












































































(lY Error and contingency indicator lights that indicate any error or 
contingency condition detected by the checking circuits of the computer. The 
error indicator lights indicate the type of error detected and, for certain 
types or errors, the digit position at which the error occurred. An error 
option switch is provided on the panel. The switch has three pOSitions labeled 
STOP, NORMAL, and IGNORE. When the swi tch is in the STOP position, the computer 
stops if an error is detected. When the switch is in the NORMAL pOSition, the 
computer enters an error routine if an error is detected. When the switch is 
in the IGNORE position, the computer ignores any error detected. A reset button 
is also provided with which the engineer may reset the error flip-flops. A 
similar contingency option switch and a reset button �a�r�~� provided on the panel 
for controlling contingency conditions. 

(2) Two neon pushbuttons are provided on the panel to control the 
gating in of various control signals that the engineer can manually introduce 
into the computer for troubleshooting purposes by connecting signal input lines 
to terminals in the circuits. 

(3) A switch abnormal light which is lit if any switch on the 
computer panel is set in a position to interfere with the running of a normal 
program or to allow errors to go undetected. 

(4) A transfer switch which the engineer may use to force the 
computer to either transfer control or not transfer control on conditional 
transfer of control instructions. 

(5) Buttons for clearing the computer as a whole or selected parts 
of the computer. 

(6) Retain buttons which can be used to retain the contents of 
the main instruction register, the control counter, or a fast register. 

7·2.2 Processor Engineer Panel 

The controls and indicators on the processor panel include: 

(1) Illuminated master power control buttons for applying power 
to the various uni ts of the system. A set of 24 pushbuttons is provided to 
select the drums that are to be turned on. When the master drum-power con­
trol button is pressed, the selected drums are turned on in sequence. 

(2) Air-flow, power failure, and temperature indicators for the 
processor, the computers, each type of input-output device, and each main 
storage cabinet. 

(3) Start and stop pushbuttons. 

(4) Illuminated pushbuttons to control the mode in which the 
processor operates. The processor can operate in a continuous, one instruc­
tion, one step, arithmetic test stop, or input-output test stop mode or any 
of five breakpoint stop modes. With the test stop pushbuttons, the processor 
can be made to stop on conditional transfer of control instructions (arithmetic 
tests, input-output tests, or breakpoint tests) and indicate whether a trans­
fer of control is imminent. When the processor stops, the engineer has the 
option of forcing the processor to transfer control or forcing it to continue 
on the same sequence of instructions. 
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(5) Clear buttons for clearing the processor as a whole or selected 
parts of the processor. 

(6) Retain buttons to prevent changing the contents of certain re­
gisters within the processor. 

(7) Error indicators to display errors detected within the central 
processor, dispatcher, and each of the synchronizers. Separate error option 
switches are provided for the central processor and each of the synchronizers. 

(8) A switch abnormal light which is lit if any switch on the pro­
cessor panel is set in a position to interfere with the running of a normal 
program or to allow errors to go undetected. 

(9) A master error-set pushbutton to set all of the processor error 
flip-flops for the purpose of testing the error flip-flops and the indicators 
on the panel. 

(10) A gain control switch for each tape synchronizer to enable the 
engineer to set manually the tape amplifier gain control of a tape synchronizer 
to high or low gain, or have the gain setting determined by the processor 
program. 

(11) A sector-address write switch used in conjunction with a special 
processor program to layout the data bands on the magnetic drums when the 
drums are first installed into the system. If a bad spot (unusable recording 
area) should develope on a drum after it is installed, one or more bands can 
be repositioned so that the bad spot will lie in an area that is not used for 
recording, in a space between sectors, for example. 

(12) A memory simulator consisting of a set of 60 switches used to 
insert manually a word of data into the processor. A word set up on the 
switches can be directed to the main instruction register, the arithmetic 
registers and to the synchronizer buffer registers. 

(13) Switches to run each of the synchronizers. 

(14) A binary display of the main instruction register and various 
other registers, counters, and control flip-flops in the processor. 

(15) Display register controls which can be used to transfer the 
contents of the main processor instruction register or either arithmetic 
register to a computer display register for visual inspection, or to trans­
fer the contents of a display register to the instruction and arithmetic 
registers. Data can be manually entered into the display register from the 
keyboard. 

(16) A type-out button which causes a type-out on a selected console 
printer of the contents of the processor arithmetic registers. 

(17) A jam-signal button which is used to control the gating in of 
various control signals that may be manually introduced into the processor 
logical circuits for troubleshooting pruposes. 

(18) An audio monitor that can be connected to either computer or 
to the processor. By changing pitch the audio signal gives an indication of 
the frequency of instruction execution. 
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(19) A film monitor to indicate the status of the film in the 35-mm 
and self-developing cmmeras of the electronic page printer. 
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APPENDIX A 

COMPUTER INSTRUCTIONS 

AND 

WORD FORMATS 
A-I WORD FORMATS 

A-l.l Single-Precision Fixed-Point Operands 

A single-precision fixed-point operand contains a sign digit and 11 
decimal digits, as follows: 

SXXXXXXXXXXX 

where S is the sign digit and X is a numeric decimal digit. The sign position 
contains a 0 if the number is positive and a minus digit if the number is neg­
ative. An absolute zero is expressed by a period digit in the sign position 
and all zeros in the X positions. The decimal point is assumed to be between 
the sign and the most significant digit. 

A-l.2 Single-Precision Floating-Point Operands. 

A single-precision floating-point operand contains a sign digit, a 
2-digit excess-fifty base-ten exponent, and nine decimal digits, as follows: 

SYYXXXXXXXXX 

,",here S is the sign digit, Y is a floating-point exponent digit, and X is a 
numeric decimal digit. The decimal point is assumed to be between the ex­
ponent (Y) and the most significant (X) digit of the operand number. The 
operand is normalized, that is, the most significant digit is not zero. 

A-l.3 Double-Precision Fixed-Point Operands 

A double-precision fixed-point operand consists of two consecutive 
single precision words each containing a sign digit and 11 decimal digits, 
as follows: 

SXXXXXXXXXXXSXXXXXXXXXXX 

where S is the sign digit and X is a numeric decimal digit. The two sign 
digits must be the same. The decimal point is assumed to be between the 
first sign digit and the illOst significant digit of the operand. 
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A-l.4 Double-Precision Floating-Point Operands 

A double-precision floating-point operand consists of two consecutive 
single-precision words. The first word contains the sign digit, a 2 digit 
excess-fifty base-ten exponent, and nine decimal digits; the second word 
contains the sign digit and 11 decimal digits, as follows: 

SYYXXXXXXXXXSXXXXXXXXXXX 

where S is the sign digit, Y is a floating-point exponent digit, and X is a 
numeric decimal digit. The decimal point is assumed to be between the ex­
ponent (Y) and the most Significant (X) digit of the operand number. The 
operand is normalized, that is, the most significant digit is not zero. 

A-l·5 Instructions 

A computer instruction word consists of 12 decimal digits, as follows: 

TIIAABBMMMMM 

The meanings of the characters that are used to represent the dif­
ferent parts of the instruction word are: 

T - tracing mode (refer to section 2.6). If an instruction is to be traced, 
T should be a digit from 1 to 9 depending upon which tracing mode routine 
the programmer wishes to specify. If an instruction is not to be traced, 
T should be a period· digit. Any other character in this position will 
cause a transfer of control to an error routine. 

I - instruction designator. I specifies the operations to be executed by 
an instruction. An instruction designator that is not in the computer 
repertory of instructions will cause a transfer of control to an error 
routine. 

A - arithmetic register address. A normally specifies the address of one 
of a number of fast register (refer to section 2.5) that are used as a 
arithmetic registers for storing operands and the results of operations. 

