~ .. ·-~. :. ··, ~ .. 

EXPLANATION~ 

DRUM ALL TAPES IF .. REO 2,3•4, RESPECT 
· DRUM TAPES IF ~EQ 2,3,4, RES~ECT. 

CORE ALL .TAPES IF REO 2, 3 ,4, RESPECT · 
co.r~E :;-_· TAP-.ES fF. REQ. 2.i3.,4~, RESP_ECT 

g~~~ :'ALL ~t:~: .. :':·l ~ :~~ .,~:; :·:: :~!:i~~ 
CORE· ALL, fAPES l·F REO 2, 3 ,4, RESPECT 
CORE . TAPES IF REO 2,3,4, RESPECT 
DRLJIM ALL TAPES IF REQ 2,3,4, RESPECT 
b~UM TAPES .IF REQ 2,3,4, RES?ECT 
CORE ALL TAPE:S ff REQ. 2,3,4, RESPECT 

·CORE t.APES l·F REO 2,3,4, RESP~CT 
DRUM,ALL TAi:>_l;'S·IF REO 2,3,4, RESPECT 
DIWM . TAP~S. IF REO 2,3~4, RESPECT 
CORE .ALL. TAPES IF REa· 2,'.h'+, RESPECT 
CORE . TAPES IF" REO 2:,3,4,·RESPEC.T 
ORVM AL.L. TAPE-·s· ·ff RE0.2,3·,4, RESPECT 
ORUM. TAPES IF REO 2,3,4, RE,SPECT 

- CORE ALL:· r°APES:;:·1,= REO 2,3,'+, RESP.ECT 
CORE" . TAPES:< F·REQ 2,3,4, RESPECT. 
DRUM A't.L TAPES. F .REQ 2, 3 ,4, RESPECT 
DRUM .TAPES f REQ 2,3,4, RESPECT 
CORE ALL TAPES F REO 2,3,4~ RESPECT 
CORE. TAPES FREQ 2,3,4, RESP~CT 
DRUM· TAP~S FREQ 2,3,4, RES~~CT 
CORE TAPES F ~EQ .2,3,4~ RESPECT 
DRUM TAP.E'S F REQ 2, 3; 4, .RESPECT 
CORE TAPES F REO 2,3,4, RESPECT 
ORV~' TAPES F REO 2,3,4,· RESP~cr 
CORE TAPES F REO 2,3,4, RESPECT 
ORUM TAPES F REO 2,3;4, RESPECT 
CORE~ TAPES F REO 2,3,4, RESPECT 
DRUM TAPES. F REO ~,3,4, RESPECT 
CORE TAPES FREQ 2,3,4, RESPECT 
DRUM TAPES FREQ 2,3,4, RESPECT 
CORE TAPES F -REQ 2,3,4, RESPECT 

-: .. ,·. 

. ;··-.. 
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ASSEMBLE COMPOOL 1 CARDS 

COi COMPOL TAPE TAPE TAPE TAPES F. REc;> 2,3,4 RESPECT 
CO2 COMPOL TAPE TAPE DIR TAPES F REO 2,3,4 RESPECT · 
(03' CQMPOL TAPE TAPE NONE TAPE.S F REQ 2,'3,4 RESPECT 
C04 COMPOL TAPE CARD TAPE TAPES F REO 2,3,4 RESPECT 
cos COMPOl TAPE CARO DIR TAPES F. REQ 2,3,4· RESPECT 
(06 COMPOL TAPE CAR(> NONE TAPES F REO 2 ,_3 ,4 RE'SPECT 
C07 COMPOL CARD ·JAPE TAPE TAPES F REO 2,3,4 RESPECT 
(08 COMPOL CARD TAPE DIR TAPES F REQ 2,3,4 RESPECT 
(09 COMPOL CARD TAPE NONE TAPES F REO 2,3,4 RESPECT 
CIO COMPOL CARD CARD TAPE TAPES F REQ 2,3,4 RESPECT 
en COMPOL CARD CARD DIR TAPES F REQ 2,3,4 RESPECT 
CIZ COMPOL CARD CARD NONE TAPES F REQ 2,3,4 RESPECT 
C:13 COMPOL TAPE OCP TAPE 4 
(14 COMPOL DIR DCP 

! 

'ASSEMBLE S·EQUENCE PARAMETER CARDS 

S01 SEQPAR TAPE TAPE TAPE TAPE~ 'IF REQ 2,3,4, RESPECT 
S02. SEOPAR TAPE TAPE DIR TAPES IF REO 2,3,4, RESPECT, 
SOJ: SEQPAR TAPE TAPE NONE TAPES IF REQ 2,3,4, RESPECT 
S04 SEQPAR TAPE CAIW TAPE TAPES IF RECI 2,3,4, RESPECT 
S05 SEOPAR TAPE CAim DIR TAPE'.S ff REQ 2,3,4, RESPECT 
S06 SEQPAR TAPE CAl~I) NONE TAPES 1F REQ 2,3,4, RESPECT 
507 SEOPAR CAf~D TAP[ TAPE TAPES IF REQ 2,3,4, RESPECT 

SEO.PAR " . 
S08 CARD TAPE DIR TAPES· IF REO 2,3,4, RESPECT 
S09 SEQPAR- CAIW TAPE NONE TAPES IF REQ 2,3,4, RESPECT 
SlO . SEQPAR CARD CARD TAPE TAPES. IF REO 2,3,4, RESPECT 
Sll SEQPAR CAI~[) CAim DIR TAPES IF REQ 2,3,4, RESPECT 
512 SEQPAR CARD CA RI> NONE TAPES IF REQ 2,3.,4; RESPECT 

ASSEMBLE ENVlRONMENT ~IMlJLATION CAl'WS 

EOl . ENVSIM TAPI:. TAPE TAPE · ORUM TAPES IF REO 2,3,4, RESPECT 
E02 ENVSIM TAP!.:: .TAPE TAPE . CORE TAPES IF REQ 2,3,4, RESPECT 
EOJ fNV!;IM TAPE TAPE t) 1R O'RUM TAPES IF REQ 2,3,4, RESPECT 
E04 ENV!ilM T.API: TAPE I> I H com:· TAPES IF REO 2,'3,4, RE.SPF.CT· 
EOS ENVSIM TAPE TAPt: . NONE OIHJM .JAPES 1.F RF.a 2,3,4, RESPECT 
EC6 F.NVr, IM TAPE TAPE· . NONF. CORF. TAPES IF REO 2,3,4, RESPECT 



E07 
E08 
E09 
ElO"' 

· Ell 
El2 
El3 
El4 
E15 
El6 

·E17 
El·B 
El9 
E20 
E21. 
E22 , 
E23 
E24. 

. . .. ··1 

ENVSlMTAPE CARD 
·EN~stM. fAPE CARB 
£NVSIM TAPE CARO 
ENVSIM TAPE CARO 
ENVS M TAl>E"CARD 
ENVS M TAPE CARD 
ENVS M CARD TAPE 
ENVS M CARD TAPE 
ENVS M CARD TAPE 
'ENVS M CARD TAPE 
ENVS M CARD TAPE 

· · ENVS M CARD TAPE 
. ENVS M CARD CARD 

·-ENVS M CARD CARD 
ENVS M" CARD CARO 
ENVS M CARD CARD 
ENVSIM CARD CARD 

. ENVSrM CARD CARD 

ASSEMBLE GEOGRAPHY CARDS 

GOl 
G02 
G03· 
G04 

GEOGR 
GEOGR 

"GEOGR 
GEOGR 

TAPE TAPE 
TAPE CARO 
CARD TAPE 

.CARD CARO 

TAPE F,tLE-· MAINTEN~·NcE CARDS 

· TOl 
TOZ 
T03 
T04. 
T05 
T06 
T07 
roe 
T09el 
T09e2 
T09e3 
T09.4· 
T-10 •. 1 · 

.. · Po·s lR·· 
POS 1 
POS 2R 

. POS 2 
POS 3R 
POS 3 
POS-4R 
POS 4 
LOG 1 
LOG 2 
LOG. 3 
LOG 4 
DUPL-IC 1 

TAPE bKUW: 
t APE . "CORI! 
DIR DRUM 
DIR CORE·. 
NONE DRUM 
NONE CORE 
TAPE.·. DRUM 
TAPE · CORE· 
:DIR .. DRUM. 
DIR· . CORE·. 
NONE DRUM 
NONE. COR·E 
TAPE .. DRUM 
TAPE CORE 
DIR. ·oRUM· 
DIR CORE 
NONE DRUM 
NONE CORE 

. 
·'· .. 

REW THEN POS 
POS 

REW THEN PO-S 
P.OS 

REW THEN ·pos 
POS 

REW' THEN POS 

.. 
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fAPI·~ ·. F ie:<f ·2·,,~·ti·~- ~tsPEC~ ': · · 
TAP!S. F. REQ ·t-··i,·4,· · RESPECT ·,· · 
TAPES F REQ 2,f•4• ·R.ESPECT· _; ·. 

·TAPES· F -REQ 2t3,4, .RESPECT 
TAPES F REQ 2;3·,t+; RESPECT· ... · 

. TAPES F- REQ 2,3,4t "·RESPECT .. 
TAPES FREQ 2t3,4t "RE-SPECT: :·.· 

·TAPES FREQ 2,3•~• RESPEtT'·;~ 
TAPES FREQ 2,3,4, RES~ECT ... ··. 
TAPE·S · F . REQ 2, 3 ,4, RESP.ECT · .. 

.TAPES IF'REQ 2,3,4~ RESPEtr· ·. 
TAPES IF. REQ 2•3,4, RESP£Ct 
TAPES t'F REQ 2,3;4, RESPECT·:·· 
TAPES IF· REQ 2 ,3 ~4; RtSPECT- · · 
TAPE- IF REQ l,3,~, RESPECT' 
TAPES· I~ REQ 2,3,4; RESPECT··:_.· 
TAPES IF REQ 2,3,~,- ~EjPECT:.; .. _ 

. TAPES- IF REO· 2 ,3-,4., RESPEC"r · .. 

TAPES. IF REQ 2,3 · · ~ESP~Ct ·'. 
TAPES ·1~ REQ-2,3. RESPECT 
TAPES· IF .REQ: 2,3 .. ·. :RESPECT·.· 

·TAP.ES· .i F REQ. 2, 3 · · RESPECT .· .. · 
•, . . . . . 

... 
' 

TAPE -1 T·CJ' I OT IN COLS 25..;.3-o· 
TAPE 1 To.· I.OT iN COLS 2.5-30 
TAP.E 2 TO IDT IN COLS 25-30 
TAPE 2 TO IDT IN CQLS 25-30 
TAPE 3 TO IDT IN COLS 25-30 
TAPE "3 TO IDT· IN COLS 25..;.30 
TAPE. 4 TO I OT.· ·1 N COLS 25-30 

.POS TAPE 4 TO I OT I N:·COLS 25-30 
CATALOG BINARY OR.HOLLERITH TAPE·ON UNIJ x· 
CATALOG BI NARY. OR HOLLER 1TH TAPE ON UN IT X 
CATALOG·Bl~ARY OR.HOLLERITH TAPE ON UNIT . . . X 
CATALOG B1NARY OR HOLLERITH TAPE ON UNIT X 



Tl0.2 
Tl0e3 
Tll 
Tl2 
Tl3 
T14 
Tl5 
Tl6 
T17 

DUPLIC 2 
DUPLIC 3 
CMPARE 
PUNCH 
FILE 
ENO 
UPOATE CARD 
MEPr,E 
lJPOATE TAPE 

WAIT 

LINK 

COMPARE TAPES ON UNITS 2 ANO 3 
PUNCH A BINARY DECK OF THE IDT GROUP ON 3 
WRITE A FILE IDT 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! NEW 2 

CHANG~ TAPE SELECT LINES AND CONTINUE 
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3.0 Binary Card and Taf! ForD!S,ts 
. • t . . 

~e as.sembly ·pro·gre,ms of th~ COMPASS system (Progr8J:11 Translator, . 
Assemble .conipo<>i; Assemble Fixed Geography; ·Assemble Sequ~·nce Parameters,· 
ap.d )!l7:1~ronme1;11; ·s1m1il.ation.,and _also certain o~ .the File Ma.inte~ce 
f'l,ilict1ons) produce a binary output Ori either ·tape. Qr cs.rd~... . Shown be.- .. · . 
low are the ~orinats of such information. COMPASS progr8.Jl!B ,n.ll only· . 

... band.le .. ~1nary information organized in the .following mamie~ with the 
exception of DUPLICATE .o.nd COMPARE, which do not exo.mine format. . 

··3 .1 Binary. Cards 

Ident·. cbara:cters are gangpunched in colwnns l - 6 of' e~ch card. · If' the 
binary deck·contains a.program;, colUIQD.s 7 - 9 of each card will contain 
the compooi with which this deck was assembled. 

1. Cards with drum locations 

9's left row: 

9's right row: 

Bit 02 eq'iials "l" indicates a. drum· card. 
Bits 04 - 09 contain drum field. . 
Bits 10 - 15-contain number ot. words·per card. 
(Does not.include itseif or checksum word, hence, 

maximum value is 22) : · . , . · · 
Bits 16 - 31 contain drum .locF.i.tioh. · 
Bit 17 equals i•111 indicates aux:11:i.a:ty drums. 

Co~tains the complement· checksum, thiit ·1s,. ·the. 
complement of the sum of a.11 the. word.a on -the · . 
co.rd not including itself (the c9iiiple~eht. checksum) • 

. 8;a left row to 12'a right row: Contains the b.ina.ry- irtfOrma.t.io~; ·. 
maximum of 22 words. 

2. Carda :witll c:?or:e loca.tionr.1. Exactly a.s described above with the · 
following exceptions in the, 

9's left row: Dit 02 equals zero 
· Bi ta 0!1 - 09 eqµo.l . zero 

Bi ts oo nnQ. 16 - 31 contain core location 

3. End· card. Applit:s to either core· or drum. cards 

9' i3 left row: Bit 01 equiilo one 
.l:lHo ·00 and 16·.- 31 ·-- core ioca.tiop. for the· . 
. n~o.d-:l n proLµ"am to branch- to •. 

9is right row: ·c:,i:~ti:dno the compfomcnt che·cka(1m; 
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4· Environment Simulation Cards 

9'a lett row 
LH Word: 
RH Word: 

9's right row 
Full Word: 

a•a left row 

LH Word: 

RH Word: 

8'a right row 

F\ll.l Word: 

Bit 03 equals "1" indicates ENVSIM card. 
Bits 10 - 15 contain.number of words per card. 
(Does ,not include itself' or checksum word, hence 

·max1mum value is 22J 
\ 

I 

Contains the complement checksum. 

·Bits 10 - 15 contain drum field; blank when core 
address is involved. 
Bits 1 - 15 contain address. 

Contains item value CONVERSION, 
The rest of the ca.rd is filled to the maximum 
of alternating addresses and contents aa in 
the 8 1 s row, left and right. 

':3•2 Binary tapes produced by COMPASS have :f'i ve different types of recorde 

NOTE: TYJ?8 of record is a number. such that either bits 30 or 31, 
or.both, of word 1, contains a. "l", thereby identifying this as a 
binary tape. A Hollerith tape contains zero in these bits. 

l. The file identification, 1:rborage identification ·and end identifi­
cation records o.re three-word.records and d.iff~r only in bite 
28 - 31 of word 1, These bite contain the record type. The format 
or these records follows, 

1 

2 

3 

:Sita 

00-23 

28-31 

18-29 

00-31 

Contents 

4 Hollerith characters 
identifying tho file 
or data. 

Type of record 

2 Hollerith characters 
completing the identi­
fication of·the file 
or do.ta. 

Complement _checksum 

File idonti:f'ico.tion (TYJ?O 1) 
'l'his io the i'irst recox·d of. a tile. A '!file" 1B a progrrunraing 

· oyotem (o.g., DCA, TADOR, SGS, COMPASS). A file is structurally 
mo.do up ot 1dent1tica.tion groups.· 
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Storage' identification (TyPe 2) . . 
'This precedes orie or more storage records and contains identi­

fication .for them. Thi.a record could identify a program,· the 
binary Compool, or any kind of binary data., therefore, the ... 
storage identification record and the storage record or records 
it identifies are called an )identification group. · · 

End identification (Type 5} 
This fs the last record of a file and is followed by an end-of­
file mark.· 

. . 
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2. The storage record contains the actual binary data. There are two 
.. types of storage records core or drum. 

1 

2 

Bits. 

00-15·. · 

28-31, 

00-31 

Contents 

Number of data words. · Maxi- .. 
:mum of 2'5'4S'"""or one drum field,· 

Type of record 

Contains the intorina.tio.n· 
· necessary to locate the · 

data in core or·on drums 
3 - (n-1} · 00-:31 The bina.ry·da.ta info:rmatiori 

·. n 00-31 Complement checksum 
• 

NOTE:, n is a number between 4 ~nd 2051 inclusive. 

Core record' (Type 61 
Word 2 contains in bits 00 and 16 - 31 the starting core iocation 
for this block data~ 

. . , 

Drum record (TY:£: 3) . . 
Word 2 contains o.n SDR complete .with·drulli field and the starting 
drum location for this block of data. 

3. Environment Simulation Records -(Type 2J. 
word 

1 

2 

· .3 to (h~l} 

n 

.mt~ 
00-15 

28-3i 

00-31 

00-31 

00-31 

Contents 

Number.of data words, maximum 
of 200 

Typc·of record 

Blank 

The binary data information. 

Complement checksum 
(4 ~ n ~ 203) 
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Ii,, Core operate (Type 7) 
0 'l'hia.ia a three-word record following one or more storage records 
tor .~ or core containing a program. Word 1 contains the type 
ot record in· bits 28. - 31. Word 2 contains the core ad.dress 
specified in the END card ot the program when it · was assembled. 
The ·third word contains the ~omplement checksum • 

. '.l'hia record provides the same function for a program assembled to 
binary tape that an end card on a binar;r.deck performs. That is, 
a program may be assembled to binary tape and. if'. core assembly is 
specified, it may be read in and operated. The·tape read .. in pro­
gram branches to the address specified in the core operate record. 
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IU,narv Tape Format 
., l I ' ~ ' 6. 1 · 8 9 10 11 12 13 . lla- U 16 . lT 18 ~9, l!O l!l 122 23 2i. 2, 26. IT 28 29 30 ,1 

Pile· identiri~ati~n 

otorage tdentitlcation 

End I4ent1t1cat1on 

2 

11 

Data Information 
Check Bum 

Drum storage Record 

Number or Data Word11 Mu, 1 l 

Znvironm,,nt 81mulat1on Record 
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4,'0 PROGRAM Program Translator 

~.1 IDENT 0370, 0371 

4.2 FUNCTIONS 

Program Translator is a. two-p,.ss aaseinbly progrwn. It converts symbolic cards 
in the format specified below into bin&ry words recognized by the com~ter's 
ci:i:"cui ts and stores the bi.nary tom of the program on a permanent storage 
medium (either punched. card.a or ms.gnetic tmpe). · In addition, if desired, a 
listing of the assembled program in symbolic and absolute, with programmer's 
commsmts and an error printout, may be produced. on delayed tei.pe or directly 
on the line printer. 

Note: "Compool Dependent" progrwns are ones which use ta.gs defined in the· 
COMPASS Compool. DCA mnd CCA programs are examples of "Compool Dependent" 
programs. AJJ.y progrrumning syst•:llm using a Compool is "Compool Dependent." 

4.3 OPERATION See Section 2.0 of thia document. 

4.4 INPUTS 

4,4,l COMPASS Control Card 

cols. 25 - 28 = "TAPE" or "CARD" (symbolic input medium) 
cols, 30 - 33 - 19TAP.E!" or "CARD" (binary output medium) 
cols. 36 - 39: "TAPE" (symbolic output on tape) or "DIR" 

(cols. 36 - 38, :e.ymbolic output on printer) or "NONE" 
(no sym1::oiic output) . · . 

I 

"TAG" ( ta.g tabl~? on the. direct .line printer, Cols. 36 - 38) 
cola, 42 - 45 : 11 DRUM" or iv CORE" ( t:r.pa_. of stm."'age) .. ' . 

· .cols. 47 - 49 = "ALL" or (blank) ( 9'AtL" pem.i ta l!ll,ssembly of s.11 progra.ms on 
the input tape with one COMl'ASS cont:rol ca.rd. If these columns 
are left ble.nk, only one program is assembled and control is 
returned. to COMPASS control) . 

4.4.2 Symbolic Input Cards 

Note: There is a COMPASS plugboo.rd wired 8-nd ai:rnilo.ble in the Santa Monica 
card room for the cnrd.-to-tltfl.pe llli~chinc. It reo.rranges columns 17 ... 80 of 
the instruction card in th'.' f'ollonng IM.llner. · 

Carel Columns: 17 - 71, 78 - 8o 
8 - 13 

no change 
nov in columns 72 - 77 

This allows the C8.rd numbers to appear on the listing produced by the Program 
Translator. At the cost of 6 columns or conm~ntsJ the programmer has in one 
listing all the :!.nfornu1.t.ion required to develop or xoo.ke changes to· a program 
bei.ng worked on, especially those progrems nnintained by the card room. 
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cols. 18 - 22: i;,ymbolic tag 
'symbolic" L.ocation . 
a. . For Coinpool Dependent Programs = DDL (digit ·- digit letter); 

no zero suppression 
. b. For Non-Compool Dependent Programs = any ·alphanumeric cha.rac-

. ter-s an.d/ or blanks 

Items " 
S::--For Compool Depend~nt Programs = LI.LL ( letter :. letter - letter -
. letter) 
b. For Non-Compool ~:pendent ~ogra:ms = any alphanumeric characters 

and/or blanks 

Table for use "iTi th· Conrpool Override Card.s 
a.. For Compool · D::-!:pencfe:nt Programs = LLLD· ( letter - letter - letter ~ 

digit) or LLL (letter - letter - letter) 
b. For Non"'.Compool Dependent Programs : any ~phanumerlc characters 

and/or blanka 
coi,. 24 = _ index register 
a. , For indexable instruc·t;ion.s, blank,.oir a number between 1 and 5 in­

clusive is per.miss 6bl":i. 
b. Compool overrid.e c~rd$ 

(1) "I" define:s this ca:.i:·d. as an item card 
(2) "T" def'inee this c:&rd &s a table card 

cols, 25 - 27 = op:::r&.ti.on code 
a. St&ndard Q-7 inst:r.uct:l.c.-a cod.es· 
b. All 'the new 65K 11)1;::oory :l.na:t:r1.1ctions (CMF, CML, -CMR, .qMM) ~DF, CDI., 

·CDR, CDM, TOB, TTB, CAC). 
C·. ,~s-Senib_ly instruc:tit)ns 

mm - Identi:f'ice.tion. This is the f'lrs1; c_a1rd.of' every deck. The 
,alufira.cters which o.p1:>e:a.r ln the dir·ect.l)r of' this .card vlll be gang-
1punched ·on all bi.Tll.iLry c~rds ·of the de,ck produced .(in col·s. l - 6); 
Yft appea.rs in the at<.m1ge identificati,1n record, .if the output is 
to tape. If the first; chB.racter of the: director. is a 5, this program 
is presumed to be a Comp::iol f;e;pendent program; mompool _ dependent 
restrictions 1.!Lpply -~nd the Compool is used. 

LOC - LoctiLtion. '.l'hio is not needed \(1th ·Compool dependent programs, 
for the atarttng ·core &<ldrE-·ss ia spi~cif:±ed in the,·compool .' rr· the, 
LOC c&rd ia :i.nr.e,rted in ti Comp:,ol de.pendent p:r.-ogrrun deck the location 
~pecifie,d overrides the core address coritaim;1;d: 1:n the:- Compool. The 
octal numbe.r in the di:rector of this ·card .defiines the- core location 
of the succeeding instructions or constants. ;:A:s ma.ny LOC cards as 
are deolre.d Dllli.Y be: inu,:!:rted. The number of LOC. cei.rds in an instruction 
deck is up to the: progni,.mmcr. 
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DRM - Drum. This is not required with. Compool dependent programs, 
tor the reason given under LOC above. This .cara does the same 
thing tor· a drum location as LOC does for core loeat_ions. . The 
drum field is indicated in the· index interval, Aux. drum locations 
a.re indicated by a 4 in column 37 of the director: Columns 38 - 41 
of the director contain the drum location in octal. The number of 
DRM 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 constiant is to be re­
peated the number of times specified in the director:\ The content· 
of the director is interpreted as a decimal number, 

END - The END card goes at the end of the symbolic deck and can 
c<>nte.in an absolute location, or a symbolic tag in the director r, 
This location is put in the la.at card of the bin.al'}· deck or in the 
core operate record on binary tape. T.his is 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 ca.rd is left blank it is 
assumed to be the core location specified in the first LOC card ot 
the deck. 

d. Pseudo-instructions 

POS - Position. To be used vith an item t'ag in the director. The 
instruction will ct.,.uae the Progr·am Translator to substitute the 
machine code for an FCL, vith a right-half word computed, such that 
the item will be cycied in orde'r to put the lee.st significant bit" 
_in the accumulator bit position specified in the inde:x interval of 

· the POS instruction. 

RES - Rl!'istore. '11his will cl'll.uae Program Tr&nale.tor to substitute an 
FCL with the right-half word computed such that the item is positioned 
re~dy for depositing in its original storage location. 

SDX · - Program Transl&tor vill put a 111 11 into bit 17 to address aux. 
drums, In other rP.:spe.c:ts, this instruction is the same aa SDR. 

HOL - Holler! th. 'l'he, 5 cbl!l.ro.ct.;rs appearing in columns 36 - 40 of 
the dire:ctor ul"e to be converted to 6-bit IIolleri th in normal pre­
stored form ( inverte:d) ru1d atore:d either as a full 32-bi t constant 
word or aa a.n RC word, depending on vhether HOL appe!a.rs in the op­
code field or o.s thei lf:f't ll~lf' of an RC 1rord. 

CPO - Compool override. The,sc c&rds pe-nni t a Compool dependent pro­
gram to over·ride the C,:,mp1.>ol, with respect to item or table tags. They 
perm! t non.:.compool d.epe:n<lent prosr&ms to set _up tables and items outside 
the range of a. progrrun.. In effect they permit a non-Compool dependent 
program to set up o. pl'i vnte Coimpool for itself. These cards are 
actually an extension of symbolic coding. 
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For table compool overridt:1 card, the di~ctor ( cola. 36 - 41)' 
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 - 40) contains the symbolic tag of the 
table in which this item'is located. 

