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CHAPTER l 

GENERAL DESCRIPTION 

1.1 PURPOSE 

The purpose of this publication is to describe 
techniques required to program the Computer, Gun 
Direction, M18 (FADAC). 

1.2 PHYSICAL AND OPERATIONAL 
CHARACTERISTICS 

FADAC is a general purpose, transistorized digital 
computer designed for field use, By proper programming, 
it may be used to perform a variety of tasks. Information 
flow is serial by bit, parallel by function, allowing up 
to 12,800 operations per second. 

Size. 

24 inches by 14 inches by 34 inches. 

Weight. 

Approximately 210 lbs. 

Power. 

Three-phase, 4 wire, 400 Hz system, 120 volts 
line to neutral/208 volts line to line, approximately 
750 watts. 

Temperature. 

-25°F to 125°F (external ambient at sea level); 
with rear cover installed, to -40°F. Automatie tempera­
ture protection is provided. 
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Commands. 

One command per ward; each command contains 
both address of operand and address of next instruction 
(1 + 1 system). 

Numbers. 

Straight binary for internal operations; automatic 
conversion to other codes foc input•output; two's com· 
plement notation for negative numbers. 

Word Length. 

Thirty-two programmable bits; sign bit and 31 
magnitude bits for numerical value. 

Memory Type. 

Magnetic Disc, 6GOO rpm nominal speed of rota-
tion. 

Storage Copacity. 

Sixty-four channels of 128 words each (8192 words) 
in main memory. Also provided are two 16 ward high­
speed loops for rapid access, three 1-word registers 
for arithmetic operations and control, and one 2-word 
register for output display information storage. All 
channels and loops have one read and one write head, 
except the 16-word loops which have an additional 
read head. 

Pulse Repetition Rate. 

Nominal pulse repetition rate, 460 kilopulses per 
second. 

Access Times. 

One ward-time is 78 to 83 micro-seconds. One disc 
revolution requires approximately 10 milliseconds. 
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Input. 

Input to the computer is from the manual keyboard 
or the mechanical tape reader on the control panel, at 
approximately 10 characters/ second, or from external 
sources, such as: Reproducer, Signal Data, AN/GSQ-64, 
a high speed photo electric reader designated the 
Signal Data Reproducer (SDR) (600 characters/sec); 
another F ADAC; magnetic tape ( 4000 char/sec max); 
other devices. Input may be in 5-channel Teletype or 
8-channel Fieldata code. 

Output. 

FADAC can transmit data to either the Nixie tube 
visual display unit on the control panel, or through the 
output plug, to any output device such as a printer, 

. paper tape punch unit, another FADAC, or other Fieldata 
or Teletype equipment. Output information is in 5-level 
teletype, 8 level Fieldata or 2-wire Teletype codes, as re· 
quired. In addition to the standard codes, F ADAC can be 
programmed to generate any 8-bit code. Output rates de· 
pend on the output code selected, as well as the output 
equipment. Maximum rates are as follows: 

(1) 4000 char/sec in A/6 

(2) 3550 char/sec in A/5 and A/4 

(3) 650 char/sec in octal or BCD 

Additional Features of the Computer. 

(1) Parity check on information transfers. 

(2) Verify indicator (located on the SDR) on input 
in Program-Fill mode. 

(3) Gating for external support equipment to permit 
logic failure isolation to single printed circuit board. 

( 4) Marginal test circuit forpreventive maintenance. 
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(5) Volcage transient warning indicator. 

(6) Temperature warning indicator. 

(7) High speed (2 bits-at-a-time) multiplication, 
division, and shifts. 

(8) Self-checking for overflow. 

(9) Standardized printed circuit boards to minimize 
logistic problems. 

1.3 FUNCTIONAL DESCRIPTION 

A functional diagram of the F ADAC system 1s 
shown in Figure 1.1. 

Control Unit. 

The computer control unit interprets and processes 
the prograrnmed instructions. Each instruction word 
called from memory is processed by the control logic 
through two non-prograrn-addressable register s, X and I. 
During execution of the current instruction in the 1-
register, the next instruction is stored in the X-register. 
On completion of execution of the current instruction, 
the next instruction is sent to the 1-register, and ehe 
new next instruction is read into the X-register. If 
the next instruction is found just as execution of the 
current instruction is completed, the X-register is by­
passed, and the instruction is sent directly to the 1-
register. (See discussion of Mulciplexing, Section 3.1.) 

Arithmetic Unit. 

The Arithmetic Unit performs the actual work in­
vol ved in proble1.. solution. In addition to the four 
arithmetic operations, this section can shift and cycle 
numbers right and left, and assist in operations which 
make it possible for the computer to make decisions, 
to accept and store input information, and to format 
and transmit output information. The Arithmetic Unit is 
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comprised of arithmetic logic, input/output logic, and 
three one-word, program-addressable registers: the 
Accumulator (A), the lower Accumulator (L), and the 
Number register (N). 

The A-register is the principal arithmetic register 
in FADAC. lt is employed in all arithmetic, logical, 
input/ output, and deci sion making operations. 

The L-register is an extension of the A-register 
in some operations (as in Multiply and Divide); and 
functions independently of A in others (as in Zero L, 
Store L). lt also serves as the location counter for input/ 
output operations. 

The N-register holds the second operand for some 
operations (as in Multiply and Divide). lt serves as an 
input/output buffer, and is used in program control 
transfer operations to store the transfer instruction, 
if that instruction is flagged. 

The A, L, and N-registers are physically part of 
the F ADAC memory disc. 

Memory Un it. 

The F ADAC memory unit stores information in the 
form of instruction words and data words. lt is com­
prised of 8192 words of main memory, plus two 16-word 
rapid access loops (R and Q) and one 2-word display 
loop (D). 

Input. 

Data and instructions can be placed in F ADAC 
memory using any of the devices listed in Section 1.2. 
The Signal Data Reproducer (SDR) is the primary input 
device. 
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Output. 

F ADAC output is transmitted to the NIXIE display 
panel, or through the FADAC plug(J-10) to any external 
device, as listed in Section 1.2. 

1.4 DESCRIPTION OF MEMORY 

General. 

F ADAC memory is a rotating disc, coated with 
ferrous oxide similar to the coating on conventional 
magnetic tape. The disc rotates at approximately 6000 
rpm under stationary read and write heads. To record 
information on the disc, an electrical signal generates 
a magnetic field in a write head. This field produces 
magnetization on the disc which remains, even when 
the computer is de-energized, until replaced by new 
information. The read heads are similar to ehe write 
heads, but operate in reverse. A change in magnetiza­
tion on the disc produces an electrical current in the 
head. These signals produce the 1' s and O' s for the 
binary operation of the computer. 

Memory Layout. 

A conceptual layout of the F ADAC memory is shown 
in Figure 1.2. Although the actual position of the heads 
and the relative positions of the tracks are not exactly as 
shown, this diagram provides a useful overall pictorial 
diagram. The disk is designed in chan.nels, each equipped 
with read and write heads. The sector track is permanently 
recorded and has a read head only. The purpose of the 
sector track is to supply data which notifies the control 
unit which sector is about to pass under the read heads for 
the other channels. The main memory read heads are 
all at the same effective sector location at any .given 
point in time. 

1-7 



SECTOR TRACK '" 
R LOOP CH. 142 

O LOOP CH. 16r 

A LOOP CH. 170 r· MEM. 
T 2 

3210 4 

CH ANNE LS ~ 

76 

r·"' MEM. 

lI 102 

1610 : 

CHANNELS 13~ 

MEM. f H. 300 
m 302 

1610 : w 

CHANNELS 336 
w 

. 

;;: 

MAIN INTERM. 

& REAO HEAD .5 „ 
WRITE HEAD ~ .;; 

Q LOOP CH. 152 SAME AS R LOOP ;;> 
L LOOP CH. 172} SAME AS A LOOP 
N LOOP CH. 174 

Figure 1,2, Conceptual Layout of FADAC Memory 
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Seetor Track Contents. 

The sector track contains 128 words of factory 
recorded information, available serially from a read 
flip-flop. A binary number appears in every word of the 
sector track. In each successive word the number is 
increased by 1, such that the octal numbers 0 to 177 
are represented. These numbers serve as reference for 
numbering the memory sectors. Also recorded on the 
sector tract are the Teletype (TT) and Fieldata (FD) 
tape codes, in inverted format, for each of the 16 BCD 
and Octal characters recognized by FADAC. The four 
least significant bits of each sector number represent the 
BCD and Octal translation of the TT and FD tape code 
for a given character. The tape codes are repeated 
eight times around the sector track. See Section 2.2. 7 
for a description of how this information is used during 
1/0 operations and Appendix C for a list of BCD and 
OCTAL codes. 

Main Memory. 

The 64 main memory channels are addressed by 
the even octal numbers 0 through 136 and 300 through 
336. The 128 words or sectors of each channel are ad­
dressed by consecutive ocral numbers 0 through 177 
inclusive. To clarify discussion, the channels in main 
memory will be referenced throughout this manual as 
follows: 

Memory = Channels 0 through 76 

Memory II = Channels 100 through 136 

Memory III = Channels 300 through 336 

Hot and Cold Memory. 

Main memory is further divided into Working Storage 
(Hot Memory) in which both the read and write heads are 
energized, and Permanent Storage (Cold Memory) in 
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which the read heads ONLY are energized. At pro­
grammer 's option, the size of working storage may 
be specified as either 4, 12, or 16 channels, and the 
FADAC "Hot Channel Select Switch"(see Section 4.5) 
manually set to energize the write heads of specific 
Hot Channels, as listed below: 

Working 
Storage Size 

4 

12 

16 

Hot Channels 
Set 

(In Octal) 

70 - 76 

{ 

70 - 76 

110 - 116 

130 - 136 

40 - 76 

Wi th the SDR connected to F ADAC and the · Auxiliary 
Memory Switch on the SDR in the OFF position, all 
write heads in main memory are energized to allow all 
of memory to be filled. However, during normal field 
use, memory is filled, the SDR disconnected, and 
only the contents of Hot memory can be varied. This 
design was adopted to assure that the contents of 
permanent memory are n:>t inadvertently destroyed be­
cause of operator error or power failure during field 
use. 

1.4. l PROGRAM-ADDRESSABLE SPECIAL 
REGISTERS 

Descri ption. 

The A, L, N, D, R, and Q-regi~ters are short, 
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recirculating loops. Each bit is sensed by the read 
head and rewritten by the wriee head. Each word is 
shifeed, bit-by-bit, ehrough ehe loop. The loop informa­
eion remains the same unless changed by some arithmetic 
or control operation. A, L, and N are 1-word loops whose 
contents are rewricten each word time. D is a 2-word 
loop, ehe contents of which are rewritten two seceors 
ahead of the read head. Both the R and Q-loops have 
an intermediate read head located in the middle of ehe 
loop. This head is noe involved in the recirculaeion 
process. However, it is used automatically by FADAC 
to expedite execueion of a command which causes ehe 
contents of a sector in ehe R or Q-loop to be read. 

The R end Q-Loops. 

The rapid access loops, R an d Q, may have octal 
sector addresses 0 through 177. However, only the 
last four bits, (00 through 17) are recognized. When 
addressing the R and Q-loops, therefore, only sectors 
00 through 17 should be used. Note ehe contents of 
each sector of the R and ehe Q-loops are repeated eight 
times around the R and Q-loop cracks. The channel 
address of the R-loop is 142.00 and of the Q-loop, 
152.00. 

One-Word Loops. 

The A, L, and N-registers each effectively occupy 
a full track on the FADAC memory disc. The contents 
of each loop are always immediately available under 
a read head. They are addressed as 170 .00, 172.00 
and 174.00 respectively. 

The D-Register. 

When ehe main memory read heads are over any 
even numbered sector, the contents of D.O are under 
a read head; while when ehe main memory read heads 
are at any odd numbered sector, ehe contenes of D. 1 are 
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available, since the D-register also effectively occupies 
a full track on the memory disc. Since the read and 
write heads of the D-loop are spaced two sectors apart 
both heads are effectively at the same sector of D at 
any given word time. The D-loop address is 160.000 
(D.O) and 160.001 (D.1). 

Summary af Register Address. 

All register addresses are summarized in Table 1.1. 

T ABLE 1.1 SUMMARY OF REGISTER ADDRESSES 

Channel Seetor 
Register Address Address Descripti on 

(Octal) (Octal) 

R 142 000·017 16 words 

Q 152 000 -017 16 words 

D.O 160 000 or even sec. 1 word 

D.1 160 001 or oc:ld sec. l word 

A 170 000 A-register (Accumulator) 

L 172 000 L•register (Lower 

Accumu lator) 

N 174 000 N-register (Number 

Accumulator) 

1.5 CONTROL BUTTONS 

The eight control buttons located on the front 
panel of F ADAC are effectively wired directly to the 
memory locations shown in Table 1.2. 
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TABLE 1.2 

CONTROL BUTTON 

AD DRESS 

Control Buttons Address (Octal) 

Sample Matrix 000 . 000 

Test 000 001 

Set Up 000 002 

Recall 000 003 

Send 000 004 

Compute 000 005 

Trig 000 006 

Receive 000 007 

When a control button is depressed, the flip-flop is 
set for Memory II, FADAC emers the compute mode, 
and the instruction stored in the control button location 
is executed. Computation is usually initiated in this 
manner. Note that ehe control button locations may be 
called in a program and their contents executed under 
program control. 

1.6 NUMBER SYSTEMS USED 

Number systems applicable to the F ADAC computer 
are ehe decimal system, the octal system and ehe binary 
system. Information going into or coming from the com­
puter is either decimal, octal or alphabetic. However, 
the computer operates internally wich binary numbers 
only, and all negative numbers are represented in two' s 
complement notation. 
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CHAPTER 2 

WORD FORMATS AND INSTRUCTION 
REPERTOIRE 

2.1 WORD FORMATS 

General. 

Information stored in F ADAC memory contains no 
inherent distinction between numerical data and com­
puter instructions. Both are stored as 36-bit binary 
coded numbers, of which 32 bits are' programmable, and 
4 ace machine-generated. Of the 4 non-programmable 
bits, 1 is the parity bit, and 3 are used for synchroniza­
tion. When a word is read from memory, the state of the 
computer logic will determine whether the information 
is to be interpreted as a data word or an instruction. 

FADAC Octal Formats. 

E ach 32 bit F ADAC word may be represented by 
11 FADAC Octal digits. The first digit is formed from 
ehe two most significant bits of ehe binary word, and 
has a maximum value of 3. Each of ehe remaining digits 
is formed from three bits of ehe F ADAC word, and has 
a maximum value of 7. Bec ause of ehe short (i.e., cwo 
bits only) first digit in ehe FADAC format, a pure octal 
number and its FADAC-Octal representation are not 
the same. 

Data Words in FADAC-Octol. 

Information used as an operand is interpreted by 
ehe computer as a signed, 31 hit, hinary-coded word, 
with a fixed point hetween the sign (hie position 0) and 
the most significant hie. (See Fig. 2.1.) Positive num­
bers have a zero sign hie, and negative numbers a one. 
Negative numbers are represented in two's complement 
form. 
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a) Bit Position 

b) Max. Binary Value 

c) Max. Octal Value 

d) FADAC Octal Position 

Figure 2.1. FADAC Octal Format 

lnstruction Word Format in FADAC-Octal. 