B - B-register address. B normally specifies the address of one of a 
number of fast registers that are used as index (B) registers for 
storing an address modifier. The M address of an instruction is 
automatically modified by a modifier, 6, ~n the specified index 
register after the instruction is read from storage but before the 
instruction is executed. If the index register specified is 00, 
the M address is not modified. All normal computer instructions 
containing an operand address may refer to an index register for 
modification of the address. 
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M - memory address. l'Jl normally specifies ( after it is modified by the modifier 
in a specified index register) the address of an operand. M may specify a 
main storage address or the address of a fast register (refer to section 2.5). 

A-l.6 Index Words 

A fast register when it is used as an index (B) register contains a 12-
digit word, as follows: 

NNNDDDD ~ flfl!J.~ 

The meanings of the characters that are used to signify the different 
parts of the index word are: 

N - cycle count. N specifies the number of times an iterative program loop 
is to be traversed. N is reduced by one each time the program loop is 
traversed. When the count becomes zero the iterative process is ter­
minated (refer to index instructions table A-l). 

D - decrement or increment to fl. Before each program loop traversal D is 
added to or subtracted from~. It therefore determines the amount by 
which the operand addresses of indexed instructions are modified during 
each program loop traversal relative to the previous loop traversal. 

b. - modifier. I:l is automatically added to the M part of an instruction that 
addresses the index register. 

A-2 INSTRUCTIONS 

A-2.l Conventions 

The following conventions are used in presenting the computer instruc­
tions (table A-l). 

A -

M -

A -'A 

denotes the number of a fast register. The next fast register in sequence 
is denoted as A+l, and the preceding fast register as A-l. 

denotes the number of a particular location (12-digit) in the main storage. 
The next storage location in sequence is denoted as M+l, and the preceding 
location as M-l. 

a capital letter subscript denotes a particular part of a fast register or 
storage location in accordance with the instruction word format. For example: 

AA denotes the A-register address part of fast register A. 

~ denotes the B-register address part of fast register A. 

AI denotes the instruction designator part of fast register A. 

~ denotes the memory address part of fast register A. 

MA,~,MII and ~ - denote, respectively the A-register address, 
B-register address, instruction designator, and memory ad­
dress parts of storage location M. 
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FFA 

c 

- more than one part of a fast register or storage location may 
be denoted by successive capital letter subscripts. For example: 

denotes the A-register address and B-register 
address parts of fast register A. 

denotes the address of a flip-flop, such as a tracing. mode, sense, 
or error flip-flop. The address of the flip-flop is specified in 
the A-part of an instruction. 

denotes a control counter register which can be assumed to contain 
the main storage address of the instruction currently being ex­
ecuted. 

( ) - parentheses around a symbol denotes the contents of the control 
counter, register, storage location, or part of a register or 
storage location which is indicated by the symbol. For example: 

(c) 

(M) 

(~) 

denotes the contents of the control counter. 

denotes the contents of main storage location M. 

denotes the contents of the B-register address 
part of fast register A. 

(C)+l--~C- denotes that the present sequence of executing instructions is 
continued, that is, one is added to contents of the control 
counter register to give the storage address of the next instruc­
tion in sequence. 

M---) C denotes that control is transferred to a new sequence on instruc­
tions starting with the instruction in storage location M. 

rdd 

o 

I I 

denotes a rounded result. All other results are unrounded. 

a circled arithmetic symbol denotes a floating-point arithmetic 
operation. For example: 

denotes floating point addition of the contents 
of storage location M and fast register A. 

two parallel ve~ical lines around a quantity denote the absolute 
value of that quantity. Thus: 

denotes the absolute value of the contents of 
fast register A. 
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I _ A prime denotes a double-precision word. Thus: 

A-2.2 

(AI) - signifies two single-precision words in successive fast 
registers (A and A+l). 

NOTE 

Although M is usually an address of a location within the main 
ferrite-core storage, it may be an address of a fast register. 
The main storage is assigned M-addresses from 00000 to 97499. 
The fast registers are assignedM-addresses from 99901 to 99999. 

Instruction List 

The computer instructions are listed in table A-l. The numeric opera­
tion code (instruction designator) is given for each instruction together with 
a mnemonic code and a symbolic description of the instruction using the conven­
tions described above. The execution time of each instruction is given in 
microseconds. The execution times are all inclusive and include the time re­
quired for obtaining instructions and operands from storage, the time required 
to modify operand addresses, the time required to calculate floating-point 
exponents, the time required for error, contingency, and tracing mode checking, 
and so forth. All input-output operations may be assumed to be performed in 
parallel with the instructions. 
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Table A-l. Computer Inst.ructions 

Numeric Mnemonic Symbolic Time Numeric Mnemonic Symbolic Time 
Code Code Description I' sec. Code Code Description /"sec. 

Data Transfer Instructions (To Storage) 

40 S (A) ---> M 4 45 SS (A' ) ---? M' 8 

41 8M -(A) ---) M 4 46 SSN -(A' )--~ M' 8 

42 8M I(A)I--> M 4 47 SSM f(A 1)·1--> M' 8 

Data Transfer Instructions (From Storage) 

43 F (M) ---) A 4 62 EB (M:s) ---) ~ 4 

48 FF (M') ---)A' 8 63 EAB (M )---) A 
AB Jill 

4 

60 EOP (M )---) A I I 4 64 EM (~) ---) \i 4 

61 EA (M ) --~A A A 4 

Floating-Point Add Instructions 

02 A (M)8(A)--)A 4 14 NU -(M)0(A)-~A+l 4 

03 AM '(M)G(A)-~A 4 06 AA (M' )8(A' )--)A' 16 

04 AU (M)0(A)---)A+l 4 16 NN -(M' )0(A' )-)A' 16 

12 N -(M)0(A) --)A 4 
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Table A-l. continued 

Numeric Mnemonic Symbolic Time Numeric lvlnemonic Symbolic Time 
Code Code Description ~sec. Code Code Description ,/;( sec. 

Floating-Point Multiply Instruct.ions 

23 M (M)0(A)-~A 8 27 MM (M')@(A')-->A ' 36 

24 MU (M)@(A) --)A+l 8 22 MR (M)@(A)Rdd-->A 12 

25 ME (M)G)(A)-~A I 12 

Floating-Point Divide Instructions 

32 DR (A)(0(M)Rdd-->A 28 37 DSE (A I )(D(M)--->A I 60 

34 DUR (A)(i)(M)Rdd-->A+l 28 36 DD (A I )G)(M ,) -->A I 168 

Fixed-Point Add Instructions 

01 AX. (M)+(A) --.;> A 4 05 AAX (M I )+(A ,) --->A I 12 

11 NX -(M)+(A) --) A 4 15 NNX -(M' )+(A I )-~A I 12 

Fixed-Point Multiply Instructions 

20 MXR (M)X(A)Rdd-.;> A 8 26 MMX (M I )X(A I )-~A I 36 

21 MXE (M)X(A)----->A' 12 

Fixed-Point Divide Instructions 

30 DX (A)~(M)-~A 32 35 DDX (A' )~(M' )-~A' 184 

31 DXE (A) :(M) -.;> A' 36 
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Table A-I. continued 

Numeric Mnemonic Symbolic Time Numeric Mnemonic Symbolic Time 
Code Code Description ,wsec • Code Code Description /'tsec. 

Conditional Transfer of Control Instructions 

71 'I'G (A»(A+l)? 74 TLZ (A)~O? 
No: (C)+l-~>C 4 No: (C )+1--.;> C 
Yes:M ---~C 12 Yes: M ---->C 

70 TE (A)=(A+l)? 76 TTG (A r »(A+2) r 
No: (C)+l-~C 4 No: (C)+l---) C 
Yes: M --->C 12 Yes: M ----) C 

73 TGZ (A»O? 75 TTE (A r )=(A+2) r 

No: (C)+l-->C 4 No: (C )+l---:>C 
Yes: M---->C 12 Yes: M ---~C 

72 TZ (A)=O? 95 TF Test FFA 
No: (C )+l-->C 4 FFA reset: 
Yes: M --.;, C 12 (C)+l--->C 

FFA set: 
M ----) C 

Unconditional Transfer of Control Instructions 

Instruction 9l(TR) automatically jsms a 90(T) instruction, with (C)+l in 
its five least significant digit positions (the M-part), into storage location M 
and transfers control to the instruction in M+l which is the beginning of a sub­
routine. An instruction at the end of the subroutine transfers control to the 90 
instruction in storage location M which, in turn, returns control to the next in­
struction, (C)+l, in the originating program. 