'T"OB, TTB - When used with an item tag in the director,.the index 
interval will conts.in the, re la.ti ve bit position of the most sig­
nificant bit to be test0d. Thus, if TSTS is a five-bit item and 
the two least significant bits to be teated, the instl"Uction T1'~3 
should be used. To ascertain the r~lative 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, etc, 

Two general purpose pr."ogrruns dealing with in/out a.re provided., tq 
save the programmer the time-consuming job of conversions. General 
Input and General Output ill.re directed by 2-word ci-1.lling-sequences, 
immediately follow:l.ng a. BPX to them. As many consecutive sets of 
thC!se co.lling sc,quc-,nce; es a.re rn:)eded way follow one reference to 
either General Input or Cen.ernl Output ( BPX). A list of General 
Input and General Output c~.lling seiquence instructions follows: 

CLR 
MOV 
RCD 
RTP 
WPR --

. WPU -­
WTP 
ocr 
OCA 
OCF 
SDI 
UDI 
SDF 
UDF 

Clear input or output' im~ge 
Move HollGri th cb&racters 
Read a card 
Rea~ tvLp;;: 
Wr'i te p;:·inteir 
Writf! punc:h 
Wri t1'!: tti.p :•: 
Octa.1 inti:: g~:r 
Octtil 1:..d.u.r(, S/3 

Octal f:n'.i.ction 
Signed decimti.l integer 
Un1Ji[91cd dJicim,si.1 integer 
Signed de ci rr;;J.l f'n,1.ct ion 
Unsigned decimal fraction · 

For more .informa.tion on Gem·:ral Input ~.nd. ·ae:nera.l Output, see 
Sections 12. 0 and 13. 0 of thl o doc.um~ nt. 

In tha flrot t.,ord of a cal.Ung oequc·nc:e, the~ right-half word is e:ither a 
.symbolic or an absolute r~d.d.:t"(:~ss. '.['he lett.e:l"s ACC · (accumulator') 
lltuy be written in columns 36 - 38 of tlw director. 

f. 
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In the second word of' the calling sequence, the instrucyion f'ield is 
4.ivi4ed into 2 _par:ts, columns 24· - 26 e.iid columns 27 -· 29. Two unsigned 
de~imal. integers a.re 11ri tten here m. th the· 1ea.st significant digit to. 
the right of the column gi."Oups, and lea.ding zeros suppressed, The right­
·haif' word has an unsigned decimal integer with the leo.~t significant bit 
'in column .41 and lea.ding zeros suppressed. The progra.mmer may use the 
first wc;,rd of a callipg aeguencl\ as an RC word; but he may not use the 
second word of a calling sequenc1:, in o.n RC word. 

cols, 28 - 29 • index interval 

a. Col.. 28: 
Ai:i. ;'A" with· AD:O, ADB, SUB, AOR, XAC,. STA, CSW, RST, TAD, TSU 
opero.tion code a d.ea~nates a 17 bit address, A '.'l" is inserted 
in bit position 12 of the binary instruction by the Program. 
Tra.nslo.tor, 

b, Col: 29 
Concerns instructions ca.using overflow, 
(1) Blo.nk -- Set .indicators, no suppression 
(2) L Set indicators, suppress left ala.rm 
(3) · R -- Set ·indfcmtors, suppress right alarm 
(~) B -- Set indicators, auppresa both alarms 
(5) E.-- (Everything) - Supp~ss all overflow alarms and 

indica.t,ors . 
. a, Cols, 28 - 29 

(1) Octo.l nt1l:Xlbc11• 'With BSN, PER, SDR, SDX, SEL, DRM, 
(2) Doci.m.n.l 11umber with BPX,. POS, RES, TOB, TTB, CPO, RDS, 

WRT ( inter.le,;we codes} e.nd all General Input .or General 
Output co.lling Eequence instructiono requiring an index 
intorvnl. · · 

100!1:il, 30 "' 45 = referrJhca 

ta,~ RC words· col:umnD 30 - 45 
The let tor a "RC" at.o.nd 1'or "rcgi ater containing" and the function 
,~·rfo1,nl!id by the.so typo worda ia primarily one of ease. of' pro­
!gl'amming. Progrmn •.rro.nt1lntor aooigna o.n absolute loco.tion at. 
the and of the p:rogr,m.m ao the right:.ho.lf' word of the instruction 
calling for an RC 1rord and storea in tho.t location the value 
spncif'ied. A.11 <.'lJl'..l'\lllpl.e followa: · · 

ETR lTfl~oo 00037'1'· 

Program Tnma.fo.tor 1'lao l gna a loca.tlon ·t0 :the RC word at the end 
of .thl'l n,:rnernblod p1-ogr,\!11 and fillo the rigli:t;.;half word of the 
ETR ·with th.a+. l'~(ll'ln:.ioa. 
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IDI', END, DIT, :,KP, LOC, _DRM, CPO: . theoe characters and the 
second word of 11 ce.lling sequence may not be used, in the RC. 
woi·d field, Th<! instructions which 'Will ta.ke an RC word n.re 
Add class, Multiply class. Contpt\l"e class.· E'rR, LDD, and LDC,· 

b, 'The director, cols, 36 - 41 .. . . 
The self' .reference symbol, A * in column 36 of a·n · i netruction 
card is understood by the Progra~ Translator to refer-to the 
contents of the locatiot~ co\\nter nt tbat instruction, for e::mmple: 

BSN14 

. · _No tag ia needed, . 

Thi~ may. be used in conjunction ·w1. th the increment or decremnt 
featu1-e; To wit: if it. is desirod to turn orr the left over­
flow light and operate t.he next instruction: 

BSN12 ~. + 1 

The dirirctor field mo.y corrtt'.in aither symbolic tll.gs or conatante. 
Constants al"e written f'.\t the right of the director field, 
Symbolic t(.l.gs t'l.l."C written ah.rtinv. n.t th~ left of the director 
""i ld" . (:.J-r'"'' ,;\c r.., ... '1f ~t . ..: e · • The rules. fo:x• tass for noh)\ . p~ or;.n:wt'a !\l."O the ·Barne llB 

the rules ·for ta13s in t.hc: locatfon field -,. 1:1.ny: f1i)rl'I-! t1.1nl1C\numeric 
· · .. 41,\>,11-",:.o,o 1'/tt>,.,,t't-\; 

characters.. A list. of 1-'(.':rm:i ooi ble to.gs foJ."A ·. pJ.·ogrf1t11s follows: 

·Location tags: DT~L (digi~ - cl.I.git - letter) 
. ·Item to.go: LI.LL (letteX' - lettor - J.ettor - ·lettor) 

Ta.bfo tti1.ga: LLI..D (lctteX' - lettor-.1etter - d.:l.git) 
Prog1·1;1,m tt:1.e;o: LLL (letter • letter • -letter) 

· Temporary stol'n.ge ~:PY¢ 

Each <::ompool clcpcndc-nt progl"am munt ht\V'e! ·a. ·T-ry-¢ to.ble ~et up for 
i taelf .in sectlon E of the Compool :lf ternp;.,rf\ry. storl.\e,-e rcgiste_rs 
are ·uaed, TPY¢ mo.y o.1.r,t"I be clcfincd uoine; e. CPO en.rd, 

11 '1.' 11 · -· if teot 1)'.lemory in th.1.~ 65K memory. ccimiiut.~r ia <lee.ired, a 'r 
1n column 11.1 will C!il\UM Proe;rwn 'r1",'.mL,ll'l.tor to fill in o.t1 ncl(h~sa 

10:f' 3Tl76o ,1h:l.c:h co1:Te:n1~-'1Hl13 to 20000 :l.n tht, 8K m~chine.. Helo.t;1 w 
10.clrfrcssing 1111!'1.y b~ 1.1B,i:<l to e,l:·t oucc~:011.f, vn 1..,.~g:lntm::a qf test men.10ry. 
!Flor exo.mpl•.':, '.I.' .,. P>l5 :l.n thl'I l:l vr:i x·cgloter. · 

C, Incrt,!ll!'!:Ot. •c,r 1tl(!:C::rt:'1r,,.'.'.ill., (!{.llUlntHI 112 • 115, 
A w-1·" or A. ... _ . ., in c:td.1.111u\ 112 o.n1l ~ tllr•:"!~-tl/ git. tl~clmf\1,. m11nbe:t· 
ranging fro1ri 1-999 :l.n c,:i,J.l1rnna 1~3 - I~:;. I\· 1,i;.J.fi.nk iEJ int.erprete<\ 
an l'I. zero. 
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OU'l'PU'rs 

Cards -- Progrrun Translator p:rod.uces a. binary deck with the id.entificaUon 
~cters (f':i:oro IDT ca:c(l) gang-punched. :i.n coltu:une. 1 ·· 67 ri.:nd the Comx;ool 
useo. to assemble this p:r.ogram i~; go.ngpunchcd in colurrm.D 7 - 9, of each 
card ili the deck. '.['he f'o:r.mut of.the 'binary deck is o.eGcribed in the 
chapter of this <iocument cm. binary format ( Sectfon 3. 0). 

'J:'a:pe -- Program Tr1..uwl.ator pro(lucer:i b:Lnary record.a on te.pe.. T.b.e fo:r.n1,:1,t 
01:f" these record£\ is specified :tn the chrtpte:r of this d.ocurumtt on b:Ln2.ry 
forrnat. The thr.ee,-wo:r.·,i (,to:;'.'e.go i,1J.r:)n'ti:t'ico.t5.on rocrn:-d ·conto.:i.ns the si:x: 
characte:t·s of the fil2·ectox· :f:Leld. of the IDr c.sa:d 0.:nd the Compool uned. 
to ai:rnemble the prog:;:·a,m i.n 6-.. bit Hollo:r·ith. One or rnore 8tor8,gc records 
follmdng the st.or.age 1dentifier:~U.on recorcl cont.a.ins the pro.sram, More 
than one sto:rage record is producs";,d for one p:rogram if: 

l. The program iH ovc:1· one ax·1.u:a ffold in length (201~8 words). 
2. 'l.'here are SK.P cn.:cd.i, in the i3ymbolic deck, 
3. 'l'hcre is more than one LOG c,:1.rd o,nd the progra.m is being as;:.;cmbled 

with core c.ddrenscs, 
4. r.rhe:re is more t.hnu one DRil/.l cnx<l and the progre..m iG being assembled 

with Drum ad.rlre sHe s. 

4.5.3 PRINTOUTS 

lL 5. 3 .1 Listing of s.ssem"J:JJ.cd. proc;.cam ( f.JE?/e sm1rple l.inting o.t end of this cho.:gter). 
All assemble j_nstru.ct:ton c.::..rd.s o.nd G:I..lQ cards do not }'):dnt 1, 3, 4, and 5 
below. ~:'he RC words 1;;,t the end oJ:' the ast1embled p:cog,:-wn q.lso ap:i;:iear in 
the listing. 'l'he listing for RC wm·ci.B ;1rinl;s 1, 3, l-1- and 5 below; only, 

1. P'rint wheels 
2n Pi·i.n.t -whee.ls 

3. Print whee.ls 

4. Print wheels 

5, Print wheels 

6. Print wheelrc: 

7. Print whee.la 

1 -
11 -

48 -
57 -
66 -

75 -

l.ll 

8: 
1 •. 5: 

53: 

cc~ 
71 ~ 

107: 

- 120: 

Drum field and d..r1.m1 location. 
Contents of co-hm1:n::, 18 - ~l5 inclusive 

of the :i.n_put inFJtruction carcL 
Co::n) loc:11t:i.on of this inrrt:ruction or 

cox,r.:;tr,·.u.t ,'I t1s ci .. n. oct.'.J .. l C.'.<1C.14 ess (I 

Co:,,.tents or th,:! left-hoJ.f word. o:f this 
inutxuction o:.· coxwtv.nt, in octa,1., 

ContexrLG oi' the ri;:(i'lt.:.half wo.1·d of this 
instruction or constant, in octal, 

'.I.'lw conterrt'i, of the con:uent fielcl of the 
l.nput instr~.,ction en.rd, colunms ~-6 -
77 inclurdvc~ .. 

Rx·:n:,:,',D Jn the 0.1,;sernbled :prog:.·;v:n detected 
by the t1econ(l p:i..rw of l'rog:nuu Tru.n;;lator, 

1~, 5, 3,2 For the co:o.venicnc(i of J'ic,ld p:~:c:.:;ormel, a.n o:;:it:lonnl. :::;;yrnbolic output is 
r)):oducc:d by th(: J"ror;n:1.1:1 1'r,ni.H1ator. /3:lncc moot f:i.e1d sites do not he.VB 
tnr,o-to--printer ,:(p.1iy1u,c:nt. 1 11 to.g to..bl(~ m::1.y be k1.d. instcnd. of the usual 
J.Jatln1:~. 'l'he C(>11.l;rol cn.:rd. :for ac:.,embJ.y rnuc;t have the word TAG in colu.\1mi, 
36 - 3G,I) the rc1:·.1..Lnclcr of' l11c co.rd is (kccri.licd. Jn Scctlon l~.l~.l. 
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4.5.4 SPECIAL. POINTS 
I 

1. Errors not causing the program to halt. Errors detected in the assembled 
progrrun. All error lines of the listings are logged direct whatever th~ 
form of symbolic output requested. 

2. 

a. "INDETR LID'19': Indeterminate left-half' word is generally caused by 
either a special symbol in the instruction left~hs.lf word field, 
or a deciro&l integer such &s 8 or 9 in an octal constant, or an op­
code punched in the wrong columns of the instruction left .. half 
word field, 

b. "INDETR RHW": Indeterminate right-oo.lf' wrd is generally caused. 
by~ special symbol such ~s an &sterisk in the direetor field, 

c, 11~FINED11 ~ This appea.rs wh~n Program Tr&nsla tor cannot find 
the symbolic tal.g contai.ined in the director f'ield in either the 

· tag tsble or the Compo<0l override table:, anq,, for Compool dependent 
programs, cannot find it in the Compooil either. 

d. "DUPL TAG"~ Duplicts.te tag e.ppe;s.rs on the line which contains the 
duplicate in t.;he di:r.ector. The address of' the first duplicate is 
used for all the others, 

e. "ILL USE RC": Illegal use of the RC word. This is 'Caused by the .. 
use of e..n RC word with f.11.n instruction left-half word which does 
not ta,ke em RC word or ~n illeg-!1.l instruction in the left-half 
RC word fieldJ such a,s DIT or CPO, 

f. "INDETR RC 11
~ Indete:rmin;(\l.te RC, Thia is caused by the same sort 

of' e;rror menttone,d un<le:r inde:te:rmizmtei left-half', vord except the 
error would appear in thei leif't-haif' word in the RC field, 

g. "EXCESS RC": Excesoi w number of' RC wrd,s, At present this will 
be caused by a progr·~ he..ving more than 200 different RC words 
in it. 

h "MEMORY OVERFLOW'" 0
, Thi th d , a means ~ p:r'Ogr&m w.nli.ps e.roun memory, 

i. 
11 XXXXX ILLEG TAG": ~:ne:r·ally c:auaeid· by 11u1 illegal symbol in the 
tag field of the instruction c~rd, The X's will contain the 
illegal tag. 

I 
Errors causing the p:r·ogrtWI to halt, All error lines of li'stinge are 
logged direct. 

a, "NO IDT CARD": If symbolic: input :la f'rom cM"ds, attach IDr card 
to deck, put deck in card read,er 9 Md preiso "CONTINUE. 11 It input 
is f'rom tape, nothing ct4n be done. 
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"READY I/0 UNIT 01": Card reader not ready. Ready card reader 
and continue. This error printo1:1t also meana there ma:y not 
be an END card on the deck being assembled in the card reader. 

· :tn this case, add the _ rema.~nder of the deck ~ th END card and 
press".contimie.' If there is no END c~rd on 'bbe tape, no _re­
cover:y is possible. 

I . 

"READY I/0 UNfr ix'.': Tf!,pe X not" ready. Ready tape X and 
press program continue. . _ 

d. "READY r/o UNIT02": Punch not ready. Ready card punch and 
press program''con:tinue.'' _ 

e. "TOO MANY TAGS": .This occurs if the program being assembled 
has over 9()0 . tags. No recover:y poeei ble. 

t. "LOAD sum LIB ON ll": If the COMPASS master ie on unit 11 
,when the subrou1.:i.v.e library tape is needed, load subroutine 
library on 11, o.nd''continue ." 

3. Ili:formation printouts:· If assembly is from prestored tape, the 
II7l' card of each -protI;l'V.m a.aaembled will be logged on the line 
pri·nter. All· en·ors vlll be logged directly, even if no symbolic 
output is indicated .• 

4. Definitions Pertalning to Subroutine Libraries 

Primary· su·brouti_g~ - A subroutine whlch io self s\1£ficient, that 
is, it does not rt':fer to ~ny other aubrout~ne. 

Second order aubrou.tine -· Thia aubrout,ine re:fera t·o one- or more. 
primary aubroutiner •• 

''il."hird orde1· aubrout}ne - •rh.i.~1 refers to one or more subroutines, 
,at least one of' l-rhlch is ~l aecond order. 

''l'he ,exte-nsion to suhr.outi.n.eo of higher order ie obvious. 

_rsubroutltne Loco.tion tn.go - ~rags of any five alphanumeric characters 
;or •bll:anks :with thc·-excepthn1 or all blanks or all numeric· characters. 
For use wi·th '!omp,>ol dr:q:.endeut pr9grams 1DDLBB (dtgit - digit ,;. letter -
blank - blank) to the fonruJ.t. 

Subroutine reference -· 'l'hla io E.\ subroutine location tag which 
defines a aubrout.ine. 'l'hio tag ia in the director .or the II7l' 
card of the m.1brouti.ne, colu1nna 36 - 4o. It appears as the -location 
to.g of the n rot 1rwt.ructJ 011 of the subroutine, always a S'rM ( Store 
Address). It also t,lunUfinG the. subroutine in the index and appears 
as the director of the HHR ,,p code. 
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Subroutine request,- This is e.n SBR with a subroutine reference 
in the director. This is u~ed to call for a pe.rticu~ subroutine 
and can be written in the program to be assembled, or·on a subroutine 
in the library. · · · 

Subroutine io.dex .... A• statement of the relationships between -the 
subrout1n~s 1n the· l:tb:i:"arr~· The subroutine .ina.ex is made up o·r 

'a. ;'number of car.de. T'ne ·format of a subroutine' index card is as 
f~llows: Colu:mnsl7 - 76of the ca.rd a.re partitioned into 12 
fields· of f'_i:ve· · colUJlXJ:lls ea.ch. The f'il".st field, starting at the 
left, contains a non-p:d.ma:ey aul,routine reference. Successive 
fields contain the d.ifferent subroutine references directly used 
in the non-prixoo.ry routine, up to a ll}aXimum of eleven. Each 
non-primary subroU'tine must be defined in this way. The whole 
of it is the index. 

Library T~~ - Thia is a pr.estored tape consisting of the index 
and an END ca.rd; then follows the subroutines and one end-o:f'-f'ile. 
Ea.ch subroutine is enclosed., ha.a an ID!'- ca.rd with its subroutine 
reference in the director~ the STAA with the subroutine reference 
in the location field~ f.~llowed by the remainder of the sub­
routine and an END c:a.1t"d .• 

5• A statement on the limits of' the.present (BK) Progr-am Translator 

1. Tags: maxi.mum3 900; minfarum3 3, with the exception that a · 
program wi t.hout a:ny ta.gs oo.y be assembled. 

2. RC words: maximum,. 200. 

3. Carda in input a.eek: maximum» 6120 •. · 

4. CPO cards: max:bxmm, 70. 

6. The Program Translator. a.ccepta symbolic comlX)<OJl referenc~s to 
drums, such as: 

SDR 
LDC 
R00~3 

TDI'l 
TDTl 
TDI'l ·- ( Read TDI'l 1 TD1'2, TDT3) 

7 • At present, the Progrw:n Tnw.eiator w:i.11 not accept compool 
po.rs.meter to.gs, ol.th,:i,u.gh this f'eei.tUl'·e ma.y be inelude:d tor the 
combat center. program. .i' 

8. Program Transl.a.tor does nob convert the.letter "O" to~ or 
vice .versa.. 
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. . ', . ; ; . 

C~mpool dependent programs 
internal.location.tags. 

ina.y not suppress.zeros.in 
I 

( ' ' ' ' ·,., ' ' ' ' ' 

If' a" table or program used' by a compool dependent program being 
assembled, is not in section E (Formerly section 4) · of tlie comP(?ol 
f'9;r t_hi~ . program; · the tag will be undefined since the Program 
Translator does no·t look in section T (indexable) or Section P 
(non~in4exable) sections of the compool. . 

, ·· .. ·;.. ,,, . ,. I .. 

Furtber'.d.efinition of the "Director" of 0.llinatruction ca.rd. 
The direc_tor field. on ~he symbolic card is interpr,eted by ·t;he 

· Pr,ogram Tpiµ,.slator. in ~e~rai ways, depending on its context. 
If it is symbolic, it mf;l..y in som.e cases (POS, RES, LDB, ETR) 

· be interpreted a.a a. function of bit position of an i tein; in 
. other cases (SDR_p RDS,· WRT) it may be interpreted as drum locati9n 
,~:r;·n~ber of words. With a. General Input or Outr,it ca.Hing sequence, 
instruction Aqc io translated to zeros and mean!.;\~ccumulator. In 
.a.11 other ca.ae:al' .the sy.xib6l is replaced by ._its correlative 17 bit 

. bi,P,Ar'Y ·core addreL?B• . Cixr..e s.ddress . is always 1'7 bits long. Thia 
ha;s· some cori.seque·ncc:?s v.h1?h.-.shou1d · not be overlooked, particularly 
when the lef't-fu:..!.lf' Wl)f.'.Q contains a constant rather than an in­
struction. cc,uaid.e:r. this example: 

·- ¢,. f.JpA. be;omes' ¢~7T777, ¢.¢226/J 

&/J,A is register 22&/J a.n:a. notice the constant left-b.a.lf word baa 
been cha.nge,d. in v'B.lm:'. · 

,, 
12. Programs over a. dru;:n n~J.d in length. 

A program bein.g o.se,emblei for ·a.rums having more than 2048 ( decimal) 
words will have the e:x:c:e:aa (over 2048) assigned to the next; higher 
drum field L:rn.mbe:r.. The programmer should take ca.re . tba. t the d.l."Wll 
field specd.fic,i f'or il.1t:sse1'1bly plus one i.e an existent drum, for the 
Program Tro.nala:tor will no·t;" · 
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5.0 'l'RE COMPASS COMPOOL 

5,l INTRODUCTION 

~e bilui.r)r Cm.pool used in COMPASS is ca.lled the COMPASS Cai,.pool, to distinguieh 
it :from tb.e sligbt~ dittere.ut Com.pool. in the Lin.coln Utility Syotem. In . 
terms ot 1nf'om.at1on cont.ain.ed, the Lincoln Ccmpoo.l. am. the COMPASS Ccm.wool 
are essential.ly identical.. Becaw,.e the trwlation prooeHee ~ieh \1te tho 
Ccmpool are di~er~t iD the t~" util.1.ty ry~-te:t\f., tb.e et,:ueture ·ot the in!ormation 
is dif'f'erent. The COMPASS C<mpool iff ccmposed ot five seetione, containing Table•, 
Programs, Iteme, See.ling rued &uvironnent. Tbooe a.re deecribed in .detail belov. 

5.2 COMPASS COM:FOOL SECTIONS .. 

A table· tag b m.ad.e up of' threei lett<tr'll' and. a d:l.e;:l.t. The digit is ca.Ued, 
· the "block nUU1ber. 11 Each block of' a table contQ.t»s th10 same 111Ulllber ot 
regii.tere, erd tbe b.loc:k.11'1 oocuq;,y C!<C1lM-lt!!l<C11U1ti ,re &'Ill\\ MJ¢in.1.ng bloou or core 
and drum ~torogo, 

The table' e dcf'ini t,ion CC\'llll.l.~iet181 of: i tiei ini ti.al coli"e looation, its druDl 
location (it ~v)., its. bloc:k leJD1,S:!:.lm B/0\d the numoor of bl.CI\Cu it coo.te.t.ru,, 
I.LL¢, · for inetanc~jl m.1.Bl'mt be d~:fllO\Pl-d. 11.1~ bt:'lin.g at eor·e location n, aoi u 
having m reg.t[t\tc:r11 :p1er bloxtk. LLit.l, tlc\fJ:it·ef'(cini, if1 Wlid«.'lr~tooo t.o JP.\t:8J!1 

cpre location n I m.p ~ti IJ.t.2jl n / 2 !Wlo 

l ·~~n~~~~a~&~1,·5.11.. rl'lgi.&J\1:er~. It can COlthtain a m8.'ldmum 
ot 250 table togl!ll. ~ COMI".ft...«,Sp u. il!J 1A1tored on d.t'W.'ll f'iel.d 14, registers 0000 
to 1356( ,C2T am C3T r.x·e i.Dd.l'lx~~d by t:lm'-'l ~.amP.1 i.xM.~re•JO.t val.Wll M ClT. . 

! ' 

··•c¢'r 
(1 ~-wrd) 

l~. . ~.------,..:].6 

,~~ r II<>, T .. ble Till!" 1µ Section T 311 

O 17 18 
ClT 
(250 w:ro.s) 

~1:l\r·e:e~lertt;e::r. tn:~l'!'i t-'!'1,8:l!l',iJO.-b,,,b:ll.t ii~cvt.&l No. wi~-.xdiff. in ta\-1. e1 glve"for 
t.1>l.leld.1;til···Clti•.6J1:'t1<~t~::ir.·P11 :r.·,~:.'.ld , t:ir:111ra11 t6l,].('I~ \lhf!i:r·«'I t.he no. \IQN81 per 
i1?tl1t to Jl.e::f.'to ~~glt;ll ~1rP.1 • 1~\1:•>:ir:'t..<':')dl b1\.,.11~k t1meil'll no, of' blook8 do,e~ not 

· n OJP.~eooin,.:z:~~:ebraic: c.,:r.,•if•t:r.'o .. u111.t tot.s.1\. Jl\O. of wrdJtJ in table ------------------------.AJ' 

C2T 
(250 words) 

16 0 l ,• 15 . r·;;;;; Mdr·t1:~~ N<.no 'M\l•T.1d.*~ :p1~i'. \;I,M[;~fQ,:lt' 
t:or.:~1 tag :f.D C].T o 

--· --------..i. _______ _... ______ --.,1 

C3T 
(250 wrdo) 

· _o ____ ~- 10 15 16 31 
No. bl-r..c:lt~~ :!.n -------,,1-----------------:.:.:;:.1 
t,bie tabl~. __ D_r_~~~e.M ____ · ... --·------Dr'U'I.IA Ad,_1.x .... ·e_,,_a ___ _..._ 
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2, section P (Programs} 

A Progr8Dl tag is made up of three letters. Since progr8Dls of a system· are 
sometimes al.so identified by' a four digit tag, with. the first digit constant 
for that system, the last three digits of this tag ms.y al.so be inoluded in the 
compool. The program'sCampool definition consists of its core and dnm loca­
tion, and the al..loco:ted drum. le~h. 