Commands are stored in the memory in the form of 
one instruction per computer word, represented by 11 
FADAC-Octal digits. Each command consists of four 
separate fields; a flag, a next instruction address, an 
operation code (op code), and an operand address. (See 
Fig. 2.2.) 

(A) Bit Position (B) F ADAC..Octal Position 

Figure 2.2. lnstruction Ward Format 
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The flag, which is in the sign position, provides for 
the modification of a F ADAC instruction. The use of 
the flag is described for each instruction in the F ADAC 
instruction list. 

The Next Instruction Address, which teils the com­
puter where to go next in the program sequence, con­
si sts of a channel and a sector portion. The channel 
portion consists of 7 bits. These are represented by 
3 octal digits, which are evenly numbered from 000 to 
174. The sector portion consists of 7 bits. These are 
repre sented by 3 octal d i g i t s which are numbered 
sequentially from 000 to 177. 

The Operation Code, which represents the opera­
tion to be performed, usually consists of 6 bits. These 
are represented by 2 octal digits which are evenly 
numbered from 00 to 76. The shift, cycle, I/O, and most 
special instructions require a special format which is 
described in the sections covering these commands. 

The Operand Address is the address of the number 
to be operated upon. lt consists of a channel and sector 
portion and is in the same form as the Next Instruc­
tion Address. 

A total of 15 octal digits seems to be required to 
represent an instruction word: 1 for the flag, 2 for the 
operation code, and 6 each for the addresses. Since a 
FADAC word is limited to only 11 digits, the four extra 
digits are combined in the following manner: 

Let: 

x 1 represent the octal digits in each of the four 

fields, and y 1 represent the FADAC Octal digits: 
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FADAC Instruction Word 

Flag 
Next Insrruction Op. Operand Address 

Channel Seetor Code Channel Seetor 

•1 X2 X3 X4 X5 X6 X7 XB X9 xlü xll 112 Xl3 X14 Xl5 

yl y2 Y3 Y4 Y5 y6 Y7 YB Y9 ylüyll 

Where: 

Y3 = X4 + X5 

y6= Xg 

Ocral 

FADAC 
Ocral 

Note that all channels and operation codes are- evenly 
numbered. Thus whenever an odd number ends a channel 
address field, a sector greater than or equal to 100 is 
called (i.e., y3 = x4 + XS or y9 = x12 + x13 ). Whenever 

an odd number ends the op code field, the channel of 
the operand address is,;::: 100 (i.e„ y 7 = x9 + x 10 ). 

The first digit is derived as follows: 

2-4 



y 1 = 0 when no flag is called and NI channel is < 100 

y 1 = 1 when no flag is called and NI channel is 2: 100 

y 1 = 2 when a flag is called and NI channel is < 100 

y 1 = 3 when a flag is called and NI channel is > 100 

To illuscrace: Given ehe instruccion "Clear and Add 
(24) ehe contents of channel 102, sector 133, and go eo 
channel 112, sector 123," ehe word format is as follows: 

Next lnstruction Op. Operand Address 

Flag Channe 1 Seetor Code Channe 1 Seetor 

1--1 o~ l 2.,. .... 1 2 3 2 4 l 0 2 ... _1 3 3 

(CL~l Oetal 

l l 3 2 3 2 5 0 3 3 3 FADAC­
Oetal 

The F ADAC octal word for chis command is; 

11323250333 

Or consider ehe coding required for ehe instruccions 
"Subtracc* (02) ehe contents of channd 112, sector 
113, and go to channe l 112, sector 024." 

Next Ins trueti on Operand Add ress 

F lag Channe 1 Seetor Code Channe 1 Seetor 

2~1 l ~o 2 4 0 2 .... J l 2_, _1 l 3 
(SUB*',... ,,.... 

Oetal 

3 l 2 2 4 0 3 l 3 l 3 FADAC-._ _ _._ ___ _._ ___ ._ __ ..._ ___ .._ __ _, Oeta 1 

The F ADAC octal word for this command is: 

31224031313 
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Input/Output Code Formats: 

In addicion eo Octal data words, information may be 
input and/or output in BCD, Alpha-4, Alpha-5, or Alpha-
6 code. Fig. 2-3 illustrates ehe data word format for 
each of these codes. 

(a) Bit Position 

(b) BCD Code =4 bits/ character; 8 characters/ 
FADAC word 

(c) Alpha-4 Code= 8 bits/character; 4 characters/ 
FADAC word (First bit of each 
character is inverted on output) 

(d) Alpha-5 Code= 6 bits/ character; 5 characters/ 
FADAC word (Bits 0 and 1 are 
ignored) 

(e) Alpha-6 Code =6 bits/character; 6 characters/ 
FADAC word (4 most significant 
bits of first character are stripped 
on input, machine-generated on 
output) 

Figure 2.3. Data Word Formats in BCD and Alpha­
numeric Codes 

2.2 INSTRUCTION REPERTOIRE 

General. 

All F ADAC instructions fall into seven general cat· 
egories according to function: 
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Arithmetic 

Store and Load 

Transfer 

Shift & Cycle 

Logic and Special 

Discrete Input/Output 

Parallel Input/Output 

Execution time for each instruction is shown in the 
Word Time portion of the description. Since one word 
time is approximately 78 to 83 microseconds, timing 

may be obtained by multiplying 80 x 10·6 by the number 
of word times required to execute each instruction. 

In the instruction descriptions, the following con• 
ventions are used: 

( 1) M represents the operand address of the 
instruction being executed. 

(2) (M)represents the contents of location M. 

(3) C represents the channel address of the 
operand address, or the 2 least significant digits of 
the 4 digit extended op codes required for shift, cycle, 
1/0 and most special commands. 

( 4) S represents the sector address of the oper­
and address in all categories except rn instructions 
requiring a special format. 

(5) A flagged instruction is represented in 
mnemonic form by writing an asterisk following the 
operation code, and in machine code by placing a 1 in 
bit position O. For example: CLA, CLA*, STO, STO*, 
TRA, TRA*. The effect of the flag is specified in the 
de scription of each instruction. 

(6) Unless explicitly 
description of each command, 

mentioned under 
special registers 

the 
are 
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not affected by the execution of a given command. 

(7) All numbers are Octal unless otherwise 
specified, except numbers used to identify bit positions, 
which are designated in decimal. 

2.2.1 ARTHMETIC 

General. 

If overflow occurs upon execution of the following 
instructions, the computer will automatically flash the 
Error light indicator on the control panel. The next 
instruction will be recognized only if it is a TRANSFER 
ON OVERFLOW (TOV) instruction, in which case the 
Error light indicator will be turned off. If any other 
instruction follows, the computer will halt and the 
Error light will continue to flash. 

Rules for the Sign in Arithmetic Operations. 

The rules for the sign of an arithmetic operation 
are the same as those of algebra. A negative zero is 
never generated by an F ADAC arithmetic operation. 
However, the number 20000000000, which is not in­
terpreted as a negative zero, may be input to FADAC 
and operated upon. 

ADD 00 ADD M Word Time= 1 

The algebraic sum of the contents of M and the 
contents of the A-register replace the contents of the 
A-register. Overflow can occur. A flag bit of 1 will 
cause (M) to be put into the N-register. A flag bit of 
0 leaves the contents of the N-register unaltered. 

SUBTRACT 02 SUB M Word Time= 1 

The word in location M is subtracted from the 
A-register, and the difference replaces the contents 
of the A-regi ster. Overflow can occur. A flag bit of 1 
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will cause the c o n t e n t s of M to be put into the N­
register. A flag bit of 0 leaves the contents of the N­
register unaltered. 

MULTIPLY 20 MPY M Word Time = 22 

The contents of the memory location M are multi­
plied by the contents of the A-register. The product 
appears in the A and L-registers unrounded. The most 
significant 31 bits and the sign are in the A-register. 
The least significant 31 bits are in the L-register. 
Because the number in ehe L-register is the least 
significant part of the total product, it does not have 
a sign associated with it. The most significant bit of 
the 31 bits of the least significant part of the product 
appears in the sign position of the L-register. The 
least significant bit position of the L-register always 
contains a 0 after multiplication, which is not con­
sidered part of the product. Note that the contents of 
location M are stored in the N-register. The flag bit is 
ignored during execution of this instruction. 

DIVIDE 30 DIV M Word Time = 22 

The 63 bit number appearing in ehe A and L­
registers is divided by (M). The most significant bit 
of the portion of the dividend that appears in the L­
register is in the sign position. The least significant 
bit of the L-register is not considered part of the 
di vidend and must be a zero. The quotient in the A­
register will be affected if the value of this bit is 1. 

If the flag bit is 0, the A-register will contain a 
rounded quotient and ehe L-register will corrnin a 
remainder whose value has no relationship to the 
rounded quotient. 

If the flag bit is 1, the A-register will contain 
an unrounc!.ed quotient and the L-register will contain 
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a remainder wich ehe same sign as ehe divisor. This 
remainder sacisfies ehe relacion: 

(Divisor X Quotient)+ Remainder = Dividend 

The contencs of locacion M are puc inco ehe N­
regiscer. Overflow can occur if ehe absolute value of 
ehe contencs of ehe A-regiscer is equal eo or greacer chan 
ehe value of ehe contents of locacion M. 

CLEAR AND ADD 24 CLA M Word Time = 1 

The concencs of location M are cransferred eo the 
A-regiscer. Locacion M can refer to any addressable 
location. A flag hie of 1 transfers ehe previous contencs 
of ehe A-regiscer inco ehe L-regiscer. If ehe flag hie is 0, 
ehe concencs of the L-regiscer remain unalcered. 

CLEAR AND SUBSTRACT 26 CLS M Word Time= 1 

The negative of ehe concencs of memory locacion M 
(in 2' s complement form), is cransferred to ehe A­
regi scer. Location M can refer eo any addressable 
locacion. A flag bit of 1 cransfers ehe previous concencs 
of the A-regiscer inco ehe L-regiscer. If ehe flag hie is 0, 
the concencs of ehe L-regiscer remain unaltered. 

2.2.2 STORE & LOAD 

Most store instruccions include a capability to 
write ehe specified information inco ehe N-regiscer as 
into location M. If M is in Hoc memory, ehe indicated 
change occurs in M andin ehe special regiscer. However, 
if M is in Cold memory, only the N-regiscer is changed. 
Each instruccion de scripcion include s information as 
to whether a flag is required to cause storage into N. 
Note particularly the special precautions required 
when an STO or STP command is executed. 

STORE A-REGISTER 50 ST A M Word Time= 
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Tue contents of the A-register are stored in loca­
tion M. Location M can refer to any addressable loca­
tion. If the flag bit is 1, the word in A will be put in 
the N-register as well as into location M. 

NOTE: If M refers to registers A, L or N: 

With flag bit 
into M or N. 

0, no storage takes place 

With flag bit = 1, no storage takes place 
into M, but the contents of A are sent to N. 

STORE L 52 STL M Word Time= 1 

Tue contents of the L-register are stored in loca­
tion M. M may be any addressable location. If the flag 
bit is one, the word in L will be put into the N-register 
as well as into location M. 

NOTE: If M refers to registers A, L or N: 

With flag bit 
into M or N. 

0, no storage takes place 

With flag bit = 1, no storage takes place 
into M, but the contents of L are sent to N. 

STORE N-REGISTER 40 STN M Word Time= 1 

The· contents of the N-register are stored in loca­
tion M. M may be any addressable location. However, 
if M refers to the A, L or N-register, no storage takes 
place, and the instruction serves only as a one-word 
time delay. The flag bit is ignored in this instruction. 

STORE D 42 STD M Word Time= 1 

The contents of sector i uf the 2-word D-register 
are stored in location M, where i = 00 if M is even, and 
i = 01 if M is odd. M may be any addressable location. 
If the flag bit is one, the contents of D.i will be stored 
in the N-register as well as in M. 
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NOTE: If M refers to registers A, L, or N: 

With flag bit 
into M or N 

0, no storage takes place 

With flag bit = 1, no storage takes place 
into M, but ehe contents of the D-loop under 
read head at time of execution are stored 
in N. 

STORE OPERAND ADDRESS 70 STO M Word Time = 1 
if M re fers eo 
R or Q. 

Word Time= 3 
if M refers to 
any other loca­
tion. 

(a) The operand address of the word in location M 
is replaced by the operand address of the word in the 
A-register (bits 19 through 31). The modified contents 
of M are stored in tht: N-register. M may be any ad­
dressable location. 

(b) If M is located in Cold memory and no external 
input device, such as the SDR, is connected, the con­
tents of M are always unchanged. However, the N­
register is modified to contain the instruction in M, with 
its operand address replaced by the operand address 
currently in the A-register. 

( c) If M i s located in Memory II or IÜ, and this 
memory is Hot, the sign bit of the L-register will deter­
mine whether (M) is modified by an STO or an STP 
instruction. If L is negative, no modification of (M) will 
occur, although the modified instruction will be stored 
in N. If L is positive, both (M) and (N) will be modified 
by execution of an STO or STP instruction. Therefore, 
to assure the modification of (M) in a Hot Memory II 
or Memory III location, the STO or STP could be pre­
ceded by a ZEL (Zero L) instruction. If M is in Memory 
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1, the sign bit in L häs no effect on the execution of 
STO or STP commands. 

(d) NOTE: If M refers to the A-register, A remains 
unchanged and the contents of A are stored in the 
N-register. lf M refers to the L-register, the contents 
of L remain unchanged. However, the N-register is 
modified to contain the instruction in L, with its operand 
address (bits 19 thru 31) replaced by the operand ad­
dress currently in A. If M refers to the N-register, bits 19 
thru 31 in Aare stored in bits 19 thru 31 of N. The re­
maining portion of the N-register is unchanged. The flag 
bit is ignored in this instruction. 

STORE PROGRAM ADDRESS 60 STP M Word Time = 1 
if M refers to 
R or Q, 

Word Time= 3 
if M refers to 
any other loca­
tion. 

(a) The next instruction address of the word in 
location M is replaced by the next instruction address 
of the word in the A-register (bit positions 1 thru 13). 
The modified contents of M are stored in the N-register. 
M may refer to any addressable location. 

(b) If M is located in Cold memory and the SDR is 
disconnected, the contents of M remain unchanged. 
However, the N-register is modified to contain the in­
struction in M, with its NI address replaced by the NI 
address currently in the A·register (bits 1 thru 13). 

(c) See Part (c) under Store Operand Address. The 
contents of the L-register have the same affect on an 
STP instruction as on an STO. 

(d) If M refers to the A-register, A remains unchanged 

and the contents of A are stored in N. If M refers to the 
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L-register, L remains unchanged. However, the N­
register is modified to contain the instruction in L, 
with its NI address replaced by the NI address cur­
rently in the A-register (bits 1 thru 13 ). If M refers to 
the N-register bits 1 thru 13 are stored in bits 1 thru 
13 of N. The remaining portion of N remains unchanged. 
The flag bit is ignored in this instruction. 