Instruction 92 stores the contents of the control counter (the address of 
this instruction) in the five least significant digits (the M-part) of fast reg­
ister A and transfers control to the instruction in storage location M which is 
the beginning of a subroutine. Fast register A is used as an index register to 
modify an exit instruction at the end of the subroutine so that it will return 
control to the originating program. The exit instruction is a 90(T) instruction 
in the form: T90 00 AA 00001. This instruction, since it is modified by the 
M-part of fast register A, transfers control to (C)+l. 

90 T M -----> C 8 92 TB (C) --.;> ~ and 
M -----, C 

91 TR 90( C )+l--$)M 
and 

M + 1 --~C 12 
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Table A-l. continued 

Numeric Mnemonic Symbolic Time Numeric Mnemonic Symbolic Time 
Code Code Description /' sec. Code Code Description ~sec. 

Shift Instructions 

52 PR -(A)lO-M_:>A 4 58 PPL (A' )1cf1-;> A' 8 

57 PPR (A ' ) 10 -M -;> A ' 8 59 PPC Left circular 
shift (A') 
M places 

53 PL M 
(A)lO --)A 4 

Conversion Instructions 

Instruction 51 converts a fixed-point single-precision number in fast reg­
ister A to a floating-point single-precision number which is stored in fast register 
A. Instruction 50 converts to a floating-point single-precision number in fast reg­
ister A to a fixed-point single-precision number which is stored in fast register A. 
IJ:'he conversions are made in accordance with a scale factor specified by the two least 
significant digits of the instruction. 

12 

Instructions 56 and 55, are the same as instructions 51 and 50 respectively, 
except that the conversions are made to and from double precision words in fast reg­
isters A and A + 1. 

51 C FX---)FL 4 56 CC FX'--->FL' 
M=scale factor M=scale factor 

50 CX FL--";>FX 4 55 ccx FL'--~FX' 
M=scale factor M=scale factor 

Extract Instructions 

Instruction 65 erases certain digits in fast register A and replaces them 
with digits extracted from corresponding positions of fast register A-I. Digits 
are extracted only in the digit positions corresponding to digit positions occupied 
by the decimal number 1 in storage location M. Either a 1 or a - causes extraction 
in the sign position. 

Instruction 66 is the same as 65 except that the digits are extracted from 
fast register A + 1 instead of A-I. 

EL (A-I) -.;;> A 
(M) 

8 66 
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Table A-l. (continued \ 

Numeric Mnemonic Symoolic Time Numeric ¥lIlenonic Symbolic Tillie 
Code Code Description ,r-tsec. Code Code Description /"fsec. 

Index Instructions 

The characters N, D, and 6 signify the parts of a word stored in fast reg-
ister A which is used as an index register. The index word format is described in 
the first part of this appendix. 

80 BIT N-l---) N 81 Bm N-l---> N 

If New N=O, 12 If New N=O, 12 
( C)+l-->C (C)+l-->C 

If New N#O, 8 If New N#O, 4 
M ---> e M ---> C 
and 6+D-.,> D and A -D-->A 

82 BIe N-l ... -->N 83 BDC N-l--')N 

If New N=O, 12 If New N=O, 12 
M --) e H -~ C 

If New N#O, 8 If New N#O, 4 
6+D--> A A-D-.;> 6 

and (C)+l-->e and (e)+l--->C 

85 BI A + D --> A 4 86 BD A - D --> A 4 

Miscellaneous Instructions 

97 SF Set FFA 4 00 Skip 4 

96 RF Reset FFA 4 99 H Stop 
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Numeric 
Code 

Mnemonic 
Code 

Table A-l. (continued) 

Symbolic 
Description 

I Time 
~sec . 

The interlock and connect flip-flops are set by the operator when he 
enters data into a display register from a keyboard. Instructions 09 and 
19 test the interlqck flip-flop to ensure that only data entered into a dis­
play register by the operator are picked up. 

Instructions 29 and 39 test the interlock flip-flop to ensure that data 
are not transferred into a display register by the computer while the op­
erator is entering data for the computer or processor program by way of the 
display register. 

09 FV 

19 FVK 

29 SV 

39 SVK 

If interlock ff set, (5-digit 
display register)----> ~ and 
connect and interlock ff's are 
reset 

4 

If interlock ff reset, M ... --> C 12 

If interlock ff set, (12-digit 
display register)----:)A and 
connect and interlock ff's are 
reset. 

4 

If interlock ff reset M---> C 12 

If interIock ff reset, (\i) --> 5-
digit display register. 
If interlock ff set, M----) C 

If interlock ff reset, (A)--) 12-
digit display register. 
If interlock ff set, M----> C 
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APPENDIX B 

CHARACTER CODES 

B-1 GENERAL 

This appendix briefly describes the basic character codes used in the LARC 
system and the way in which they are represented on the various input-output 
devices. A comparison is made in table B-2 between the codes and the characters 
or functions they represent on each of the input-output devices. If an output 
device can, depending upon the mode in which it is operating, decode a code combin­
ation to either perform a function or print a character, this is indicated in table 
B-2 by listing an abbreviation for the function followed by the character, in 
parentheses. The abbreviations and their meanings are listed at the bottom of 
the table. 

B-2 UNIVAC CODE 

LARC data is represented on magnetic tape in the UNIVAC seven-bit code 
(table B-2). Input information from the tapes is automatically translated 
to a LARC internal code and output information that is to be recorded on 
tapes is automatically translated back to UNIVAC code. The tape read­
write synchronizers in the processor can be instructed to translate a block 
of numeric input data into the LARC one-digit numeric code, or translate a 
block of alphanumeric data into the LARC two-digit alphanumeric code. Simi­
larly output data can be translated from either the LARC one-digit numeric 
code or two-digit alphanumeric code. Tapes may be manually prepared using 
a Unityper I, Unityper II, or a Tape Verifier all of which record on Univac 
code. 

B-3 LARC ONE-DIGIT NUMERIC CODE 

The basic internal code of the LARC is a five-bit biquinary code in 
binary-coded decimal form. Fifteen digit combinations are allowed, any 
one of which may be stored in any digit position of the storage. The 15 
combinations and the characters they normally represent are shown in table 
B-1. The fifth bit of the code is an odd parity check bit. Only combinations 
containing an odd number of "ones" are allowed. The code combination 01101, 
although it contains an odd number of Ilones ", is not allowed. 

In the computer, all 15 digit combinations can be shifted, extracted or 
transferred. Except for a minus or a period digit in the sign position, only 
the numerics 0 through 9 are allowed in the adder-comparator of the computer. 
In the processor adder-comparator, however, the non-numeric digits (plUS, 
minus, space, period, and ignore) are allowed in any digit position. When 
non-numerics are added, they appear in the result in accordance with a pre­
determined order of precedence. 
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Table B-1. LARC One-Digit Numeric Code 

Bit Positions 

5 4 3 2 1 Character 

1 1 1 0 0 "(ignore) 

o 0 100 A (space) 

00010 -(minus) 

1 0 0 0 0 0 

o 0 0 0 1 1 

1 0 0 1 1 2 

o 0 1 1 1 3 

1 0 110 4 

o 1 0 0 0 5 

1 100 1 6 

01011 7 

1 1 1 1 1 8 

01110 9 

11010 . (period) 

1 0 1 0 1 + (plus) 

B-4 LARC TWO-DIGIT ALPHANUMERIC CODE 

An alphanumeric character is represented in LARC by two adjacent 
numeric digits that are handled as a pair. An equivalent alphanumeric 
character is represented on magnetic tape by a single seven-bit digit in 
UNIVAC code. The decimal equivalent of the LARC two-digit code is shown 
in table B-2. 
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B-5 ELECTRONIC PAGE PRINTER 

The electronic page printer synchronizer can operate in anyone of the 
four following modes: 

(1) Numeric edited. 