Section P of the Cor:npool is 451 registers loI18, containing a maximum ot 150 
program tage. Ao a pa:i.'1. of COMPASS; it is stored on drJ.lll field 14, registers 
1357 - 2261. · 

C2P and C3P are indexed by tb.e so.me increment vaiue as ClP, 

16 
c¢P 
(l word) 1 · 110. of: Program Tags in Section p 

0 17 18 29 

ClP 
'lhree-lctter program to.g, in Program No. {if anyJPSecond digit 
6-bit Hollerith, rending from in bits 18-21; third digit in 

(150 words) right to lef't bits 22-25; .fourtb.·digit in bitia 
26-29. To.gs e.re sorted. in 
aacebding oJ.gebraio order. 

1 15 16 
Max. no •. of worda in Core add.reoo of each. 

C2P ench progron liated program in.ClP 
(150 vorde) in c.1P 

10. - 15 1 6 
Drum Field of 
co.ch proa;rtllll Drum oddreos of ea.ell progro.m 
-in ClP in ClP. 

C3P 
(150 word.a) 

3. Section I (Item In.f.orm.1:1.tiox~ 

Any pa.rt of a table word mo;y be defined no an item. The :f'ormo.t of these tags 
ia four lettoro. 'l'he definition conoisto of ·che table block 1n wich this item 
ia located, ito bit pooition vithin yordo of thnt block, w:id tho type ot 1nf'or­
lDAtion thie item 1o dcoig,.ucd. to contain. 

All 1 tcma muot be one of f1even typeo: 
l. Bi:no.ry 
2. Clrn .. rn.ctron 
3. Floating 
I~. Lo~~icnl 
5. 'l'rnck Number 
6. Din.9.ry-coded decimaJ. 
7. Alr,b.l3:lio·l,1c 

3l 

'U 
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It the type is "tloat1D8", a reference to eeation S 1• given tor •~&liD&. 
information on this item.. 

Section I wiU contain a maxim= ot 850 item.a.· It · :I.a '.broken .dovn. into t~ee 
blocks: cf6I · ( l ree;iater), ClI ( 850 register a) &l!l4 C2I ( 850 register•) • · It• . 

. total length; therefore,· ie ·1701 regiartera" ID COMPASS, ·it is located cm 4rim 
· t1el4. 13, .registers ~f6 to 3244. . . · 

16 
· ·Cf6I · . 

(1 Word) l I no. of rt.em !raga 111. sOCtiOD r. 
... 

ClI 
(850 word.a) 

,, . 

C2I 
(850 vordo), 

o 23 24 26 
FOWt"-lotter iteimm .tag/I reading Type of Cooing '-Addrea•,· re 1ve to 
risJmt to leftJJ .in 6-bit ct Iteam (7 · c¢I., of ac&l.1.ng into .• 
HoUerith. Teifi.:111 ue rsorted po11111i'ble t:,pe11 tor item. Gil'eD 
in ascend ~;:;ieb:.:!r~&::::1:.:c...:o~l'l&~·:::::fil::,.r,:.o ..1-.::li:::::;s·t:=ed:::-.:::&bo=.;v:.:e:.:•.L..a.....::t:.:O::.r_"F~l::::C:;:;:tttt.i:::::5. 1.."~ood.1~·:::· ::· ::a.t 

0 l 18 21 
'lbree~lotter t~ble namme tor Table 

. e~b itfflll in 6mbit Ecllaritb, ·Bloick 
ri t' to 1th• NCo 

2.2 2:.;:0;;...,.:::.1---~:.. 
Mo~t eis;nitiaant 
bit'ot item in 
t ~lew:rd. 

i.. S~ction S (Sc&lty Intcnmat:ll.~ 

Section s, or c¢s, is 32 regbiters lox,g a.ud ia atored CD drm f1el4 13 1D 
· registers 3736 - 37750 It·i~ iDd.ex$~ by a value given tcr·tlos.ting· t11>e 

iteiu in Clie 'l'fme tbree cll:i~T'l'.l.r.rtel' 1d.entg:1vell2 Clll tlb.le IDT card ie stored OD 
drum. tleld 131 regtrlter 3TI6o l 

15 16 

iCf6s 
: ( 32 W()rds) r l 

5 • · Section E · (ED.nrcme:l!!it · fTm'e'o~io~ 

For each iprogram 'ot 1:tbe ·miy8ll·ftir;1a1 u.td.Dg tl:n~ 'Com;p«>Q.1., a liet ot tl:ne .table &.'O'd 
program ·tags aira.il..9.bl'o ·'to it 12' 1,mclwteiid illll Sectiol!A 1. T\11111 H1ction b.M 'beu. 
deeigJD1cd to provide the PJrc,,g,r·~XlD\ TK'.tlmUlllbt(l)r \d t~ al.l tbe :tntc:rm.ati® ( c:1:cept Section 
I) \lbich it requireai, to 1/11.!l~~tlllbl'-1 8IJ. givelO\ p~ogrq. SinClo .Lt colM.liBtll ot · 
a cat~logue of a.vailattil.e tG.g/5 :for ~ priCllgre.m~l' :lts. otinwture 111 aomemat ·. 
compleix. Ba.eic&Uy, it e~Minh of three S11t'lcti((!)nii11: q~I (l wn)JJ ClE (150 word•), 
an4 C2E ( 2742 WJt"Chl) • Cl.E :fl.~ aw. inirl.~.x to c:;,,,g. It Mould be n~tM. that ClB · 
isa not sorted in 8J03 imllvldwlll. MmlJOJD\eir; t>Jie entries a.re i:io. ~e l[IIIU.11\8 order aa the 
progrmu are listed in ClP. 'n11,w.P if a pr1oglt'U b\M betm t0\1.!llOd. by a bilma.17 
search ot ClP with the UAle of 100..,x regi!iltez,l,l1, the relevant '.P('l"ticn ot ClB caa be 
obtained by a "l CAD ClE." 
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· c¢B am cl.B ue nore4 on Arum tiel.d 14,· 2262 - 25)46. ca is store! on 
arum:ttel414, regiatere 25ll to ~.and c1rum tiel415, registers r/llJ(Y/J 
to :.trrt-. 

I 
16 3l. 

.,· 
. [ 110. JIIJtriea ill Clll c:u- 150) _ 

cfh: . 
(l wrd.) 

., Ol.B 
(150 wrd.s) 

C2E 
(3072 
1'\Crd.8) 

5. 3 Subroatin.e·a '. 

.. 

0 ll . 12 18 .l.9 
Location of First 

!Pros. Icient. No. Ent~es 1n C2E Entry 1D C2E 

' 

' 

I 

21 

ogram or Table Tag 

. .. 

Noo ocks 
(For Tables 
Only) 

1 15 16 
No. Wl'.\d.~ (For Pr.ogrm.l!Mll) or Words/Block Core 

( t'cr ,tabJl.eisi) (This block should be blank) Add.res@ 

':\] 

3l 

3l 

In the hope · th.e.t .. all program uing ta.e COMPASS Compool ~ll. do go i:n a con,dstent · 
tuhicn,, a -a1et .of m1ubrcutiroi~11 io rAVai_lable ·which ,dll perform. the neceissary 
sr.eio.rc!in, a.ia4. 'Which vill exit nth either an· i.n41co.ticn .that the tatg is not in the 
CIOlW,pCOl or vitb -the. relative looation ot the t~ in the Com.pool in Index Rf!lgieter . 
1. ~iiD 111 present:lcy' avai].111,ble a11 a lllMJD.Wlcript subroutine, am should prove 
,ue·!.'ul-to those plamrdng to ue the COMP.A.SB Compcclo 



-~ 

TM-15 #3 Page 36. 
6.0 PROGRAM Assemble Compool 

6,1 !DENT 0363 

6.2 FUNCTIONS Constructs {on either cards or tape) a binary COMPASa·compool; 
of the format described in section 5.0 of this document, from aymboli¢ · 
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 Sect·ion 2,0 of this docum_ent 

6. Ii 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" (symbolic input) ' 
cols. 30 - 33 = "TAPE" or "CARD" {binary output) 
cols. 36 - 39 = "TAPE" or "DIR" or "NONE" {listings to tape drive 

number 4, DIRECT, or NONE) 
Special control card for COMPASS Compool listing assembled on ma.star 
tape. 

"COMPOL" (initiates load COMPASS from TAPE drive 
number 1 to AM drums) -
"TAPE" or "DIR" (listing, delayed or direct) 

cols. 18 2J m 

cols 36 - 39 = 
cols. 47 - 49 = "DCP" ( list Compool from master) · 

6.4.1.2 Assemble Compool De~k - the deck must be in the order shown below: 

1. 

2. 

]. 

Identification Card 

cols. 25' -- 27 = "IIYI'" 
cols, 36 ~ 41 = Compool identification characters (chosen by 

user of program); these ideritify:l.irg characters 
appear in Holierity in the Compool. 

Table 

col. 
cols_. 
col. 

-·cols, 
·cols. 

cola. 
cols, 
cols, 

Input Cards 

18 
19 - 21 
51 

= II I II ( for indexable) 
= three-letter table tag 
""number of blocks 

52 - 54 = number words i;er block, ,in decimal 
59 - 62 = total number of .words it' •not equal to number 

of blocks X words per block; otherwise blank, 
63 - 68 = beginnlng core location of 'table, ;in octal 
tf) - 71 = drum f:leld 
72 75 - drum location 

Program Input Cnrds 

col. 18 .,. "N" ( for non-.iniie~able') 
cola~ 19 - 21 = three-letter program-tag 
cola, 55 - 58 ... four-dlglt ident. number 



cola. 
cola. 
cola. 

·cols. 
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59-62 = number words in program, in decimal 
63~68 = begi~ing core location ot program, in octal 
69.71 • durm field 
72-75 .. • beginning ~ location ot · program, in octal 

~. Item· Input Carde 

col. 
cols. 
cols. 
col. 
col.a. 
col.s. 
col.. 

col.a·. 
cols. 

· 18 = l'T": (tor item) 
19~22·::.four-letter item tag 
27-29 .: three-;Letter table tag 
30 = number·. of table block in which item is located 
31-32 =. po~ition of til~st (most significant) bit,' in decimal 
33-34 =.number of bits '.which item occupies~ in decimal 
35 = type of' coding of !item•"P'" (floating point decimal) or "L" 

(log.teal) or "B" (bine.fy) or "C" (charactron) or "T"--C-track 
num~er) or-X (binary codeddeclmal) or "A" (alphabetic). 

37-39 • signefixponent, col. 37 ::a :!:_; co1s.·38 - 39 ~1510• 
76 .. 79 = multiplier · 

5. Environment Input Cards 

col.. 18 = "E" (for environment) . 
cols. 19-21 = three-letter table or program tag 
col. 22 = table block number (blank, it cols. 19-21 contain a program tag) 
cols. 23-26 = four-digit program ident. code (blank if cols. 19-21 contain 

· a table tag) 
col. 51 = number blocks in table (blank if cols. 19-21 contain ~ table .· 

tag), in decimal 
cola. 63-68 = beginning core location of table or program (it not punched 

here, program vlll take this information tram.either Section 
P, for programs, or Section T, for tablei, of the compooi), 
in octai · 

f6. End Card 

Cols. 25-27 = "END" 

'•'The Assemble . Com.pool deck described above,; may,·, if,Jdes-ired, be ,prestored 
"on tape. The order and contents of oards·,·will:·be··exactly as described 
· above. 

6.5 OUTPUTS 

6.5.1 Cards 

A binary Corupool deck -will be punched out on the· ·card punch. The format 
of these cards io ohovn in Section 3.0 of this ,document. 
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'6. 5. 2 Tape 

The binary output of the program mAY be, if desired, .written out on 
tape uniit.num.ber 3. The fo:rmat is shown in Section 3.0 of this1• docu­
ment. 

6.6 SPECIAL POINTS: 

l.. 

4. 

5. 

6. 

7. 

The prog-r-em has,bee!O\ d~eigned to use input cards cf the·Lincoln 
Utility Ass.emble ComJpool (UAC) Progr1iun. However, only such cards 
Yith an I, N~ Tor E in col. 18 will be accepted; others Y.l.l.l be. 
logged s.3 ille'sa,lJ). but nll not inte1t"fer·e Yi th operation of .the 
pX'Ogx"Mlo · 

Cards vhich are ilJLieg-ml for aey lI''eaoon a.re, logged and then 1griorecl. 

If there is o.n el:c~r.s i ve mio:iryiber of' iri:riut cs:r:1118 f'oir any com.pool . 
section th~ pic·o0r8.l@i k.1:rd.to. · Wwr·their opt!!ro:t.ion W'.lY be risky and -is .. · 

. left to ."the operatorv s discretion. 

Because of tb.e oorting techniques uaed, there must· be at least. two · 
1.n::,ut cards. for ear.:h compool a,ection. 

If the four 1Xllput 151.rec:Jc:i :a.ire not. il'J. the pX'oper sequence, chaos results, 
with all ca:rtW:. b\\.":fo.g logge,at as 1111?.gBIL. Fu.irthe:ir opel'o.tion is impos-
sible. 

If duplicate t.9,gs r.ix,<;, ,1lJ.1;, 1r::oveir.f:!•i the te.g Will be logged and the .. pro .. 
gra.m Will halt. Pu;shin,K "l?JL"l>grrw~ Continue" '(,,!'ill Cfmse one of the 
tags t1:i be igxwiC'e~. ( ,,?h:i.ch t.ng iu ig.iltored is a random. d.eGision of 
tl;.c prog.r.ami);; the 1:i,1t,rJ,g:1,::rr.:all. i.rill t.h,~l.l continue operatingo 

It should be D.ote<l1• th6\t. t,h..e: m::\\,f Co.J,ai:J,?ool io assP.mbled uoing aux drums 
o:rtly, for t~yoll"ax-y st.o~age. The lO\e~ Com~~ol does not replace the 
Co~jp,ool vers:i.on i'ihi<Ch is a I'J:1:ir.t of the 011ell!'e.ting system. In rui, vay 
vill any COMJl?'J\SS JP•Jro~;;r.a\10\ :alter the sy~tem \\b'hich vas read f'rom tape 
-and is stored OXh MJO QTi'."lllJ!ll!\8 dwr1ng oJp•e:re.tion._ · 
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7.0 PROGRAM Assemble Sequence Parameters (ASP) 

7.1 IDEN'!' 0364 

7.2 FUNCTIONS Constructs a Sequence Parameter Table (SPT) and 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 SP? and SEQ tables. 

7.3 OPERATION See Section 2.0 of this document. 

7.4 INPUTS 

7.4.1 Cards 

7.4.1.1 COMPASS Control Card 

cols. 
cols. 
cols. 
cols. 

18-23 = "SEQ?AR" (to indicate Assemble Sequence Parameters Program) 
25-28 = "TAPE" or "CARD" (symbolic input) 
30-33::: "TAPE" or "CARD" (binary output) 
36-39 m "TAPE" (symbolic listing on tape) or "DIR" (cols •. 36.;..38, 

symbolic U.sting on direct printerTor "NONE" (no symbolic 
lis·l.ing) - · 

7.4.i.2 Assem11le S~~e P~.!:~!D~::!~~~ (The sP.r· table will be loaded in the 
sam.e order as the c:a.:trcili.a in· the deck). , 

l. Comment cards - Any nuw.ber of these,-Yith any combination of' 
cliaractera"; may be put ill the deck preceding the !dent. C:ard. 

2. !dent. Card 

cols. 25-27:: "IDT." 
cola. 40 ... 41 g: (Numeric, Mod) th:l:°s · inf0mati·6n ··'!\fill be · S*\ll:g pU.D,ched 

on eveey bi11ary card, preceded'·l:>y''1'S~~·" · (.(S~quenoe 
Pa~amP.ter Table.) 

cola. 42-Bo ::.~ any entry 

Tra~~{'.:~"} C~ - Contai.n all the inf on.Ul·tion required by 
Program PEC to initiate an in=out transfer. Several items on "T" 
cards may be q, ecifietd by to.g; the values for ouch items will be 
taken f1"om the COMPASS Compool; these items are: RIISD, P.rCL, mroa, 
and CBRA. . ·(·-t.- • - required items;~ others o_ptiona.l) 

Column --
17 

19-21 
23-2~ 

26 

!!!! Descrif·tion 

TlPE ~ Car4 Type' (T) . . . 'iSee 
S1TI.\lt Subframe in which operatin Not'e 4, 
Pl'SK Conditionality: bit in P.rC below 

(See note a, below) , , . 
VLTI Variable length tranater 

indicator 



Column --. 
28 

30-32 
34-37 
39~44. 

46 
4a.:.-51 

.• 53·-55 

57 

59 
61 

6j 
65-67 

69 
71-73 

75~78 

Item 

SSDI 
SDSC* 
RHSi>il-

· PrCL* 
ROWI* 
NWDS* 
EOWC 

.RTAI 

LTAI · 
.VACN 

CLFK 
CBRA 
LA.CI 
REID 

PROO ID 

Description . · 

SE;L/Sl)Jl- indica.tor . · ..... 
SEL/SDR. index. ~nterval .. 
Drum Ad.dress 

Page. 4o. 

core iocation 
Read/Write J:nd.+c~tor 
Number of words · · -· 
Ehtry: on whi.ch CO?ldit.icma.i. (~ee: l ' ; .· 
note e, below}' . . ;- /.. . .····. . . ... · . 
Recqrd tra.nsf er addres·s indicator . 
channel n.umbE3r (see 'xiot~ 1>, .below)' 
Look up transfer address· iri(li,cator . 
Variable address cbailnel.number (see 
note b; below) . . . . . . .·. . . 
Clearfield key (see 11ote c,·below)' 
Coodi tiona.l branch address· . 
l~ck address counter indicator 
Required entry identity (see note e, 
below) . .· · .. 
DCA Program number (see note e; belcnr) 

Notes: a. /P!'SK !: 63 
.VACN ~ 3 

i... 

5. 

b. 
c. · CLFK bast.he following values: 

d. 

Blank - ·off: . 

¢ ;.. clear t.·ield A ·(CFAI)_·; 
l - clear field B (CFDI) 

SFTI niu~t contain at, least ·one sub:fr&n.e. inl :I.ca.tor; or 
block<:itte. w:Hl be 1.t-:ft blank. 

e. EOWC and REID 1:1.'t'E'l re:lated 1 tt~:m.s · and occur in· pe.1:rs •. 
Tht:,!y a.re o.f the form.· ie)tter-dig:Lt-di.git. The digit­

. digit pe.rta :must bti uniq,ue w1.thout; duplicates., The 
lett.er 18 uri:~:d only for progr.·a.m :function. re'f'erencie; · · 
e. g') K 0:f'o.r. fl.W'itche:s, .B. for ~re, . e~c. 

Program ( "P") C,:,.rdti :.. t:ipe·cifies· the core location to ~hich PEC will branch 
tooperate a pa..rt1.1c:u.JAr program.. 

a. TY.PE (P)~ 
b. SF.T.'I . *' 

. C, P.rSK 
d. PI'CL '*' 
e. EOWC 
r. REH> 

End Card .: last 1c:~u·d. :l.n d~c\:. 
,• 

cols .. 25 .. 27 :-.: "END" · 

7, 4, 2 Tapeis 

The iA'BSemble .Sequence P1.1.rrun.,~t-P.rn Prog.rrun input cards may, if. desired, be. 
prest-ored on tape. The order ru1d. contento of ca:rds is as described .abov,e. 
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7.5.1 Cards 

1. Sequence Parameter Table (~Pl') binary deck, with drum locations. 
Tb,e,Sequence Parameter Table contains three_ words per P or 'r card 
and is set up as follows: 

0 1·2 

SPr 0 I I I PI'SK 

I 

o 1-2 3-4 5 6 7 B 

SPr 1 ········r·r R C V L LR 
0 L A A TT 
w F C C A A 
I K N I I I 

'0 2 3 

I 
s 

I 
SPr 2 F WWDS 

T 
T 

2. SEQ binary deck 

, \ .,, 
SOOG 

1,-· 

EOWC 

15 16 

PrCL 

15 16 17 
V 

RHSD 
/J 
T 
I 

15' 16 

I CBHl\~r) .PENC(P) 

SEQ. The Sequence Cod.e Table is set up as follows: 

Word ¢ RHW Number SEQ entri~a 

Three characters of 

word 1-N Ll2-Rl3 DCA Program code of 
P card in 6-bit 
Hollerith. 

7.5.2 Tapes 

31 

31 

31 

The SPr and SEQ binary tables may be recorded on tape rather the.n on cards. 

7,5,3 Printouts 

A symbolic listing of the SPr table muy be requested. 

J 
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' 
1.6 Sl?EC:tAt POl!!!'S 

1. Th~ :t,rogram does not stop ,aien it encoun~ers ktt :l11e~1 item o·n a caret. 
'!'he card ia logged on the direct pr:l.nter aions with the reason tor. ite 
being ill~gal. The bi ts in t,he SPr table where t.he :l tem woul~ have gone 
e.re left ble.nk, a.pd. "the program continues o.~:r.e.tittg. 

2. ASP uses the COMPASS Compool to look up the cUtTent locations of pro­
grams and tables involved in conatt'Ucting the SP1' table.· · The cards are 
read in, processed, and. the output .is a:r.:r.anged tlidng the General Input .. 
General Output eub:r.outi.n.e :f'f.lat,ures or the COMPASS system. 
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8.1 IDENT 0366 

6.2 FUNCTIONS 
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The Environment Simulation program is an adaptation and extension of the 
Lincoln Table Simulation prog:t;"am. In Environment Simulation the generation 
of output is treated as the assembly of input data read in from cards. or 
tapes coded in alphanumeric form. Two kinds of output can be generated 
through the operation of thisiprogram; binary cards or tape records.· The 
naturE:l of the output is describ.ecl 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 master program or to evaluate the tra.ilsfer function 
of any program. The progra.mmer exercises direct control over the input 
data. · 

8.3 OPERATION See Section 2.0 of this document. 

8.4 INPUTS 

8.4.1 Cards 

8.4.1.1 COMPASS Control Card 

cols. 18 - 23 a 

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

cols. 42 - 45 = 

"ENVISM" (to indicate Environment Simulation Program) 
"TAPE" or "CARD" (~ymbolic ·input) 
"TAPEII or "CARD" (binary output) 
"TAPE" (symbolic listing on tape) or, • 
"DIR" (columns 36 .- 38, symbolic listing ·on direct printer) 2!. 
"NONE" (no symbolic listing) . 
"DRUM" or "CORE" ( type of storage) · · 

8.4.1.2 Environment Simulation Deck 

1. Ident. Ca.rd 

cols~ 25 27 = ."IIYr" 

cola. 36 - 41 = test no. (optional}; first digit must be a "5"; if. core 
· eilvirolitnelit is to be simulated, first f'6ur digits should. 

be DCA number of program using the·· irif'ormati9n. 
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2. 'J'8,gged I'bems '· . 

cols. 18 - 21 = :1.ndex value or c~nel ri"Umber .tn d.ecima.l J inctioa.t~-•. ·•.• 
.rele.tive loca.tion iri table block in wh.tch item ia stored) can l:>e: 
any. value ~ (n .. ,i), where u = nufl'Jber of wo:rds per block. 
cols. 23 · 26 = four-letter item tag 

.··~ .cols~ 28 - ·39 ·: item ·value 

a. Bina.ry or loglcal ite,mo - uneigo.ed decimal integers. 

b. . Floe.ting-point Decimal ;., All ,Hems .. apec:ified in the Compool 
as h.aving F (Floatlng-point Mcimal.) cod.1.ng are expressed as 
either si gn.e.d:, .u.usigx1ed or d:ua.l signed decimal numbers. 

1. Fra.ctic:,r.i.a.1 · p.t:r.ts ·Of a unit must be proceed.ed by a decimal 
po:lrit_,ari(l a ~:omrna. v.1.11 be useg. to oepa.rc ... te the two values 
of. e. dual i teru.. · · · 

Co Alpha.bet.1.c (see nc,t;e below) .. ·AJ.l items .Which ,t:l.l"e expressed as 
having C (Cha.1"0.ct;ron) or A (AlJjhabet.ic) cod.1.ng i.o. the Compool· · 
are expre.ssed :1.ri t71cta.l f:taction J:°CJl'Tl'J• . 1 

d. Biot:u·y.:.coa:ed De,d·mal ( e.ee note belo";f) · .. All 1 te::ms which are 
. express~,1 ns h,:ivi.ng X (Binai·y~cod.ed De:e:1.wal) coding in the 

Compool a.re ex.;prA!saed. in octal fre.<';t;fon. form. " 

e. Tr.at~k Nu.m.ber ~· All J.t;,~ms which are specif'i"d. :1.n t.he ·dompool 
as hu.v1hg T {'1'.ra.o.k N1xmbe1f) cod1ng ~r.e expr.~seed in the form 
LLDD or LDDfJ ,.,he:re D in ll. dec:1.wil dig:lt e.r..lS. L is a· le:bt.er. · 

3. Ta.gles~ Item~ 

cols. 18 -· 21 ,,, :t1:2f.f.e:ic ,,ra.1\i.P.· ,of ..::bo.x;.n.el. ~ · 1.n a:~ c:imt.t.i 
cola:. 23 ... 26 ... t1.:1.g ('Jf' 't>':l.l'>fo block .in whfrh :1.te:m belongs 
col:&, 28 ·• 39 - i te,m vo.lue · 1n · or.·t:al • f:r·o.(~tirJn . f m:m.~ full word 

4. ::End !(1a:rd 

8.4.2 Tapes 

'!'he Envirorunerit '.f:l\iu.ulaLlon d.eck desC';J:'l Led ti.l'OW ms.y,. if desired, be 
pr·estored on tf.l.p,!:'l o 

!IQ'.!.'§.: Theme will 1 n vo lve: pr~cod.i.ng f\.,9 pr?'e·,~cr:1.b<~·:l a.nd. the xi re oolving 
that re~ sult to oct.nl :t':ra<;.t;1.on t\nm t.o rend.er t:he co rrer.:t.; . iilput ex11ression. 
If the f.ina.l ocl,al fr.·n.d.lr.,n. e:x:pn~noicm 1a eq1.dwu11<mt l.n mtlgnitude .to a 
half-word., it m.y be ent.ere<l 1.n t-1.ther r.olumns 28 - 3J or columns 3li - 39. 
In the fo.rmer cae1,, cclum.or.i 3.11 ~- 39 muat; 'he •1:afl,t ·blanlt.. Ih the lat,ter 
case, t·ohunne 28 - 33 must be cod.ed plus 1,e11-o.. · 
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, 8. 5 OUTPUTS 

8. 5 .1 Cards ' · 

Environm_ent Simula.ti,on will generate simulated data on either punched 
cards or tapes. In either case, .th~ output:;· i~ derived from a. table 
comprised of addresses (core or d.rum)alterna.ting with corresponding 
contents. Thia,, table is formed in core memory from the input using 
the C6mpool · to determine the a.ddress for the individual items simulated 
as ~ll 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 contento generated. in core. No cluplicat:l.ons exist in either of 
these modes. · 

· The dn.ta. is presented in the so.me order a.a that given in the input. 
That is., the first datti word' correaponds to the first ca.rd input, etc. 
The IDENT is gangpuriched in columns 1 - 6. 