STORE R 62 STR M Word Time = 22 

The contents of the 20 words of the R-loop are 
transferred through the D-register to memory starting at 
location M. The flag bit is ignored. If M refers to a 
main memory location, each word tran sferred will be 
taken from that sector of the R-loop whose address 
agrees with the last four bits of the sector address into 
which the word is to be stored. F or example, when an 
STR instruction with an operand sector address of 074 
i s executed, the firs t word stored will be taken from 
re ctor 14 of the R-loop. Successive words will be taken 
from sectors 15, 16, 17, 0, 1. •• 13 of the R-loop and 
stored in sectors 075, 076, 077, 100, 101. •• 113 of the 
main memory channel specified in M. The D-loop will 
contain the last two words tran sferred; that is, D.O will 
hold the contents of the last even numbered location 
transferred, and D. l the contents of the last odd num­
bered location transferred. In the example given above, 
D.O will hold the new contents of sector 112, and D. l 
will hold the new contents of sector 113. 

lf M refers to a main memory channel, and its 
sector is greater than 160, the word transmitted from 
R.O will be stored in sector zero of the channel in 
which M is located. 

Example: Given STR 20.166. Resultant storage 
will be: 
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Contents of R.06 ___., 20.166 

R.07 ----....20.167 

R.16 ___.,..20.176 

R.17--.... 20.177 

R.00 -20.0 

R.04 -- 20.04 

R.05 ----+ 20.05 

If M refers to a location in the Q or R-loop, the 
contents of R will go into Q or R, clisplaced by two 
sectors. For example, if a STR instrucrion is given 
which has an operand address of Q-3, sectors 3, 4, 5, 
6 ••• 2 of R will be tran sferred to sectors 5, 6, 7, O .•• 4 of 
Q. At the end of the execution, D.O will contain rhe 
new contents Q.4, and D.1 the new contents of Q.3. 
Similarly, if a STR instruction is given which has an 
operand address of R.6, sectors 6, 7, 10, 11 ••. 5 of R 
will be transferred to sectors 10, 11, 12, 13 .•. 7 of R. 
At the end of the execution, D.O and D.1 will hold the 
new contents of sectors R.6 and R. 7 respectively. 

If M refers to the D-loop, the first word trans­
ferred appears in the sector of D specified and the 
last word transferred in the remaining sector of D. If 
the operand address is D.O, the first word with an even 
numbered address to pass under the read head of the 
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R-loop after the Instruction Read phase will be the 
first word transferred. For example, if channel 00, 
sector 55 contains the instruction STR D.O, the word 
in R.16 will appear in D.O and the word in R.15 will 
appear in D.1 at the end of the execution phase. If the 
instruction were STR D.1, the contents of R.17 and 
R.16 would appear in D.1 and D.O respectively. 

LOAD Q-REGISTER 72 LDQ M Word Time= 20 

LOAD R-REGISTER 72 LDR * M Word Time= 20 

The contents of 20 consecutive words of memory 
starting with location M are transferred to the specified 
rapid access loop. The specific loop, i.e., R or Q, is 
determined by the flag bit. A flag bit of l indicates 
the R-loop, while a flag bit of 0 indicates the Q-loop. 

Each word transferred to Q or R is stored in the 
sector corresponding to the last four bits of the sector 
from which the word was transferred. For example, when 
an LDQ instruction with an operand sector of 074 is 
executed, the first word transferred will go into sector 
14 of the Q-loop. Successive words will go intosectors 
15, 16, 17, 0, 1, 2, ••• 13. If M refers to a main memory 
channel, and the sector is greater than 160, the word 
transmitted from sector 177 will be followed by the 
word from sector 0 of the same channel. 

The A, L, and N-registers and the D-loop are 
unaffected by the execution of these commands. 

If M = A, L, or N, the contents of the specified 
register will replace the contents of all 20 sectors of 
the Q or R-loop. Similarly, if M = D.i, the contents of 
D.O will go into all the even numbered sectors of the 
Q or R-loop, while the contents of D.1 will replace the 
contents of all the odd numbered sectors. If the operand 
of a LDR * command is in the R-loop, or if the operand 
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of a LDQ command is in the Q-loop, the contents of the 
referenced loop remain unchanged. 

2.2.3 TRANSFER 

In each of the following instructions, a flag bit of 
1 will cause the transfer instruction to be placed in the 
N-register if and only if the transfer to M is executed. 
A flag bit of 0 will leave the contents of the N-register 
unchanged. 

TRANSFER UNCONDITION ALL Y 
14 TRA M Word Time = 1 

Control is unconditionally transferred to the in­
struction found in location M. The NI is ignored in 
this instruction, except when the NI contains a 146 
channel address. (See Section 3.10.) 

TRANSFER ON PLUS 10 TPL M Word Time = 1 

If the contents of the A·register are positive~ zero), 
control is transferred to the instruction in location M; 
if not, control is transferred to the address specified in 
the NI portion of the transfer command. 

TRANSFER ON ZERO 12 TZE M Word Time = 1 

If the contents of the A-register equal zero, control 
is transferred to location M; if not, control is trans· 
ferred to the address specified in the NI portion of the 
transfer command. 

TRANSFER ON OVERFLOW 16 TOV M Word Time= 1 

If overflow occurs, control is transferred to the 
instruction in location M. If not, control is transferred 
to the address specified in the NI portion of the trans­
fer command. In either case, the Error light indicator 
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on the control panel will not flash on execution of 
this command. 

Note that if an instruction which results in overflow 
is not immediately followed by a TOV command, the 
Error light will flash, and all computation will halt. 

2.2.4 SHIFT & CYCLE 

General. 

In the following instructions the operand sector 
address portion of the instruction, designated by S, 
does not refer to a location in memory but to the n um­
her of binary positions the word in the A-register, 
or in the A and L-registers, is to be shifted or cycled. 
All shift and cycle op codes are made up of four octal 
digits, with the 2 least significant digits in the posi­
tions normally occupied by the _channe l portion of 
the operand address. 

Overflow. 

A change in the value of the sign bit in the A­
register is normally recognized as overflow. However, 
overflow caused by a right cycle command is always 
ignored by FADAC, and the next program instruction 
is exe cuted. Overflow can never occur with a right 
shift command. The flag bit of all right shift and right 
cycle instructions MUST be O. Overflow caused by a 
left shift or cycle command will be ignored if the in­
struction flag bit is 0. However, a flag bit of 1 with a 
left shift or cycle command will cause the computer 
to check for overflow. If overflow occurs, the Error 
light indicator on the control panel will flash. The 
next instruction will be exe cuted only if it i s a TRANS. 
FER ON OVERFLOW (TOV) command, in which case 
the Error indicator will stop flashing. lf any other in­
struction follows, the computer will halt, and the 
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Error indicator light will continue to flash. 

CAUTION: The contents of the shifted register(s) 
are not predictable when overflow occurs 
since the overflow condition may ter­
minate the command before it is com­
pleeed. 

Execution Time. 

The execueion time for all shift and cycle instruc­
tions is given by the following relationship: 

Convert S to decimal 5 1• Tue number of word times 
equal s the integer portion only of 

1/2 (K + S1 + 1) 

where K = 0 for odd S 1 and where K = 1 for zero aP-d 
even S1• This equation was derived from the following 
rel ationship: 

Word Time= 1/2 (1 + 5 1 + cos2Tf S'/2) 
All shift and cycle commands are summarized rn 

Fig. 2.4. 

Accumulator Right Cyc le 7600 ARC S 

The coneents of the A-register are shifted right 
ehe number of binary positions designaeed by S. Tue 
bits shifted off the right end of the A-register enter the 
left end of ehe A-regiseer, through ehe sign position, in 
ehe same sequence. 

Accumulator Right Shift 7602 ARS S 

On execution of ehis command, ehe coneenes ot the 
A-regiseer are shifeed righe the number of binary places 
designaeed by S. The sign is spread in ehe lefe-hand 
bits; while bics shifted beyond ehe right-hand limies of 
the A-regiseer are lost. 
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Sign is spread 
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A·Register Zeroes fill vacated May be 1 or 0 

-1- -10 bit posiüons 

A-Regiscer 

cft --r 
L-Register Bits cycled right 

--E+ -----+=, 
Must be 0 

Bits cycled into L from A 

A-Rcgister L·Register Bits shifted out of L Must be O 

EF:::=::=:=::::3----EI ~·~==·~~~ are lost 

Bi1s shifted out of A inco L 

A-Register L·Register Zeroes fill vacated May be l or 0 

-+== +}-O bit posicions 

Bics shifted inco A from L 

Figure 2.4. Shift and Cycle Command Summary 



Accumu lator Left Cyc le 7604 ALC S 

The contents of the A-register are shifted left 
through the sign bit position the number of binary places 
indicated by S. The bits shifted off the left end of the 
A-re~ister enter the right end, in the same sequence. 

Accumu lator Left Shift 7606 ALS S 

The contents of the A-register are shifted left 
through the sign bit the number of binary places in­
dicated by S. Positions left vacant as the contents 
of the A-register are shifted are filled with zeros. Any 
bits shifted beyond the sign position are lost. 

Long Right Cycle 7620 LRC S 

The contents of the A and L-registers are shifted 
right the number of bin~ry places designated by S. The 
bits shifted off the right end of the A-register are 
shifted into the L-register through its sign position. 
The bits shifted off the right end of the L-register are 
shifted into the left end of the A-register through its 
sign position. 

Long Right Shift 7622 LRS S 

The contents of the A and L-registers are shifted 
right the number of binary places designated by S. The 
bits shifted off the right end of the A-register are shifted 
into the L-register through its sign bit position. The bits 
shifted off the right end of the L-register are lost. The 
sign of the A-register is spread. 

Long Left Cycle 7624 LLC S 

The contents of the A and L-registers are shifted 
left the number of binary places indicated by S. The 
bits shifted left through the sign of the A-register are 
shifted into the right end of the L-register. Bits shifted 
through the sign position of the L-register are shifted 
into the right end of the A-register. 
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Long Left Sh ift 7626 LLS S 

The contents of the A and L-registers are shifted 
left the number of binary places designated by S. The 
bits shifted through the sign position of the L-register 
are shifted into the right end of the A·register. Bits 
shifted beyond the sign position of the A-register are 
lost. The bits of the L-register vacated in the shifting 
process are filled with zeros. 

2.2.S LOGIC AND SPECIAL INSTRUCTIONS 

General. 

With the exception of the EXT, EQS and GES com­
mands, all Logic and Special inseruceions are specified 
by a four digie op-code, with the two least significant 
digits in the positions normally occupied by the channel 
poreion of the operand address. The seceor portion of 
the operand address is ignored in these commands. 

EXTRACT 34 EXT M Word Time= 1 

The contenes of the A-register are replaced by the 
logical AND of ehe contents of A and the contents of M. 
ln other words, when both the bit in (M) and ehe cor­
re sponding bit in the A-register are 1, a one will appear 
in the same bit posieion of the A-register at the end 
of the execueion. ln all other cases, a zero will appear 
in ehat hie position of ehe A-register upon execution 
of this command. Location M can refer to any address­
able location. The flag hie is ignored in ehis inseruction. 

TAKE ABSOLUTE VALUE 3770 ABS Word Time= 1 

The contents of the A-register are replaced by their 
absolute value. lf the contents are negative, they will 
be replaced by their corresponding positive value; 
while if the contents are positive they will remain un­
changed. lf the flag bit is zero, no further storage 
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occurs. If the flag bit is one and the contents of A are 
negative, this negative value will be transferred to the 
L-register. If the flag bit is one and the contents of A 
are positive, L will remain unchanged. The operand 
sector is ignored in this command. 

REPLACE A ON 
MINUS FROM L 3772 RML Word Time= 1 

If the contents of the A-register are negative and 
the flag bit of this instruction is zero, the com­
plement of the contents of the L-register is sent to A, 
and L is unchanged. If the contents of the A-register 
are negative and the instruction flag bit is one, the 
complement of the contents of L is sent to A, and the 
original contents of A are sent to L. If the contents 
of the A-register are positive, A and L are unchanged 
regardless of the value of the flag bit. The sign of 
the original contents of the L-register in no way affects 
the execution of this command. 

REPLACE A ON 
MINUS FROM N 3774 RMN Word Time= 1 

If the contents of the A-register are negative and 
the flag bit of this instruction is zero, the complement 
of the contents of the N-register is sent to A. The L 
and N-registers are unchanged. If the contents of the 
A-register are negative and the instruction flag bit is 
one, the complement of the contents of the N-register 
is sent to A; the original contents of A are sent to L; 
and N is unchanged. If the contents of the A-register 
are positive, A, L and N are unchanged. The sign of 
the original contents of the N-register in no way affects 
the execution of this command. 

EQUAL SEARCH 64 EQS M Word Time= i + 2 
(i= 0 to 176) 

Starting with i = 0, the contents of the A-register 
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are compared with those in memory location (M + i), in 
bit positions indicated by a mask appearing in the 
L-register. This mask must have been stored previously 
in the L-register by the program. lt directs which bits 
of the A-register and memory should be compared. 
Wherever a 1 appears in the L-register, the correspond­
ing bits in the A-register and location (M + i) will be 
checked. 

If in all the designated bit pos1uons, the contents 
of the A-register are found to be equal to the contents 
of location (M + i), the contents of location (M + i + 1) 
replace the contents of the A-register, and control is 
transferred to the next instruction. 

If the contents of the A-register in all the des­
ignated bit positions are not equal to the contents of 
location (M + i), then i is increased by one and the 
comparison is repeated. This comparison search con­
tinues until agreement has been reached, or until the 
contents of operand sector 176 have been compared. 
lf no agreement is reached after comparison search 
through sector 176, then the contents of A remain un­
changed, and control is transferred to the next instruc­
tion. 

If a complete channel is to be searched, the start­
ing operand sector should be 177. Then if agreement 
were reached, the first and last possible word that 
would be picked up would be in sectors 000 and 177 
respectively. If the flag bit is a 1, and agreement is 
reached, the previous contents of the accumulator re­
place the contents of L. lf agreement is not reached, 
the flag bit has no effect. The execution time is the 
number of sectors reached, i, plus 2. 
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GREATER THAN 66 GES M Word Time= i+ 2 
OR (i = 0 to 176) 

EQUAL SEARCH 

The execution of this instruction is the same as 
EQS, except that the compari son is satisfied if the 
value of the bit positions of (M) which are compared 
is greater than or equal to the value of the correspond· 
ing bit positions of (A). 

HALT 3720 HLT Word Time= 1 

Program computation is halted. The flag bit, oper· 
and sector and next instruction address are ignored in 
this command. 

ZERO-L-REGISTER 3762 ZEL Word Time = 1 

The L-register is cleared to zero. The flag bit 
and operand sector are ignored in this instruction. 

INITIATE DISPLAY MODE 3764 IDM Word Time= 1 

This command will cause the contents of the D­
loop to be displayed, in BCD format, in the NIXIE 
tu bes located on the control panels and will also activate 
the Battery display NIXIE. The Battery NIXIE is not 
part of the D-register, but is a wired·in display of the 
Battery button (A, B, C, D, or E) depressed on the 
matrix panel. Note that a battery button must be de­
pressed when an IDM command is sensed, or no display 
will occur. Once activated, the NIXIE display will 
continue until a HALT DISPLAY MODE (HDM), or a 
READ or WRITE command is sensed. Computation can 
continue while in the display mode. The flag bit and 
operand sector are ignored in this command. 