(2) Numeric unedited. 

(3) Alphanumeric edited. 

(4) Alphanumeric unedited. 

When the synchronizer operates in the numeric modes (modes 1 and 2), a 
single LARC digit is decoded to perform a function or print a character. In 
the numeric edited mode, the ignore digit (11100) and the space digit (00100) 
are decoded to perform specific functions. The ignore digit performs an end­
of-word function. For example, a 12-digi t word containing an ignore digit 
in the ninth digit position is shortened to eight digits when it is printed 
in the numeric edited mode. The space digit performs a space function, that 
is, it leaves a single space in the printed copy. In the numeric unedited 
mode the ignore and space digits are decoded to print as'" and 1\, respectively. 

When the synchronizer operates in the alphanumeric modes (modes 3 and 
4), a LARC two-digit alphanumeric combination is decoded to perform a function, 
or print a character. In the alphanumeric edited mode, the combinations 15, 
16, and, 35 are decoded to perform specific functions. A 15 performs an 
ignore function, that is, the synchronizer neither prints a character nor 
leaves a space but ignores the combination. A 16 performs a space function. 
A 35 performs an end-of-ten-words function, that is, no more data are sent 
to the printer. In the alphanumeric unedited mode, the two-digit combinations 
15, 16 and 35 are decoded to print as" , 1\, and € , respectively. 

B-6 ON-LINE PRINTER 

The on-line printer synchronizer can operate in anyone of the four 
following modes: 

(1) Numeric edited. 

(2) Numeric unedited. 

(3) . Alphanumeric edited. 

(4) Alphanumeric unedited. 

When the printer operates in the numeric modes (modes 1 and 2), a 
single LARC digit is decoded to perform a function or print a character. In 
the"numeric edited mode, both the ignore (11100) and the space (00100 ) digits 
are decoded to leave a space. In the numeric unedited mode, the ignore and 
space digits are decoded to print as I and il, respectively. 

When the synchronizer operates in the alphanumeric modes (modes 3 and 4), 
a LARC two-digit alphanumeric combination is decoded to perform a function or 
print a character. In the alphanumeric edited mode, a 16 combination is de­
coded to leave a space. In the alphanumeric unedited mode, a 16 combination 
is decoded to print as a W. 
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B-7 CONSOLE PRINTER. 

Because the console printer is a relatively slow device, its synchronizer 
is designed to operate only in the alphanumeric mode. The form a print-out 
takes is determined by the processor program. If numeric data is printed, 
it is first translated by the processor program to the two-digit alphanumeric 
code. The printer synchron1~er decodes a LARC two-digit alphanumeric combina­
tion to perform a function or print a character. Many of the two-digit com­
binations can print either of two characters depending upon whether the type 
basket of the printer is in the upper or lower case. The type basket is 
shifted to the upper case position by the two-digit combination 10 and is 
shifted to the lower case position by the combination 11. 

The following two-digit combinations are decoded by the synchronizer 
to perform specific functions. In each case the same function is performed 
regardless of whether the type basket is in the upper or lower case. 

15 - neither prints a character nor leaves a space, but is ignored. 

16 - leaves a space. 

35 - returns the carriage to the left margin. 

55 - advances the carriage to the next preset tab stop. 

The console printer may also be used to prepare punched paper tapes. 
With the type basket in the upper case position, all 15 LARC code com­
binations and several special code combinations may be punched on the 
paper tape. 

B-8 CONSOLE KEYBOARD 

The keyboard on the operator control console is used to manually enter 
data into either the five-digit or 12-digit display register. It consists 
of 18 keys. Fifteen keys are used to enter the 15 LARC code combinations 
into either display register, two keys are used to connect the keyboard to 
the proper display register and one key is used to disconnect the keyboard 
from the display registers. 

B-9 CONSOLE DECIMAL DISPLAYS 

The decimal displays on the operator control console display in decimal 
form the contents of the five-digit display register, the 12-digit display 
register, and a computer control counter register. Characters representing 
all fifteen LARC code combinations may be displayed. Since the number of 
single characters that can be displayed is limited to 12, the ignore, space, 
and period are represented by superimposing one character upon another. The 
ignore is represented by a 1 and 8 superimposed, the space by a 0 and -- super­
imposed, and the period by a 1 and 0 superimposed. 
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APPENDIX C 

SUMMARY ORDERS FOR A PROCESSOR PROGRAM 

C-l DISCLOSURE WORDS 

C-l.l General 

The computer program notifies the processor program that a group of 
summary orders are ready for execution by depositing a disclosure word in a 
predetermined storage location (2500) and setting a disclosure flip-flop. 
The processor program tests the disclosure flip-flop and, if it is set, picks 
up the disclosure word and resets the flip-flop. The disclosure word dis­
closes to the processor program the location of one or more summary orders 
stored in sequential storage locations. Such a group of summary orders is 
called a packet. A packet of summary orders also contains an end-of-packet 
word which has a count of the number of summary orders in the packet that 
call for a transfer of data to or from the main storage. A disclosure word 
may take one of the three forms described below. 

C-l.2 Primary-Program Disclosure Word 

A primary-program disclosure word is used most often and is issued by 
the main program being run on the computer. It has the following format: 

15 NNNNN MMMMM 

where N is the storage address of the first summary order of the packet being 
disclosed and M is the storage address of the end-of-packet vTord. The digits 
15 are operation digits which instruct the processor program to record the 
time at which the disclosure word is received and inform the operator by means 
of a print-out on the console printer if another primary-program disclosure 
word is not received within five minutes. The print-out is repeated at five 
minute intervals until the processor program receives a new primary-program 
disclosure word. The print-out serves to alert the operator in the event a 
computer program gets stuck in an endless loop which prevents the primary pro­
gram from issuing summary orders. 

C-l.3 Secondary-Program Disclosure Word 

A secondary-program disclosure word is issued by a secondary or side 
program being run on the computer. It has the following format: 

14 NNNNN MMMMM 

This disclosure word is interpreted by the processor program in the same way 
as a primary-program disclosure word except that only one print-out is made 
and the print-out indicates that a secondary-program disclosure word was not 
received within the past five minutes. 

c-l.4 Pseudo Disclosure Word 

A pseudo disclosure word is provided which consists of all zeros, as 
follows: 

000000000000 
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A pseudo disclosure word is issued in certain instances by the computer program 
as an expedient in determining when the processor program has picked up the last 
packet of summary orders so that they may be modified and reissued. After the 
processor program picks up a disclosure word, it resets the disclosure flip­
flop. It does not thereafter test the disclosure flip-flop until all of the 
summary orders disclosed have been picked up and either started in execution or 
filed in its program. The computer program is not aware that all of the summary 
orders disclosed by one disclosure word have been picked up until the processor 
program resets the disclosure flip-flop to acknowledge the receipt of the next 
disclosure word. When the computer program tests the disclosure flip-flop and 
finds it reset, it is then assured that the summary orders disclosed by the 
next to last disclosure word have been picked up and can therefore be modified. 
Instead of making a real disclosure of summary orders, the computer may de­
termine if the last packet of summary orders have been picked up by issuing a 
pseudo disclosure word. The only function of the pseudo disclosure word is to 
force the processor program to reset the disclosure flip-flop after it tests 
it and by so dOing inform the computer program that the previous packet of 
summary orders have been picked up. The pseudo disclosure word is otherwise 
ignored by the processor program. 