8.5.1.1 Table Card Form::1.t. 

1st word: 9's Row7 Lill'1: ~¢~~~~ iCol, 20 identifies ca.rd type) 
9 9 8 Row;. RHW~ No. of data words on card, cols. 44 - 48) 

2nd word: 9°s Row, Fu11· Word:· Checksum 

3rd word:, 81 s Row, LHW: Drum Fie1d (Cols. 27 - 32blank for core locations) 
8 9 S Row,, R.HW: Ad.dress (Cola. 33 - 48) 

4th worti: 8' s Row.~ Full Word: Item Va.lue (Cols~ 49 -· 8o) 

., The rest of the ca.rd. is fi.lled to a. m9.ximum or 22 ~~tr,ies of alternating 
eddreaoea and contents. 

8.5.1.2 The End Ce.rd 

8.5.2 

lat word: 9°s .Rnw, l.HW: ¢5¢¢¢¢ 
9' t3 R1..)W, RlIW; ¢¢¢¢¢~ 

2nd word: 9'o Rowp ·Full Word.: Checksum 

'l'npe 

The tape output :l.s preceded. by the usual Storage Ident. · record. The 
first word of the St<.,rc:1ge Reco1"d canto.ins the number of data words in 
the record·(left-hl:l.lf word.) e.nd. the tape r~cord identity bits.(¢~¢11) 
right-ha.lf w,')rd. The_ oe_cond ·word is_ bla.nk. Following. this is the series 
_of alternatin'g nddre:seen ti.nd. c:ontents. · The record is t~rminated by· the 
complement checknum. Tht:: To.pe Record cannot exceed a length of 2,503' ... 
registers of 1~25010 c:1.1.rrl inputs. (Alao see the section dire~tly abo~ 
for. m<",re infonn!:1.t:l.on.) 
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: , 8. 6 SPECIAL POINTS 

'Error Pr:Lnt..;out· · . . . . . . · .. , . .· .. -. . . · : ., . . . · -~·- . . · . , ..... 
_Shoula .the input carda · be :·improperly. ~~d. oi- d9#t~:fii: • noh~,xia~ent ·· . 

. tag (from tli~ current cfompool) 'the car.cl v1µ- ~: pi'i~t~d-;:o~t Yitl.'J. an , 

. appropriate'lliessage ,indicating where,'_on· th~ car~, ·.tlie -error w.s.; , 
foµnd •. in addition, ehottlci the·· numb-~r of ~ntries.~to the 'table :ot_ ·· 

· alternating _addresses and_ contents ·exceed -1~50, the :cards exceedillg .· 
that .. l:imit will be printed out with an. appropriate 1!1$SSa~ •. Iri ill' 
ca~es, ·after the pr:Lnt-otit, the progrtuit.Yiii continue opemtion 'on 

· the data success:f'ully read in.· · · · · · ,. 

2. · . When· the program ident. 1$ riot. found af'ter searching .se'ctio1i E .of. 
the Compool,the progTain-prints e>ut an appr.opriate message and ha:lta. · 
- . . . . . ~ . . . . . . . . . 

Provision has been ma.de for permitting a .dompool ove:t'r:lde action •.. 
In order.to initiate this function, the'Enviroriment Simulation Deck 
mµst be .. supplemented by . . . · · Table Input and/or Ite~ . :i:npµt ~a · .· 
in the :forma.t prescribed for the- Assemble Conipc:,oi._Deck~ . 'Any table 
or . item. feature can be given alternati ,re ·d,e~iptiori _in. this. .· . 
supplementary· input. · It :Ls·also possibl.~ to_:f.l~bJJiit·definitions: 
for non-existent ,~able~ and_ ·1tems.; .· · · ·. · · 

The1.Je · supplements mue·t precede the EriV;LronmeJit Sinni+ation- Deck and 
. follow the ID!' ca.rd if it is desired that: all or· the aucceeding . 
input be. affected.· .. In order to exclude c~rtain input :fropi iilvoive- . 

. ment, -the Compooi' Deck Supplement ni'ils~ b,e · erit~red after the input. . . 
In addition, when it is. desired to· ~verr:i.d~ the tab:+e 'designation . 

. or a11oca.tion tor a.n 1 tem, both tlie resi;>eict:f. ve Table input override 
and the Item Input Override inust be .. g:l ven, the "One: immediately . 
following the other. · · . . . · 

The program ca.n ha.ndle 15010· ltem override.-,eiltries 'and 50io tabl~ .. 
override entries.· 

; 
. 4. -~ i tern or table Wi.lU.e can be repeated up to a maximum of 100010. 

times. The input whose value is to be repeated is indicated 
_ by O DDDI>i_o (digit-·di.git-d.iigit--!di;g;it) in columns ·67 - 71, inclusive • 

. -. 8. 7 r;:~tMITATIONS OF PROGRAM 
. . . . -

... C~rtain. i terns in the Compooi are . e.ffec:te.d:- :by ch,nge s -in. ti)e BQ&+;ing tor 
· F~type cod.1.ng. Environment Simulathln--,asswnes that the expone111'-:,x-epresenta 
a''.'1J()wer of 2; the multiplier is not used.·· Therefore, with their,;presently · 
s·peci:fied scaling, these .1 terns can11ot -presently be simulated l)y. Environ- ·. 
ntc!'11t::.rs1mu.1.ation: . CSX."\, CSYY, HALT.. . • · · · · . · 
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9.2 .. FUNCTION3 converts :f'ixed geography displey info:rma.tion in Holle:dth form 'Whiob. 
is on 'co.rd.a 'or tnpe irito diapl,t\y :f'o:rwit,; output is' eitb.er on cards or tapat. 

9•3 OPERATION See .s·ection 2,0 of' thio docurnont 

9.4.1 paros 

~.401:1~ COMPASS Control Card 

cols. 18~23 ::: "GEOOR" (te> ind.kat.-e Auaemb]_y Oe(?gJ:'O.)?hy Program) 
col~~ 25i28 11 ,IITAPE'' or "C.AHD" (aymbol!c input) . . · 
colF.i. 30-33 • "TAPE;' or '.'CAIID" (binary output) . . 

~.4.l.2 Asae1~blo Gepgr~g4l ~¢c~ ·· 

Th~ i'np,it deck hll.a th~ foliolirlrig oruer: Reference co.rd~ data card.a, end c8.'fd, 
Eu.en ve~tor mesao.g~ is mo.i:1.o up of' o. V co.rd f'ollo~ by nn X ca.rd. 

' ~- •,... . . . 

col.a. 1..;17 of oJ...l. o:I." )the :roJLloYJlng crut"d.rJ have the oome fo1'Jlll).t ! 
coli. 1:..7 c card rbooCn.o. 
colFJ'..· 8-·9 • oubooctoi•;'Jifo. 
C011S1

~ 10-13 - co.te,~ory.\ ri.aro.o 
colo;. ll~-16 = no. co.rxfo in co:f;r.,go1·y 

. . " ... 
col. 17 · = blonk. 

Column 

1-1'.( 
.]13 

19-2(1) 
. ;2ft.;;~~G 

32-JJT( 

1,:3-li 7 
1,n .. 52 
.5}-UO 

Irii.:formo.tion 

{ :0(!,C ~XhOVf~.) . . ·. . 

Cn.ll.·d. I<'foxitiflc~xtlo.n "H" 
tNt>r.1.r;ctoi• ·Num1)~r UY~t.dgned. Decimo..l Integer (UDI) 
S;vntem Ce1:1.ter-Longltude UJtmlgii~ DecimoJ> Intt'lgc:r-e · 
colr:i. · 21-::?3 ·. . Dqgreea (lIDI) ..... · · 
Coln. ~~li-~26 · · · . ' · .. ·· . 1/19 Minhten (UDI) _ 
S,y11tow, Cent.,;,r"'.J.;.o;t,itudo · · UliBlgncd. Dccimtil I:rrteger 
Gol:rJ. 2'(-2B D~grc:<'!•'l (UOI) •. · .. 

. Goli,. 29·!31. . . i/10 Mlnutca (u:t>t)' . 
l'.>:l.r:rplny ··ccrt·to:t:; . .",I..<•ngit.w:i~: .ttnoigne<l ·necimaJ. :tntege:r 
C(1lu~ 3~·--::v~·· . . . ,negreeo (UDI) 
C•:,J.~J. 3~·:lf.. ,· 1/1.0 Mt.n~tten>(Hl)'.r) . . 
DIJ1plr~1r (i1?1·(ter-t..nt:1."b~a.;~ · tJ'o.1:rlgnc,1 .. Dcciino:l Integer . 
(!O\J:ln 3n:..J9 · . . · he~.r·qcn · (UDI) .. 
(!olr1". 110-11:'."! · . ·1/lb 'Mfnhten .(U]jt) 
DllTpJ..,1.y yr:c: l~or. Mn:l:tlp:1J,c,r. tJnn'lgni!':<l .])ectnm.t Ii're.ction (tfDF') 
n:1 .. npln.;r 'J'n1•: 1:1;:lon Mu1:tlpil.1(i':lr Uni:11i!,n;~ Decimal. Fri_l.ctio~ 
- ... ···• - ·• ·· ... ·· ... ·· -·· - - •· - - 11lru>.lc 
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2. Tabular MeSS!:'.§<lt Oard 

1. 

:tntormAtion stored on talrule.r mesm,.ge type cards ~ be either track 
(T) or 1n1"o:rma.t1on (I) meaaagoe. 1'be tabular m~,u•as• oOJ:d con,siata ot 
28 fields pt 1ntomat1ox:~. 

Column J.n:f'ormation Ca.rd Oon;bent11 

1-17 (See above) 
1 

J.8 Ca.rd Idantifioation "'l''' or 0 I'' 
19 Displ~ Drum F1old 

UDI r-61 20-22 Dr'UllJ. Slot N,wber.· UDI l,,;2 ~O )· 
23-24 D:t,ipl.o,y Melil,1:mge Category UDI ¢":31} 

25 m l'os:tt:l.on ! ''Jt;'.B~-V;R;'J: 'Ol"''H'' 
26 .. 36 l!.l Loic1':tion I 

Dia:pl~ Coordi:rw.tea 
Co.ls. 26-30 X Signed ~oimol. Integer 
Cols 32 ... 36 Y Signed Deo:lm.al Integer 
:Oegre(i)!~ I.Qng1t™1.Q 
Colo 26~28 D~gree19 
Colo 29~31 . l/10 M:tnu.teo 
Degrace Ls.t:ttude 
Cole 32-33 Deisret,s 
Cols 31,1, ... 36 l/lO Minu:tes 

37-38 A1 Cha.t"or.tron Code or Character 
39-tio A2 " 
4l~li2 

~ " 43-li4 " 
45-~.6 A5 " 
47 .. 118 A6 '' 
~9-50 B1 II 

5.1-52 B2 " 53~54 :~ " 
55-56 " 
57-58 D5 " 
59-00 C1 II 

61-62 C2 II 

63-61i g3 II 

65-66 " la. 
6·r-e1 Dl " 69-·ro D2 " ·11-12 , .. " .. 

7:-J Llp)l.l; Gun Control l\ltU).k Ql" "L" .,,,_.,6 
Vnct.01:· Mne-.n:t tud.e Unt1lgnt?Jd. Doc.1.ll1BJ. Integer 

Tf-Oo Vec·tor. Hettdlng UnE!l:l.gned Decimal Integer 

.'f..(l._~-~-<_l:~eosnee Cn~ - Flr~ t co.rd. 



l-17 
. 18 

.,19 
.20•22 
23~.24 -
25~35 

- 3(?-38 
. j~---1'? 
43-53 

' ' 

( ~ati e.bQVe 
Ca.rd ra~~tif':loation 

. J):16ipln.y Drum Fi0ld 
ritima Slort,. N'UlT,1.beir _ 

. Di~_p.l.a,y Meoell,$~ Category 
Od,gin V~c,tor 4 · 
DihJ11.;Lny C&!ili&tes 

. _C,ol!I • 2.5··.:.9 X 
C'011L~-. • 31:" 35 Y _. 
D~1gr·~"~ Lt,JO\gi tulle 
Ceil.~ 2'.:,·<:7 · . 
ooa.~ 2G~ 30: .. 

. • m,;g.1"'(\:R::r1. Ln.ti t.ud.e 
Ci:\b. j1~,32 
r.oJLifi·.. ::q~-35 
Vf:'•ct,jr· 4 M~gn1.tude 
Vr:~.t-10,:rt" 11 JJ~eid.ing 
O.rJgln V~ict6r· 3 _ · 
D:1!.l!l'pl.n;v c,~or.rdtM:t~e 
cc,.b•,. ji 3,-.1,7 . _ 

<C1Dr.b 49 .. ,':iJ · 
J),, ,_u:'~f',1~· t.C'!tllgttoof!! 

· · c,:o.li§. 1,3".11 5. 
_ G111;b,. lr6~4B 
Deg,rf.'l,el!ll Lati tud.~ 
C(nl~, • _ ~ 9-50 
C'rc'lbi. 51·· 53 
V~c-toll" 3 Mngo..i. t\ll1.ft 

· V'!'ii:":tor J H'"'Etd.lng 

01 
0-,~ 
0~' 
04 

• . .J) 
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Cll.t'd.•06ntenta 

1tyit 

UDI 
UDI 
UDI 

Signed D&<'l~ !ti.i.leg~i­
S1gned: 1)0oimA\ In.ttligef 

·. ·:oe~·~i!!ldi . 
·1/10·!'11nute& 

.· .· ·. . ' 
"I -·._ • 

l),ig?>ef!IS · .· . · 

l/10 MiEtutee. 
un~tgni?d. Dec:i,n..e.t l:nt~i•ra · 

' .. tl'J:\slgn'!id. D@ci:1.mal. :tnttiiier ' 
' ' . 

· S.ig_nti,,d 1)(,,1.'\!imA.l. In.t~~er . 
SignM Dfa>Gim.~ i:nti!ig@t' __ . 

-Df1!8:N~~ . · . 
1/10 Ml.nut~• 

D~:~fr~e111 
1/.lO Mtnuteo . 
l))i~:t~nN ~i:::l.m&l l:titttger 

· Un~lgnM I>f!<<llttUkt Integ•r 
ChM·notron Cod(I or Cb.axiioter 

It . . ·, ' 

.. 
0 

T.hti seeom ca.rd cf tb.ft v~e: t,Ol" mi"in~ngs hiw t.t11" •Me to11l'A'l. •• th~ :fir·ll!lt cl\rd 
v!th tQ.e ;f'olloving ei:o~lo.Q11': . 

. 1-17 
J.8 

23-21i 
25•42 
43-00 
61-ao 

~. ~ . . . . . . . . 

Infoim.a:\:-1.on 

( ~e,., nl,(vv~) 
Cn.r,'l Id~ntJ.f:trt'i,&tion 

v~ctor-?. 
V(lc:tor· l 

"X" 
nlil.nk. 



. 5• · End, Card 

· · .. 1he J.as:t ca.ro. ,of the fixed geograplicy' di~Pla1 deck cc,~,aine i. ''Z'' iii ~i>iu,ri~JB, 
. . . I 

· The· Assemble· Geography deck des~ribed. •. i.'bov'e WJ.1, it desire{:l, • be pteiti9red ~-. 
tape• ihe o1'ier 9M co:nten.t831 Qf cards will be the ae.me o . . . 

9.,5.1 CaXlde · 

.,, A bi~ deck will be p:rod.~ced; the f'offl!At irB eh.own in Section 3 ,0 of' th:l~ . ·. 
, .. 0 docnument. · 

9.5.2 Tai?e 

If' specified; a bino.ry tape 'rill ·be prod100ed; the fo~t is ob.own iii Se~t:ion: 3•0 of' 
tb.ie document. 

. . . 

lo ~e -tol.low.K.ng • 1egaJ.i ty. c!mecklli are :perf'ol'mM on eii ·cards:. 

a •. P.irOI)er .fon18,t :bi e,9Jt;h :J.te.m . 
bo . Duplication o.t d:r.im ISlllOJt~ a~l!llf,gment!S . 
Co Pro,per .lim1ta in ea~ibl ce;rd it;a!Ao 

For any of the above e:r.ro:r.~, or if' tiblE'l :first ce.ril. resd bi not a reference 
. cal"d.:, tb\e CO>D.tent!SI Of the Ci&.'N. moo. tb\e CO.l.W'!.111 number Of' the 'firat column. Of' 

th~ field in "1biich the err{l)J'J'f OOC:lll"!"e& a.re printed ('l)lll tlme 11.n~ printer~ . '!'he ·· 
progr·am vllJ. proce~Rl! thei re int, of' tibie c!tl'dB1 rund check f,c,r :t'u.rl;bier errors., · 

2. AU m.esfl;sge c:a~D ere pr.oo('l1r.1~~,. t<eo coov~~i; VfJ<e:tt\'lJr poB:l:tioDLrii to Xpy in · 
diEipley. uni tiB, co1.llvort irt:i{;t;(OJlt" lWIR,SJ\1.turl(;'?lcll til!il'i !lie~w.tn,go to i,;, y in diEJplq 
uni tlEl, converf; dmaJ:"acte::r.-111) t.;b> dlle;K:".ot.~tr·on coo.a ,i, mod Bet nece.uieia;ry iMicator bi ta~ 

3• The UFG¢ table 119 set f'.t"r..'/\1% tlo\(.11 f'J.r.st 43 ~lQ,t~ of dnm. field 43. 
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Prints out on the direct·or de~ed printer, in octal or instruction . 
form., sJ.;L .or parts ot core, drum or tape. 'lbe program 1• controlled bJ' the 
"A" and "B" and Sense Switches.. -the use ot 'Which is described below. 

10,3 OPERATION 

l0,3.1 COMPASS Pl"Ol£llm1B Al.re~ On D~ 

lo Uae the toll.owing binary ca:t'd to get Memory Print into core: 

SDR 26 
I'1)C 

WRT 
SDR 11 
LDC 
RDS 
B:LT 
J3PX 

0 
0 

lt.0008 
0 

6o 
17208 

0 
6o 

(1ne rend-in om.rd mtorea the contents of core memory locations~ 
through 3Tn onto dl:"lm& 26 wo.d then reads the·· Mem.oey Print program into 
reg1161term ~ th.i·ougb. 1777, and halts with the program counter at 7 • Upo1 
cax,;pletion of tb.e read-in, drum 26 contains the read•in program. in 
locations ~-27 &M.\d. the contents. ot _core memo~ in 3~ through 3777•) 

2 & .Assign 11'l1tlSt M<tWlOl"y" 0 

4. (Go to Secrtion 1003 .. 3) 

10.3.2 COMP.ASS Progrmil!I Not .Al.re~ on D~ 

A Memory Print Deck can be obtained and run by.itself', apart~ 
COMPASS sya·tem. The deck comce w:f.tb a apecia.l read-in cud. · 

l. Head Mt~mcvcy Print deck. into core. 

10.3.3 Control ot: Mf!l:m.or;y: Print Progra.ro. 

J.. Sot Sense Swi:t;chea: 



core -

Drwu -
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ON II b'eJ!HliDg IIF;riogram COJ.'-.tinue" cauea 
contentg of drum· 26 to ba read into 
core, thus re11tcrli;ig core. Opera.tea 
a:rteir cinG pasi&11 of program. · · 

01'.F :: Pre~s1iio:g "Pr<®gram CWl'.f;iriue". ca.'1181ea 
Me!Dloiry Print Program. to be rerun • . 

. ' ·. 

ON :;: Di:ir.l!l11r.·t Oi\li.t,p\llt · o,n IJ.Ja\Pl Prlll'l\tor 
OFF iii De1lillii;l•,ro . ( ~1,11~ Um. t No" 4) outpu:t 

ON II! 0(1;1,n:1 C('lMt&ntllll · Printout 
IOF'F ,Iii JDlMrt:nllCt:ll.lOJ)~ P.r.1.ntcN:~ 

OlN ::: Rigbit; ''A" SM "B" Svltcblell!l det~e. 
p,Ql:1r~:ff.i:ll)IJI ¢':!lf' ·t~p~ reco:ro. tio be printed. 

OFF' ... E~J;i:t·~ t,!l!l;p~ r~C(l)ffl v.lll be printed 

"A": LS and, RS .. Rl5 ::: St:t11:r.ti.,:ig Atl.d.r.·e!Hls 
.IJ. ·~ Ll5 ~ ~~::ir.·«:» 

"B": 

"A": 

"B": 

L4 . - L9 ~: SDR C,o.x&.ei ( 61) 
Ll¢ - Ll5 ;:· Jl):IM.lm qr~iie 
R.t :l. IY]. II F'rQllt° /l)lllJ\ ,l'l.1,\ll\1f:~ (/ti;Jt"\\l.11!11\ 

BHW ~ S',t;~.r.1;:l.:ioig A1<~1!b1!.':*11Pil 

taw ·;; ?~lf'.i:it(()> 
RRW ~ F''.i.10\llill. Ml1\llt't)/,'I,!~ 

Tapes .· 

"A": 

"B" 

L4 ;.. L9 '" SEJL, Cl\Oid.e: ( 6:2) 
Ll~ '" Lll,5 ::.: T.1:t1pe Coo.1:1 
.mnl .., s;t;.:'ll,1rt,XJ01g Addre&1,~ (:i;~r·vi :t'itll?' f'~il.l :r·ec(Ql.irul) 

LilW 6,1 Zeil!''JC>) 

I.l ~ Fi..ll,:i*'' rooi.~~i:r biei pl!:·ln-i~~i f'r«.1m tilll:Pl.«;1 · by depre!$\~1ng Ll ot the 
B ,'111wlt~lo1,!:'lfl!\o · Rf~~1((lXIL'\d.r.!l W.l!Jl.l be ptintelli Utmti.l tha"em. 
of :Cll~vJl!ll,'111,1\''lf. ~Jl1 r.~11'l.r:ibl/1d. ,,1:r L1L 1~ r·ata~:do On.I$ · · · 

·. (C\)J!l\01;'1 e:10vl. 1:if' :f.ilP.i 'i!'.U.l be. '!lf.l!.":11. t;t;~:lll on tb.\er dC"J.~·ed Q>llltpu.t 
· t.i,:p1e:. Tlillf: lllllmi.bli"l:1t" f»:f \ll~,r~'11.191 i.n1 tlo1P.1 t~pei rec11."1Jrd ia printed·. 

Rml' · ~~ F't.t11iii.l /tdlii.r·1•·1i('ll,'l! 
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3-0FF 

Prtnt 1.65j/S13 to 273~8 of auxiliary drum 2·direct as constants 

Sense s~"i tche:s: 2 - ON 3- ON 

. P.r1nt o:ue record of ta.pe 3 direct as instructions 

4..; OFF 
\ 

P.rint 6¢.g t.o 3frf>a or the next record on tape 2 direct as constants 

Sense S·wi td .. e~;: 2 - ON · 3 - · ON 4 - ON 

3. Press "Progrmm Cor.;.ti:clU'-'.:o" 

4.·. ·Progrom mfd1y b~. re-::r"-n .s.~ · oi'ten as desired by resetting "A" e.nd "B" switches 
a.tld pressing "P-.cogr&.i Cor.Jitiuue". C.!b.anging the "A" and "B" switches wi,il not 
affect the op:::1.·&tine; of Mm~iocy Pi"int once 1"1; has beguno Sense ovitches 
2 and · 3 a.re exo.\"rl.i.n~tl. a;I; (':1Jc.h pa.as o 

To restore c.ore aft.er ci;,mpl.etion.,. de:pre_ss SENSE SWITCH I a.rid press 
"Program. Continue" ~ 

l0o4 OUTPUTS 

Tb.e outimt ,of' the i">t'ogr1.mi.· :L<:1 :printed four registers to a iine wit4 the. l.ocation 
of ~he first regia1;er o.t tJJt?; · 1J.nf!: i..;pecJ.f'i.E:!<i.'l st. tlie left. · Only the first 
register of a c:onaecuth.-.,;:: .o·tring of identical. registers :is printed, the 
rest o.re a1.1ppr•:ot~6~. En,ri/u block of M1.e1nor.r print.el is preceded by a liile .. 
specifylng t,he b]cock Z"l'lqL"F~::i:ted. · 

l0.5 SPECIAL FOINTS 
i 

l. Memory. Print :,V:tk.eiB . t'l.e,v•~.n.\l lega.l..t ty -cibecloo and prints "ERROR" on the line 
printer in tl'ie foJJ.owl:r~ ca.a-Jea: Teat mexo.ory unassigned; starting .... 
oddresa .great,:-r. than ·f,hf.) f'ioo..l addreoe; le:r.t ·"A" sv.itches (Ll-Ll.5} .not 
zero., SDR,or 13&L; te'.p,~ unlt 4 requested to ·be printed~ ' . . 

2. Tl.le large memo-:.::, ed,J.:r-e:31..,.,,~o {up to 'Ji'n, 777sf -and the new instructions 83:'e 
incl.uded. ·Ina·tn.,ctionH _un::b.tg Ll2 for contro1_ il\l"e printed. with a "l. "· 
follcwing the 1bJ.itruct1on (!ode (eugo, STAl,. AN>i) •. 

·., 
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bin&17. elect •. ibe m&Xi1IMa record le~h ia.reatriotad to 200,0QOa• 

:, . I 
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Tb.iii program :l.iJ a grou,p ot eubroutinee designed to perform va.rious.b.aoolinga.nd. 
processing functions on. tapes produced by the COMP.ASS Sy-stem. The f'unctione 
perf'omed are divided into three broad claas:i.f'icationa: Functions involving 
Hollerith ~apee,onl.y"; function• in~lving bin8.l")" t11.pes onl)"J f'unctione 
involving. Ji:olleri th or binary tapes. · · 

· lJ.~3 OPQATION See Section 2.0 ot thio document. 

u.4 INPUTS· 

U.a..1 FUnctions.Iilvolving Hollerith Tapes Ong 

l~' Load 

Control Ca.rd: 
i:npiJ.t: . 

·Output: 
Cbo.rocter Type: .· 

Cola. 18-21 • "LOAD" 
Any' Hollerith punched card.a . 
Roll.eritb (cols l7-80)on t~pe 2 
Hollerith 

. The LOAD eubrouti~e provides a meNii,· tor loading tapes with Hollerith data 
where card-to-tape equipment is. bot nva.tlo.ble. ·The subroutine writes 13-
vord records containing the Hollerith coding or' columns 17 throv.gn 80 of 

· · the caida ·on tape 2. 1.'hs proceoe opera.tea until end.-of'-:!ile is reacheld 
in the ca.ri. read.P.r. Atthia point on ('l.nd.-of'-t'ile record iB written on tape 
2 fol.loved. by a bro.nch to COMPASS Control. Tbe input deck io set up vtth the 
LOAD control card f'ol.towed. by the cB.Tila to ba loo.ded: on ·the tape. 