See Section 4.1 for a full description of the NIXIE 
display. 
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HALT DISPLAY MODE 3 766 HDM Word Time= 1 

Visual display mode is halted. The flag bit and 
the operand sector addres s are ignored by this command. 
Successive IDM and HDM commands can be given at 
any time. 

INITIATE COMPUTE MODE 3726 ICM Word Time= 1 

This command will turn on the Compute light 
located on the front panel of F ADAC. If the Compu te 
light is already on, the command will introduce a one 
word-time delay. lt has no other effect on a program. 

HALT COMPUTE MODE 3 724 HCM Word Time = 1 

This command will turn off the Compute light 
located on the front panel of FADAC, but does NOT 
halt computation. lt has no othei" effect on a program. 
After an HCM command is sensed, the Compute light 
can only be relit if: 

(1) an ICM command is sensed; or 

( 2) F ADAC is turned off, then turned on, and one 
of the eight control buttons is depressed. 

2.2.6 DISCRETE INPUT/OUTPUT 

Input. 

A single command, DIA, is available for a variety 
of input configurations to FADAC. These are described 
below: 

DISCRETE INPUT TO 
ACCUMULATOR 3640 DIA Word Time = 1 

Tue DIA command places the following information 
into the A·register: 

a. In bit position 0: A timing signal, with a period 
of 22 milliseconds, which is generated by an oscillator 
in FADAC. The signal is a square wave which remains 



at zero volts (0 to sign bit) for 11 millisecond s, and 
at -6 volts (1 to sign bit) for 11 milliseconds. The 
signal is provided primarily as a synchronization signal 
for output by bit to a Standard two-wire teletypewriter, 
but may be used as a real-time clock in any application. 

b. In bit position 1: Normally set to zero, this bit 
is set to one whenever any one of the 8 control buttons 
(Sample Matrix, Test, Set-up, Recall, Send, Compute, 
Trig, or Receive) is depressed; and remains at one only 
as long as pressure remains on the control button. 

c. In bit positions 2 - 18: Up to 17 signals on lines 
connecting a single, or many, extemal devices to F ADAC 
through Input Plug J - 17 and Output Plug J - 10. Note 
that the DIA command places information on specified 
pins of both plugs into the A-register simultaneously. 
(Figure 2.5 shows which pins on the I/O plugs are 
connected to each bit position .) 

d. In bit positions 19 - 23: A 5 position switch is 
available to the programmer through the F ADAC control 
panel buttons labelled A through E, which are located on 
the right hand side of the 8 x 8 matrix. With one of 
these buttons depressed, a DIA command will place 
its identi fying code into bit s 19 through 23 of the A­
regi ster. (See figure 2.7.) (Note in the Cannon Program 
these buttons are referred to as the Battery Buttons. 
However, they are available for use in any application.) 

e. In bit position 24: A 2 position switch is avail­
able to the programmer through the control panel buttons 
labelled (1) and (2) which are located immediately above 
the 5 position switch, buttons A to E. Wi th Button ( 1) 
depressed, a DIA command will place a 1 in bit posi­
tion 24 of the A-register; with Button (2) depressed, 
a 0 appears in bit position 24. (In the Cannon Pro.e;ram, 
these buttons are referred to as the Weapons Buttons.) 

f. In bit positions 25 - 30: The 8 x 8 matrix on 
the FADAC control panel greatly extends the input 
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BIT POSITION F-LINE PIN DESIGNATION 

2 F-30-1 m 

3 F-29-1 k 

4 F-28-1 J On Input Plug J - 17 

5 F-27-1 i 

6 F-26-1 h 

7 F-25-I g 

8 F-24-I r 

9 F-23-I q 

10 F-22-1 p On Output Plug J - 10 

11 F-21-1 n 

12 F-20-1 n. 

13 F-19-I k 

14 F-18 MM 

15 F-17 LL 

16 F-16 KK On Input Plug J - 17 

17 F-15 JJ 

18 F-14 HH 

Figure 2.5. DIA Command Pin and Line Connections -
Bits 2 Thru 18 
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COL.+ IDENTIFYING CODES 

H 70 71 72 73 74 75 76 

G 60 61 62 63 64 65 66 

F 50 51 52 53 54 55 56 

E 40 41 42 43 44 45 46 

D 30 31 32 33 34 35 36 

c 20 21 22 23 24 25 26 

B 10 11 12 13 14 15 16 

A 00 01 02 03 04 05 06 

ROW_. 1 2 3 4 5 6 7 

Figure 2.6. ldentifying Codes for Each 
FADAC Matrix Position 

77 

67 

57 

47 

37 

27 

17 

07 

8 

Figure 2.7. DIA COMMAND - Binary Information 

f. In bit positions 25-30 (Continued) 

capabilities of FADAC by providing a 64 position switch 
to the programmer. Each position may be programmed as 
a pointer to a separate element of a given complex pro­
gram. With a row (labelled A, B, •.•. , or H) and column 
(labelled 1, 2, ••••• , or 8) button depressed, a DIA com­
mand will place the identifying code of the combination 
in bits 25 - 30 of the A-register. Figure 2.6 shows the 
2-digit octal identifying code for each combination. 
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g. Bit 31: If only one button is depressed on the 
8 x 8 matrix (a row or a column, but not both) a 0 will 
appear in bit position 31; if both are depressed, a 1 
will fill bit position 31. 

h. Figure 2-7. summarizes the information sent to 
the A-register by a DIA command. 

The following example illustrates a use of the DIA 
command: 

Example 

The Problem. 

Code an input routine for Matrix Position A - 1 
through A -5; test if proper row and column button has 
been depressed; if so, transfer to one of 5 subroutines; 
if not, cause the No Solution Light to flicker, and halt. 
Assume that subroutines 1 through 5 begin in locations 
10.00, 12.00, 14.00, 16.00 and 20.00, respectively, and 
that a transfer table has been stored which has the 
following octal format: 

Ä. 
1 2 3 4 5 6 7 8 9 10 11 

2 0 0 1 4 X X X X y y s 

Explonation of the Transfer Table Format: 

Digit 1: Set to 2 to indicate that a match has been 
found, and a control word picked up from the transfer 
table (i.e. - the word in Ais negative). 

Digit 2 and 3: Always 0 

Digit 4 and 5: Set to 14, the TRA op code. 

Digit 6 through 9(XXXX): Entrance location of each 
subroutine 1 through 5. 

Digit 10 and 11 (YY): Matrix Codes 00 through 04 
(A-1 through A-5). 
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TRANSFER T ABLE 

Location Contents 

0.172 00000000000 

0.173 20014100001 

0.174 20014120002 

0.175 20014140003 

0.176 20014160004 

0.177 20014200000 

Assume that when each selected subroutine has 
been executed, control is to return to ehe main program 
which starts at L0 2.100 (00300). 

INSTRUCTIONS 

LO Nl Op Code Operand Explanation 

0.0 00201 36 4000 When sample matrix 
button is depressed, 
the program begins 
by executing DIA 
command(3640). 

2.1 00202 76 0001 ARC 1: To place bit 
31 in sign position. 

2.2 00203 10 0403 TPL: if (+). go to Er-
ror Routine; if(-) 
continue. 

2.3 00204 34 0604 EXT: Matrix code 
now in bit positions 
26 to 31 in A-
register. L0 604 

contains the Mask. 

2-31 



INSTRUCTIONS (Concinued) 

L N Op Code Operand Explanation 
0 1 

2.4 20205 24 0604 CLA*: Matrixcode 
eo L-regiscer, Mask 
eo A-regiscer. 

2.5 20206 25 

2.6 00207 64 

2.7 00210 10 

2.10 00213 76 

2.13 20300 15 

4.3 00404 37 

4.4 00000 37 

6.4 00000 00 

7200 

0172 

0403 

0206 

7000 

1600 

2000 

0077 

CLA*: Matrixcode 
eo A-register, Mask 
to L-register. 

E QS: Search cable 
stored in 0.172 
through 0.177. 

TPL: If +, wrong 
combo set in Matrix, 
go to error routine; 
if -, A-register now 
contains transfer 
instruction. 

ARS 6: Position 
tran sfer instruction 
properly in A. 

TRA* A and return 
to Main Program. 

NSL-Error Routine -
Wrong macrix posi­
tion i s sec. 

HL T - Halt, correct 
and scart again. 

Mask for EXT and 
EQS command 

The DIA command may also be used to input any 2 
to 16 bit code which is foreign to F ADAC. This is 
accomplished by connecting up to 17 of the JlO and 
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Jl7 lines associated with the DIA command to any input 
device whichgenerates the desired code. A timing signal 
generated by the external device must be connected to 
one of the 17 bits positions available. Duration of the 
timing signal must be long enough to allow input of 
each new character, and short enough to assure that 
each new character is sensed only once per input. 
With the period of the timing signal known, a program 
can be written to sample for this signal by a DIA, EXT, 
and TEST. When the timing signal is thus detected, 
the new code can be input by a second DIA command 
followed by an EXT (extract the number of bits which 
define a character), STA, and a delay designed to 

inhibit reinitiation of a loop back to test for the timing 
signal until the next character is available for input. 
An example of a code foreign to F ADAC is USASCII, an 
8 - bit code which can be input only in the manner 
described. 

Dis crete Output: 

The eight discrete output commands set 3 flip­
flop s, OPl, OP2, and OP3, to any one of eight possible 
combinations. Each combination, in turn, either places 
a -6 volt signal on a given output line; or causes the 
No Solution Light (NSL) on the F ADAC control panel 
to blink; or turns off the NSL or the signal on any outpur 
line (DOF). A description of each discrete output com­
mand is summarized in Figure 2.8. 

Note that each Discrete Output command requires 
a four-digit operation code. The operand sector address 
is ignored in the execution of these commands. Also, 
note that the setting of the Discrete Output control 
flip-flops remains fixed until a new Discrete Output 
command is sensed. When F ADAC is turned on, the 
output flip-flops are set to all zeros (effectively, a DOF 
command is executed). 
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OPL Line on 
Pin to which 

oP.Flip-Flop which a ·6 voh 
given OPL 

Function 
Command Octal line is con· 
~nemonic Op·Code 

Setting signal a.ppears 
nected on 

of 
(in Binary) when the command Cc>mmand 

is executed: 
spl.'cified 
1/0 Plug: 

Op3 Op2 Opl 

DOF 3700 None (All None Turns off the 
NSL or Sets 
all OPL lines 
eo Zero 

ODI 3702 OPL • 1 X of J·IO Sets OPL-1 

002 3704 OPL • 2 Y of J·lO Sets OPL-2 

003 3706 OPL • _3 Z of J· 10 S1?ts OPL-3 

IDI 37 IO OPL - 4 ;- of J-17 Sets OPL~4 

rn2 3712 OPL • 5 h of J-17 Sets OPL-5 

IDJ 3714 OPL • 6 ~of J-17 Sets OPL-G 

NSL 3716 None None Causes No 
Solution Light 
to blink 

Figure 2.8. Discrete Output Command Summary 

The function of the OD and ID commands is to 
to energize a given pin on the input or output plug, or 
de-energize all OPL line-connected pins on these 
plugs. They may be used to control external equipment 
by the presence or absence of -6 volts on a given line. 

2.2.7 PARALLEL INPUT/OUTPUT 

lntroduction. 

The parallel 1/0 commands cause F ADAC to read 
infonnation input through the keyboard, mechanical 
reader, magnetic tape, or any external device; or to 
write in formation out to another F ADAC or to any of 
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several external devices. The command structure al­
lows the programmer to designate the I/O device; 
the kind of block (ward or character); the block size; 
the 1/0 code (octal, BCD, or alpha•numeric); and, 
in all numeric WRITE commands, the code level (either 
5-level Teletype (TT), or 8-level Fieldata (FD)). 
During input, the level is designated by the setting of 
the SDR (or SDR simulator) TT/FD swicch. Parallel 
1/0 commands are so named since each character enters 
FADAC on 5 (for TT) or 8 (for FD) information lines, 
(designated "I" lines) in parallel; and each character 
is output from F ADAC on 5 or 8 data lines (designated 
"D" lines) in parallel. Input through the Mechanical 
Reader on the FADAC control panel is specified by 
the READ TAPE commands. Input through the MLU is 
specified by the READ EXTERNAL DEVICE commands. 
The flow of information through the special registers 
during I/O is a function of the particular I/O command 
executed, and is described in the following sections. 
In general, it is recommended that the contents of all 
special registers be saved prior to execution of any I/O 
command if they are of any significance in the balance 
of a given program. Note that the number of word times 
required to execute a paralle 1 I/O command cannot be 
fully predicted. 

The 1/0 Command Format: 
Figure 2.9 illustrates ehe 1/0 command format. 

The flag bit is set eo 0 eo designate 1/0 by character, 
or eo 1 to designate 1/0 by word. The value of the 
flag is added eo ehe most significant digit of the NI 
address to form the first octal digit of ehe command 
ward. The operation code occupies ehe 6ch, 7th, 8th and 
9th octal digits of ehe ward. The block size is in digits 
8, 9, 10 and 11. Thus, digits 8 and 9 are the sum of 
ehe cwo least significant digits of ehe operation code 
and the two most significant digits of ehe block size. 
The block size is designated as one less than ehe actual 
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Octal 

Digit 2 3 4 

OP-Code and 

51 6 7 8 9 1 l 0 11 

Meaning Flag and NI Address Block s ize 

Figure 2. 9. 1/0 Command Format 

number of words or characters to be input or output. 
When the block is designated as a word, the maximum 
block size which may be specified per command is 
1023 (1777). When 1/0 is by character, the maximum 
number of characters which can be put or output per 
command is a function of the number of characters 
which can be packed into a single F ADAC word in 
the specified code. 

2.2.8 READ COMMANDS 

Octal Input: 

Execution of a READ Octal command differs from 
all other parallel 1/0 in that the block type, block 
size and the Next lnstruction portions of the command 
are ignored by F ADAC; and control reverts to the input 
device. As each character is received, F ADAC hard­
ware inverts the tape code sensed, and searches the 
sector track (Section 1.4) for a match. The four least 
significant bits of each sector number represent the 
binary translation of the tape code -for that number. 
When a match is found, the leading bit of the binary 
translation is tested. lf it is a one, the character is 
an octal control character or a blank, and F ADAC logic 
is set to perform the indicated operation (Halt, Compute, 
Fill, Verify, Enter, Location, Clear, or Blank). Both 
leading and non-leading blanks are ignored. If the lead­
ing bit is an 0, it is stripped and the octal translation 
of the number is shifted into the right side of the A­
register. lf the tape code sensed is not found in the 
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sector track, the character is ignored. If input is in 
Fieldata code, parity is checked. The Parity Light on 
the F ADAC control panel will blink when a parity error 
is detected, halting input. Otherwise, input continues 
until a Compute or Halt code is recei ved. The Compute 
code will cause control to be returned to F ADAC, and 
the command contained in the address defined by the 14 
least significant bits of the L-register will be executed. 
(See Appendix C for a !ist of Octal codes, and their 
TT and FD tape code equivalents.) The Halt code will 
stop all F ADAC operations. If no Enter code is received 
before input is halted, the last 11 (or less) octal digits 
input will remain in the A-register. If more than 11 
digits are received with no Enter code, the most sig­
nificant digit is shifted out of the left side of A and 
lost, as each new digit enters the right side of the 
register. The contents of A, L, N, and all sectors of 
the Q-loop are destroyed by the input of no more than 
one full Octal word, while the contents of the D-loop 
and R-loop are unchanged. If more than one Octal word 
is to be input, the 5-digit octal address of the first 
location into which the data is to be stored must be 
entered right adjusted, followed by a location code. 
This causes the last 14 bits of A to replace the last 
14 bits of the L-register. Input of an Entet code will 
send the operand address in L to the Q-loop and the 
contents of A to the N-register, a sector of the R-loop, 
both sectors of the D-loop and thence to the memory 
location last sent to the Q-loop from the L-register. 
L is incremented by 1 each time a word is stored. If 
several words are to be stored in contiguous memory 
locations, only the initial address must be forced into 
L, using the location code. To change the contents of 
L for non-contiguous storage, it i s necessary to input 
the new 5-digit address, followed by a Location Code. 