C-2 END-OF-PACKET WORDS 

C-2.1 General 

An end-of-packet word is always filed with a packet of summary orders 
that the computer program discloses to the processor program. The end-of-packet 
word contains a count of the number of summary orders that call for a trans-
fer of data to or from the main storage. Each time the processor completes 
one of these summary orders, it lowers the count by one. By checking the count 
for zero, it can be determined when all of the storage transfers specified in 
the packet have been completed and the computer program is free to use the stor­
age areas involved. An end-of-packet word can take either of two forms; one 
form places the burden of checking for completion on the computer program; the 
other form places the burden of checking on the processor program. 

C-2.2 Computer-Check End-of-Packet Word 

A computer-check end-of-packet word has the following format: 

000 NN 00 00000 

where NN is a count of the number of summary orders in the packet that call 
for a transfer of data to or from the main storage. The processor program 
lowers the count by one each time one of these summary order is completed. 
The computer program checks the count for zero to determine when all storage­
transfer summary orders are completed. 

C-2.3 Processor-Check End-of-Packet Word 

A processor-check end-of-packet word has the following form: 

.90 NN 00 MMMMM 

where NN is a count of the number of summary orders in the packet that call 
for a transfer of data to or from the main storage. The processor program 
lowers the count by one each time one of these summary orders is completed 
and also checks the count for zero. When the count reaches zero, the processor 
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program places a .90 0000 MMMMM computer instruction in a processor interven­
tion routine and sets the processor intervention flip-flop. Setting the in­
tervention flip-flop interrupts the computer program and forces it to enter 
the processor intervention routine where the .90 0000 MMMMM instruction is 
executed. This instruction is an unconditional transfer of control instruc­
tion which transfers control to a subroutine beginning at MMMMM. The inter­
vention is programmed in such a way that control can be transferred back to 
the point of interruption in the main program after the subroutine is com­
pleted. 

C - 3 SUMMARY ORDERS 

The summary orders for a processor control program that is furnished 
with the LARC system are described in table C-l. 

It should be understood that summary orders are not processor instructions 
that are decoded by a built-in decoder in the processor. Rather, they are 
pseudo or program orders for a specific processor input-output control program 
which receives and interprets the summary orders and, on the basis of this in­
terpretation, executes actual processor instructions at the proper time and 
in the proper order and sequence. 

It should also be understood that other processor input-output control 
programs can be designed which accept different sets of summary orders or in­
terpret the summary orders dif'1'erently or which execute input-output opera­
tions for specific types of computer problems without receiving summary 
orders. 

The format of a summary order varies depending upon the type of summary 
order. However, the two most significant digits are usually operation digits 
which specify what operations are to be performed by the order and the re­
maining digits usually specify the input-output device or storage area to be 
used or the extent of the operation, or both. The format of each summary 
order is listed in table C-l, along with a mnemonic name for the summary 
order and a description of how the processor input-output control program 
interprets the summary order. A lower case x shown in a digit position of 
the summary order format indicates that the digit position is ignored by 
the processor program, however, it should contain one of the digits 0 through 
9. A digit position shown as a 0, must contain a zero for the summary order 
to be interpreted correctly. Other digit positions are symbolized in table 
C-l by characters whose meanings are defined in the descriptions of the 
summary orders. 
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Format Name 

00 xx.xxx xxxxx Skip 

03 TTTTT MMMMM Time Limit 

06 S xxxxx MMMMM Stop 

Table C-l. Summary Orders 

Interpretation by Processor Control Program 

Ignore 

When TTTTT seconds have elapsed transfer 
computer control to the instruction in 
storage location MMMMM. 

If S = 0, accept no more summary orders 
from the computer; complete all summary 
orders already accepted; transfer com­
puter control to the instruction in 
storage location MMMMM; and, after com­
puter control has been transferred, begin 
again to accept and execute summary 
orders from the computer. 
Note: A summary order of this type is 
normally issued when the computer 
switches over to a new problem. 

If S = 1, stop executing summary orders; 
transfer a fresh processor program to 
the core storage; transfer computer 
control to the instruction in storage 
location MMMMM; and reset the disclos­
ure flip-flop. 
Note: A summary order of this type 
is normally issued in the event of an 
untenable mix-up in the computer or 
processor program, or both. 

If S = 2, complete all summary orders 
currently being executed; transfer 
the processor program currently in 
the core storage to a service drum; 
substitute a fresh processor pro­
gram; and transfer computer control 
to the instruction in storage loc­
ation MMMMM. 
Note: A summary order of this type 
is normally issued in the event 
there is a mistake in the computer 
program. In order to analyze the 
program, the programmer might desire 
a print-out of data in the core stor­
age. Consequently, all summary 
orders that are in the process of 
being executed are completed first 
so that any transfers of data to the 
core storage that are in progress 
will be completed before a print-out 
is initiated. 
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Format 

08 xxxxx MMMMM 

09 xxxxx MMMMM 

10 C x TTT MMMMM 

18 NNNNN MMMMM 

Table C-l. Summary Orders (cont.) 

Name 

Storage Unit 
Write Inter­
lock 

Remove Stor­
age Unit 
Write Inter­
lock 

Visual Dis­
play 

Interlock 
Storage for 
Editing 

Interpretation by Processor Control Program 

Execute an instruction which interlocks the 
computer program against writing data di­
rectly into the 2500-word storage unit con­
taining storage location MMMMM. Do not as 
a result of this summary order interfere 
with the execution of summary orders which 
specify that data be transferred to the 
same storage unit. 
Note: If the computer program attempts to 
write data directly into an interlocked 
storage unit, computer control is transferred 
to an error routine. 

Execute an instruction which removes the 
interlock against the computer program 
writing into the storage unit containing 
storage location MMMMM. If the processor 
program is stored in the same storage unit, 
do not interrupt the computer program but 
notify the operator by means of a print­
out at the operator control console. 

If C = 1, transfer the contents of storage 
location MMMMM to the 12 digit display 
register where it may be observed in dec­
imal form at the operator control console 
and in binary form at the engineer control 
console. Time the display for a minimum 
of TTT seconds so that the operator will 
notice it. 

If C = 2, transfer the contents of the five 
least significant digit positions of stor­
age location ~~ to the five-digit dis­
play register where it may be observed in 
decimal form at the operator control con­
sole and in binary form at the engineer 
control console. Time the display for 
a minimum of TTT seconds so that the op­
erator will notice it. 

Delay the execution of any summary orders 
from the computer which specify a transfer 
of data to or from the storage area be­
ginning with storage location NNNNN and 
ending with storage location MMMMM until 
the interlock is removed. 
Note: The specified storage area is re­
served for summary orders from an edit­
ing routine that is controlled by the pro­
cessor. The interlock can be removed only 
by the processor editing routine. 
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Format 

19 NNNNN MMMMM 

20 nn D W m MMMMM 

28 NNNNN MMMMM 

40 nn S Q m MMMMM 

Table C-l. Summary Orders (cont.) 

Name 

Edit 

Console 
Printer 
Print 

Summary 
Order Stor­
age Inter­
lock 

Print 

Interpretation by Processor Control Program 

The storage area beginning with storage loca­
tion NNNNN and ending with storage location 
MMMMM contains information for the editing 
routine. 

Return the carriage, then print nn words of 
data in print mode m on console printer num­
be D beginning with the word stored in stor­
age location MMMMM. Mter every W(1-9) 
words return the carriage except in mode 3 
(see note below). 
Note: The following printing modes may be 
specified: 

m = 1 - numeric edited 
m= 2 - numeric unedited 
m = 3 - alphanumeric edited 
m = 4 - alphanumeric unedited 

When printing in mode 3, carriage returns are 
specified by digits within the data words 
themselves. 