2. UP!ate 

Control Ce.rd: 

Input: 

. Output: 
· Cho.racter Type: 

Cols l.8.:.23 - "UPDATE" 
Colo 25-28·= "CARDS" or "TAPE" 
Ma~ter on tnpe 4. 
Chll.llge9 on tape 3 or cards 
New maat~r on tape 2 
Hollerith 

ibe UPDATE auhroutin~ provid.ea a DU!ons ror .cbMi?,:ing t11.peo lotl(ll'!d vJ.tb ln­
st~tion_ deeka1 of progromo. 'Iba subroutinf!I changei,, d~letea or insarts whole 
progrnma or co.rd.a. v.f.th.in a program. 

To insert, che.ngo., or deletn o.n entire program: Punch an "IDT" cM'd id~ut:tef\l 
:o the o~e on ?J.e mniJ·ter tnp4', · o.nd. :1.n columne 30-35 punch "CltANGE," "INSERr". or 

DELETE. If U1e program is to be deletl'ld, thi1.1 is a:Lt that il'.I ·need.Mo r.t 
change or inr.r.e:d:., thi~ card muot be followed by the xiav prog.t"em, incl.ud.ttig a.a 
"IDT• ca.rd and IUl "Jo::ND" card. For inl!aert, the nev progrMl will be 1n.Hirtr.d. · 1 

before the prog.ram ind.icn;too. on tbs "INSER'r" ca.rd. ;:;. 
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. . .· . . - ·. ·. . . . . . . . . : . ' . . . . " : .~ 
To. in~e~, ch~,- or delete·· a card within- ~ proEPt~= . ~ch Qn .. IPT. card 
identical to the "IDT" ot the program on the ·mast.er tapl!t, ool~s 30~35 

. bl~ •. For e~h change. within· a pr~gram, .punch ~>control card ~th_ "C". 
in column 17, pre\r.iou~ symbolic location·in columns 18..;.22, ;ncrement in 
~4-27 (increment· .. DIUst be positive) arid' "CHANGE," "IlfS~T'.' or "DEIZ.l'E" · . 
in coi~s 30~35/ If :"DELETE," punch in cols. 36-41 the ~~ber _ot c~ds 
to be deleted. If "CIIANGE" _or ".~SERT, II it must '1)e toilowed 'by ~he c~ds . 

' to be inserted: or. cheriged. . .. ·. . . . . ~ . . . ' . . . . .,. . ' 

. Only one "IM'''· ~a.rd is needed tor a program, reg~dless of ~ow many.. changes 
are made in :ii.· A control card is needed tor each non-coilsecut:1,re· location: 
affected, . or tor each change·. of control. For example, 1'1 ve consecllti ve . car.de 
may be changed, after one ·control card, ·but i:f a·cEt.rd is to be inserted before 

· the sixth card, another control card is needed. · . , 

To change en "IDT"· card, the 'rolloving. cards are. necessary: · 

l. An "l'.D'l'" card like the one on tape~ 
2. A cer:d:w:lth "C" in column 17 and "cHANqE" in colwrin13 30-35. 
3~ · The new "IDT'.' card. 

In the same way, -~~de ~ay be inserted, delete<l or changed before· the 
first locatiori.tag:by leaving colwnns 18-23 bla.nk on the control c~d bl.l.t­
putti~g an i~cre.ment in coiumns 24-27. 

. .. . ~ 

If the change cards· for updating are in the card reader, follow them with · . 
a c~d containing IDT in columns 25·"2'(-end FINISH i.n co,lumns 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. 

f . . 
/ If UPPATE cannot find the symbolic tag in a program which· is '.referred to by: 

a ch~g~ .card it will print out this.fact on the line printer.and go on to· 
,ma,lte -~~~~es to the next program f'or whi.ch changes have been. specif-ied. 

Since update provides the facility whereby an i.nstruction card f~le may be 
DJai~tained on .tape, a method is p:rovi.ded to make the backup card files . 
r~ti~~t the changes to the tape files. ~e same 4eck u~e,g. to.update the 
~jter tape files may be processed. using ,EAM pr.q,i~~ure~ -~ougb tP.~ card room. 

The 9~ type of change card whi.ch cannot :be di.r~~t,ly p;r.9,~~sse.d ,91 E.AM 
proce.4.w;es is the DELETE X. For. this reason tAA ,p_;r.ogrE!Jmller sho~4., for. 
examp~1 follov a DELETE 3 cards i.n the change 4,4;'.cJc ~ th 3 cards .contai:p.ing 
just t~ -p:rogram identification and card number~ to be.deleted i~_colunins 1-6 
and 8-13 .Of the -card. The update program wUJ ~&BS these cards if they 
are in tbe deck. · -



......... 
11.4.2 Functions Involving Binary Tapes Onll 

1. Punch 
Control Card: 

· Input: 
Output: 

~ ,,,...... . 
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Cols. 18 - 22: "PUNCH" 
Tape 3 
Binary Deck 

· Page 57~ . 

The "PUNCH" subroutine generates binary decks.from tape storage records on 
tape 3.- The tape storage identification is gang-punched on each card. The 
subroutine will punch the storage record at which the tape ie located, To 
punch a·speci:f'ic record, the tape must be positioned (see below) to that 
record. 

Merge 
Control Ca.rd: 
Input: 

. Output: I 

Cola. 18 - 22: "ME~GE" 
· Ma.ater on tape 2 

Change on .. tape. ·4 
New master on tape 3 

: 
The "MEROl!l 11 .subroutine will change, delete or insert a. block of records 
corresponding to the records-aaaocie.ted with a. storage identification record, 
These functions are specified on merge control cards. Each control. card is 
punched wi~h, "IM" in columns 25 .- 27. 

To change ii( record· bl~ick; the six' character Hollerith identification of that 
block, as it a.ppee.r_s 01f the.· master tape, ia punched in columns 36 - 41 with · 
the word "CHANGE" 1n·columns·30 - 35, The record block on tape 4 whose first 
four identification char~ctera agree with the identification on the control 
card is substituted for.the existing block, 

. To delete a. record block; the· six character Hollerith identification o:r·that 
block, a.a it mppaars on the ma.ater te.pe, is punched in columns 36 - 41 with 
the word "DELETE".in co:tumns 30 • 35, · · 

To inaert one or more record blocks, the six cho.ra.ctar Hollerith identifi• 
cation of.' the block e.fter which the1 insertions a.re to be ma.de is punched in 
columna 36 • 41 with tho word "INSERT" in columns 30 • ·35,·;_;_For ea.ch record 
block to be ingerted, punch an IM card with the record identification in 
columns 36 .. 41. Column0 30 - 35 of these co.rds a.re ·l;>lo.nk. These cards are 
placed. directly following ·the insert ca.rd, · 

To change a File or End Identification record, regular change cards are punched 
with the file or end identification in columns 36 - 41 and the new file or 
end identification in colurnne 43 - 48. 
The "MERGE" control 011.rds muat be in tho order of the records on tho ma.ete:i.• 
tape· (2), An end co.rd ("END" in cola, 25 - 27) is the last ca.rd in the 
deck. The r~corda on the change tape may be in a.ny order provided an end .. 
of-file is written on tho tape, 

3, File 
Control Ca.rd: Cols, 18 - 21: "FILE" 

Cols, 25 - 30 = Identification 
Output: File identification-record on tape 3, 
Che.ractex• Type: Binary · 

The FILE aubroutino writes a file identification record on tape 3 with the 
aix-chs.raoter identi:f'ica.tion epooified in columns 25 - 30 of tho control card, 



4. End -
Control Ca.rd: 

Output~ 
Che:ract.e:r. Type~ 
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Cols .. 18-20: "END" 
Cols, 25-30 = Identification 
End Identification record on tape 3 
Bi.nary 

The END subrouti.ne w:dtes au end. :1.demt1.!icat1.on record on tape 3 vith the 
six character identificat:1.on epee:U:l.ed in columns 25-30 of the control ae.rd, 
An end~of .. file is 'w:ri.tt.en f'ollcrwing the eind identification record. 

Li. 4. 3 ~tiono ~l vt!!~J.!21:.!~r:!~~~-2!:-~~~L!!!:E~!! 

l. Posit:l.on 

Control Ca.r.·d:: 

Character Type~ 

Cols, 18 .. ,20 ~ "POS" 
Col. 22 :: Tape Number 
Col. 2.3 ::;: Rewind Indication 
Cole. 2.5-30 :.:: P.r.ogrom Identification 

·Holler:t.th rmd/or Binary 

The "POSITION" subrout1.ne plac1?.s the tap~ unit specif.led in column 22 or 
the control card to a 1,10:lnt. Just. before the rec,o:r'd 1'1.ock identification in 
columns 25-30" Fo:r H611t:i:ri th tape a th!.s poix1t is be.fore the "IDT" card with 
the spec:if:1.ed ident:l.f:l.~at:ton. F'or binary ta.pee this 1,101.nt is before the storage \ 
1den'tif1cat1on r·ecord w.Uh the. speci.fied. idr:mt:l.:ficatic•n. Col.wnn 23 ot the control 
card contains ei the:r an "R" or is left blank oigni.f~vJ.ng position with or 
w1 thout rewi.nd., :r-espact.1.vely. · 

Control (~:a.r.·d~ 

Input.: 
Output~ 

Co.le.. 18 ... 23 ::: "DtteI.tC" 
Col., 2•:; ··· Number ot copies 
Tap~ 2 
C1.'IJ)Y l ,.. tape 3 
Cnp,y 2 tape 4 
Copy .3 ,,. t:.a:pa 1 
llolle:dt.h and./o:r. BLna.Ty 

The d.upl1cat"" F-ub:rou.Une t;r·an.a:f'~:~"a thP., cc,nt(mte o.f.' t.a.1m, #2. out a tapes #3 · 
and 4 and. l.~ :rE>:ai.,1:1ct.l.vr:?1.y:~ M d1;•t.f;'!:rmf.ne:d t\y i,he. numb~r o:f copies specified 
in column 25 o.f the control ca;rd ... 

Cont.rnl Ca:r·d:: 
Input.:: 
Out-1111 t :: 
Ch 1.1.n1c: t.,.~:r Typ•:s :: 

Cr.,1~ .. 18-,2J :~ ''CMPARE" 
'l'ap.,,s 2· and :3 
Dtrferenc:e loe,ge.d on line printer 
Holh':Yl.th ond/or. Bi.nary 
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The .''COMPARE". subroutine compares tapes 2 and. 3 record for re·oord, 

It the record lengths are not .the same, no comparison is Jllade and the 
record _number with the lengths of the records is printed. -' . 

Record ,_X Tape ·2 XXX Words Tape 3 XXX Words 

Records of the same length are c~mpared word for word an~ differenaes 
are printed. : 

Record x Word XXX Tape 2' Word Tape 3 word 

The words o.re printed a.s octal f'rao·tions, Records are numbered deimally 
from 1, Words within records are in octal with the position.first word 
of the record-assumed at~. 

Comparison -·continues until an End of' File is reached on either or both 
tapes. The appropriate message is printed. 

4. Ca.ta.log 

Control Card: 

output: 
Character Type: 

Cols. 18 - 20::."LOG" 
Col. 22 = Tape to be logged 
Listing on printer 
Hollerith and/or Binary 

The CATALOG subroutine reads one file from the tape unit specified. in 
column 22 of the control ca.rd>_printing out the type of information in 
the file. For binary tri1.pea this consists o:f' the types of' records, the 
identifications of the reco;-4:ls .. , · the number of data. wo:r:da in the · 
record, and the sta.rtin,(address of .progr~ records'. For Hollerith tape_s 
this consists of the "IIYI'" cards, the number of cards between. the "IDI'" 
card and the "END" card, and the l'END" card. 
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Oener&l Input ie 11. cl.ofied . subrootine &llowing the prcgramamer to Qiecif)', bi 
meu,1:1 ot coallin1g aequence1&11,. various input. operations am ccmveraionso It_ . 
will rel.Id cia.rd:e or lliollerith tape reco~e, rmd convert· amy- field f'raru. octal 
or dee~ 'to btna.ry •. It will read, as' one operation, orie ca.rd or up to 20 

"' words from' t"peo tt.;~cpe recon'ls ue l.omiger t!aum_ :th11l, info:nmaticm. in the 
l.ater wro.e vil.l be l9ist. Tw. callimig sequence . words are needed to create a full 
bin:uy wrd. _· 9eia..e:r:~· Il!llput vill 11l'Aterpr,m; a 11e;dea of calling ·e:equences, 
end· bra.ncin bmek. tcftlile t:tr!9lt regiist~r wich ifll Dot interi,reitable u · a calling 

. seq~e. If'· the raquesitro c,;i,ermtioo is not pos11ible,'ConcUtion Light No, 2 will 
· bo turned cm.. · · · · 

'.Jhe . tw-\iord C&lling. ISleql\llellDICei IJJpC!!Cif'leS the ~atiOD to be perf'o!11Wl, 
•ere to get the · 1npm; :I.Df'onM!.~;K.on, · Md wat. to do nth the output. It contains t 
Thie action to be perto::med., tlrne loollition iXll the input i.Jlmlage to 1111tart.the 
conver!iliOil11 the number. Of cha?'GLCters to . bei . COJJll\Vertcd, tho mdd.ress ( which ca.Ii 
be modified by. a .. s»ecified ilOJ!l.e-.x _reg_1.ll'it(')r \ wr :t:p.c ·a~C'l.ll.f:t!l~.tor, :f n "rn1rh, 
to ot.o...-~ th" r·'"' "'.1·'1'1-.. ~ ·" ~-<:>.T"''· rn1mtier mn.Y';i!\lse .. be speciued., · . · 

. . . . . . . . ' .. · ·.· . ' ~ . . 

12.3 OPERATION 

Tbio progra, •ich 1si 111CtW11..1l.ly m. clotl!l~. ami.broutine., io &utom.atically · 
\!&led b;y the progroa . tr8.IJI.Shtor o >An;r@JIAe v.JL~i!ll.g to wu•J. General. Input· 

· by i,tcself avst iDcozpc:r,i.te it t101to !Olil!ll O'ffl'l progrl.W u Td th uy . other 
cl.o!il~. (i!IUbroutin~. · · · 

12.4 INPIJ'l'S . ' 

Co.l. 2~~ :: index n~gbrt.~r-
':Ibt'i "Iioa.e:il: Reg:hrt~:r·" •':°'! "Mil.reif#l~'" toge·tlnr.:r lilpt.ic:ff':lr were thcs output 
ot .. COFXIV't'1l'l61ir.0X11 :J.~ 1;<(l) 1)({2 pJl.~t.lcl.o If t)l\(ll "M~tt.~" C?Olilltaidl!MI • ,;ero, 
(cm tbl~ 1t1ymlb«llle (::~ro) 81100 ".A.CC" in c:1..,,]l\llllWD. 36-39; ·the resiw.t · will 
be lett ln trole d.gb1t ,W!ci.ffl\1\l(U.at,,:rr a Not u~:~d w1 th . RCD or RTP. 

Co.l1& 0 25-27 = opr.ir•.i1:t,ion r.;(\1/ler (lD\tJ1Jmber~ a 1~.r~io.t~e1!11$1:fl.l!ll1 balow, &l"e octal codes) 

. l. RCD. ( 7~:4) Rr~~fll C'llt\•~) C!:ti;'l'.\"A. -~ IC!QlD\VCl:Wl~II,'\ ti..l 11>1:!.:1:• . .'fDi:l:t. :tl(o.U.eri 'th 11,M. &1tore• 
it in pre-~t<0>r·,:·.,i t1111.pt.<? f'()1Jt'lvt~l'!l:t. I:f' c:.a.m :iretM"'11" is lDIIJ't re,!il~IJ'~, S~e . 
f.tght NQ/o 2 bl tun,.ed Ona 

. ,· 
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SDI, (700) ffi~ input columnl!l. epeicified (in i'tocationn and "H~ ~aey") 
are assumed' ·to be a aigued d.ec:lmal integer. ~is is converted. to . .• 
binary~ .9nd,. stored in the right-hoJ.f word of tb.e specified G!.d.dreSIJo· It . . : 

·the first character is not "t" or"-", or if a:tJ:Y of the following charaoterl 
are not digit~ or blank.19, Sciru,o Light No. 2 is tW!.'1led on. Parameters 
needed: relation lOCi\tion, ''How M:a.ny", addrel8lB • 

UDI. (7ol~) The specified :field is conv~rled as an un~igoed decimal. 
integer, and stored, ~" with SDI. If ~ of' the ch6\r&.cters 
specified. are not digitis ox- '!ol-lllX'ikm, Senisie Light No. 2 ia tµroed on, 
Parameters need,ed.: rt,l.ati ve Jl.ooe.tion, "Hov M,11.ny, " add.re so. 

' . 

OCI, . (7~_0}:. ·n~e-_ spe~:U'ied.-· field ia comrcrted frOJ.& rm octli'J. integer· 
to binary imq.· Q.tored, /l.l.f.i nth SDJC0 If sv.,y ot the cb.ariscters a.re • 
not ,aigits (0 ;to' 7) OJ!.' bl~&1., SenBe Lig;1lt No. 2 is turneid Ono 
P.a.rameters needed:· relo.tivo_ loc~ttion, "How MMY," i!lddrea@. · 
·:. ·,, ::· . ... ··. ; . . . . ' . . . . ·. 

MOV . ( 740) ··. Tb.e Hollerith chaJrac-te:rs in the colwns · specified by 
11Locations''and, ~·now M,rulJ"" · ar,i, m<.>Yed .to the addre:Bs specified, or to 
the accumulator H' ~pecif'ioo. A l.1l00dmum ot 5 char:act~rs may b~ moved 
with . one • calling aequ.once. · 1b6 . cb.aractt'.lrll s.r~ . stored iri no:rmal. 
sequence {not inverted.) awl all. blrulk bits are lef't at tb.e beginning ot 
the· word. ' For exa1J1ple .it the caJ.Jliio.g aeqtuence requests that three 
characters bi:nnoved, l.'lttU'ting wl t,h the ch:a:irs.cter in position ten, 
cha.ra.cter t"i.1elve) wtJl.l be f.tored. in bit2 26-31 of th,! specified location.; 
character eleveJO\ ~.ii.:u be atolt""'~rd in bi ts 20-25; cho.ra.cter ten . will be 

· stored in bitri 14-19.;; w:lcl bitG 0--18 wlll be o. If only ono cb.a.racter 
is 'to be moved, it will be v.:torP..-d in bits 26-31 of the specified 
location. Pro-amet~r~ n.<.~erle'l."l.; relative location, "How Mtw,,y," addre'3s~ 

UDF ( 744 ). '.L'he. coluro1m; ~}1>':';Clfled. muat contain m dec~v..l. point. fo]J.owed 
by four decim.a,l d:l.gitlt(I. This f'ield will be conve:irted· 2~ an;· unaigned 
decimal. fraction.,. lll.nd ~tolr'e<l.; ii,i in SDI. · If tlie fi:r~t character is not 
a d.ecimal.. poiut;1 oir onr., of tbll!I follorlng f<.>1.L""r col1...,r,.,1ma is no·t e. d<-'lcimal 
digit, Seriae · Light No. 2 :l.~Y, turiac.d oin. · Nu1JAbex· of col\mms need not be 
specifloo.,. since tht! fl~Ml is 1A.lv.e.yt1J1 5 dllgi ts. J?a.r&1'!.eters needed: 
relative location) l?lddre,~>.'l. 

7°• . HTl_'_ <_-J2?J.. Read.~ one record f'ram n. Holl. eri.t. h tape vi th s. PER07 (Assign 
Parity and vai till fox· th(') I/f,) Inter look. to go off., Pa.rMtet·ers needed.: . 
tape n;umbe1·I. . If tape is not rea.<Iy, _or not prepared,· :k.N.~N condition light 
//2 io turned on. · . · . .· . , 

8. ~_{_7_20) '.l'he col.um.nil ie:po<',:if'ie:i:l mu:at 1!ontain a "f" or "-" f'olloi.red by 
, a.decimal point an.d l~ dec:illwl. digitfll. Thisf'ield 161 convert,e<i e.s'a .. 

signed decimal i'ruct.:lon i,iod. at.or~d.; il'.a in. SDI·· . If any iU~gal . characters · 
· are foWld, Senae Ltgh.t No. 2 ia ·tw:-:(\ed on. The n1...,niber or columns 
_need not be· specifil!d, ninc:e the :field is aJ.:wny,o 6 cht\I'a.cters. · Parem.e:ters · 
needed: rela.ti ve location a.('J.drl!~B. 

I 
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9. OCA (76o) The ~pe~:U'ied coo.e 11 colllveirttd from an octal. addr•HHI to a 
· i7 bit bint11r1 num.bci:r. 11.rod is arti0>red in bite ¢ N:ld 16-31 of' tbe ~pec1f1ed. 
' llddrGHe If M.\Y of' t!me cb.aracterlftl a:ire n\Q1t digits ¢-7 or bla.nk., Sen11e 

L1ghlt No·. 2 ie tu:r:1Mld on. 

col••· 28 ... 29 L'l tia.pG noo ; mmit be 81lp~o:1fied oioly witb the RTP in•tructicm.J 
leg~ l"l!h.Vlg4!! 1.ISI f,rom l-4o 

col~ .. 36w4l = ~d~~~~ 

Second Word: 

Col11 o 24·0 26 ... re:U.ti wei loe;,i,tion 

"Reib,ti.vtti Lcxr.lat:i(wm" red!'~x·~ ito tfmt.11 pol!!\iti£J111 in the illl.@JUt image ot 
the init:!L11.,l dt1\f.l,1"it11.©tei~ t10J b~ <:icmvtJrt~.. t ilf3 \l\OOeid \Qlnl,y with the 
conveiriIDio)n l'lOO,t:fi.lt\\r.-,IEl, Md xM)Jt \Ii.th RCD or.\'RTP:, in wicm ciueia¥ it 
m1\ll/J!lt be 11J,ffl!'@o l:t ilil G, lill.tJic:i.m.a,l mtegeir ntli:J\ thei l'Mlg6 1-100. 

"How M~y" li!lpt?i1r;i:f'i(')!il in d.t'iCd:!l'IM the 7J.\um.ber of ch\aro.cters, SJtartiDg 
at "Re]..ati v~ t,o)c.ation,9 " •ic:hl 111.r.e 't;o be c\Onveirt~a... Thi~ l'A\l!ID.ber 
m1.l'dlt nort, ~xc~el<Q'\ tlme\l nim,,:ro~r o:f' ch.1ll,'lt'~~tei:rr;"i!I\ th\3t ~mm bfl fitted in.to 
bialf.-WO!JL'd '1.:ftl'l1:r. C(C.l)IO\V~Jr.1"':il.(11)[1\,v ~-1t:<C!Clpt f(l)Jf MOV ·111lh1,l~hl I'CGJ.td.res 110 
coover~i(»n., Tl:l1~ fil'?l];,l miUl,'fil1',; b('J mrt'l:r(» :f'1,ir RTP f.ll.TQ'(d RCD. 

12.5 SPECIAL POINTS 

1. It a.bi.oold be ll(Oit~a. tb..tl,t 1',;bei tmu.tt;im.at of' i&JU tbll!l COllli'WeJl!:'~i())~ routines., 
except MOVE1 i&!l ~ b:i.ntnJcy n1u11JDiltl)~r <0>:f' \RJ?l t,@ Jl.6 bi.t!flo Thi3 iil al~lil 
aitoreid in t1oJ.e rigb:t h.a,U' Of th.~ l&l]liflCi:f.'if?i'd. l"~si,~t~ j t~e l!!ift ... h\al.f' Of the 
wrd 1& cleo;roo. to) /oo . 

2. RCD Md B.TP d© !ll<Oft r·eiq,u:l!.:ir.·o :i.nf'4:11:mi!l.t:l!.@n 110.\ 't;l'o.,~ ltll!l~(l>M Virom of. 1,he c:a.lllng 
lil<e:tqU\l:'.Jll\Cffio Hil:>l'W'elV«!l:ti:',9 tj.id,fQl 'W-Oll'l/1 ~imi.1ll\ot ~ comllttieid.,, mi:iJllir.i~ Gel!l\~:ntl In.put Ull\1JIU'!l8 
tftr,"'!it. eJl.l ClllJ.1:in,g 9!l"!l~1\l1.elD\<C61il\ llur.'I!', i;\1!)1/:ll Wft&»:lr\/l!JJ l.~Ltl\g• 

i}3• S~Xl\li'.e Lig~it N\OJ. 2 :§.l!'ll \l!J41(1!i(d t<OJ iJOVd.i~~t;ei :!.llr.?g,l)J\. r~q\;ii.i.t~@to T.lme !J\Mill',e light 
should, therei:f'or.e, bl\l tt~.lt"'KM~)6l. €»:f.'t b,~;f.\Q>l"i!'i b:r.$1JOvt.bl:l!.1QS tO> Geillllt'1rU Input. 

4. QaU.1~ Se:q,u1.eincei~ 

Wo1rd l~ l 3 )1, l.O :u. 15 :n.6 .31 
Invrleix : . 
Rtigo Opieiir.~ti(l)lO\ . Tll\p~ AddretH 

R~.la:ti w,ei L<ll11c:11!1,t:ll.m1 ''ll(<rt>i'lff M'!lllOiytt 

0 7 tli 15 
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General Output is a closed ou.broutine enabling the programmer to produce 
the equive.lent ·of a. 120 cha,tiacter print line in any f'orma.t desired. , The 
program.; under the .di.rection o~ the progrommeri will .convert binary. infor­
mation to·uollerith characters and store them in a 24 word "tape image". 
It .wiU wr:i.tecthe record on tape or l')Onvert tmd. print the 24 "WQrdS as one 
line on the .line pri.nt~ir; or convert Md. punch the first 64 ·cha.rncters oil 
a card. 

' . ,:·: . 

The ope;e.ti_on:1Qf ;., ... Gf;m.era.l. Out:put ia gov~rned by a BPX to tb.e output 
I program, foil.owed by a two~w.rd· caJ .. lin.g BCl.}\lf,}IllCe O Where more .than one 
a.ction is dei;ired ·or the o,:i::tpu·t 1,,rog:ram; a series of caJ.ling.ioequences 
mny be 1,r.dtteh with only orv!: hra.nch.. · The output p~ogrem examines the 
calling seque:ncci(s), perfonnit:i, t;he a-ctions Gpecified, and· returns . 
controi tc;, the I!)f.1,in prog:rB.'11 at t;ha fir~t instrui.1tion not distinguishable 
as a calling sequence. · 

13. 3 OPERATION . 