During octal input, the 5-digit location address may 
designate any part of FADAC memory. To address 
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Memory I, the first digit must be O; to address Memory 
II, the first digit is 1; eo address Memory III, the first 
digit is 3. When a Memory III (location address) is set 
in L, and an Enter code sensed, the memory concrol 
flip· flop ( di scussed in detail in Seccion 3.10) is set 
such that the information in A is stored in the designated 
Memory III location„ Storage into Memory III will concinue 
until a Memory II location address is sent to the L­
register; at which time the memory control flip-flop will 
be reset to store inputs into Memory II. Designation of 
a Memory I location address will not change the current 
setting of the flip·flop. Storage into the designated 
Memory I location occurs regardless of this setting. 

2.2.9 BCD AND ALPHA-NUMERIC INPUT 

General. 

BCD and alpha-numeric input is entirely under 
pro gram and F ADAC hardware control. When such input 
commands are executed, the flag bit is checked to 
determine block type (word or character), and ehe block 
size is saved in a temporary counter. The counter is 
automatically decremented by one each time a block 
is processed. Control is sent eo the Next lnstruction 
address when ehe counter equals zero, indicating input 
is completed. 

Input by Character: 

Wich ehe Hag bit sec to zero, each character shifted 
into A causes ehe block size counter eo decrease by 
one. The characters remain in ehe A-register only, if 
the equi valent of one full word or less is input. If more 
than a full word (8 BCD characters, 5 Alpha-5, or 6 
Alpha-6 characters) is received, the contents of A are 
loaded into the N-register, and subsequent characters 
are shifted into A. A maximum of two full F ADAC words 
can be processed by character. No storage to main 
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memory occurs automatically during character input. 
If the data received is to be stored, a Store A (ST A) and 
Store N (STN) command must follow the input instruction. 
The original contents of A, L, and N are destroyed 
during character input, while the D, R, and Q-loops are 
unchanged. 

Input by Word: 

Prior to word input, the L-register must be pro­
grammed to contain the address of the first location 
into which the first word received is to be stored. 
Each time the A-register is filled with the number of 
characters which define a full word in the input code 
specified ehe address in L is sent to the Q-loop, and 
the contents of A are loaded into N. N is loaded inro R; 
then written into the D-loop, and finally into the memory 
location specified in Q. L is incremented by one each 
time a word is written into main memory. The input 
cycle thru the registers i s repeated until the indicated 
block size, plus one, has been input and stored. 

BCD Input: 

During the input of BCD codes, F ADAC hardware 
inverts the tape code sensed, and searches the re ctor 
track for a match. If a match is found, the four least 
significant bits of the corresponding sector track number 
are the BCD translacion of the tape code. These bits 
are shifted into the right hand end of the A-register. 
If no match is found, the character is ignored. Leading 
blanks are ignored, while imbedded blanks are proc­
essed. (See Appendix C for a !ist of BCD codes and 
their TT and FD tape code equivalents.) 

BCD Input By Character: 

Example: Since 8 BCD characters constitute one 
full F ADAC word, a maximum of 16 BCD characters 
may be meaningfully input per command. To illustrate 
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processing, consider the execution of a command re-
quiring the input of 12 BCD characters. When input is 
finished, the contents of A and N will be as follows: 

N-Register 

Char Char Char Char Char Char Char Char 

2 3 4 5 6 7 8 

A-Register 

Char Char Char Char Char Char Char Char 

5 6 7 8 9 10 11 12 

A contains characters 5 through 8 of ehe first word 
input plus characters 9 through 12---the last 4 characters 
entered. N contains characters 1 through 8 which con­
stitutes ehe first full word received. Characters 1 
through 4, which were in A when N was loaded, were 
shifted out of the left side ,of A when characters 9 
through 12 entered the right side of A. 

READ BCD Commands: 

The following op-codes cause FADAC to set up 
the necessary hardware logic to accept BCD input from 
ehe indicated device: 

Op-Code Op-Code in Interpretation 
Mnemonic FADAC Octal 

RED 5500 Rd External Device in BCD 

RTD 5520 Rd Tape (Mechanical 
Reader) Device in BCD 

RKD 5560 Rd Keyboard in BCD 
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Alpha-Numeric Input: 

Two alpha·numeric codes, designated Alpha-5 and 
Alpha-6, are processed by F ADAC input logic. Alpha-5 
code is defined as five 6-bit characters per word, or 
30 information bits. The two additional bits which con­
stitute a FADAC word have no significance. Alpha-6 
code is defined as six 6-bit characters per word, wich 
the 4 leading bits of the first character of each Alpha-6 
shifted out of A and lost when ehe sixth character 
enters A. All alpha-numeric characters are initi ally 
received as an 8-bit Fieldata tape code. Parity is 
checked. lf a parity error is detected, the Parity light 
on ehe F ADAC control panel blinks until ehe RESET 
button is pressed. lf Parity is good, the two leading 
bits of each tape code are stripped, and the 6 information 
bits are shifted into the right side of the A-register. 
No table look·up is required for these codes, since 
the 6 least significant bits of each FD tape code repre· 
sents the binary configuration designated for a given 
character. (See Appendix D.) Therefore, 1/0 in any 
alpha·numeric code is much faster than is numeric 
code 1/0. During character input, a maximum of 9 useful 
characters may be entered in Alpha-5 code, or 11 in 
Alpha-6 code. 

READ Alpha-Numeric Commands: 

The following op·codes cause F ADAC to set up 
the necessary hardware logic to accept alpha·numeric 
input from ehe indicated devices: 

Op Code 
Mnemonic 

RE5 

RT5 

Op Code in 
FADAC Octal 

5700 

5720 

Interpretation 

Rd External Device in 
Alpha-5 

Rd Tape Device in 
Alpha-5 
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Op Code Op Code in Interpretation 
Mnemonic FADAC Octal 

RM5 5740 Rd Magnetic Tape in 
Alpha-5 

RK5 5760 Rd Keyboard in Alpha-5 

RE6 5600 Rd External Device in 
Alpha-6 

RT6 5630 Rd Tape Device in 
Alpha-6 

RM6 5640 Rd Magnetic Tape in 
Alpha-6 

RK6 5660 Rd Keyboard in 
Alpha-6 

2.2. 10 WRITE COMMANDS 

General. 

All parallel output is entirely under program and 
F ADAC hardware control. When such commands are 
executed, the flag bit is checked to determine block 
type, and the block size is saved in a temporary counter. 
The counter is automatically decremented by one each 
time a block is processed. Control is sent to the Next 
Instruction address when the block size, plus one, has 
been output. 

Output by Chorocter: 

Prior to execution of a WRITE by character com­
mand, the characters to be output must be loaded, left 
justified, into the A-register. If more than one full word 
is to be output, the first X characters which define a 
full word in the specified output code must be sent 
to A, and the remaining characters must be left justified 
in N. The equivalent of two full F ADAC words may be 
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output by character (16 BCD characters, lü.Alpha-5, or 
12 Alpha-6), except when the output code is Alpha-4. 
When one full word has been output, ehe contents of N 
are automatically loaded into A. Each character is 
shifted out of ehe left side of A, one character at a time 
until the designated block size, plus one, has been 
generated. The original contents of A, L and N are 
destroyed. The contents of all sectors of ehe R, Q and 
D-loops are unchanged. 

Output by Word: 

Prior to execution of a WRITE by word command, 
bits 18 to 31 of the L·register must be programmed to 
contain the address of the first word to be generated. 
During execution of a WRITE command, the contents of 
the address in L are written into the R-loop, ehe N­
register, and the A·register, from which they are sent 
to the output lines, one character at a time. The address 
in L is sent to ehe Q·loop. L is incremented by one, 
and the cycle through ehe registers to the output lines is 
repeated until ehe number of words specified in the 
block size portion of the WRITE command, plus one, 
has been output. The contents of the D-loop are un­
changed during output. When output is completed, 
the N-register contains the last word output; bits 18 
to 31 of the L-register contain the last address from 
which data was outpur, plus 22. The Contents of A and 
all sectors of the Rand Q-loop cannot be fully predicted. 

Numeric Output: 

During numeric output, in Octal or BCD code, each 
character shifted out of the left side of A is matched 
against the four least significant bits of the sector 
numbers inscribed on the sector track. Note that during 
look-up of octal characters (3 bits), the missing lead· 
ing bit is interpreted as zero, since control characters 
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are not stored in octal. Also, since the most significant 
octal digit of each word is composed of only 2 bits, both 
missing leading bits of that character are interpreted as 
zero. When a match is found, the corresponding tape 
code designated in the WRITE command (TT or FD) is 
inverted, sent to the D lines, and output. If output is 
in Octal code, F ADAC hardware automatically generates 
an Enter code each time a full word is output, whether 
the block type be word or character. The Enter code 
must be counted as part of the designated block size 
when octal output is by character. 

WRITE Numeric Commands: 

The following op-codes cause FADAC hardware 
to set up the necessary logic to output data in Octal 
or BCD code to the indicated devices in either 5 level 
or 8 level tape code. 

Op-Code Op-Code in 
Interpretation 

Mnemonic FADAC Octal 

WEOT 4400 Write F ADAC to External 
Device in Octal - TT 

WFOT 4420 Write FADAC to FADAC in 
Octal - TT 

WEOF 4440 Write FADAC to External 
Device in Octal - FD 

WFOF 4460 Write F ADAC to f ADAC in 
Octal - FD 

WEDT 4500 Write FADAC to External 
Device in Dec. - TT 

WFDT 4520 Write F ADAC to F ADAC 
in Dec. - TT 
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Op-Code 
Mnemonic 

WEDF 

WFDF 

Op-Code in 
FADAC Octal 

4540 

4560 

Alpha-Numeric Output: 

Interpretation 

Write F ADAC to External 
Device in Dec, - FD 

Write F ADAC to F ADAC in 
Dec. - FD 

Three alpha-numeric codes are output by F ADAC, 
each of which are discussed below. Since no table look­
up is required for alpha-numeric output, these codes are 
generated at a much faster rate than is possible during 
numeric output. 

Alpha-4: 

Alpha-4 is defined for output only. lt is composed 
of 8 bi ts per charactef, 4 characters per F ADAC word. 
Any 8-bit configuration pre-stored in FADAC may be 
generated by a Write Alpha-4 command. lt is used to 
output a code foreign to F ADAC, such as ASCII, or 
to control external devices by placing a control word 
on the D-lines. Output in Alpha-4 must be by character 
only, with a maximum block size of 3 specified (des­
ignating 4 characters actually to be generated). Prior 
to execution of a Write Alpha-4 command, the A-register 
must be loaded with the 4 (or less) characters to be 
generated. As each 8 bit character is shifted out of A, 
its most significant bit is inverted by F ADAC hardware. 
The inverted first bit and the remaining 7 bits are then 
placed on the D-lines. 

Alpha-5: 

Alpha-5 is defined for both input and output as 5 
six-bit characters per FAD AC word. Unlike input, 
Alpha-5 output must be by word only. Each Alpha-5 
word is automatically processed by shifting bits 0 and 
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1 out of the A-register, after which each six bit character 
is placed on ehe data lines, wich a parity bit and a 
timing bit added to the most significant bit positions 
by FADAC hardware to form the 8-bit Fieldata code 
for that character. 

Al pha-6: 

During processing of a Write Alpha-6 command, 
the 2 leading bits of each Alpha-6 word are recognized 
as the 2 least significant bits of the first character. 
On output, these two bits are placed on D-lines 1 and 
2, the next 4 bits are generated by FADAC, and a 
parity and timing bit added, to form an 8-bit Fieldata 
code on lines D-1 thru D-8. The value of ehe machine 
generated bits cannot be predicted or controlled. There­
fore, ehe first character of each word output in Alpha-6 
code may be meaningless. This characteristic limits 
ehe use of Alpha-6 code to communication between 
two FADAC's or between FADAC and a magnetic tape 
unit. In both applications, when each Alpha-6 word is 
read back into F ADAC or the magnetic tape unit, the 
6 leading bits of the first character are stripped, and 
only the two original bits are stored. The flow of inform­
ation through the special registers is as described in 
the sections on "output by Character" and "Output by 
Word". Alpha-6 code may be output by word or character. 

Write Alpha-Numeric Commands: 

The following op-codes cause FADAC to set up the 
necessary hardware logic to allow output in ehe indicated 
Alpha-numeric codes: 
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Op-Code Op-Code in 
Interpretation 

Mnemonic FADAC Octal 

WE4 4700 Write F ADAC to External 
Device in Alpha-4 by 
Character 

WF4 4720 Write FADAC to FADAC in 
Alpha-4 by character 

WE5* 4700 Write F ADAC to External 
Device in Alpha-5, by word 

WF5* 4720 Write F ADAC to F ADAC in 
Alpha-5, by word 

WE6 4600 Write F ADAC to Extern al 
Device in Alpha-6 

WF6 4620 Write F ADAC to F ADAC in 
Alpha-6 

WM6 4640 Write F ADAC to Mag. Tape 
Alpha-6 

* Note that the op-codes for the Write in Alpha-4 com­
mands are identical to those for the Write in Alpha-5 
commands. For the former, the flag bit must be 0, 
since output can be by character only; while for the 
latter, the flag bit must be 1 to designate output by 
word only. 
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CHAPTER 3 

CODING FOR FADAC 

3.1 MINIMUM ACCESS CODING 

Multiplexing. 