If a summary order is received which would 
alter the contents of the storage area be­
ginning with storage location NNNNN and 
ending with storage location ~]M, do not 
execute. Instead, transfer computer control 
to the instruction in storage location NNNNN. 
Note: Only one storage area may be inter­
locked in this fashion at anyone time. To 
remove the interlock, it is necessary to 
issue another 28 summary order. 

Line Printer Summary Orders 

Print nn X 10 words of data in print mode ill 

on line printer number S beginning with the 
word stored in storage location MMMMM. Ad­
vance the paper Q lines (Q must be > Q) be-
fore each line is printed. . 
Note: Q = 1 for single spacing, Q = 2 for 
double spacing, etc. The following print 
modes may be specified. 

m = 1 - numeric edited 
m = 2 - numeric unedited 
m = 3 - alphanumeric edited 
m = 4 - alphanumeric unedited 
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Format 

42 LL S xx xxxx C 

43 PP S SL xxx FL 

50 BBB W m MMMMM 

Table C-l. Summary Order (cont.) 

Name Interpretation by Processor Control Program 

Advance Paper If C = 0, advance the paper LL lines on line 
printer number S. 

Page Format 

If C = l, advance the paper on line printer 
number S to the top of the next page, then 
advance it LL lines. 

The page format of line printer number S 
consists of PP lines (normal size paper is 
66 lines). Printing shall begin on each 
page after advancing the paper SL lines and 
end on line FL (FL>SL). 

Electronic Page Printer Summary Orders 

Print or Plot Print or plot BBB X 10 words of data in 
mode m beginning with the word stored in 
storage location MMMMM. Print W X 10 words 
per line. 1)0 not advance the film. or re­
position the beam on the completion of this 
summary order. 
Note: The film may be advanced and the 
beam repositioned while this summary order 
is being executed as a result of the last 
53 summary order to be executed. The fol­
lOwing modes may be specified. If mode 5, 
6, 7, or 8 is specified, W must equal O. 

m = 1 - numeric edited 

m = 2 - numeric unedited 

m = 3 - alphanumeric edited 

m = 4 - alphanumeric unedited 

m = 5 - graphing with the X and Y coordi­
nates for two points contained in each 
LARe word, as follows: 
XXX yyy X'X'X' Y'Y'Y' 

m = 6 - graphing with the X and Y co­
ordinates for a single point contained 
in two successive LARe words as follows: 

xxx XXX xxxxxx 
xxx yyy xxxxxx 

m = 7 - plotting vertical grid lines with 
two abscissas for two full length ver­
tical grid lines contained in each 
LARe word, as follows: 

xxx HHH xxx H'H'H' 
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Format 

51 BBB W m MMMMM 

Table C-l. Summary Orders (cont.) 

Print and Ad­
vance or Plot 
and Advance 

Interpretation by Processor Control Program 

m = 8 - plotting horizontal grid lines with 
two ordinates for two full length hori­
zontal grid lines contained in each LARC 
word, as follows: 

xxx HHH xxx H'H'H' 

Same as summary order 50 above except that 
upon completion of this summary order advance 
the film and reposition the beam to X = OOO} 
Y = 999· 

S, Z} L} X or Y in summary orders 52} 53, and 56 must be expressed as a number 
of points in a 1000 x 1000 point mesh; where 15 such pOints are equal to one normal 
line spacing. 

52 SSS xxxx ZZZ 

53 x LLL XXX YYY 

56 xxxxxxxx KK 

57 xxxxx xxxxx 

58 xxxxx xxxxx 

59 xxxx C xxxxx 

Line Spacing Execute SSS spaces or change spacing between 
lines to ZZZ or both. 

Position Position beam to point XXX, YYY.. When line 
LLL has been printed} advance film and again 
position beam to XXX, YYY.. 

Select Plott- Select plotting character KK for use in the 
ing Character plot summary orders to follow. 

Open Shutter Open the Polaroid Land camera shutter of the 
printer connected to the synchronizer. 

Close Shutter Close the Polaroid Land camera shutter of the 
printer connected to the synchronizer. 

Connect Connect printer C to the printer synchronizer. 

Magnetic Tape Summary Orders 

The block length mode for a· given tape can be set to either fixed or variable. 
Other tape summary orders thereafter issued for that tape (such as read or posi­
tion summary orders) are interpreted in accordance with the mode specified by the 
63 or 64 summary order. 

63 K L x ST x WWWO Fixed Block The length of the blocks on tape ST will be 

c-8 



Format 

64 K L x ST xxxxx 

Name 

Table C-l. Summary Orders (cant.) 

Interpretation by Processor Control Program 

WWWO words in length. Indicate an error when­
ever BBB in summary order 73, 74, 75, or 77 
is not a multiple of WWW. 

If L = 0, the space between blocks on tape ST 
will be 1 inch. 

If L = 1, the space between blocks on tape ST 
will be 2.4 inches. 

If K = 1, data read from tape ST will be 
translated from UNIVAC code to LARC one­
digit numeric code and data to be written 
on tape ST will be translated from LARC 
one-digit numeric code to UNIVAC code. 

I~ K = 2, data read from tape ST will be 
translated from UNIVAC code to LARC two­
digit alphanumeric code and data to be 
written on tape ST will be translated from 
LARC two-digit alphanumeric code to UNIVAC 
code. 

Variable Block The blocks on tape ST will be of different 
Length Format lengths, but will always be a multiple of 

ten words. K and L are interpreted in the 
same way as they are by summary order 63. 

Unless otherwise indicated, the following tape summary orders are interpreted 
in the same way for both the fixed or variable tape modes. 

66 xxx ST xxxxx 

58 xxx ST xxxxx 

71 C D x ST EEEEE 

72 C D x ST EEEEE 

Rewind 

Rewind with 
Interlock 

Position 
Forward 

Position 
Backward 

Rewind tape ST. 

Rew'ind tape ST and interlock the tape unit 
against reading or writing until the operator 
releases the tape unit from the interlock. 

Position tape ST forward through EEEEE blocks. 

If C = 0, check to insure that each block of 
data is readable. 

If C = 1, do not check the readability of the 
blocks. 

If D = 0, use synchronizer S for positioning. 

If D = 1, use synchronizer 9 (rewind checker) 
for positioning. 

Position tape ST backward through EEEEE blocks. 
C and D are interpreted in the same way as 
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Format 

73 BBB ST MMMMM 

74 BBB ST MMMMM 

75 BBB ST MMMMM 

77 BBB ST MMl~ 

Table C-l. Summary Orders (cont.) 

Name 

Read For­
ward 

Read Back­
ward 

Interpretation by Processor Control Program 

they are by summary order 71. 

Fixed Mode: Read forward on tape ST. Read 
and store the words into storage locations 
MMMMM to (MMMMM + BBBO-l) inclusive. 

Variable Mode: Read forward on tape ST. 
Read the next block of data and store the 
words into sequential storage locations in 
ascending order beginning with MMMMM (MMMMM, 
MMMMM + 1, etc.). Do not store words be­
yond storage location MMMMM + BBBO-l. If 
the block is longer, an error will be in­
dicated. 

Fixed Mode: Read backward on tape ST. Read 
and store the words into storage locations 
MMMMM to (MMMMM - BBBO + 1) inclusive. 

Variable Mode: Read backward on tape ST. 
Read backward the next block of data and 
store the words into sequential storage 
locations in descending order beginning 
with MMMMM (MMMMM, MMMMM - 1, etc.). 
Do not store words beyond storage location 
MMMMM - BBBO + 1. If the block is longer, 
an error will be indicated. 

Write Density Write at a density of 200 pulses per inch. 
200 

Write Density 
100 

Fixed Mode: Wri te BBBO words from storage 
locations MMMMM to (~~ + BBBO - 1) 
inclusive. Insert a space between blocks 
after each group of WWW0 words in accordance 
with summary order 63. 