This progrum; wh:i.ch· i:i. ov:::tuoJLl.y ~ clors-,ed s11ih.routine, ia automa.ticaJ.ly used . 
. by the Pro2~rm,,. ')\l:"DID:fl,lat;or, AY.1,,yone wishfn.g ·l,o U81;1 GenfJrnJ. Output by 

i tscJ.f must inco:rpcrr:tttt.~ it l;o.to his own piogr:rnn, as wi t!l any other close& 
s:ubroutine. 

13.4 JNFUTS 

13.4.1· Word 1: 

.col, 2\ :: Index rcgistc:r 
'.!.'he "Index RegiBte:r." .~nd ''Nldreias." t.;<:N3:ethf.\l' l':IJJ>ed.1)r ~he odd.resa of the first 
register t;o be co:mrP.:xt,o:.!l:i. p·;:·,,,;::f~;:~r,:J:og th~ r.:ont,:-:nt,t.i of the acc\un\llator is 
.,specified by a "¢'.i in tb:,:: "Ad,l:;re:,m. "· 

·cols-. 25-·27 :: operation c:61de (xmm.be:rs in :porenthe!Si3, · below, a.re octal .codes; 
the illustration rcf'eir.red t~o :lri at the end .of thi10 chapter.) 

. 1, SDI: ( 700) Si~r.v?d. Dectoo,~.11. Intee;~r. · 

'I'he SDI rou."!iinc COHVE':X't~,i t:I, 16 bit ha.lf..;~,rv:,ro t,o a t.iigned decimal. 
integer ""11th 1,~ndi.nr;S. ::.nr\,i;R lf;Uppre~.i.1;;.,,i. Thi•? outp1..,t of this routine 'is a 
cdgn followed by 5 jntr~g~<r chio1~a.cte.r1F1 ·-plnced in -the. "Relative Location_;,. 
specified. and the c:b.tu·.1.ii.::ter po.~i ti.on~ f'o.11:ovi.hg. 

'' 
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·· · · · 1equence at"- ·10:a ccmve:rts ·the: contents of' tiu,·· ngb;t aca\D\il.at'or .. am4 .. ~-• · · · -·. :, .. : ··· y·. ·· ;c.,, · -~. :·:·:;_:,~,~~t=~~~:!:~~;!4~~~~=~:1~tJ~~,~t!=~~~~ea.;:·:·.~,~·:· .: ;::~_:;'.:~}:;(;::}_~;~;::(~, 
·' .: il!lag4t;!_(equi'Ya.l4mt to tJle.'p:riDted. iine).iB.;DOY: .... .'.·:·; .. : '.·· .. i ., .. :·. !,·:·'. '. _- ':·''.\/: ';;_:,\,.;:\I·, . 

. ;·•·.··~.;;ti~1t~~.,~i:i·~~f t·••r;·.<;: . ::.,::~:/./·•:,• .• ·: \:•·::',;::-•• :.:~2, :;'; i·::;: . 
. . · .. Tbe·~tmxjfoµt1n~. con:,,e~·e .1:ZP. •. to 1, l>i~a, o;f _bil18.r7, .a~t~ into an ·wmipe4 : . . ,; ·, ·, · ,, ··., ,• · . 
. . · "dec~Jii.ijiJ/ lntege~.'·:t;tt~ .. tbe "!iU1~1lber. ot ,digits apec;itied :in·. ''How ~&ni"·~ : ;· · ,. . . ·. .·· ·. · · · .. :•;.~z.:::~.·. ~t•• ~-~· of ~-t~ ~to·~· : •;, :• .··' ., ~-:>: t 

·.-:'·:·· jm•lP~·deg~:t:mt~ser :am. p.1.aceJo.the'~11u1~ :1.~_po,i~t~·-25-27 o~ th~.-· · .... ,··:: .. 
·:· ·: '.· t~e:'-·.~-~-. .. :: -ibe. -~eq:,mncei at. lOE :·c~ve~a _ l;,its ~.~.µ5 ,of.' r.~&;s~er ·.!-t_,Oz :' ·. . .. · ·. ·. . _:. : ... 
.. · ..... ·:_;am· j,la.cee ~he. reelult 111 positions 30 ... 32 •. · note tijat th~ ·contelilt1f of the r.egiater 
. ·: . · ·was. ~- .negat1 ve n~l)er.; .. .- Tille contents ot the. ·tape. '1.me6e ar.e DOW:·· :.. . · .. · ·- .. · .... · · · "-· ... . . _. · 

. . .: ... : ·. · .. .-.·., ·.·:_;· . . . ·_.· ... : .. · . . . ·_ ·. . ... · .... · ... ";.: .. · · ... · ... ; : .. · :: .. ~ ·:· :-- ... :. :_: '. .: . . . . . . 

· .:,_.; ·: .·'. ·. ·., ·:.;.. •••. 0 -- :/- ---- O -~ -31273· ---~ O .;. Jt.9l, .... .; ••• ;. ·:;.~~-.:,.1 .. =(:.:.-::,. __ ·<··.·.:;· · .. . ·,:.·. . . . . . ..•. ·. . . .. ).':.. . ,' ·, ·.'' .. .-::· 
3·-:.\~i?c~f~:((~Q) ()-~~ ~~-eg~~-.... . . ·.. . , . .. · , _· . ..- :'.:>"··. · .. · ·. j':· ... ,.:.·:·_.~, .. ,'.::::;··i. 

i~:;;.;·:::-.·: ·,' i '." .;..5./•_. ., •: .' • :' ;:". ' ·~ • .t. ' • • I ' •' : .' ," • • ,· ; ·:. • • • '. • •' • • •• ,.•,.' ' • .• •• • ~-.-. • 

.-f.:!L~~ Oy;J;_· rQ\tt~D.~:. ~t.mvertli \!IP. to 15 bite of Toilli:!l.l"y' data int~ an cc:«;~ . . ·.· . ..._. .. . 

. ·"'.integer.:.·. ~adi~g Ze/ro!i a.re .supprea'sed. :Tlme ~cmverted octeJ, -intes~., 1~ plac_ecl ; . · .,,:-. · 
; .. · ~·n _tbe '\;~p, image, .atarti~ ·at t~e. "Re~ti ve· Location" ape~1f'ie.d'. an4 .:t;hei' . ·. .. <· .. 
'\~.:~~-~;t~f: ~~itioil ~o.µ.ow~ng. The. oc~·-r011t1:ne d~ee not in~e~ret ·,,t~. ·. .. · 
··.:::·;~:~~~:-~~ ~~~~~ at···lOF ~c~wert .. IJ. .. ~ o~ ~~~~~~~-4mt,to\.u -~t~·. 

· in~eger .and pl&eE!S tb.e ;re&iwl.t i.XA -poViiti.ou ·35-37• .. ~e· ccritemts :of .t~e . 
tape. ~~e·-.. at'e now: . . , . .. .. ,. . . · · · ..... : · . ., . · · . :· . 

~·· ~ 
. -3127,3' --·--· Q .".'_ 1.911, -- ."323 •• 

. . . ..... . . 

4~ .OCF: :(:p.4) · Oc:t~· Fr~t:I.~. 

The · OCF . roij;t;~~e ~~verts . tili.f'l COlllt!"Jl_llt'e' . tJt the . tui.U-·~ 8Pecif'.1:ed ~o: a 6..; 
character ·octal_ f'r~tion. 'I.be ,~omre:rted ·octal number i.ir1 p~ed in the 
i:;ape :l.m~e st~iv.g_:,.~~ .the "Re::ll'l.tiire Locatitiill" ep-.'lC-ified. .. sm the five · 
Clia.racter i>0!9.iti~Ji:w f'ollow!Dgo· Lf.olad:L:ng zeros. a.re::~y,p·ret!l:'1IMl1~.. · . · 

. . 

The_ ceiling sequ.enc:e. at 10..1 C()JllVf'lr.to thie rigb.t.:~h~J!..'f' vuro o,f reigister· ·4ow ·. 
to an octal. integer e.ud. pJ.~e~ t'2e rel'!Jult jJ?.'·p..,~"41:t;:1.~,.u i-6. N,,te that. the 
contents of the tape image 1Aa;,;,e ncvt 1,ee:n · erM.~~i l.t~d that. ·the ootai number 
generated is plal!eil ·:Luto the p<.)l(\litiooo px·~viou~ly oocmipit:'tlLi by th~ characters 

generated by- sequ~.ree lOA. · ·.rbe conteJ.ltl'l of. the tape im:'!l.ge are no:w: 

323.-- ••• ~ 

\ 

. \.;.! ..... 
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5• ·. 'WI'P: (720) Write Tape· 

The WTP :routinewr!tes the contents.of the tape .~a.onto the tape llllit 
~elect_ed.. · The WTP routine. does not cheok. for tape lega.llties nor write . 1 

end·. of file• 

Tb.e ca.U:l.ng sequenc~ at lOH writee the contents of' the tape ~age onto 
tape ur>:it 3. The contents of' the tape image remain unchanged. by this 
-operation. 

6. WPR: (724) Write Printer 

Th.e WPR toutin.e .prints the contents of' .the tape image. on the line pri~ter. 
The routine· col'.iveit;a, and prints a 120 character line. '.It aJ.so 1s .. poas1ble 
to print from .a core location other than the tape image. · To do this the . 
Hollerith ~hara.ctere mW3t be :i.n sequential core registers;· positioned. fran ·· 
right to le:rt'. ~e l~a~t sign1ficant bit .of the· first chara.cter:must be in 
one of the following bit positions: 5, li, 17, 23, or 29 of the first 
register •. · If ·the·. information extends beyond the first register, all the 
following reg:fsters must ha.ve the information starting in position 29. The 
"How Mf.l.l"llY"0 determines the ntv.o.ber of'. characters to be printed. • 

The calling sequence at 10 J'. p~int~: th~. contents-of' the tape image. The .·.· . 
sequence at lOK prints the·9, cha.ractersr:,s:t~ing ii1:·, bit 17 of register 4ow . 
in the relative locat:i.On S.pecifiedo The C ntenta of\the original tape ... ·. 
image are unaffected by the secon?': pr1Iitin . fratl. co;e ~ The two lines printed ou1 
are 

· 140000. t . _·a:f: .. O :- ~'-'. .. 31273 o -- '494 ~- 323\ ,uo • 0 0.0 

--~---~- PRINT - OUT - •• 

7 •. · WPU: (730) . Write Punch 

Th1;1 wro routine punch.ea th,:; contents of' the first 61• · 'cb.a:r'!3,Cters of the tape 
:1.mage on the card punc:1.1\. It is possible to pu.uch \tirectly trom·· core memory,, 
as in printing from core o To punch in colB. i~lfr' of' the ca.rd, the da.tQ to 

···be punched in these column~ m1.1JSt be placed in "Relative Location'' positions 
1-16 and ·senae Li.ght No. 3 turned. on prior to branching to· General. Output. · 
Note that Sense Light No. 3 xim11:rt be off for regular punching. :~ , "· 

. . . . 
The celling sequence at lOL punchen the contents oi: the t~1fo '-iin~ge.· The 
sequence at IOM puncheB out the 9 characters starting at bit 17 ot 4ow 
in columns 25-34 (Relat,i.v("). Location) o The ·cont.enta of'. the ca.r¢1.s is the · 
same · as the outpu_t printecl by the WPR :l.netruct,ions •. 

8. CLR: . ( 734} _clear Tape Im.age 

The CLR routine· cl.ears the tape image or any block of th·e tape image as 
specified by the "Relative Location" and "Hov Many." · 

The calling sequence at lON clears the contents of the ta,pe image. 
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9. MOY: ·. Move Holler.lth 

~e MOV routine m,rv~~. Hol.V~1ri th e>llara~tera aeit up ill core xueinorj: .. and. ple.riEts . 
thiem in. the tape im,~e at the ''Relative. Location II speoi:fledo The chs.raote~! 
te> 'be moved must be set up 0,13 for p:r1,IKt;ing· from core. 1 

. • '!•he calli.ng sequence at lOP mor,1es tb\~ c:haract.;erei otored :l.~ 40W into -~b.$, < 
t,pe ima,ze. ~.'he /2',eg;1z.elt1',<C:'.'I :l'.n lOQ priDtl.i: oot the tape :l.magee ·. Tile coint~ntlJ .· 
Of tbie ta::p:,eJ im.ege 8.:t..'G 'J:li()l'!ofg 

. ·.' ' PRINT -·-·- - -,·- -.- OUT 

. The lIDF r(,JUtin~J col!J\ve,rt;~~ · 15 °bH;~ of' bl~ data. into . a 4 ·. tligi t unsigned , 
.· de:cd.msl. frs.cttio)n. Tfwi,e "R~:L":i,~;ivei uoxr.1.xt:.lom.1.' epeCJif:i.e,.3 tb.e po>aition of'· the 
• dee:im.al poi:nt in tb,.e '1,8,Jil~ :l.mJtg~ o . . . . . . . . . . . .. ' . 

The <:alling seicpJRi:Uc~ ~f, lOR 1~rC1Y!i.VC!Jrtt11 t~:i,e right h,ttlf' of regist~r 40':r into , 
. S}l u.nsig;n,e:fl. d.et~:lm.®J. .f.'r~!;ir.;wa Md :pl~!Cl"I[! th\ei rellult in positions_ 2J.~25o 
Th~ con.tents of the tape J.m1.tge ar~ nw~ 

. . . . FRili .. 1'.,T _. OUT ___ ~5625. -------no. -·· o o e • 

ll. · SDFg Si.@"'~~1 DA!cd:mnl. Ji':ri'i1:::tt(m 

The SDF ro,.:i:tJ.nf.'J (';f'.mve:i::t,~ 1.i, 16 bit h\a.71;f.;w~ ilJJ.lt;\Ol a. 4=dig1t !Signed decd.mai 
f'raction. ·Thf'J "Rd.ative J..(i>Ca,ti©lll 11 ~pF.ic:if'lcs tlr\e },'1¢SittOJU: .of tl:it, sign in •· 
tlJ.e tape i.mBg~10 .· . . , . . . , . 

. . : . . 

The C"\l.ll.ng C,f',t;j:Jl~il,r,:ti r-.:1; 10$ 00!Hfl':lT.t°,r!, tbo. le:ff,;n,h\.s,lf oif regb1ter 40T ihtO a .· ... 
13igned d.e:clm<"-il :r.'r~:t,il\iJl:l\ ,mii pll'J<0!'1~ ·/;iti.1;1 ::re,r~ult in l'!>vJL$iltion8 28--33~ : The sign:. · 
of' .trn~i frt:1,eti1;©. if'<l :ft.u :28 1.1;0u•i t,JJ1,0 o.P.ie:Lmfl,11. poiv.t l.n .29. The contents c:,f the , 
ts,pe imagei l"!T.E'I D\•IJJ\tr~ · · • . · · · · 

rn.tr 
,..;.~ -~ -· .~.5000 · ~. ct O , -.,.., -; 

l2o OCA~ OC;t,1.i.l .Arellrb:,·P::'ll,,:: 

T.bie OCA rou!.;ir,,1'-, l(':{\,'!JVf::ld;~· 17' bli.tl';I 1;:i,;,1;M:K.~·l;i.~ 1/..')f tlm1:1 LS and t,)J.e' IUIW Oif the 
l"egJ;1St1:1r ·· f:I,•P,d,:f.1~;.vl :inti'"/l /fl, P.\:b.-il.ig:lt ~;-t;~,l ;;,iroiV:~l'.' 1\1,tarti»g fn tb.e :relative , 
looa;t;ton f.!:pc:ci.f.tffi.o 

. . . 

· 'Illtei. ro~tln<1 a./; :nA .cc,1r1\l;i'J/J;rM" r.·.i':\JJ.f.ng ir:,1::c11;ucnc:e}13 ~!;ll..kh i:dl.l c'-'\Uvert .the 17 
bit ood.re~iree~ :ln 41X, lf.:nx R(i:il lt.i:z. The r.:r:llriteD11:1l! of ·the f.s;piei ':Image . are nov: ·. 

300000 ___ 2i)OOOO -· _ ·- -· l9~763 0 • • 

.. <'J0l13o .· 2:8-29 :~ 1:Ln.,,t bit:; p,,,:,:tt;l(YU r,1:f.' tb:P.: le~.~t .:"<lf.:io.:U:ka10.t bit. of tfae data 
to b~ l'•l:"001':,'1:;!,:('.d. 0 (GP:~ r.:o\Cl:I.:o.g. OZTutl lt<::gi:tl irn.11\lie.G) 0 
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TM-15 .. #~. :----.--- ·-*'s~ .-1f::-;· _ 
,_t. 

· cols· ~6"'4 __ ·1_-.-_ ·=_--._fiddr_· _· ess_'. ___ :_- _,-
.. - ·- ~ 

. ~~ ;i~e~~"-:(~ocii#~ ·1,y·t~e ,'_'m~' i~ ~esi~t~) ~t.er~-~o:: . 
. -the location. ·of' thee,f'irst word t.o be pr~ess'ed by th·t;_ ~put. 
-_ progrfmli- ·Wfl~r~ it;".~if poEJsibie ~~_-proc~ss more. than ·one .. · · . 
register at one·tiin~.,·ttie registers niust_ be in seqqenc~- . 

... 

, I . . 

I 
. ; 

~ois. 24~26' :I .~relitive. ;1ocatioh;; .;, .. ·._ ; . . ' . . 
._·''R~a.t1ve· Loca.t:t~i·-. ret~s .to'-;i~e ·positto:Q in _the· ta~e image .ot ~~e ':.first 

character converted-. It is a 'decimal ip.teger. With the ~ange. 1~~. 
.. . . ,. I. . - . . . 

· Cols_. 27 .. 19-=· "How~,, ... /< -. _ - -_ · .· · · . _ _ 
. "How Ma.i>,y;' specif';f.~s in_ dee~ the n~ber of -ch~acte.J:"s, · ~arting· at 

"Rel.ative ·toc~t;lo~,:ll_into·~~c,~ the data i~ to 'be conv~rte4. 

Col~. 36~41 ; no. bi ts_ -( ri~ ~ Qt :binar.r--di~1-ts _ t~ -b.~ pi-90e~s~.; ) 

13. 5: SPECIAL POINTS .-

-1. CODING _:.AND_ LEGAL VALUES 

·.¢cm;cNd- ~GAL- VAWES. 

NAME- -_ - HOW M/lNY NO. OF_ ~ITS -REL~ ~-

Signed. ·nec1m&L Dlteg~ 

Unsigned Decimal Inteaer 

Octal Ir_lteger 

Octal Fraction 

Write Tape 

Write :Printer. 

Write Puil~h­

ClearTape Dilage 

Move HQlleri th . 

Vnoigned ,Decimai Fract:l.on. 

·- '. Signed Decimal 

Octal. Address 
1 

--SDI 

UDI -

OCI 

OCF 
WTP 

WPR 

- WPU 

CLR 

MOY 

UDF 

!SDF 

OCA 

C --

··700 i5 0~ 31 6 -16 

704 0 .. ~ 1 - 5 1 - 15 

710 ·o • 31. 1 - 5 l. - 15 

714 ·1~ o_r -31 6 16 

720 Tape .mµt 120 Bl~ 

724 _ ,,u,17,23 ~ -29 i ~ 120 -Blank 

730 5,U;l7,23 or _29 ;i - 64 _·_ iu~ 

734 Blank 1,.- 120 Blank ...... 

· 740 5,ll,17,,23 -~ ,29 1 - .120: .i':Blank. 
. . - . r . 

.744· 0 - .3l 5_· ;t~ 

750 150:r 3l 6. ;6 l . 

76o 31 :6 16 

1 - J.1.5 

1· - 120 

1·- 120 

l· - 115 

l. 

·:.l - 1.20 

1-- ~ 

-1 - J.?Q 

l-120 . 
• . . . " · .. ~,i 

1 "·u6: . ..... r ... 
:...•.·; 

1 !"" 115 

-i.-ll.5 •;;. .• 'i. 
'-~. 
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2o I111mtr:ation of Genera.1. ou.t;eut .. 
· BFX 8¢AG-O 

1¢A SDI31 4~z 
l .6' l.6 

CAD 4¢.z · 
BPX 8~.AGO' 

.. 1¢13 · SDI31 ACC 
9 6 16 

.· 1¢c Sit>US 4¢z 
17 6. 16 · 

l~D lJJDI31 4¢z 
25 3 .9 

.l~E U:OI15 4¢z 
3~ 3 15 

l¢F OCD2 ·. 4¢w 
35 3 12 

l~ OCF'3l 4.¢w 
l 6 16 

1¢.sr WT.'.l?. 3 ·~ 

JJ.2~ ' ~ l¢J WPR29 
U'~~ 4¢w ¢. .J . 02~:. 

1¢K W:f.''.f.f]:7 
9 9 ~ 1¢L w.le'l.¥:2:9 . 
l 64 

1¢M W.PiJJl.7 4¢w 
9 9 ~ 1.¢i'I CLB. 
1.1~~¢ 

4¢w ¢ 1¢:r MOl!JJI.'( 
9 9 

. ~ 1¢Q T1,1:PH29 
1 l.')~l 

4¢T ¢ ... ,; .-: .. 
1¢R U1l{F':.U. 

:?.l 5 .. 15 
1¢s 8DF15 l}¢T 

28 6 16 
·· HLT 

4¢y 137'771' o44oao 
4¢z -JJ..:z~73 O?OO°'lj1}' 
1i.¢w. HOL FRI 

HOL ·NT-OU 
nor., T~•-n. 

l}jl)T • 56~~5 -05000 
llA BI'X 8¢AGO 

OC'A3JL .41X' 
l 6 16 

0(~1\Jl 41Y 
10 6 16 
OCJ\Jl 41Z .-~o 6 16 

41.x 101000 100000 
41Y 101000 000000 
~lZ 001000 15476:3 

~-----·~······ -··-. -····.··--~·· 



. 14.o . PROGRAM; Link 

·14.l IDENT 0372 

14.2 FUNCTIONS. 
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Translates certain Lincoln Util~ty.System terms into COMPASS language. 'ibe 
terms translated are .--. ·· 

Lincoln 

IDENTC 
TERM START 
SKIP 

.. :_p:cr.ro 
.CORE 
DRUM 
T¢~2 
T4-3 
A CAD 
B.ADD. 

. COMPASS 

IDT 
END 
SKP 
DIT 

~,(deleted) 
·· (deleted) 

-ll3 FST 
26A LDB. 

m¢. .. ·r ¢¢2 
TPrf/S t --3 
¢¢A CAD 
¢¢B ADD 

·. f61B FST 

B DEP 

14.3 OPERATION 

26A LDB. 
26B DEP 

.Suppressed digits in tags in 
the director are tilled in with 
zeros. 

1. DCA Program.to be ~ssembled should be loaded on preeto~-ed tape 
and put on tape urii t No. 3 ~ · . · · · 

2. COMP.ASS Control . Card, with:· "LINK" in cola. 18-21, .. should be put 
into card reader. . . 

3. A COMPASS Control Card, with "POSII in cols.· 18-20, and "2R" in 
cola. 22-23 should :follow the "LINK" ca.rd in tile reader • 

. 4. Press "0Load From AM Drums." 
The Lincoln deck on Tape No. 3 will bo tra.nal.ated to a COMPASS· · language 
deck on Tape No. 2. The tape on drive No •. 2 'Will be rewound to the 
load I•Oint,. ready· f'or assembly. · · · 

14.4 SPECIAL POINTS 

A Compool Override Co.rd ( see Program Translator) should be '1n the · 1nstruction · 
deck (pref'era.bly :following the "Ident" ca.rd) to define_ the location ot 
the artiticio.l table TPY~.J t1\)leoa table TPY¢ is de:fined _in the. environment 
section of' the canpool. :for this _program. · · . . · · 
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0 0000 00292 0148 

APPENDIX A. Changes to Program Transl.a.tor Program (4.0) 

The.following changes have been incorporated to date into the 
65K version of the.Program Translator., as-differentiated from the.SK 
version. · 

1. Capac~ ties have been increased as follows : 

a) Maximum number of cards 7650 
b) .Ma.J¢.mum number of tags 2000 
c.) 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 CPC>· cards is exceeded, the direct 
printer wili log, ... ; "EXCESSIVE" to· the right of each additional ca~. 

4. The program will.assemble programs located.anywhere in the 
65K (large) memory. · It· Will. also accommodate .programs in ·the 4K 
(small) memory., except for the following case: · 

Ii: will not assign an address above 177777.to a werd containing 
a constant (i:e7, not in instruction) in the .LHW and a location tag· 
in the RRW. To do this would prohibit the use of the subreutine tape. 

5. All assemblies, DCA or otherwise, will log on the direct 
printer all IDT., L0C., DRM and END cards. · ·· 

6. DCA assemblies will., in addition to (5) above, log on the direct 
printer a11:: .CPO .. cards; and the number . of spa.re. registers, as , determined 
from the Co11!,p0ol allocation minus the. program·· 1ength, will be indicated 
after the. ENi)·,card. 

7. In case an·END ca.rd contains an undefined tag on .the director, 
it will be . so -indicated 9n the direct printer~ . 

8. Instructions or tables located at zero may now be tagged, 
and absolute references to register zero w::i.11 be' printed (and punched). 
as 000000,,rather than 377777, as·1n_previous versions.· 

9. All programs, including DCA, will be accepted with 5 cl:laracter 
alpha-numeric tags.· The·tag table search seqU;ence_is:,s'foilows: 

'a) CPO assignments 
b) Location tags 
c) Compool (if Oompool sensitive) 
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'l'hus, a program may assign f'or its mm use a new i tern to an 
existing.table in the Compool, or assign a Compool item to a table 
def'ined by.the prog:ram. 

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._ 
vithout.f'ear of' running of'f :the end. If an EOT is sensed bef'ore the 
END card of an assembly, the· translator will halt while a new tape 
con"biining the remainder of' the program is readied on TD-2. A CONTINUE 
action will aliov it proceed assembling the program from the new tape. 

11. A program which does not include a WC card to def'ine the 
starting location will automatically-· be assembled starting in. location·· 
300. 

?JC«· 'ro'Oe. 

JRr/gw. 
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1.0 TAPE READ-IN 

1.1 DESCRIPI'ION 

TAPE READ-IN is a four (4) card "Load.from Gard Reader" 
' . 

program which will perform the tollovi.ngf'unctions: 
} 

1. Read into core a binary tape (Tape Unit 3) containing the 
following records: 

a. File ID (Type 1) 
b. Storage lD (Tape 2) 
c. Drum Storage Record (Type 3) 
d. Core Storage Record (Type 6) 
e •. 0perate -Record '.(Type 7) 
f'. End ID (Type 5) 

2. Place the contents o:f "d" (Core Storage Record} into its 
properly assigned core location. 

3. Place the contents of "c" (Drum Storage Record) onto its 
properly assigned drum f'ield(s). 

4. · Provide an option (Sense Switch 1) for operating "d" 
· ( Core Stoa.rage Record) • 

1. 2 OPERA.TION 

I:f the binary tape to be read in contains more than one. (1) 
identification group, it must :first be positioned, using a 
COMPASS Control· Card. . . . 