In ehe processing of all FADAC instructions, ehe 
following five phases are aueomaeically completed: 

( 1) Instruction Search (IS) 

(2) Instruction Read (IR) 

(3) Operand Search (OS) 

(4) Operand Read (OR) 

( 5) Execution (EX) 

As illustrated in Figure 3.1, the phases are multiplexed; 
that is, performed simultaneously by F ADAC hardware. 
Consider the multiplexing of five instruceions, n - 1 
through n + 3, each of which is assumed to be opeimally 
coded, and each of which requires one word time to 
execute. Assume that n is ehe current instruction, 
n - 1 the immediately preceding instruction, and n + 1 
ehrough n + 3 the subsequent instructions. Let t = the 
word time of the execution of the preceding inseruction, 
n - 1. In Figure 3 .1, the mul tiplexing of the fi ve in­
structions is shown from time t - 2 ehrough time t + 2. 
At t - 2 (two word times before t) search is made for 
instruction n - 1. At time t - 1, instruction n - 1 is 
read, its operand is searched, and simultaneously, search 
is made for ehe current inseruction, n. At time t, search 
is made for the next instruction, n + 1, instruction n is 
read and its operand searched; and at the same time 
the operand of the preceding inseruceions, n - 1, is 
read and instruction n - 1 is executed. At time e + 1, 
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Word Time 

t- 2 t- 1 t . t + 1 t+ 2 

IS 1 IS !Sn+ 1 !Sn+ 2 !Sn + 3 n- n 

IR 1 IR IR n + 1 IR n + 2 n- n 

osn- 1 OS osn + 1 OS 
n+2 n 

OR 1 OR OR n+l n- n 

EX 1 EX EXn+ 1 n- n 

Figure 3. 1. Mu ltiplexing Diagram 

the operand of the current instruction, n, is read, n is 
executed, and within the same word time, instruction 
search is made for n + 2, n + 1 is read and its operand 
searched, etc. 

In all of the above it is assumed that each instruc­
tion requires only one word time to execute. If time 
to execute a command isgreater than one word time, then 
execution is initiated at the same time the curren-t 
operand is read, and execution of the next command is 
delayed until execution of the current command is 
completed. 

This multiplexing feature of FADAC hardware 
will decrease program execution time if the programmer 
places instructions and operands in memory such that: 

1. Each instruction comes under a read head no 
later than the last word time of the execution phase 
of the previous instruction. 

2. Each operand comes under a read head during 
the first word time following the completion of the 
previous instruction. 
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If these conditions are met, the program is optim­
ally-coded, and there is no wait to read instructions or 
operands. The time lapse in fully executing an instruc­
tion is its execution time; the total elapsed time to 
complete a program is equal to the sum of the execution 
times of all instrucrions within rhe program. 

Recall that the execution of most F ADAC commands 
requires one word time, with the exception of the fol­
lowing: 

Command 

MPY 

DIV 

LDR* 

LDQ 

STR 

All Shifts & Cycles 

All Parallel 1/0 

STO 

STP 

Number of Word Times 
Required for Execution 

18 

18 

16 

16 

18 

Variable 

Variable 

{
3 if M is in Main Memory 

1 if M is in R or Q 

3.2 OPTIMIZING ASSIGNMENTS MAIN MEMORY 

In the following discussions, let E = number of 
word times required to execute a given command, and 
Se = the current sector at which the read heads are 
located. In all examples given, the operation code is 
represented as a 3-character mnemonic. An asterisk 
next to the operation code indicates that the flag bit 
is one. All F ADAC locations are shown as one to three 
octal digits, followed by a period, followed by one to 
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three octal digits to designate "channel-sector". (Lead­
ing zeros are not shown in any address.) Registers 
are coded as A, L, N, D.O, D.l, R.O through R.17, and 
Q.O through Q.17. Throughout the discussion all numbers 
are in octal, unless otherwise indicated. Recall that 
at any time, t, the read heads of all 64 10 channels of 

main memory are simultaneously positioned at the 
same sector, Se, while the write heads are positioned 
two sectors before the read heads (Se - 2). In gen­
eral, to optimize an operand in main memory, as sign 
the operand to a sector to (Se + 1). To optimize an NI 
in main memory, assign the NI to any sector from (Se+ 1) 
through (Se + E). If a given NI is less that (Se+ E), 
then the next optimum operand (OP) must be > (Se + E) 
+ 1. -

Example. 

Time 
No. 

Locotion Op-Code Operand Ni Remarks 

Sei= 100.2 CLA l 00.3 l 02.3 E for CLA = l 

;.Op=NI= 
(Se 1 +1) 

2 Se2 = 102.3 ADD l 00.4 l 02.4 E for ADD = l 

:. Op =NI= 
(Se 2 + l) 

3 Se3 = l 02.4 MPY 100.5 100.10 E for MPY = 22 

(Se 3 + l) ~ 

NI ~(Se 3+E) 

4 Se 4 = 100.10 ADD 100.27 120.27 Op= [(Se3+ 

E3)+ 1] 
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STORE and LOAD Commands (M in Main Memory). 

STA, STL, STN, STD. 

These comm:mds require that the contents of the 
named register be written into the operand, M. Since the 
write heads in main memory are at (Se - 2) at time t, 
when the instruction is read, they will be (Se - 1) at 
time t + 1 when execution is initiated. Therefore, M 
is optimum at Se - 1. The optimum NI is sector Se + 1. 
Note that given an STD command, the contents of D.O 
are stored in M when M is e ven; the contents of D.1 are 
stored in M when M is odd. 

STO and STP. 

When M is in main memory, these commands require 
3 word times to complete, with the actual storage 
(writing) into M occurring during the third word time. 
The write heads, which are located at Se - 2 at the 
beginning of execution of these commands, have tumed 
through to Se+ 1 at the time Storage occurs. Therefore, 
M is optimum at Se+ 1, and the NI is optimum at Se + 3 
(or Se + 1 :S. NI 'S_ Se + 3) if the next operand is :2; 

[(Se+ 3) + 1). 

STR. 

This command is initiated by F ADAC hardware by 
writing the contents of sector Se + i and Se + i + 1 of 
the R-loop into the D-loop, and then transferring the 
infonnation from a sector of D into M. Because of the 
initial 2 word time delay during which the D-loop is 
filled, M is optimum at Se + 1. Again, the NI may be 
any sector between Se + 1 and Se + E, if the next 
operand is ~ [(Se+ E) + 1] ; where E = 22 word times. 

Location s M through M + 17 are filled with the contents 
of the R-loop during the execution of this command. 
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LDR* and LDQ. 

These commands transfer the contents of M through 
M + 17 sequentially into the corresponding sectors of 
the R or Q-loop. Therefore, M is optimum at Se+ 1. 

Example, 

Line 
Location Op-Codc 

:--.Jo. 
Operand NI Notes 

Sc1 = 014.7') STA 76.-;'4 60.76 (A) -+76.74 

(Sc 1 - 1) (Se 1 + 1) 

Se l - 060.76 STP 70.77 62.IOI NI address in A_.70.77, 

(Se2 1) (Sc 2 + 3) new content~ of 70.77 _. N. 

E for STP -' ~ Word times 
Nl =- Se 2 -1 1 

Se 3 -- 62.101 CLA 64.102 70.102 OP NI= & 3 + 1 

Se 1 - 70.102 STO no.103 70. lü'i OP address in A~l30.103" 

Modified M ..... N, E for STO -
3 word times, NI -o Se 4 + 1 

s ... 'i-= '0.105 STR 70. 106 70.120 Sc 5 + l '.'.:._NI::._ Sc'i 1 E 

E for STR = 22 

Sc 6 0 70.120 ADD 76.130 2·1.130 M - (Sc 5 + i:.) t 1 

Sc~= 2·LBO LDR" 100.lH 24. l":iO M Se;+ l; NI= Se 7 -r E 

&8= 24.150 TRA R.O (SPe Section l.6) 

* Assume working storage size is 12. Channel 130 is 
HOT. (See Section 3.7.) 

In all cases, optimization must be based on the 
current operand, whether it is optimized or not. For 
example, consider a case where an operand is optimized 
on first occurrence. Subsequent references to that 
operand usually cannot be optimized. 
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Example. 

Line LO Op-Code Op-Ad NI 

70.2 CLA 110.3 120.3 

2 120.3 MPY 100.4 100.25 

3 100.25 STA 110.24 70.26 

4 70.26 ADD 110.3 100.3 

5 100.3 STA 72.2 100.4 

In line 4, with Se= 26, the pro gram calls for the contents 
of 110.3, which were originally used and assigned an 
optimum location in line 1. The choice of optimum NI 
for line 4 is based on the location of the read heads 
at the time the operand is read, in thi s case, sector 3. 

3.3 OPTIMIZING ASSIGNMENTS R & Q-LOOPS 

Note that the main read head in the high speed 
loops, and the only write head are always located at 
Se, modulo 20, while the auxiliary read head is at 
(Se + 10). Thus at anytime, t, two sectors in R and Q, 
spaced 10 secrors apart, are simultaneously under a 
read head. Therefore, for all commands which do not 
require writing into a sector in R or Q, the programmer 
has a choice of two optimum sectors in the high speed 
loops. In contrast, for all STORE (write) commands 
only one R or Q-loop sector is optimum. In view of this, 
the following mies apply to optimizing assignments 
in the high speed loops: 

1. In gene ral, to optimize the R or Q operands of 
STORE instructions, assign the operand to sector 
(Se + 1), modulo 20. 

2. To optimize operands for all other commands, 
assign the operand to one of the two sectors defined 
by (Se+ 1), modulo 10. 
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3. To opt1m1ze an NI in R or 0, assign the NI to 
any sector between (Se + 1) and (Se + E), modulo 10. If 
a given NI is less than (Se + E), modulo 10, then ehe 
next operand must be > Se + E + I. 

Example, 

(Se) Write and Read llC:ad· 

Read Hcad 
In R (& Ql an: 

Line Location 
Me~~~ir„ 1~· 

Seetors: Op·Codc.· Orcrand '!\! 
No. 

Main Read Auxi!iarv 
Seetor & \Vritc Rcad 

110.:rn 30 10 CLA R.11 R.l 

R.l ll 11 ADD R.12 R.2 

R.2 12 12 MPY R.U R.--1 

R.4 54 14 A[)D 102. 55 R.5 

R.5 " 15 STA R.1(, RJi 

R.6 56 16 ~Tr-.< QS 72. 5:' 

7 2.57 

In line 1 above, the main R-loop read head picks 
up the operand in R.11, while simultaneously the aux­
iliary read head reads the contents of R. I. In line 2, 
precisely the same simultaneous reading of the operand 
and NI occurs. Because the MPY command of line 3 
takes 22 word times to execute, the NI may be any 
sector between Se3 + 1 = 33 and Se 3 + E = (32 + 22), 

modulo 10, while the next operand (line 4) must be 
Se3 + E + 1 = (32 + 22 + 1) = 55. Note that the operand 
of line 4 could have been optimally assigned to any 
sector 55 in main memory, or to sectors 5 or 15 in R 
or Q. In line 5, since the op-code is a STORE command, 
only sector 16 is the optimum operand in R or Q (i.e., 
56, modulo 20). 

Tue user is cautioned that when the operand ad­
dress of a transfer or test command stored in R or Q is 
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not located in R or Q, execution of the instruction will 
not be completed until the address of operand is searched 
and found. Therefore, for example, if one plans to affect 
the high speed execution of a loop which contains a 
test, the operand address of the test should be in the 
R or Q-loop, as follows: 

First Time Write and Read Heads 
Thru Loop, in R (& Q) are @ 
Read lkad Seetors: Op·C:ode Operand NI 

Line Control in Main 

No. Location Memor;· is@ Main Read Auxiliary 
Seetor & Write Re ad 

IO.ll7 l.37 17 STA 70.136 R.O 

R.O 140 lü CLA R.I R.11 

R.Il 141 ll SUB R.2 R.12 

R.12 1,12 12 STA R.l R.13 

R.ll 163 13 TZE R.ll R.4 

R.14 161 14 TRA 20.13 

In the above, if R.13 were coded as "TZE 20.13, 
R.4", the test would not be executed until location 
20.13 was found in main memory. Thus, each time 
through the loop as much as a whole drum revolution 
may be lost. In contrast, when coded as in the example, 
full advantage is taken of the high speed registers. 
This "costs" one extra instruction to transfer out of 
the high speed register. Note that the operand of the 
store instruction of line 4 caused an unavoidable loss 
of 20 word times since it was optimally assigned in 
line 2 above. 

3.4 USE OF REGISTERS FOR TEMPORY STORAGE 

Very few F ADAC commands use all of the registers 
during execution. When the commands called in a pro­
gram do not use a register, that register may be used 
as temporary storage for operands or instructions. 
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lt is possible to store the contents of A into any 
register by using the proper command. Note that there 
is no direct "Store A into L" command. Instead, it is 
necessary to use a CLA * or CLS*, which cause the 
former contents of the A·register to be stored in .he L· 
register, as illustrated in Line 5 of the following example: 

Example. 

Line 
Op·Code 

No. 

STA 

2 STA 

3 STA* 

4 STA* 

5 CLA* 

6 LDQ 

7 LDR* 

Operand Notes 

D.l (A)--D.l 

D.O (A)--D.O 

N (A)~N 

12.0 (A) _..N and 12.0 

12.3 Former (A)--L; (12.3) .-A 

A (A)--All sectors of Q 

A (A)-.All sectors of R 

lt is possible to transfer the contents of D.O or 
D. l to A, L, N, R, Q, or main memory using the proper 
command or commands in the proper sequence, as il· 
lustrated below: 

Line 

No. 
Location Üp·Code Operand Ne.xt 1 Notes 

2.17 CLA D.O 2.20 ID.0)-A 

2.20 CLA* A 2.21 ID.Oi-L 

2.21 srn• M 2.22 (D,i)_..M ond N, where the 

D Seetor stored depends on 
whether M is odd or even, 

2.22 STD R.3 2.23 ID.1)-R.3 

2.23 STD Q.4 2.24 (D.0)-Q.4 

2.24 STD 10.23 2.25 10.11-10.23 

2.25 STD 60.24 2.26 ID.0)-60.24 

2.26 LDR* D.O 2.46 D,O.,...all even sectors, of R-loop 

0,1....,oll odd sectors of R·loop 
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( 1) The eontents of D.O ot D.1 must be in the A­
register in order to transfer them to the L-register. See 
Lines 1 and 2 of example above. 

(2) D.1 and D.O eannot be stored into eaeh other. 
The instruetions STD D.1 or sm D.O will not Store 
D.O in D.1 or D.1 in D.O. The D-loop will remain un• 
affeeted. 

(3) As illustrated in line 8, when a LDR* D.i (or 
LDQ D.i) eommand is exeeuted, all even seetors of the 
R (or Q) loop will be filled with the eontents of D.O, 
and all odd seetors will be filled with D.1. 

As shown in the next example it is possible to 
transfer the eontents of L or N to A, R, Q, D.O or D.1, 
or main memory. L may be stored in N as in Line 5. 
Note that the STL instruetion itself does not store i:... in 
the N-register. The flag is required. 

Line 
No. 

Location Op·C ode Operand Nextl Notes 

4.0 STL D.l 4.1 (LJ--D.O 

2 4.1 STN D.O 4.2 (NJ--D.l 

3 4.2 STL R.3 4.3 (L)--R.3 

4 4.3 STN Q,4 4.4 (N)--Q.4 

5 4.4 ST L* 14.3 4.5 (L)--N & 
14.3 

6 4.5 ST L 2.4 4.6 (L) -2.4 

7 4.6 STN 2.5 4.7 (N)--2.5 

8 4.7 CLA* L 4.10 (L).-..A; 
previous 
(A)-L 

9 4.10 CLA N 4.11 (N)--A 

10 4.11 ST L * N 4.12 (L)_.N 

11 4.12 STL N 4.13 * 
* No f lag. Na storage occurs, only a one word time 

delay is realized. 
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N cannot be stored directly into L. To accomplish 
this, do the following: 

Line 
Location Op·Code Operand Next I Note 

No. 