Variable Mode: Write one block of BBBO words 
from storage locations MMMMM to 
(MMMMM + BBBO - 1 ) inclusive. 

Write at a density of 100 pulses per inch. 
Note: This summary order is the same as 
summary order 75, except that the data is 
written on tape at a density of 100 rather 
than 200 pulses per inch. 
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Format 

8 SS nn DD MMMMM 

9 SS nn DD MMMMM 

93 000 DD SB x HB 

94 xxx DD xxxxx 

95 xxx DD xxxxx 

Table C~l. Summary Orders (cont.) 

Name 

Read 

Write 

Drum For­
mat 

Next Low­
er Band 

Next High­
er Band 

Interpretation by Processor Control Program 

Magnetic Drum Summary Orders 

Read nn 100-word sectors continuously from 
drum DD starting with sector SSt Transfer 
the words to sequential storage locations in 
ascending order beginning with storage location 
MMMMM. 
Note: To transfer a full band of data in the 
minimum time SS = 00 and nn = 25. 

Write nn 100-word sectors continuously on 
drum DD starting with sector SSt Transfer 
the words from sequential storage locations 
in ascending order beginning with storage 
location MMMMM. 
Note: To transfer a full band of data in 
the minimum time SS = 0 and nn = 25. 

Interpret all future read-write head position­
ing summary orders for drum DD as though drum 
DD contained 2 X HB bands starting with band 
SB. Position the read-write head assembly 
over band SB (new 00 band) . 
Note: There are 100 bands on a drum. The 
bands are normally numbered from 00 to 49 in 
the shift-high position and 99 to 50 in the 
shift-low position. (refer to section 5.3) 
This summary order enables the computer pro­
grammer to address the drum as though it con­
tained fewer bands. SB = starting band (SBc50). 
HB = one-half the number of bands the computer 
programmer wishes to use on the drum at the 
present time (SB + HB~50). If the complete 
drum is to be used SB will equal 00 and HB 
will equal 50. All summary orders for drum DD 
which follow' this summary order should consider 
SB as equal to 00. At the completion of this 
summary order the head assembly will be posi­
tioned over band SB (the new 00 band). 

Position the read-write head assembly of drum 
DD over the next lower band. If the head 
assembly is now over band 00, position it over 
the highest numbered band in accordance with 
the format specified by the most recently ex­
ecuted 93 summary order for drum DD. 

Position the read-write head assembly of drum 
DD over the next higher band. If the head 
assembly is now over the highest numbered band 
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Format 

96 x BB DD xxxxx 

98 xxx DD xxxxx 

99 xxx DD xxxxx 

Table C-l. Summary Orders (cont.) 

Name 

Position 
Head 

Interlock 

Remove 
Interlock 

Interpretation by Processor Control Program 

as specified by the last 93 summary order 
for drum DD, position the head assembly 
over band 00. 

Position the head assembly of drum DD over 
band DD in accordance with the format speci­
fied by the most recently executed 93 summary 
order for drum DD. 

Do not execute any future write summary orders 
for drum DD. 

Execute any future write summary orders for 
drum DD. 
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APPENDIX D 

ARITHMETIC AND RELATED PROCESSOR 

INSTRUCTIONS 

D-l GENERAL 

This appendix contains a description of the more general-purpose pro­
cessor instructions, including the arithmetic instructions and related instructions 
such as shift, comparison, and e4tract instructions. These instructions are used 
in the processor input-output control program to carry out editing, interpreting, 
and supervisory functions. They may also be used in a secondary or side program 
run on the processor. Most of the processor instructions) however, are used to 
communicate with and control the synchronizers, the dispatcher, the input-output 
devices, and the error circuits. Normally these instructions will be used only 
in the processor input-output control program and error routines which need not 
change for every program run on the computer. Since a description of these in­
strQctions to be meaningful requires a somewhat detailed knowledge of the character­
istics of the devices they are used to control and communicat~ with, they are not 
included in this appendix. 

D-2 INSTRUCTION FORMAT 

A processor instruction word consists of 12 decimal digits, as follows: 

IINNNNNMMMMM 

The meanings of the characters that are used to represent the different parts of 
the instruction word are: 

I - instruction designator. I specifies the operations to be executed by an 
instruction. An instruction designator that is not in the processor rep­
ertory of instructions will cause a transfer of control to an error routine. 

N - specifies the storage address of an operand for single-operand-address in­
structions or the address of the first operand for two-operand-address in­
structions. For other instructions, digits of N are used to specify the 
number of shifts, or the address of a synchronizer, drum, input-output 
deVice, flip-flop, or display register. 

M - specifies the storage address for the result of an instruction, a second 
operand address for two-operand-address instructions, or a transfer-of­
control address for transfer-of-control instructions. 
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D-3 INSTRUCTIOl1S 

D-3·l Conventions 

The following conventions are used in presenting the processor instructionG 
in table D-l. 

rPl and rP2 - are abbreviations for register PI and register P2, respectively. 
rPl and rP2 are arithmetic shift-registers in the processor that are 
used for the temporary storage of operands. When an aritmnetic instruc­
tion is executed operands are shifted from rPl and rP2 into and through 
an adder-comparator a digit at a time. The result is shifted into rPl 
which also serves as an accumulator. The bits and digits of a word are 
transferred between rPl or rP2 and the main storage completely in paral­
lel. 

C denotes a control counter which can be assumed to contain the storage 
address of the instruction currently being executed. 

( ) parentheses around a symbol denotes the contents of the register, control 
counter, or storage location indicated by the symbol. 

(C)+l-~C - denotes that the present sequence of executing instructions is con­
tinued, that is, the control counter is stepped by one to give the 
address of the next instruction in sequence. 

M-->C denotes that control is transferred to a new sequence of instructions 
starting with the instruction in storage location M. 

x lower case x denotes a digit which is not used or decoded in the 
instruction being described. 

D-3.2 Instruction List 

Arithmetic and related instructions for the processor are listed in 
table D-l. The format for each instruction is given together "ith a description 
of the instruction, using the conventions described in section D-3.l above, and 
~he execution time of the instruction, in microseconds. The execution times in­
clude the time required to obtain the instructions from storage. 
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Instruction 
Format 

12 NNNNN xxxxx 

13 NNNNN xxxxx 

15 NNNNN xxxxx 

16 NNNNN xxxxx 

TABLE D-l. ARITIllvIETIC AND RELATED PHOCESSOR INSTRUCTIONS 

Description 

Data Transfer Instructions (Aritr~etic) 

(N) -----> rP2 

(rP2) ---) N 

(N) -----) rPl 

(rPl)---> N 

Arithmetic Instructions 

Time 
tlsec . 

8 

8 

8 

All additions and subtractions are algebraic Recomplementing mayor may 
not be performed depending upon the relative magnitudes of the operands. 

09 xxxxx Mr-iMMM 

10 NNNNN xxxxx 

11 NNNNN xxxxx 

Add-Send 

(rPl) + (rP2)---> rPl and (rPl)---> 1-'1 

(rP2) is unchanged 

If recoIrrplementing is not necessary 

If recQmplementine is necessary 
(unlike signs and IrP2/>/rPl/). 

Bring-Add 

(N)---> rP2 and (rPl) + (rP2)---) rPl 

If recomplementing is not necessary. 

If recomplementing is necessary 
(unlike signs and IrP2/> /rPl/) . 

Subtract 

(N)---> rP2 and (rPl) - (rP2)---) rPl 

If recomplementing is not necesoary. 

If recomplementing is necessary. 
(like signs and IrP2/~/rPll). 
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Instruction 
Format 

11 NNNNN MMMMM 

18 NNNNN MMMMM 

19 NNNNN MMMMM 

TABLE D-1. (continued) 

Description 

Bring-Add-Send 

(N) --..) rPl and (rPl) + (rP2) ---> rPl 
and (rPl) ---> M 

(rP2 is unchanged. 