TAPE RFAD-IN is loaded by the "Load from Card:Reader" action, 
and Will halt under the following conditions:· 

1. Program Co~ter at thirty-two (32): 

a. Condition Light 4 "OFF" -- . A checksum error has 
occurred; 

b. Condition.Light 4 "ON" -- An END ID record has just 
been read. 

A"Program. Continue" action with the PC at 32 will cause 
Tape 3 to backspace and re-read the same record. 

2. Program Counter at one hundred ten (ll~) 

a. Condition Light 4 "OFF" - A.n E>PERA.TE record has just. 
been read. A 11Program Continue't.action will: 

L With S.S •. 1 "ON" -- operate the last Core Record 
that has been read in. · 
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2. With S.S. l "OFF" -- read the next record. 

b. Condition Light 4 "ON" -- A STORAGE ID record has 
just been read. A "Program Continuen action will 
read the next record. · 

NOTE: TA.PE READ-IN is designed for use with COMPASS binary 
output.tape {on Tape Unit 3). 

2.0 CORE REA.D-IN 

2.1 Purpose 

2.2 

2.3 

To read into core storage COMPASS binary decks assembled for 
CORE (decks assembled for drums will be read into core at­
~drum addresses -- the program does not check type of 
assembly). 

Loading and Control 

This card is entered by a LOAD FROM CARD RF.A.DER action and 
occupies Regs. 0-57. It will read in the binary cards 
following it until a branch card is sensed (determined by'+O 
in bits R. 11-15 of word zero). It will then halt with the 
PC:27. 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 0 RDS 30 .CORE READ IN-READ ONE CARD. 
LOC 1 LDC 30; WAIT FOR 1/0 LOCK AND SET CTR. 
LOC 2 CAD 30 FOR NEXT CA.RD , 
LOC .3 RSTA 27 SET INITIAL CORE ADDRESS 
LOO 4 RST.A. 23 
LOC 5 J.XIN ·26 SUM CIIE;CK CARD 
LOC 6 J.A.DD 31 
LOC 7 lBPXOl 6 
LOC 10 BFZ 14 BRANCH IF OK 
LOC 11 CAD 31 IF NOT OK, CHECK BYPASS 
LOC 12. BFZ 14 
LOC 13 HLT 37 CHECKSUM HALT 
LOC 14 CAD 30 'GEI' NR OF WORDS. 
LOC 15 FCL 20 
LOC 16 ETR 13 
LOC 17 BFZ 26 IF ZERO - BPX CA.RD 
LOC 20 J.XA.C MOVE WDS TO CORE LOC 
LOC 21 lBPXOl 22 
LOC 22 lC.A.D 32 
LOC 23 lFST 
LOC 24 lBPXOl 22 
LOC 25 BPX 0 RETURN FOR NEXT CARD 
LOC 26 HLT ALL CARDS LOADED · 
LOC ~ BPX BRANCH TO OPERA.TE 
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3.0 DRUM READ-IN (0045) 

3. l Purpose 

To read-in COMPASS binary cards assembled for DRUMS and store 
their contents on drums. · · 

3.2 Loading and Control 

This card is entered by a LOAD FROM CARD REA.DER action and 
utilizes regi~ters ¢ = 57 ~· It :wtil, read-in :the. binary cards 
following .. it until an End card. is sensed. (Determined by a 
9us row punch in column 18) .' rt'will then halt with the PC =. 
31. When a· check sumr error is encountered, it will halt with 
the PC = 25. A. CONTINUE -action will bypass thii ,condition. 
When the checksum word (9 1 s row right) is full - ¢, the check­
sum·will not be performed. 

NOTE: If an attempt is made to read in with this card a COMPASS 
deck assembled for CORE,.the computer will bang up select-
ing drum f after the first card is read. ' 

3°3 Program Description 

0 SDROO 
l WRT 
2 SELOl 
3 LDC 
4 RDS 
5 LDC 
6 CAD 
7 RST 

10 FCL 
11 RSR 
12 RST, 
13 lXIN 
14 LDB 
15 DEP 
16 CAD 
17 BFZ 
20 CAD. 
21 IA.DD 
22 lBPXOl 
23 BFZ 
24 HLT 
25 77 
26 TOBOl. 
27 BPX 

0 
0 

30 
24 
32 
30 
0 

26 
10 

l 
22 
25 
o. 

31 
26 
30 
31 
21 
26 

0 
30 
0 

PERFORM XFER·TO DRUM 
DISCONNECTS ON FIRST PASS 
READ A. CARD 

PAUSE AND SET FOR DRUM XFER 

SET DRUM ADDRESS 

SET NUMBER ··OF· WORDS 
SET IX FOR CHECKSUM 

CHECKSUM BY-PASS 

CALC CHECKSUM 

CHECKSUM ERROR HA.LT · 
MASK·- ETH-INSTRUCTION 

. TEST FOR :END CARD 
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4.0 PUNCH 24 WORD CARD 

If it is desired to write short, self.loading programs, the use 
of this one card program takes all the drudgery out of it. 

Write the program in symbolic and assemble it with tape specified 
as the.binary outputj) and core as to the type of storage. Symbolic 
input and output are left to theprogrammer 1 s choice. If symbolic 
input is cards» .a WAIT card follows the instruction deck; if tape,, 
the WAIT card follows the ASSEMB cam. 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. switch and "Load from 
Card Reader". The deck will then be punched, 24 data words to 
the ca.rd and two extra cards are fed through automatically. If 
more copies are desired» press 11 Progra.m Continue". 

The LOC 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 
assembled will usually contain a RDS instruction. Do not branch 
to this instruction. If this instruction has to be modified; or 
branched to» addr:ess it in absolute. 

5.0 Q-7 UNIVERSAL CARD LOAD 

The Universal Card Read=In Program (UNCDRD) is a six card, self­
loading deck. It is designed to accept the.following types of 
cards .and store th~m in their specified core or drum locations: 

l. COMPASS binary cards to be stored in core. 

2. COMPASS binary cards to be stered on drum. 

3. Envi.ronment Sim Load cards to be stored in core·or drums. 

4. Octal correction cards to be stored in core or drums. 

A.n incorre~t check sum will halt the computer with the program 
counter equal to 201, It' 11 Continue" is pressed.v the card will be 
stored in its proper location. To bypass the check sum verifica­
tion (on card types 1 ... 2 ... 2 above) column 'Z7 in the9's row now 
should be punched. 

A punch· in column 189 row 9 signifies an END card. When this , . 
card is reached the computer will halt. Upon py.shing iucontinue" 
a branch to the c.ore location epecif'ied in the End card will 
occur. This core' location is also stored in .the live register. 
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The UNCDRD occupies and uses registers 0-237- Theref'ore, special 
caution should be observed to avoid reading in data below core 
location 240. 

6.0 Q-7 3.;;CARD-OCTAL LOAD (0359) 

6.1 Purpose 

3 Card Octal Load is designed to simplify the storage of 
information into core or drum memory. 

6.2 Operation_ 

The program accepts cards of' the following f'orma.t: 

col. 18-22 
23-24 
25-36 
37-48 
49-6o 
61-72 

location 
drum 
1st word 
2nd word 
3rd word 
4th word 

The parameters specified in "1st word" will be stored in the 
location specif'ied. The "2nd,:__word"~ if' not blank, will be 
stored in the f'ollowing·reg:l.ster; similarly with "3rd word" 
and "4th word". If' the drum f'ield is blank or conta_ins zeros, 
it is understood that core is desired. In the.case ofiaux 
drums, column 18 will contain 'a 4; 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 f'irst "word" f'ield which is 
comp;L~tely blank signifies.the end of the card; no further 
inf'ormation will be read from it. Zeros (except all zeres} 
may be supressed in any f'ield. 

An "E" 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. 
I_t occupies and uses regi_sters 0 ... 137. 

7.0 BOLD -·A Binary and Octal Loader for the AN/FSQ-7 

7.1 Purpose 

BOLD is designed to load cards produced by the COMPASS system 
(cards with drum locations, cards with core locations and 
Environment ~i~"tion cards) and octal correction cards in 
both UNCDRD format an.d,OTLf'ormat. 
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7.2 Card Formats 

Card formats-are as specified in TM-15 #3 except that Ol'L 
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 biIJary cards with a word count of 
16. Doing so may cause the card to be erroneously considered 
as an octal correction. 

7.3 Special Features 

a. Sum Checks 

All methods for suppressing the sum 6heck used by other 
loaders in use are also applicable with BOU>. Either a 
9 punch in column 'Z7 or a full zero check sum word will 
suffice. 

b. Octal Cards 

1. In addition to the instructions recognized by Ol'L, 
B0LD recognizes the new com.pa.re, test bits a.nd CA.C 
instructions. A test memory address, however, is 
not automatically provided for CA.C 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. If a rigbt half word requiring 17 bits is specified, 
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. 

A.s a~ example, the following are representations of 
the same word and would be interpreted as being 
identical: 
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4.uDD10200371 
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141050200371 
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"When.B@LD encounters an-~D.d card., a holt 'Will.occur. 
Pushing uvPROORAM · CONTINUE" wi.J,1 cause a. branch to the . 
location specified on the end 1card. If.an uninterrupted 
branch to·this location is desired, a 9, punch should.be 
pl.aced i"Il column 19. o:f' the end card. . Since ·· this w:tll 
invalidate.the check sum/one o:f' the sum .check inhibition 
descr+bed in "a" should.also be.emp1eyed; 

' . 

7. 4 STORAGE A.ND . .A,SSPXBLY INFORMA.TI0N 

BOLD cUITeDtly requires 245 (decimal) registers ot permanent. 
storage .plus 2:7 registers ot temporary storage. In the 
standard version currently available, this storage is located 
consecutively in registers 177360 to 177777. · 

BOLD may ot course.be.assembled at other locations. The 
syabol.ic :a.eek ·has .0700 as an .!dent. and is on: f'i:le .in the: - . 
Building .F· card ··room. To assemble BOLD at a· .dif'f'erent locaJ . 
tiori; it will usually be ae1d.rable- tci> change :tb.e T~ cards 
def'iriingc temp_o~:cy- storage 'as .veil as .the LOC cam~·- There : 
are. four. of' .. these. defining _.the symbols . IM, · DPI~ · VAL:, and . 
WORD. Twenty .... four . registers .. must be reserved. :f'or. . IM; the 
other symbols . refer to single registers. ·To· place .. the temporary 
storage.immediately a.f'ter the program, add 365 (octal) to 
the.value ori the LOC card_to get the .value.for the f::Lrst.TCPO 
card. 

7.5 USE 

a. Operating.Deck. 

1. ane card loader (B v for- example) 
2. B:tnary deck of BOLD (with end card) 
3. Cards· to be loaded · 
4. End card 

Copies of' the stands.~ version come with a .. copy of 
Bv attached. 
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b. Logging . 
. ' 

Logging of octal cards is .controlled by sense switchi 
four (4) •. If sense-switch 4 ·is ·1n the inactive (up)' 
position, al1 octal correction.cards will be listed 
on the· direct printer. If sense switch 4 is in the 
active (down) position, only error cards will be so 
listed. 

c. Halts 

BOLD contains.three halts as follws: 

Cause of, '.Halt P. C. contents P.C. contents 
(relative 

;l 
Effect of pushing ,. 

.,. · · (standard version) 

An e.~ cal"d-:bas been 1174o3 
encountered .. 

An illegal llDeDlOniC 

code. has been detected 
{most, but net all, 
such errors will-be 
detected). 

Check sum error 

177564 

177642 

23 

204 

262 

"PROGRAM CONTINUE" 

Branch to core 
location on end 
card. 

~,d next card. 

Check sum will 
. be ~gnor~d •. 

... ,. 

:N(111E: a) A check sum ~rror in loading BOLD itself will ca~e B·' to 
come to a halt at 14. 

JRT/hht 

b) If BOLD is not destroyed in the u,achine, it can be re­
entered by a BPX to 1773~. 

c) No l2 punch is allowed in col. 79 or 8o of an octal ca~. 

AC#l46 
B0X#222 

~-
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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 4. The program will 
operate in either core memol"Y. and with the new:.1:nstructi.ons: .•. · The 
program will destroy itself ~nd restore rare memory (with the 
exception of J.pcations ¢-27) if desired when printing core 
or drums. When printing the contents of binary tapes, how-
ever.v 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.v or 
on the COMPASS system tape. This description of the program 
is concerned with the bi.nary 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 
6o thru 1777 and halts with the program counter at 6¢. Upon 
completion of read-in drum 26 contains the read-in program in 
locatiops ¢-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 Continuen button. 

The A and B switches provide the para.meters 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 also which drum or tape. The right A switches 
and the LS (for the 17 bit large memory addresses) specify 
the starting address of the region to be printed. The right 
B switches and the LS 0 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 centroi the oi:e ration of the program. 
Sense switch l 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 ca~e 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 (down) 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 instructi,ons. In the on position the output is 
in the form of' octal constants. Sense switch 4 controls the 
tape printing. In the of'f' position an-entire record will be 
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 prognµn is printed four registers to a 
line with the location of the f'irst·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. 

1.3 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 finaladdress; 
left .A switches (Ll~L15) not zero, SDR or SEL; tape unit 4 
requested to be printed. 

Sense switches 2 and 3 are examined continuously. The .A and 
B switches are examined initially and IIJaY be changed while 
the program is in operation without aff~cting 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 pa.rt of aLtape record 
the addresses in the A and B switches are interpreted on the 
basis of the record starting at zero. Maximum record length 
is 2~51 words. 

The Jarge memory addresses (up to 377,7778) and the new 
instructions are included. Instructions using Ll2 for control 
are printed with .a 111" fol-lowing the instruction code (e.g., 
STAl, ADDl) • 

Examples. 

l) Print all of core delayed as instructions 

Same switches: 2-up 3-up 
A: 000000 000000 
B: 000000 020000 

2) Print 16508 to.- 27308 of auxiliary drum 2 direct a.s constants • 

Same Switches : 2-down 3-down 
A: 00610g 041650 

. B: . 000000 002370 
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3). Print one record of tape 3 direct as instructions 

Sense Switches: ·2-down 
A: 006213 000000 
B: 000000 00400 

3-up 4-up 

4) ·Print 6o8 for 3008 of the next record on tape 2 direct 
as constants. 

Sense SWitches: 2-down 
A: 006212 000000 
B: 000000 000300 

Restore core 
Sense SWitch l-down 

3-down 4-down 

l. 4 Surmnary of Operation 

l.5 

Load deck iri Card Reader with Test Memory Assigned Press. 
"Load f'rom Gard.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 core after completion, depress sense switch 1 and 
"Program. Continue". 

SWitch Operation 

SENSE SWITCH 2 ON: DIRECT OUTPUT 
OFF: DELA.YED OUTPUT (TAPE 4) 

SENSE SWITCH 3 ON: OCTAL CONSTANTS 
OFF: INSTRUCTIONS 

SENSE SWITCH 4 ON: PART OF TAPE RECORD 

A and B SWITCHES - CORE 

A: IJ. - IJ.5 .- ZERO 
B: · IJ. - Ll5 - ZERO 

A and B SWITCHES - DRUM 

OFF: TAPE RECORD 

LS and RHW STARTING ADDRESS 
LS and RilW FINAL ADDRESS 

A: I.JlW' - SDR and DRUM CODE* · RHW : STARTING ADDRESS 
B: LHW - ZERO . RHW : FINAL ADDRESS 

* also R1 for auxiliary 
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A and B SWITCHES - TAPE 

A : LHW - SEL and TAPE CODE 
B: LHW - ZERO 

RHW : STARTING ADDRESS* 
RHW: FINAL. ADDRESS 

* zero for full record 
-

This program is further <U!scribed in TM-15 #3 

2. O Storage Dump.~ 

2.1 Purpose 

To read-in Memory Print f'rom,drums and operate it, when the 
COMPASS programs are on drums. 

2.2 Loading 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. 

3.0 Q-7 Trap and Print 

3..1 Purpose 

0 
1 
2 
3 
4 
5 
6 
7 

SDR26 
LDC 
WRT 
SDRll 
LDC 
RDS 
HLT 
BPX 

0 
2048 

6o 
976 

60 

The Trap and Print program (0~55)_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 t~en continue at the point 
where it was interrupted. Printing 'lll&Y' be di,rect 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 regien 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: 

3.3 Use 

1. No niore than 25 traps may be µsed 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 IO word counter and A register are 
not saved. 

4. Instructions which the program modified cannot be 
trapped. 

I 

5. Since the A register is not saved, neither an STA. 
instruction.nor BPX to an STA. instruction can be 
trapped •. 

The program to be trapped, and any octal corrections, should 
be read in with a ·read-in p~ogram 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_~n t~e ·1ive :rE?gister:--

Trap and Print Binary deck 

Trap Print control.cards 
End card - 9 in column l T 
Any other cards _ 
If no other cards. follow. theerid card, it may be omitted. 
. . 

Trap and Print starts at 167008 but can be relocated f'or 
convenience. . , · 

. 
. 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 le:f't·B switches and the address of the la.st 
register to .be dumped in :the right B · switches. 
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3.4 Control Cards 

The cards used to control Trap and Print have the following 
format: 

Columns 17 - 22: 

Columns 25 - 30: 
Columns 31 - 36: 
Columns 37 - 42: 

Columns 43 - 48: 

End card: 

Column 17: 9 

L 

M 
N 
A 

B 

(Octal location of instructions to 
. be trapped)., 
( octal number. of times to bypass trap) • 
(Octal number. of times to execute trap). 
{Octal location of first register to 
_ be printed) • 
(Octal location of last register to 
_be printed). 

Trap and Print will do nothing the first M times the instruc­
tion at Lis executed; it will print.the first N times after 
that. If M = N = o, the trap will be executed each time the 
instruction is encountered. · 

The registers from A to B will be printed each t:j.me the trap 
is executed; if A =·B =·o,· no niemory:registers, but only the 
machine registers will be printed. 

3,5 Output 

Output will be on tape 4,- wµess 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 oc~l: 

A. line (indented one space) con~ining, 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 Lor R to indicate left or right overflow 
indicators. 

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 nqn-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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ll044o 013642 177546 027453 002310- 177777 000144 003216 000001 Rl2 
112100 014637 021301 177510 036142 000000 000000 177777 177777 
112104 150437· 000324 000277 000234 

Here the instruction at core loc~tion 11044o was t~pped. At 
that point the ac.cumulator contained 013642, 177546; the B 
register contf:1,ined 027453, 002310; index registers 11 2, 4 
and 5 contained 177777, 000144, 003216 and 000001; the right 
overflow-indi~ator and sense lights land 2 were on. The 
contents of registers 112100-112107 are printed. Since 112101~ 
and 112105 are blank, they bad the· same value as 112103. 

.. If' output is on tape, Trap and Print does not write end of' 
file or rewind the tape. A.· one-card program is . available to 
perform this function • 

. . 

4.o Loop Trace (0296 and 0297) 

4.1 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 
f'unctions as a branch trap, printing each active branch en­
countered by the program b~ing traced, the location and 
director·of the branch, the contents ot 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·: LOW (core memory¢ to, 1267) and HIGH (¢ to 27 
and 2¢~~ to 377777). Binary decks are available f'rem the 
card room by ·request. Requests for HIGH should be f'or deck 
¢296. Requests for I.JJW should be f'or ¢297. A sample print­
out is included as appendix nlllllbe r 1. 

4.2 Operation 

To. trace a. ioop O Q O 

Whenever any program unexpectedly.loops and a recerd of the 
··· branches being executed would. b~ he1pf'ul, 

1. Stop th~, pro~ram using "PROO~ STOP". 
~ . ~: 

2 •. Place the c_o.~tents ot the program counter in the. 
right •iA" sWitches (and the lett sign if nece~sary 

· in . the large memory) • 

3. · Assign test memory. 
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4. 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" • 

rt·everything has been done proper~;. the lobpwill be traced 
and control return.to the looping program. •. The work "COMJ?ImE" 
will be logged on .the printer .at tlE conclusion of the .trace~ 
At this point.a core dumpmay.be·taken. 

. . ·. 

To use Loop Trace as a branch trap program., 

1. Read in the program with its environment into core. 

2. Pl.ace the starting address of the program in the right 
"A" switches (and the IS if needed). 

3e Assign test.memory. 

4. Set sense switch number 2 up for delayed or down for 
~rec"!; output. 

:· 5. Pl.ace. the deck of "~op 'Trace" (HIGH or L<ll) in the 
reader. 

6. · Ready ·reader. 
. . 

1. Push· -"LOAD FROM CARD READER" • 

The· printer will restore the· page if' selected ini tial.ly. The 
trace will continue until .ei tJE r a program. halt or an attempted 
branch to any a :iea occupied by . "Loop Trace". In either case, 
"I AM FINISHED .... " will be logged on the printer and the trace is 
complete. No halt wiil ever be made by "Loop Trace11 unless it 
first logs the reason on the printer. 

4. 3 Printoµ.ts . 

ASSIGN.TEST MEMORY --- self explanatory. Assign test memory 
and "CONTINUE". 

READY TAPE 4 

COMPLErE 

· --- DLO tape· has :~een 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 II CONTINUE" • 

"Loop Trace" bas completed traciDg a 
loop. The next line to be printed 
would be ·identical to the first line. 
The traced program will be in control 
(and wil,l be loopiDg, of course). 
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--- The last active branch encountered 
was an attempt to enter that portion 
of' core occupied by "Loop Trace" 
(¢ to 1267 for LOW,¢ to 27 and 
2¢¢¢¢¢ to 377777 f'or HIGH) or the 
traced program was preparing to halt. 
End of file will be written on the 

.DLQ 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 Sense SWitches 2 and 3 

It is not necessary to get all your output on the printer of 
the DLO tape. Each line is sent to the IO unit selected by 
the sense·switch. This means you can start direct and finish 
delayed, or any .combination o:f' printer and tape. "Loop Trace" 
will not lose a line regardless of pow 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 11 

will write end of :f'ile 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 DLO. . 

4.5 The "B" switches 

Occasiona.lJ,y it is more desirable to have one's output direct 
and innnediately 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 ~ecessary 
information. In such ca.sea, 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" switchee to the point specified 
in the !IA" switches where printing (if ·sense sWitch number 
2 is down) will begin.: .Ne;, ch~ck on the comparative size of 
the values in the "A" and "B" switches is made. They are 
checked :f'or reference to areas of core occupied by "Loop 
Trace" however (see note under "I AM FINISHED ••• " above). 
If no printing is obtaine,d using this "B" s'Witches feature, 
it means that the address specified in the "A." sWitches wa.s 
never finished. 
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4.6 Restrictions 

1. "Loop Trace11 uses six of the new computer instructions 
arid hence cannot be used on any Q-7 not recognizing them. 

2. Although one may switch between direct and DLO at will, 
no indication is ma.de 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 tor both outputs, if desired. 

3. 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 is 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 rep;:i.aced with a BPX to 
"Loop Trace" and should any·other instruction subsequently 
refer to this location, it will not contain what it 
expects to find. 

4. !'Loop Trace" is unable.to distinguish an actual halt from 
·:a 4, 4 register which -Will be filled with a FST before 
operation. As an example:_ 

5. 

3 CAD 
FST 
+~ 

Assume that 6f6.A is a table of branch· instructions. "Loop 
Trace~' uses a type of look ahead routtne .rather than an 

·interpretive one, consequently it will assume that the 
program would halt if allowed to, and will itself halt 
with the ''1: 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 branch to ·a subrouti~>.which does. not begin with an 
STA(A), but With a .FS'l', '.°say;:,.then···an STA(A), will result 
in "Loop Trace" ending_tl:ie.trace at .the exit of the sub­
routine •. No solution or. recovery possible. 
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Indexing into a table which immediately follows a. BPX 
without an intervening branch class instruction or TTB 
will result in erroneous results, the exact nature of 
which is completely unpredictable. If any progl:'ammer 1 s 
program contains either type of coding,,p.escribed under 
this or the preceding point, he should use a different 
tra.ceprogra.m. 



LOCa p,1sr. DIRe 

2C-OC0:)2 eSN13 200004 
21"('(\"!, ~=x 2".H'Cr'7 

I 2/')(1012 ~.3~1~ 2~1.'.'~12 
200013 9Sr-!04 2CC056 
2CC071 ~SNll 2,0073 
200101 3Rt-t 2C0103 
2~0104 l~!>XOl 2CCl105 
2i"!l1 29?Xl2 210!"6 
2CC110 2~PX12 200106 
200111 BSN22 2~0136 
201)143 SLM 200145 
200145 13F~ 2C0153 
2~01:57 se;,xc1 200155 
2~0157 5~PX01 2"C155 

'200157 58PX01 200155 
200156 BFM. 200161.. 
200166 BFZ 200000 

COMPLETE 

LAC RAC 

04CCOQ 100000 
0~1'00 lM~CH> 
oi.cooo lO!Dno 
040000 100000 
177776 177777 
171776 177777 
177776 177777 
177777· 171777 
177777 177777 
177777 177777 
104312 175000 
104312 175000' 
177777 oo~a;o3 
177777 001567 
177777 000653 
177777 177736 
000000 000000 

AC#l46 
BOX#222 

LSR RBR 

177777 177777 
177777 177777 
177777 177777 . 
177777 177777 
177775 177777 
177775 177777 
177775 177777 
177777 177777 

· 177777 177777 
177777 177777 
177777 177777 
177777 177777 
177777 177777 
177777 177777 
177777 177777 
177777. 177777 
177777 177771 

IX 1 IX 2 IX 4 

000027 200000 200000 
000027 200000 200000 
000027 200000 200006 
000027. 2qoooo 200000 
000027 200000 2ncooo 
000027 200COO 200000 
000027 200000 2001'i00 
000027 000005 200000 
000027 200000 200000 
000027 · 200000 200000 
000027 200000 20000ff ·. 
000027 200000 200000 
000027 200000 200000 · 
000027 200000 200000 
000027 200000 .. · 200000 
000027 200000 200000 
000027 200.000 200000 

IX 5 LOW 2CGCC0 

000003 
OC0003 
C0C003 
OO,J003 
0Nl003 
::lvOOC3 

,~J0003 
000003 
Ov0003 
oco,:103 
J:j0,JIJ3 
C00003 
000005. 
000004 
000003 ·. 
·:>00003 
OOOO'c,3 

l!J::> 
j 'tJ 
ro Laj 
2 

I~ 
I 
1 ;-, 

~ 
I 
I-' 
Vl 

~ 
\.,'l 

!-' 
I\) . 
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1. Introduction 

In the process of digital computation, three things must be known 

about each quantity used: 1. the digits in the numerical expression of 

the quantity, 2. the position of the radix, or digital point, with respect 

to the digits, and 3. the units in which the quantity 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 

meaningless. 