2.1 CLA N 2.2 (N)--A 

2 2.2 CLA* 6.3 2.3 (6.3)..-A, 
former con• 
tents of A = 
(N)--L 

Note that the operand of Line 2 above may be any loca• 
tion or register. 

Any of the registers may be used to store instruc• 
tions or data for rapid access during execution. In writ· 
ing routines using this feature, make certain that the 
desired contents of the registers used are not destroyed 
before being read. In the following assume location 
40.2 contains some value, X; and location 40.1 con· 
tains the instruction MPY, N, Q.6. 

Location Op-Code Operand Next I Notes 

20.0 CLA 40.1 20. l (MPY N. Q.6)--A 

20.l CLA* 40.2 44.2 (A)-L; x._A 

44.2 ADD A R.3 (A) = 2X 

R.3 STA* D.l L (A)-D. l .and N 

(L) MPY N Q.6 (A) = 4X2 

Q.6 ADD D.l 20.27 (A) = 4X2 + 2X 
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Another method of using the registers for storage 
of instructions is shown in the following example: 

Line 
Location Op-Code Operand Next I Notes 

No. 

2.0 CLA 2.1 2.2 (2.1)-A 

2 2.1 ADD 4.2 2.4 

3 2.2 CLA* A 2.3 Former (A) 
~L 

4 2.3 TRA* L 6.4 Transfer 
Instr to N 

5 (L) ADD 4.2 2.4 

Note that this example results in executing the instruc• 
tion which was in line 2 from the L•register; and also 
causes the ttansfer insttuction in line 4 to be stored 
in the N•register. 

3.5 USE OF R AND Q-LOOPS 

For rapid access, operands and instruccions may 
be transferred from main memory to loops R and Q by 
using the instructions LDR* and LDQ. Information may 
be transferred back to main memory from R wich the 
STR command. 

Notice that there is no command to store the con­
tents of Q in main memory. This can be accomplished by: 

Location 

2.17 

2.37 

Op-Code 

LDR* 

STR 

Operand 

Q.O 

2.42 

Next I 

2.37 

10.62 

In the above, the contents of Q are first loaded into R; 
R is then loaded into main memory. 
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R and Q are loaded from one channel only. For 
instance, the instruction LDR* 2.177, go to 4.10, begins 
loading R from location 2.177. The next location loaded 
into R is 2.0 not 4.0. All information destined for R or 
Q is taken from 16 consecutive words of the same 
channel. 

The same restriction is true of the STR command. 
lt causes storage into one channel. The instruction 
STR 2.177 begins storing at 2.177. The next word 
stored from R is into 2.0. The loops will always be 
stored into 16 consecutive words of the same channel 
of main memory. 

lt is possible to store R into R with an instruction 
such as: 

STR R.16 

The contents of R wiH be displaced by two words; that 
is, R.16 will appear in R.O, R.2 will appear in R.4, etc. 
The last two transferred words will also appear in D.O 
and D.l. 

R and Q can be loaded from any of the registers. Tue 
result is that the loop will be loaded with the same num­
ber in all of its cells, if loaded from A, L or N; or with the 
two numbers in D.O and D.l, if loaded from the D-loop. 

Location Op-Code Operand Next I Notes 

6.2 CLA 4.3 6.4 (A) = X 

6.4 LDR * A 6.24 (R.O - R.17= X) 

3.6 INSTRUCTION MODIFICATION 

For greater flexibility in a program it is often 
necessary to modify certain instructions. In F ADAC, 
this can be done using standard techniques involving 
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standard commands. The process can be greatly s1m­
plified, however, by using the commands STORE OPER· 
AND ADDRESS (STO) and STORE PROGRAM ADDRESS 
(STP), which replace the contents of one portion of an 
instruction in memory without affecting any other portion. 

Care must be taken to introduce a delay between 
rhe time a store command which modified an instruction, 
is called, and the time the modified instruction itself 
is called. Both STO and STP require 3 word-times for 
execution, if M is in main memory, or 1 word time if M is 
in R or Q. Thus, for example, the following will cause 
execution of the instruction in Location 72.5 before 
the Operand Address in that location is modified, since 
the contents of the NI address are sent to the X-register 
at the same time that execution of the STO command i s 
initiated. (See Figure 3.1 - Multiplexing Diagram.) 

Example: 

Location 

2.4 

Op-Code 

STO 

Operand 

72.5 

NI 

72.5 

To properly modify an instruction, and immediately follow 
the modification with execution of the modified instruc­
tion, an extraneous instruction must be coded, such as: 

Line 
No. 

1 

2 

Location 

2.4 

2.7 

Op-Code 

STO 

TRA 

Operand 

72.5 

N 

NI 

2.7 

N 

As noted in Chapter 2, given an STO or STP command, 
the modified contents of M (in this example M = 72. 5) 
are stored in N. The TRA N of line 2 then causes 
execution of the modified instruction from the N-register. 
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Line 2 may be coded: 

Line 
Location Op-Code Operand NI 

No. 

2 (a) 2.7 CLA A 72.5 

or 

2 (b) 2.7 TRA 72.5 

Both 2(a) and 2(b) will cause execution of the modified 
instruction in 72. 5. 

The same precaution must be taken in ehe use of 
all load or store commands, as illustrated in ehe follow• 
ing examples: 

Line 
Location Op-Code Op·Address NI 

No. 

1 110.1 CLA 110.2 112.2 

2 112.2 ADD 110.3 112.3 

3 112.3 STA 110.4 110.4 

4 Etc •••• 

Execution of ehe command in line 3 will cause ehe un· 
modified contents of 110.4 to be sent to ehe X·register. 
To avoid this, ehe program should be corrected as fol-
lows: 

Line 
Location Op-Code Op-Address NI 

No. 

3 112.3 STA 110.4 112.4 

4 112.4 CLA A 110.4 

Line 4 is a do·nothing command inserted to allow mod­
ification of ehe contents 110.4 prior to transfer of control 
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to that location. Consider the effect of coding a LDR * 
or LDQ command as follows: 

Line 
No. 

2 

Location 

70.l 

100.27 

Op-Code 

LDR* 

LDQ 

Operand 

70.2 

30.130 

NI 

R.O 

Q.7 

In line 1, the contents of locations 70.2 thru 70.21 will 
be loaded into the R-loop. However, at the initiation of 
execution of this command the present unmodified con­
tents of R.O (or any R sector designated) are stored in 
the X-register, and it is this unmodified command which 
is executed next. Precisely the same sequence of events 
occurs when the command in line 2 is executed. This 
may be desired. However, to execute the modified con­
tents of a loop sector, time must be allowed for com­
pletion of the LDR * or LDQ command before control 
is transferred to the desired loop sector, as: 

Line 70.1 LDR* 70.2, 72.21 

Line la 72.21 CLA A, R.O 

Line 2 100.127 LDQ 30.130, 100.47 

L~e2al00.~ TRA ~7 

In lines 1 and 2, the NI of the load instruction is coded 
> 17 word times past the operand sector, to introduce 

the necessary delay. Transfer of control to the desired 
loop sector is achieved in line la by a "do-nothing" 
CLA A with a loop sector NI; and in line 2a with an 
unconditional transfer to a loop sector. 

3.7 STORE INSTRUCTION RESTRICTIONS 

Because the Write heads of all channels designated 
as permanent storage (COLD) are de-energized when 
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ehe ML U is not connected to F ADA~, ehe programmer 
must exercise care in ehe use of all STORE instructions, 
such that either (1) ehe Operand of a STORE instruction 
is in HOT memory or, (2) the information is temporarily 
stored in a register, then either retrieved from the 
register and sent to HOT memory for later use, or 
executed from ehe register before the contents of that 
register are changed. 

In the following example, assume working storage 
size is 4 channels (i.e., channels 70-76 only are HOT). 

Example. 

Line 
Location No. Op-Code Operand NI 

2.60 CLA 4.61 2.61 

2 2.61 ADD 4.62 2.62 

3 2.62 STA 74.61 2.63 

4 2.63 STO 4.64 2.66 

5 2.66 STN 74.67 R.O 

ln line 3, ehe operand is in HOT memory, so that proper 
Storage occurs. In line 4 the instruction in 4.64, mod­
ified by the operand in the A-register is sent to N, and 
in line 5, N is sent to working storage for later use. 
The contents of 4.64 are not modified. 

See Section 2.2.2 for a detailed description of all 
store instructions. 

3.8 LINKAGE TO SUBROUTINES 

Entry to a subroutine and subsequent retum to the 
main program is facilitated by using ehe transfer in­
structions in conjunction with the STORE PROGRAM 
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ADDRESS command. In the following example, the 
entry to the subroutine is made with a transfer instruc· 
tion in the main program. The NI of this instruction is 
the return address back to the main program. Upon 
execution of the transfer instruction, the flag bit puts 
the entire transfer instruction into N, and control goes 
to the subroutine. The first instruction of the subroutine 
will take the return address (NI) out of N and put it into 
the last instruction of the subroutine; and simultaneously 
store the argument in A into the L-register. Upon com· 
pletion of the subroutine, control returns to the main 
pro gram. 

Example. 

Line 

No. 
locotion 

64 

64.1 

64.22 

6.10 

6.11 

6.12 

72.21 

Üp·Code 

CLA 

TRA* 

CLA* 

5TP 

CLA 

5TD 

Operand 

Mo in Progrom 

\Argument) 

6.10 

Subroutine 

072.21 

074.22 

NI Notes 

64.1 Argument 

64.22 (Transfer lnstruc:tion NI 

Re-entry to Main Progrom (MP) 

6.11 Argument 

T ronsfer lnstruction 

6.12 Return to MP stored in lost instruction 

of subroutine 

Argument 

{64.22) Re-enter MP thn.1 NI of lost instruction 
of subroutine os modified by the 

instruction in line 5 

lt is sometimes desirable to store a complete word 
into the last location of the subroutine, rather than the 
return address only: 
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Line 

~ 
Locotion Op·Code Operand Next 1 Notes 

64.l TRA* 6.10 64.22 (N}"" TRA* 6.10, 64.22 

64.22 CLA Re•entry to MP 

~ 
6.10 CLA 6.11 (NI 

6.11 STP 6.12 4.15 Contents of 6.12, modified 

by the N 1 now in A are sent 

to N 

6.12 STD 74.15 (0000) 

4.15 STN 72.21 6.15 Contenfs of N SIO<'ed in lost 

locot1on of Subroutine, with 

its NI sei for relurn to MP 

6.15 MPY 

72.21 STD 74.16 64.22 Return to MP 

In this example, assume that the MLU is disconnected 
at execution time. Therefore, Channel 6 i s in cold 
memory, and cannot be written into. Line 1 causes 
transfer to a subroutine which begins in Channel 6. The 
first word of the subroutine (line 3) brings the transfer 
instruction to A. The STP command of line 4 sends the 
contents of 6.12 to the N•register, with the NI in N 
changed to contain the NI currently in the A·register. 
Thus, on execution of the command in line 4, the N· 
register contains 

Op-Code 

sm 
Operand 

74.16 

NI 

64.22 

where the NI address (64.22) is the return to main pro· 
gram. The contents of 6.12 remain unchanged, The 
command in line 6 stores the modified contents of N into 
the last word of the subroutine (line 8). 

3.9 TABLE LOOK-UP 

The FADAC instruction repertoire includes two 
table look·up commands, Equal Search (EQS) and Greater 
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Than or Equal Search (GES), both of which operate 
in a similar manner. (See Section 2.2.5.) To illustrate 
a typical application, consider the following equation: 

Y = BxX + X2 

Assume the value of the coefficient Bx to be used in 
evaluating this equation depends on the computed value 
of X. If a prestored value of X is greater than or equal 
to the computer value of X, then a particular value of 
the coefficient Bx is to be submitted in the equation. The 
programmer must construct a table for the variable co­
efficients such that each stored value of X is followed 
by the value to be assigned to the coefficient. Consider 
the structure of a table for the value of Bx- Values 

of X are stored in the table in ascending order, each 
followed by the Bx to be used with that computed X 

which is within a given range of values. X is scaled 
at O; B x at (-2). 

Location FADAC Octal Word Remarks 

2.170 37757000000 X = -0.002 

2.171 00015770000 Bx = 0.000427 

2.172 37767600000 X = -0.001 

2.173 00013150000 Bx = 0.000342 

2.174 00010140000 X = 0.001 

2.175 00004061000 Bx=·.0.000125 

2.176 00071260000 X = 0.007 

2.177 00001424400 Bx = 0.000047 
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Assume that in our problem, X has been evaluated 
as 0.004. The following program segment will search 
for the proper value of Bx: 

Location Üp•Code Operand Next I Notes 

4.20 CLA MASK 4.21 (A)= 37777777777= 
MASK 

4.21 CLA* X 4.22 t'A) =X= 0.004 
( L) = 3 7777777777 

4.22 GES 2.170 4.00 Search table for 
X :;: 0.004 

4.00 STA 76.l 4.01 tA) = Bx = 0.000047 

Store Bx in 76. l 

The GES command searches the table until it finds 
a word that is greater than or equal eo X, at which time 
the next word in ehe table is read inco A. When the 
proper Bx has been fouöd, control is transferred to the 

next instruction. Note that L is filled wich ehe mask 
before ehe Search is initiated. 

The last sector searched in any chann-el is 176. 
Therefore, if the proper Xis not found before ehe search 
reaches the end of the channel, the A·register will con• 
cain the same number as it did at the beginning of the 
search. 

3.10 MEMORY II AND MEMORY III 
ADDRESSING TECHNIQUE 

In its original design, F ADAC memory contained 
only 32 channels plus the A, N, L, D, R, and Q•registers. 
When the design was expanded to the present 64 channel 
version, it became necessary to devise a special method 
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to address all channels and registers without increasing 
the size of the FAD AC word. Since a 32 bit F ADAC 
word allows only 7 bits (see Section 2.1) to identify a 
channel address, an operand or NI address in channels 
numbered 100 through 136 (Memory II) has the same bit 
configuration as addresses in channels 300 through 336 
(Memory III). To ena ble the computer to identify the 
desired channel in these ambiguous areas, FADAC 
hardware includes a flip•flop which is set to its OFF 
state to interpret channel address 100 • 136 as Memory 
II and Reset to its ON state to interpret the same bit 
configuration as Memory III. 

A 146 in the channel address of the NI of a given 
instruction is required to change the state of this flip· 
flop. Initially, when F ADAC is turned on or when any 
control button on the front panel of F ADAC is depressed, 
the flip-flop is set for Memory II addressing. The first 
146 NI channel address sensed will set the flip·flop to 
its ON state, either permanently when the 146 NI is 
used with a TRA operation code, or momentarily when 
the 146 NI is coded with any other operation code. In 
all cases, when a 146 NI channel address is coded with 
a TRA operation code, the change in the state of the 
memory control flip•flop remains fixed until the next 
TRA· 146 combination is sensed, or until a control 
button is depressed. In contrast, a 146 NI channel 
address coded with a non•TRA operation code causes 
a change in the state of the flip·flop which lasts only 
until the instruction is executed. See Section 3.11. 