If recomplementing is not necessary 

If recomplementing is necessary 
(unlike signs and IrP21> JrPl/). 

Conditional Transfer of Control Instructions 

Equality Test 

(N) ---> rP2 

M---> C if (rPl) = (rP2) 

(C)+l--~ C if (rPl /: (rP2) 

(rPl) is unchanged and (N) remains in rP2. 

All 12 digits are compared. 

Magnitude Test 

(N) ---> rP2 

M---> C if (rP1) > (rP2) 

(C)+l---> C if (rPl) ~ (rP2) 

(rPl) is unchanged and (N) remains in rP2. 

All 12 digits are compared. 
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Instruction 
Format 

05 xxxxx MMMMM 

14 NNNNN MMMMM 

07 nnxxx xxxxx 

08 nnxxx xxxxx 

TABLE D-l (continued) 

Description 

Unconditional Transfer of Control Instructions 

Transfer Control 

M ---> C 

Return Jump 

050000 (C)+2--~ N and M--';> C 

Circular Shift Instructions 

Single Precision Shift 

Circular (end-around) right shift (rPl) 
nn places. 

The entire word, including the sign, is 
shifted. 

nn may be any number from 00 to 29. If nn 
is greater than 29, control is transferred 
to an error routine. 

If nn is: 0-3 
4-10 

11-18 
19-26 
27-29 

Doubly-Precision Shift 

Circular right shift (rPl) --~ rP2 and 
(rP2)---> rPl nn places. Both words, 
including the signs, are shifted. 

The execution times for this instruction 
are the same as for instruction 07. 
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Instruction 
Format 

21 NNNNN xxxxx 

22 NNNNN xxxxx 

23 NNNNN xxxxx 

01 xxDxx MMMMM 

TABLE D-l. (contined) 

Description 
Time 
~sec . 

Storage Interlock Instructions 

Set a write interlock in the 2500-word 
storage unit containing storage location 
N so that computer number 1 cannot change 
the contents of the storage unit. 

Set a write interlock in the 2500-word 
storage unit containing storage location 
N so that computer number 2 cannot change 
the contents of the storage unit. 

Reset the write interlocks in the 2500-
word storage unit containing storage 
location N so that computer number 1 or 
number 2 can change the contents of the 
storage unit. 

Display Register Instructions 

Transfer to Display Register 

If the interlock flip-flop of display 
register D is not set (rPl)--~ D. 

If the interlock flip-flop of display 
register D is set M---.> C 

D is the address of a dispaly register, 
as follows: 

D=l - 5 digit display register of computer 1 
D=2 - 12 digit display register of computer 

1 
D=3 - 5 digit display register of computer 2 
D=4 - 12 digit display register of computer 

2 

The contents of the five least significant 
digit locations of rPl is transferred to a 
5-digit display register. 
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Instruction 
Format 

02 xxDxx xxxxx 

03 xxDxx MMMMM 

00 xxxxx xxxxx 

20 NNNNN MMMMM 

TABLE D-l. (continued) 

Time 
Description ~sec. 

Transfer from Display Register 
CD) ---) rPl and reset connect and 8 
interlock flip-flops of display re-
gister D. 
Refer to instruction 01 for the mean-
of D. The contents of a 5-digit display 
register are transferred to the five 
least significant digit positions of rPl. 

Display Register Interlock Test 
M---) C if the interlock flip-flop of 8 
display register D is set. 

(C)+l--~ C if the interlock flip-flop 
of display register D is reset. 

Refer to instruction 01 for the mean­
ing of D. 

Miscellaneous Instructions 

Skip 

(C)+l---> C 

Extract Send 

Characters from digit positions of N 
replace characters in corresponding 
digit positions of rPl if the cor­
responding digit poisitions of rP2 
contain even characters, that is, +, 

4 

4 

0, 2, 4, 6, 8, ., or \. (rPl)---> M. 12 

Results are retained in rPl and M. rP2 
is unchanged. 
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Instruction 
Format 

24 NNNNN xxxxx 

25 NNNNN MMMMM 

96 xxCxx MMMMM 

TABLE D-l. (continued) 

Description 

Alphanumeric Translate 

(N)---)rP2 and the digits in every 
other digit position of rP2, beginning 
with the least significant digit position 
are transferred to the six least signi-

Time 
I'lsec. 

ficant digit pOSitions of rPl. 12 

For example, the word 232621242927 in 
rP2 would be transferred as follows: 

This instruction is used to translate a 
word, which represents numeric data, 
from the LARC 2-digit alphanumeric code 
to the LARC I-digit numeric code. 

(N) remains in rP2 unchanged. 

Pattern Inclusion Test 

(N)---> rP2 

M---> C if for every I-bit in the quinary 
portion of each digit in rPl there is a 
corresponding l-bit in rP2. 

The other bits, except for the check bits, 
are ignored. 

Reset Disclosure Flip-Flop or 
Set Processor Contingency Flip-Flop. 

If C=l, reset the disclosure flip-flop in 
computer number 1. 
If the flip-flop fails to reset, M--~ C 12 
If the flip-flop resets, (C )+1---> C 4 

If C=2, (same as for C=l, except the dis­
closure flip-flop in computer number 2 is 
reset. ) 

D-8 



Instruction 
Format 

97 xxCxx MMMMM 

TABLE D-l (continued) 

Description 

If C=3, set the processor con­
tingency flip-flop in computer 
number 1, thereby causing the 
computer to automatically trans­
fer control. 
If the flip-flop fails to set, 
M---) C 
If the flip-flop sets, (C)+l--~ C 

If c=4, (same as for C=3 except the 
processor contingency flip-flop in 
the computer number 2 is set). 

Test Disclosure Flip-Flop or 
Test Processor-Contingency Flip-Flop 

If C=l, test the disclosure flip-flop 
in computer number 1. 
If the flip-flop is in the reset 

Time 
,...,sec. 

12 

4 

state (C )+1---:.\ C 4 
If the flip-flop is in the set state 12 
M---) C 
The disclosure flip-flop is set by the 
computer program to reveal the presence 
of a disclosure word in a predetermined 
storage location. 

If C=2, (same as for C=l, except the dis­
closure flip-flop in computer number 2 is 
tested). 

If C=3, test the processor contingency 
flip-flop in computer number 1. 
If flip-flop is in the set state, 4 
(C)+l--o:) C 
If flip-flop is in the reset state, 12 
M---) C 
When the flip-flop is already in the 
set state the processor program cannot 
indicate a contingency to the computer 
program. 

If c=4, (same as for C=3, except the pro­
cessor contingency flip-flop in computer 
number 2 is tested). 

D-9 



Instruction 
Format 

99 xxSxx MMMMM 

TABLE D-l (continued) 

Description 

Master Input-Output (Priority) Tests 

Test the condition specified by 8. 

If the condition specified by 8 is 
true M---> C 

If the condition specified by 8 is 
not true (C)+l --~ C 

8 - Condition, M---> C if True 

o Any condition specified by 
8=1 through 9 is true 
(master-master test). 

1 - A drum synchronizer requires atten­
tion (master sector change test). 

2 - A tape synchronizer requires atten­
tion (master lO-word test). 

3 - A line printer synchronizer, the 
electronic page printer synchronizer, 
or the real-time clock requires atten­
tion (miscellaneous master test I for 
relatively fast devices). 

4 - A console device (console printer 
or manual intervention flip-flop) 
requires attention (miscellaneous 
master test II). 

5 - A drum (1-24) requires attention 
(master head assembly motion test 
for drums 1 through 25). 

6 - A drum (7-12) requires attention 
(drum head assembly motion test 
for drums 7 through 12). 

1 - A drum (13-18) requires attention 
(drum head assembly motion test 
for drums 13 through 18). 

8 - A drum (19-24) requires attention 
(drum head assembly motion test 
for drums 19 through 24). 

9 - A tape synchronizer has completed 
selection. 
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