Automatic digital computers, in general, keep no record of the units 

as~~ciated with the numbers they 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 the computa­

tion is a number expressing velocity in miles per hour. 

Some digital computers are built to keep an automatic record of the 

position of the point in every number taking part in the computation. In 

such a computer, the point will automatically assume a position that de­

pends on the result of the computation. A computer that does this is 

called a floating point computer. For reasons 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 programming a 

fixed point computer, 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 Calculator 

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 instance, 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 significant 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 the units are dollars and that the decimal point is after 

the fifth digit. If he then wishes to add the quantity $402.23 to the pre­

vious quantity, he will punch the number Oo402 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 meap. 

$24,364.00. This is the correct value of the sum to the nearest dollar. 

If, in another problem, the operator knows in advance 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 ap.d perform 

his computat.ion with greater precision. He would then add the quantities 

$1.70.18 and $73.46 by clearing the dials, punching 17018 into the keyboard, 

pressing the add button, punching 07346, and pressing theajld button again. 

The sum 24364 again will appear in the.dials, but this time it is under­

stood to mean $243.64, since the decimal point is after the third digit. 

At this point a notation will be introduced. In. order to provide a 

reference point from which to count digit positions to the decimal point, 

it will be convenient to assume that there is a marker just to the left 

of the first keyboard column. This marker can be thought of as· another 

decimal point, always to be associated with the numbers in the machine. 

Thus the quantity $~43.64 appears in the machine ~s, .24364, or a number 

1/1000 as large as the real number that is meant. Using the letter d to 

represent the quantity in dollars and the symbol d (read d ·bar) to re­

present the corresponding number in the ma.chine, the operator of the 

ma.chine writes the equation d=lOOO d, which means that the decimal point 

ind is three places to the right of the point in the corresponding number 

d.· If the real point in x, (that is, the point in the real number x), is 

understood to be 9 places to the right of the ma.chine point in i, he 

writes x=l,,000,000,000 i, or x = 1o9 i. Since the ma.chine point is under~ 

s~ood to remain alWELys at the same position, the machine may be called a 

fixed point computer. 

It is.conventio~ to assume, for scE!,ling purposes, that the fixed 

point i.s to the left of the first digit, and that therefore the numbers 

in the machine are always 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 h$1dle only fractions. To consider the numbers in the machine 



TM=l5 #6 3. 

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 PJJ/FSQ-7 

The basic inf'orma.tion unit it the AN/FSQ-7 Central Computer System.is 

a 16-digit binary number called a half word. The first binary digit is 

reserved for the sign of the number, and is called the sign bit. The other 

15 bits in the l6=bit half' word a.re called magnitude bits and represent 

the magnitude of the actual number stored. If the number is negative, the 

sign bit is al 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.lOll into a register in the computer, the programmer must know 

the position of the real point 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 xis loaded this way, it appears in the register 

as 0.000 101110 101100, which is a number much smaller than x. 

Just as a decinu;w. number is multiplied by the base of the decimal 

system, namely ten, by moving the decimal point 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 101110 101100, multipled by two 9 

times (or by 29 ), is equal to 101110,1011, and the equation, x = 29 x, is 

true. Here xis the actual value of the quantity, xis the number in the 

register, and 29 is the scale factor that expresses the relationship be­

tween x and x. 
4. Determination of Scale Factors for Programming 

·, 
The progra.rmner may be required to write a program to compute the value 

off, where f = 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 xis caled 27. 



He writes on his worksheet: 
Similarly, y is in the 253register block 
starting at 200, scaled 2, and z ;sin the 
25-register block at 300, scaled 2. He writes 

and 

Since the largest possible value of x 
is O.lll ill lll ill lll, he knows 
that x itself cannot exceed 27 time this 
value, or lllllllollllllll, a binary 
number just less than 10000000, or 27. 

He writes 

which means "the positive magnitude 
of xis less than 27.rr Similarly, 
he knows that 

and that 

He still must determine the scale 
factor for the sum, (y+z), since this 
number must appear in the accumu­
lator some time during the computa= 
tion. Since (y+z) will be largest 
when bothy and z are at their maxi= 
mum values and have the s~e sign, he writes: 
This number is less than 2, since 

25 + 25 = 26, and go he writes: 
and decides that 2 is a safe scale 
factor for (y + z). Any larger scale 
factor would also be safej but in order 
to keep as many significant bits as 
possible, the binary point must be as 
far to the left as is saf'e 7 so he writes: 

Finally, by similar methodsj 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 215, he writes 
on the worksheet: 
and is now ready to use the scale factors, 

TM-15 1/6 4. 

4.l) X = 27 x. 

4.2) y = 23 y, 
5 .. 4.3) z = 2 z. 

/y+z/ < 23-+ 25 , 

6 /y+z/ <. 2 

4. 4 ) ( y+ z ) = 2 6 (;;; ) . 
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Use ot the Scale.Facors in Programmill§ 

.. ' 

The first step in the computation is to compute the quantity {y+z)._ 

The programmer rewrites the scaling 

equation 4. 4): .. 
Substituting the scaled equivalent 

of y, 4.2) y = 23 Y/ and of z, 
5~ 4.3) z = 2 z: . . 6 

Dividing all terms by 2, 

he now has the equation that tells him how 

to compute {y+zf. :Equation 5.3) says that 

in order to·compute (y+z); the computer. 

must obtain y. 
Mu.Itiply .. it ~y 2-3, by-shifting it 

three places to the right: 

and store 2-3 y :for future use: 

Then it must obtain z : 
-1 and multiply it by 2 : 

-1-Since 2 z is now in the accumulator, 
2-3 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: 

Again substituting the scaled equivalents; 

) 15 - 4 ) 7 -4.5 f = 2 f, .1 X = 2 X 1 and 

4.4) y+z = 26 (y+zT: 

collecting factors: 

and dividing through by 215: 
he can complete the computation. :Equa­

tion 5.7) says "multiply "G+z) byi, 
-2 and multiply the result by 2 ". 

5.1) 
6 ..... ,, 

2 {;y+z) = y+z 

. 26(y+z) = 23 y + 25 z, 
(y+z}-~ 2-3 y+2-l. z, 

CAD 200 

ASR 3 
FST 1000 

CAD 300 

ASR 1 

ADD 1000 

5.4) :f" = x 0 (y + Z). 

5.5) l"-- · 1- 6 2 -'f = .. 2 x· 2 (y+z). 

5.6) 217! = 213i· (y+z} 

5.7) f = 2=2i· (y+z). 



Accordingly, since (y+z) is now 

in the accmnulator, multiply it by 'i, 

shift the product 2 places to the right, 

round off the result, 

and store the answer, 1, into 400. 

MUL 

DSR 

SLR 

FST 

A~er indexing, the completed program is as follows: 

0 1 XIN 30 

1 1 CAD 200 

2 ASR 3 

3 FST 1000 

4 l CAD 300 

5 ASR 1 

6 ADD 1000 

7 1 MUL 100 

10 DSR 2 

11 SLR 0 

12 1 FST1 400 

13 1 BPX¢1 1 

14 HLT 0 

6. 

100 

2 

0 

400 

Thus the scaling equations have not ouly provided a conven= 

ient way to record scale factors, they have also 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 ac~ording to Upper IJ.mits 

In the example above, the programmer was given the scale 

factors for almost all of the quantities to be band.led in the·computation. 

In the following e:xample, the scale factors are not given, and the pro~ 

gramm.er 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

isters in any bit position he wishes. In order to choose the 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 f'ollOWing computation is to be perfoz,n.ed: 

g = (u-v) + :x, and the following limits are given lul < 49, 
V 

lvl < 21, JXI < 18, and~ 1w/ < 158. (This last statement means "The 

magnitude of w is equal to or greater than 2 and l~ss_than 158"). Since 

u can assume its largest positive value at the same time that vis at its 

largest negative value, the upper limit on I u - v I is the~ of the 

separate upper limits on u and v. Hence, I" u - v f< 49 + 21 or 70. Since 

70 is less than 27 or 128, the programmer chooses the s~l~ factor 27 
for (u - v). 6.1) (u - v) = 27 (um v) 

· -This is the best scale factor to 
choose, since it is the smallest safe value. 

To save machine time, he chooses 
27 for the scale factor for each of the two 
quantities u and v. 

This is safe, since I u I and Iv I are 
each less than 27. He loses precision this way, 
since the bimry points in these·. quantities are 
too far to the right, ~ut if' he chose smaller 
scale fa~tors, he wou1d have to shift u and v 
to the right before subtracting, losing the same 
precision as before, and wasting ccmputer time in 
shifting as well •. 

Since f w f < 158, he scales 
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, c~ - v) will be nearly 70, and to make g large, the 
divisor, w, will assume its smallest value, 2, so that 

u - v will be as large as possible. Altogeter, the 
w limits combine to make the upper limit on g equal to 

70 + 18, or 53. 
2 
Hence the scale factor for g is 26: 

~.2) 

6.3) 

6.4) 

6.5} 

• 8 -
w = 2 w 

6-g = 2 g, 
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6-and accordingly he chooses: 

and for the quotient: 

Rewriting equation 6.1): 

Substituting :tor u and v using 
equations 6.2) and 6.3): 

Cancelling out 27, 

From 6.10) the :f'irst steps in 
the program may l>e written: 
(where L(u) means the memory location of' u). 
and no prelimi:aary shifting is necessary. 

Now, rewriting equation 6.7): 

Substituting in the right side of equa­

tion 6.ll), using 6.1:a.nd 6.4): 

6 Ditriding through by 2 and collecting 

the power of 2: 

Since (um v) is now in the ac­

cumulator, the prog:!18.mmer, using 6.13)J 

may now Write~ 

to multiply by 2=7 . Theni he writes: 

and 

6.8) 

x = 2. J[j . ·. . 6( ) 
U - V = 2- U - V 

w ·. w 

27(u-v) = (u-v) 

7 .7-2 (U=V) = 2 U -

27v. 
(u=v) = u - v -

_-CAD 
SUB -

L(u) 
L(v) 

6.11) 2? (~) = 

6.12) i (u ; V) = 

27 U = V 
8-2 'W 

6.lJ>(u ; V) = 

2-7 1u ~ v) 

DSR 

DVD 

SLR 

.... 
w 

7 

L(w) 

1,7 
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The last step, SLR 17, bas nothing to do with scaling. After 

a division, the first magnitude bit of the resulting quotient, unlike the 

results of MUI., ADD, or SUB, is in the B register sign poi,;it1"on. The 

"fixed.point" must still be just to the left of the fi:fst magnitude bit, 

and hence must be thought of as being at the lef't end of the B register. 

In order to restore the fixed point and the magnitude bits to their normal 

positions, the instruction SLR 17 is given. Since the .l'f'ixt?~ point" and 

-the magnitude bits move together, the scale factor for the quotient is ,. 
not affected. 

The quotient, ( u ; v ) , is """ 

in the accumulator. Rewriting equation 6.5): 6~·14) 

and substituting from the formula for g: 6.15) 

Substituting from equations 

6.6) and 6.7): 6.16) 

6 Cancel.l.ing out 2: 

Accordingly, without further 

shifting, i is added: 

The resu.lt9 g, is stored: 

and the program is finished. 

Below is the complete program. 

CAD L(u) 

SUB L(v) 

.·J)SR 7 
. DVB LtwJ 

SLR 17_. 
ADD L(i) 

FST L(i) 

HLT 0 

6.17) 

26 g = g, 

6~ 
2 g = U - V + X 1 

'W 

( 
U - V) 

g= w +x. 

ADD 

FST 

HLT 

L(i) 

L(g) 

0 
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'!he 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 where the choice of scale 

factors is not left to the programmer, as in the first problem, the 

technique is a useful aid in writing programs. 

JJ:U! /ht/ ar · 
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ABSTRACT --------
The 14ol Program LOCOT, which logs. a COSEAI...:f'orma.t SAGE-mode 
tape, has been released :f'0r use. '!his program essenti~lly 
duplicates the LOG function o:f' COSEAL; it is good to use because 
logging tapes on the relatively inexpensive 14ol can save · 
relatively expensive XD-1 time. Copies o:f' the LOCOT Program 
deck are available at· the 14ol i_n Building F. 
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SAGE l4ol LOG PROGRAM 

LOCOT - (LOg a COseal Tape) is a Sage 14¢1 Program 
designed .. to logbinary~tapes praduced by the ·coseal S;ystem. 
rus·program: logs the identification and other-pertinent 
information 9f each tape record. Ten (lD) types of binary 
records may be found on a Coseal Master; a listing and 
sample of the output for each is contained in Section JY 
of this memorandum. 'Jhe tape record formats are described 
in detail in FN-6179 COSF.AL U!'ILITY SYSTEM FOR THE AN/FSQ•7 
COMPUI!ER, Sy~tem Development Corporation. 

II. Restrictions: 

A 14¢1 System- modified t_o read and. . .wri te 728 mode ( Sage . 
mode) tapes, 4 K, one tape drive/ advanced programming, 
special features (High-ww-Eq Compare·, Multiply/Divide, 
Print stoi;a.ge, Co::J.JlIDil Binary) and 132 character print line, 
are necessary f'or the operation of this program. 

III. Description 
of Records: 

_-. . .' . ~ 

Each record· produced by Coseal contains the rece>rd identi­
fication .bi ts in bit positions· 28-31 of word o_:ne. In ,­
addition, some records contain further descriptive material. 
LOCOT distinguishes records from one another.by the.record 
identification bits, and prints the record type and what­
ever descriptive material it can. 'Ihe foilowiilg paragraphs 
describe each of the ten records. A sanwle print· follows • 

. For records whose identification bi ts are not one o:f' the 
ten legal types, LOCOT prints the comment "Unknown Record· 
·Type" ( except combined · tape records, see below) • 

1. · storage Identification Record Ident Bits Rec9rd Length 
28 31. (3. words) 

(¢¢¢1). 

'Ihe storage Identification Record precedes one_or 
more storage.records and contains. identifications of 
them. 'Ihis :record anq. the storage record or records 
it identifies are .called an identification: grou;p •. 

2. Core Sto~e Record Ident Bits Record Length 
28 · · 31 ( 3 wrds + 

( ¢1J.¢) . number ·of data 
words) 

'Ihe Core· Storage· Record · contains a.ct~l binary- ,data, . the 
number of data words, and the starting core · location of' · 
the data. · 



3. Core Operate Recox'd. .Ident Bits 
28 31 

(¢111) 

R.eco!'d Length 
(3 words) 

The Co:r.e Operate Reco:rd. f'ollows one o:c mor.e storage 
records f'or d.r.u.m. o:c core containing a prog:t·a.rn.. Tb.is 
record contains the core address specified. in the End 
Card o:t; t.he. program w:b.en it was assembl.ed. 

4. Tag Table ReC!O:Cd. Ident Blts Record Length 
28 31 (8 words+ the 

(l¢l.1) number of DDL 

5. 

6. 

7. 

8. 

& no:n-DDL tags) 

The Tag Table Record. in:fo:r.rnation printed. by LOCOT consists 
o:n.ly of the Ide:nt and number of D.igit .. Digit~Letter Tags. 
For a mo:\·e complete description of what is contained in 
a. pat·i;.teula~r. ta.g ta.ble record.9 a tape a.ump· is suggested. 

Drum. Storage Record. Id.e:nt Bi ts 
. 28 31. 

(+f.--, ,i\;.LL} 

Record Length 
(3 words+ 
number of: data 

words) 

T.he Druxc. Stcrage Reco::-d contains actu.a.l bl:0:a.cy cl.a.ta.. tfle 
numb~r o:f data. wo:r.d1:(1 the drum field and. sta't'ting drum 
.loca:cion c:f' the a.a.ta .• 

F.i.1e Ide:o.tif:ic:a.t:ton Record. Ident Bi.ts 
28 31 

(¢¢¢1) 

Record length 
(3 words) 

The Fi..le I,le:o:t;.ification Record. :i.s "the first record of a 
;fi.le. A. 11:r:1:\e 18 is a. pr.ogramming system (e.g. DCA, Coseal). 
A f.iJ.e i.s . str11(~tua.l.ly ma.de up of ide.ntif;tca"tion groups, 
and is us't:18.:lly ended by an End. Iden.t Record .• 

End. Id.e:ut.i.:f.ication RecO?:'d. 
·,'.'" 

Ident Bits 
28 29 

(¢1¢1.) 

Record Length 
(3 words) 

The End Identifica.tirn.1 Recor.a. is the last record of a 
;file 1;1:nr:l. :L, r..o::-:m.a.lly followed by an end-of',.f.i.l.e mark. 

Combined Tape Identificati.on Record. 
Ident Bits 
28 31 

(1¢1¢) 

Record Length 
(3 words) 

A Combined Tape Record is a record of not more than 3900 
words p:r.oducea. as output from a Coseal .Assemb~v. 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-~e 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 al Bit in the 31st Bit position of the 
first word of that record. After passing the record 
containing that indicator, LOCOT resumes logging records 
of any type • · · 

Environment Simulation Record Ident Bits 
28 31 

(1¢¢1) 

Record Length 
(3 words & 
number of data 

words) 

The Environment Simulation Record (which is produced by · 
the Environment Simulation Program) is designed to gener- ... 
ate data which can be used to check out the master 
program or to evaluate the transfer function of any 
program. 

10. Correction Inventory Record 

The Correction Inventory Records are produced by DCA 
tape load and are located between the End Identifica­
tion Record and the End-Of-File mark of a 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. 

r!. Sample Print of F.ach Record 'Iype (variable information is underlined) 

STORAGE IDENTIFICATION RECORD IDENT ~ ~ CCMPOOL Rl9 

CORE STORAGE RECORD 0153 WORDS S'I!ART CORE 000006 

CORE OPERATE RECORD S'.MRT CORE 204000 

TAG TABLE RECORD 0019.DDL 

FILE IDENTIFICATION RECORD : IDENT COSUT COMPOOL ¢lB 

DRUM STORAGE RECORD o46o WORDS START DRlM ~ ~ 

. END IDENTIFICATION RECORD IDENT PILOT COMPOOL ¢1B 

ENVIRO~ SIMUJA TION RECORD ~44 WORDS 

COMBINED TAPE PROGRAM IDENT ~ MOD AH COMPOOL Rl9 
RECORDS 0004 · .. · 
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v. Operating Instructions 

' . ~ . 

.. m :JJR/nep .. 

Whe1,1 st~ing, set tapes to l.oad point, load LOCOT and press 
start. LOCOT·wiJ.l check-tape records for parities. If a 
record contains a tape pa.r:f,ty LOCOT will tr.y ten ( 10). times 
before prin·t;ing out a comment. (See number 4 of this section.) 
When an End•Of•Tape has been read . .weo·T will print out (END­
OF•FILE). (:ERESS START F~R NEXT FILE.) 

. 1. 

2. 

3. 

4. 

Deck Make-up . 

LOCOT Program 

Tapes 

Selec:t :, 
Ta:pe to 'be logged. 

Sense switches 

None. 

El:"ror Printout 

Mon:i.:t;or the printer for the following printouts: 

Comment 

Recl~nt' Record Press. 
S"tP.i.rt to.print it. 

5 Stops 

1265 

1311 

2147 

Recovery and Reason 

Record read wa.s red.1.mda.nt • 
Pressing start button will 
print out appropriate _areas 
and continue on to next 
record. 

When this comment is printed 
a record read from tape vras 
unable to be identified by 
the program. The printer will 
not stop. 

Redundant Rec::ord. Press start 
to print it. 

An End-Of-]'ile on Tape 3. Press 
· · Start for next file. 

An indication of ma.chine trouble, 
plea.se ta.ke a core dump. Pressing 

.. · start will continue program ignor-
ing record just read. · 

· . Attachment: Distribution 
List 

I 
., . - . -~.. .. ~·:.. ... ··~· ··--·- ... _ 
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ration use and for controlled external distribution. 
Reproduction or further dissemination is not 
authorized. It. has not been reviewed by Office of 
Security Review, Department of Defense, and 
therefore is not for pub~ic release. 

The SAGE Multiple utility Program (SMU-3A) is a 1401 program consisting 
o:f seven utility routines which make possible off-line processing of 
XD-l {or AN/FSQ-7) computer inputs and outputs. 

Brie:f descriptions of the SMU program :functions and-operating procedures 
are contained in this document. · · 
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1.0 INTRODUCTION 

The SAGE Multiple utility Program (SMU-3A) is a .modified version: of the 
SAGE Multiple utility Program de'scribed in 'IM-77#5,Sl. Differences 
between Version 3A and previous /versions are:. ' 

1. The original PEST-coded instructions have been converted to 
1401 Autocoder · 1anguage: · · · 

2. A "batched record" option has been added to the Card-to-Tape 
function. · · 

3. The Card~to-Card and Card-to-Printer functions have been removed. 
· (One-card 1401 programs :~re available fo;r these functions, if 
required.) · · 

For the convenience of XD-1 users a complete des9ription of the SAGE 
Multiple utility Program (SMU-3A) is contained .in this document. 

2.0 GENERAL DESCRIPTION 

'lhe SAGE Multiple utility Program - Version 3A (SMU) is a 14ol program 
consisting of seven J~tility:, routines, which make possible off-line 
processi~g of XD-1 (or AN/FSQ-T) Computer inputs' and outputs. These· 
routines include: (1) Tape-to-Printer, (2) Card-to-Tape, including 
COMPASS feature and BA'ICHfeature, (3) Tape-to-Card, (4) Tape-to-Tape, 

. (5) Space Back, ( 6) Space Forwrd, and (7) Stop.. Particular functions 
to.be performed are gontrolled;~Y sense switch settings and/or contr~l 
cards. 

3.0 PROGRAM FUNCTIONS 

3.1 Tape-to-Printer 

Prints a BCD tape with a maximum record l~ng:!;h :of ~1794:;charact~rs 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 a.re off for Program Control. Single spacing is 
forced by using sense switch "D";. double spacing is obtained by 
use of sense switch 'l!". • .· Both single and' double spacing 
(Sense switches "D" or "Elf) override Progr~ 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 S'.rART button is pressed, the next file will be printed. 
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3,2: Card-to-Tape 

Prepares a· BCD SAGE mo.de tape of 13 words ( one card image, 
Columns 17-80) per record. The :first 16 columns of every card 
are ignored because they are not read by the XD-1 Computer. 

2 

A SAGE :format end-of-file mark is written on the tape when the , 
last card is r~ad, The tape uriit used for writing is select #1.' 
Sense switch "B" controls this "prestore" :function. The card­
to-ta.pe :function includes two optional :features: COMPASS and 
BATCH, 

3 .2~1 COMPASS. Feature 

Use of the COMPASS :feature causes BCD information /in 
columns 8-13 of the cards being p:testoredto 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: 

8-79 l~I 
The COMPASS control card needs oitly.to'..be,,read.in._once'.for. 
s'ubsequent COMPASS prestoring. 'lhe SMU deck must be read 
i,n again to return control back to normal pre store. 

3 .2.2 BATCH Featur~. 

The BATCH :feature pennits two to a maximum of nineteen 
card images (Columns 17-80) to be batched on one tape 
record, resulting in faster assembly input to the XD-L 

A BATCH control card must be placed in front of the deck 
to be prestored. Control card format is shown below: 

l -17 

• No. of cards to be Batched 

The BAltH feature can only be,used to prestore special 
assembly 'input decks: Assemble Compool, Assemble Initial 
Conditions; Assemble Sequence Parameters, Assemble MOR¢ 

· and Assemble Geography. .:.I®:i.it ;tO,,,p_ut ,'..xth.e: ::stor.ag.e .Alloo~tion 
:.Prog:t:am, .. ~Y also ·b~ ba-t?ched• •. ,,,,BATCH cannot be used to · 
prestore XD-+ ~rogram assembly input decks. 
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'llle BATCH control card needs only to be read in once for 
subsequent BATCH prestoring. 'llle SMU deck must be read 
in again to return control to normal prestore. 

Tape-to-Card 

Punches out a deck of carq.s from a variable length tape record 
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 begins in coltlIDil 17, in order.to be compatible with 
the SAGE (XD-1) computer. ; If a tape record is greater than 7El 
characters or 13 SAGE worq.s, every 78th c)lE;Lracter will be dropped. 

All SAGE words consist of six (6) char~cters on tape, but only 
five (5) characters on an IBM card. 'llle first character of 
every word contains the parity bit. 'lllus,: in transferring a 
tape word for . punching, only characters 2-.6 of a word are moved 
to the punch :i.ma.ge • · 

The 't'ape-to-card function is controlled by sense switch "c". An 
end-of-file mark on the tape terminates this operation. 

3.4 Tape-to-Tape 

3.5 

Duplicates a tape o'f variable length records that do not exceeq.. 
:i-794 characters or 299 SAGE words. The tape-to-tape operation . 
will read BCD or Bi.nary records from the input tape on select #3 
and write.the same recorcr·on a blank tape ·on select #1, 

An end-of-file mark on select #3 will be written on select·#L 
Sense switches "B" and "qi' contr<:>l this operation. 

Space Back 

Allows the back:spacing of tape files. 'llle START button is 
pushed for each file .to be back-spaced. 

Sense switch ''F" controls this operation. 

3.6 Space Forward 

Pr.ovides the facility to space the tape forward on~ fiJ:e at a 
time. The START button is pushed for. each file to be skipped. 

Sense s~it-ch "Gff controls this operation. 

Terminates any of the fo_regoing functions through the use of sense 
switches "F" and "G". 
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4.0 OPERATING INSTRUCTIONS 

4.1 Sense Switches and Tape Set-Up 

Sense switch settings and tape set-ups for each SMU function 
are summarized below: 

Function 

Tape to Printer 
Program Control 
Single Space 
Double Space 

Card to Tape 
Normal Prestore 
COMPASS Feature 
BATCH Feature 

Tape to, Ca.rd 
Tape to, Tape 
Space Ba.ck 
Space Forward 
stop 

Sense Switches· 

No switches 
D 
E 

B 
B 
B 
C 
B, C 
F 
G 
F, G 

Input Tapes · 

TD#3 
TD/13 

output Tapes 

TD/11 
TD/fl 
TD/fl 

TD/Al 

4.2 · Error Printouts 

4.3 

/mg 
Attachment : 

The following elt"ror pr:i.ntouts are logged on the line printer: 

a. "CONTROL, CARD IN ERROR" (Either the BATCH or the COMPASS · 
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. 

Special Points 

When perform:1.ng tape functions the tape uni ts must be set to low 
density for compati b:1.11 ty w1 th the Model 728 Tape Uni ts used with 
the Xl)-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 prdgram. SMU does not have to be read ~in each time 

:±:::::::n u::ty function is ~?;i 
O 

~-;-

R. A. Holt 

Approved by: 
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