No 146 NI is required to call or transfer control to 
the registers A, N, L, D, R, or Q. 

Within a F ADAC word, any reference to a channel 
in Memory III is coded as 100 through 136. The leading 
digit, 3, of a channel address is only used when the 
location field is specified, as on an input tape or on 
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keyboard entry. In these cases the five octal digit ad· 
dress must be followed by the octal location code 
(a period). (See Section 2.2.7,) 

Case 1 through Case IV specify the rules which 
must be used to properly address Memory II and III. 

Case 1 • Locotion Field in Memory 1. 

Memory Control flip•flop set to its OFF state to 
interpret channels 100 through 136 as Memory II. 

a. To call an operand in Memory I or II, no 146 
is required. 

Example. la. 

FADAC Octal 

Lo Op·Code Operand NI Lo Word 

72.4 CLA 100.5 74.5 07204. 07405250005 

74.5 ADD* 70.5 72.6 07405 27206007006 

72.6 STA 70.5 72.7 07206. 07207507005 

72.7 STA 100.5 70.10 07207. 07010510006 

b. To call an operand in Memory III, a 146 must ap· 
pear as the NI channel address, to momentarily set the 
flip·flop to its ON state. 

Example lb. 

FADAC Octal 

Lo Op·Code Operand NI Lo Word 

00.21 CLA 300.22 146.22 00021. 14622250022 

00.22 ADD. 300.23 146.23 00022. 14623010023 

00.23 ADD 70.24 72.24 00023. 07224007024 

72.24 STA 70.25 000.25 07224. 00025507025 
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c. To transfer control to Memory I or II, no 146 is 
required with a TRA operation code. 

Example lc. 

FADAC Oetal 

Lo Op·Code Operand NI Lo Word 

00.136 

72.137 

l 00.140 

40.06 

CLA 

TRA* 

TRA 

70.137 72.137 00136. 07337247137 

l 00.140 00.026 07337. 20026150140 

l 0140. 

74.07 00.00 04006. 00000147407 

d. To transfer control to Memory III, the flip·flop 
must be reset to its ON state. Therefore, a 146 must 
appear in the NI field with a TRA operation code. 

Example ld. 

FADAC Oetal 

Lo Op·Code Operand NI Lo Word ---
20.25 CLA* 70.26 20.26 02025. 22026247026 

(Note l) 

20.26 TRA* 300.27 146.27 02026. ~4627150027 

(Note l) 

300.27 ADD 300.30 320.30 30027. 12030010030 

Note 1: 

Recall that the first digit of a F ADAC octal word 
i s the sum of the flag bit and the first channel address 
bit. 
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Case II - Location Field in Memory I. 

Memory Control flip•flop set to its ON state to 
interpret channels 100 through 136 as Memory III (chan­
nels 300 through 336). 

a. To call an operand in Memory I or III, no 146 
is required. 

Example lla, 

FADAC Octal 

Lo Op-Code Operand NI Lo Word 

6.0 CLA 300.l 72.l 00600. 07201250001 

72.l ADD 4.2 300.2 07201. l 0002000402 

300.2 ADD 300.3 40.3 30002. 04003010003 

b. To call an operand in Memory II, a 146 must 
appear as the NI channel address to momentarily reset 
the flip-flop to its OFF state. 

Example llb. 

FADAC Octol 

Lo Op-Code Operand NI Lo Word 

70.5 SUB* 100.6 146.6 07005. 34606030006 

70.6 ADD l 02.7 146.7 07006. 14607010207 

70.7 MPY 110.10 146.32 07007. 14632211010 

70.32 07032. 
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c. To transfer control to Memory 1 or III, no 146 is 
required. 

Example llc. 

FADAC Octal 

Lo Op·Code Operand NI Lo Word 

6.107 CLA 310.110 70.110 00707. 07110251110 

70.110 TRA* 306.111 70.116 07110. 27116150711 

306. 111 TRA 04.121 o.o 30711. 00000140521 

d. To transfer control to Memory II, a 146 must 
appear as the NI channel address with a TRA operation 
code. 

Example lld. 

FADAC Octal 

Lo Op•Code Operand NI Lo Word 

22.6 CLA 320.7 24.7 02206. 02407252007 

24.7 TRA* l 00.10 146.10 02407. 34610150010 

100.10 CLA 136.11 100.11 10010. 10011253611 

Case III· Location Field in Memory II. 

Memorv Control flip-flop set to its OFF state to 
imerpret channels 100 through 136 as Memory II. 

a. To call an operand in Memory 1 or. II, no 146 is 
required. 

Example 11 la. 

FADAC Octal 

Lo Op-Code Operand NI Lo Word 

l 02.57 TOV 50.60 106.60 l 0257. 10660165060 

106.60 ADD 126.61 130.61 10660. 13061012661 

130.61 STA 70.60 100.62 1306], 10062507060 
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b. To call an operand in Memory III, a 146 must 
appear in the NI channel address, since the flip-flop 
must be momentarily reset to its ON state. 

Example lllb. 

FADAC Octal 

Lo Op-Code Operand NI Lo Word 

134.7 CLA 310.10 146.10 13407. 14610251010 

134.10 ADD 70.11 130.11 1341 o. 13011007011 

130.11 ADD 334.12 146.12 13011. 14612013412 

130.12 MPY 306.13 146.34 13012. 14634210613 

130.34 13034. 

c. To transfer control to Memory III, a 146 must 
appear in the NI channel address with a TRA operation 
code. 

Example lllc. 

FADAC Octal 

Lo Op·Code Operand NI Lo Word 

126.130 CLA 100.131 124.131 12730. 12531250131 

124.131 TRA 302.132 146.00 12531. 14600150332 

302.132 ADD 306.133 302.133 30332. 1033301 0733 

302.133 30333. 

d. To transfer control to Memory I or II, no 146 is 
required with a TRA operation code. 

Example llld. 
FADAC Octal 

Lo Op-Code Operand NI Lo Word 

126.0 CLA 110.1 100.1 12600. 10001251001 

100.1 TRA 70.2 0.0 10001. 00000147002 

70.2 TRA* 136.3 0.0 07002. 20000153603 

136.3 TRA 106.4 0.0 13603. 00000150604 
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Case IV. Location Field in Memory ill. 

Memory Control flip·flop is set to its ON state to 
interpret channels 100 through 136 as Memory III. 

a. To call an operand in Memory I or III, no 146 is 
required. 

Example IVa. 

FADAC Octal 

Lo Op·Code Operand NI Lo 

306.21 CLA 76.22 304.22 30621. 

304.22 ADD 00.23 306.23 30422. 

306.23 STA 70.22 306.24 30623. 

Word 

10422247622 

10623000023 

10624507022 

b. To call an operand in Memory II, a 146 must be 
coded in the NI field. 

Example IVb. 

FADAC Octal 

Lo Op·Code Operand NI Lo Word 

324.02 MPY 100.03 146.24 32402. 14624210003 

324.24 ADD* 110.25 146.25 32424. 34625011025 

324.25 STA 70.24 306.26 32425. 10626507024 

c. To transfer control to MemoryJ, o r II I, no 146 is 
required with the TRA operation code 

Example IVc. 

FADA'C Octal 

Lo Op·Code Operand NI Lo Word 

336.130 CLA 300.131 322.131 33730. 12331250131 

322.131 TRA 306.132 0.0 32331. 00000150732 

306.132 TRA* 10.133 0.0 30732. 200001411 33 

10.133 TRA 314.134 0.0 01133. 00000151534 
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d. To transfer control to Memory II, a 146 must 
appear in the NI field with a TRA opcration codc. 

Example IVd. 

FADAC Octol 

La Op-Code Operand NI Lo Word 

320.10 CLA R.11 320.11 3201 o. 12011254211 

320.11 TRA 100.12 146.12 32011. 14612150012 

100.12 ADD 120.13 122.13 10012. 12213012013 

122.13 ADD R.14 D.1 12213. 16001014214 

(D.1) TRA 322.14 146.00 (executed from D.l) 

322.14 STA D.0. 70.22 32214. 0702 2516000 

70.22 TRA Q.3 L 07022. 17200155203 

Example IVd also illustrates that no special cod­
ing is required to acldress the registers A, L, N, R, Q, 
or D from Memory I, II or III, regardless of the state of 
the memory control flip·flop. 

Note that control may be in Memory 1 regardless of 
the memory control flip-flop (see Cases I· and II); whilc 
control can only be in Memory II when the flip-flop is 
set to its OFF state, and in Memory III when rhc flip 0 

flop is set to its ON state. 

Channel Return Given a 146 ·NI Channel Address. 

As each instruction is processed, its NI is auto• 
matically stored in a special NI address buffer. Tue 
contents of the buffer are updated to a new NI ad­
dress when execution of an instruction is complctcd 
and the next instruction read. However, when the 
new NI contains a 146 channel address, the con• 
tents of the channel portion of the NI buffer rcmain 
unchanged; that is the last non-146 NI channel address 
remains in the NI address buffer until a new non-146 is 
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sensed. During execution of each instruction, FADAC 
hardware examines the NI buffer, and causes transfer 
of control to the channel sector specified when execu­
tion i s completed. 

Example. 

Line Lotol1on 

No. Field 

10 

11 

12 

13 

14 

15 

16 

0.0 

100.1 

70.3 

72.4 

11 0.2 

72.3 

72.4 

330.5 

070.27 

300.30 

300 31 

300.32 

300.33 

300.34 

110.36 

70.37 

Üp°Code 

CLA 

ADD 

STA 

TRA 

ADD 
ADD 

TRA 

MPY 

ST A 

ADD 

ADD 

ADD 

ADD 

TRA 

ST A 

TRA 

Op-Address 

110, l 

70.2 

70.4 

110.2 

130.3 

330.4 

330.5 

300.6 

70,26 

100.31 

104.32 

110.33 

120.34 

110.36 

70.36 

110.SO 

NI Notes 

100,1 Progrom is storted by De· 

press1ng SM (LOCATION 0.0'1 

FF is set OFF 1AI' 100 through 

136 teferences ore interpreted 

os Memory II,) 

70.3 

72.4 

000.0 T rons fer from Memory 1 to 

Memory ll "No 146 'lecessory 

since FF is sei •o 1nterpret 

l 00 through 136 os Memory 11 

by l1ne l. 

72.3 

146.4 Momentarrly reset FF to ON 

to pick up operond rn Memory 

III. 

146.0 FF reset to ON to transfer 

c:onlrol to Memory 111, 

70.27 No 146 necessory to retuni 

iO Memory I, 

300.30 No 146 nec:essary to return 

to Memory III, since FF set 

ON by line 7, 

146,31) Momentarily sei FF to OFF to 

) get Üperonds from Memory 

146,32) II. Return to channel 300 as 

) each 1nstructi:'.l'1 is executed, 

146.33) exec·Jted, 

) 
,46.34) 

146.00 FF reset to OFF to tronsfer 

control fo Memory II. 

70.37 

100.50 No 146 'lecessary since FF 
set OFF by l1ne 14, 
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In the example above, computation is initiated by 
depressing the Sample Matrix button (location 0.0), and 
the NI address buffer is filled with 100.01. When the 
instruction in line 1 is executed, control is sent to 
100.01. As each instruction in lines 2 through 5 is 
executed, the contents of the NI buffer are updated. 
However, when the instruction in line 6 is read, only 
the sector portion of the NI buffer is changed. Thus, 
during execution of the line 6 instruction, the NI buffer 
contains 72.04. When execution is completed, control 
is transferred to location 72.04 and the contents of the 
NI buffer changed to 72.00. Since line 7 contains a TRA 
instruction, the contents of the NI buffer are ignored, 
and control is transferred to the operand -- 330.05. 
After execution of the instruction in line 8, 300.30 is 
stored in the NI address buffer. The channel portion 
of the buffer remains unchanged throughout the execu• 
tion of the instructions in lines 10 through 14, since 
each contains a 146 NI channel address. Note that the 
retum to the last non-146 NI channel is automatic, but 
that the desired sector must be coded. 

3.11 USE OF 146 NI 

When a TRA-146 combination is sensed, trans• 
ferring control to the opposite side of memory, and 
information is immediately desired from the original 
side of memory, special care must be taken to keep 
track of the last non-146 NI sensed. Consider the fol­
lowing example. 

Example. 

Lo Op-Code Op-Ad NI-Ad Line # Remarks 

120.177 STA 70.176 110.2 

110.0 TRA 300.l 146.0 2 Reset flip-flop 
to Memory 111 

300.l CLA 100.2 146.2 3 

310.2 ADD 4 
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Note that the location field of line 4 is in channel ;2_10. 

This is true since the last non-146 NI channel address, 
110, appearing in line 1, is interpreted as .2.10, because 

of the TRA-146 coded in line 2. In contrast, consider: 

Lo Op-Code Op-Ad NI-Ad Line # Remarks 

120.177 STA 70.176 72.0 

72.0 S"RA 300.1 146.2 2 Reset flip-flop 
to Memory II 1 

300.1 CLA 100.2 146.2 3 

72.2 ADD 300.3 302.3 4 

302.3 5 

Here the location field of line 4 is in channel 72, which 
is the last non-146 NI channel address sensed. Since 
no ambiguity exists in Memory 1 addresses, the channel 
address in the NI buffer, 72, is not affected by the 
TRA-146 in Iine 2. 

If the programmer intends a return to channel 300, 
m the above examples, then a dummy instruction must 
be inserted to reset the NI buffer before a call for in­
formation from the original side of memory: 

Lo Op-Code Op-Ad NI-Ad Line # Remarks 

120.177 STA 70.176 110.0 

110.0 TRA 300.1 146.0 2 Reset flip-flop 

300.1 STA A lQ.Qd 3 Dummy instruc-

ti on to Reset 
NI buffer 

300.2 CLA 100.3 146.3 4 Clear and add 
contenfs of 
100.3 and go 
to 300.3 

300.3 ADD 302.4 300.4 5 Lo field inter-
preted as 303.3 
as des ired. 
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Whenever a Test for Zero (TZE) or Test for Plus 
(TPL) (branching) instruction is used, special pre­
cautions must be taken: 
Example. 

Location of 
Op-Code 

Command 

300.15 CLA 
300.17 MPY 

300.20 ADD 

300.43 TPL 

Op-Address 

320.16 
70.20 

320.42 
310.44 

Next lnstr' 
Address 

300.17 
300.20 
300.43 
312.44 

Remarks 

lf plus go to 
310.44 
lf minus go 
to 312.44 

Note that the command in location 300.43 will cause 
transfer to channel 310 if the result of the computation 
is plus, or to channel 312 if the result is minus. In 
either case, 312.44 is sensed as the Next lnstruction 
address, and is therefore stored in the NI channel buffer. 
Observe the confusion if the branching instruction is 
followed by a call for information stored on the opposite 
side of memory, as shown in the following: 
Example. 

Location of 
Op-Code Op-Address 

Next lnstr' 
Command Address 

300.43 TPL 310.44 312.44 
312.44 CLA l 00.45 146.46 
312.46 STA 70.45 312.47 
312.47 HLT 0.0 

310.44 CLA 102.45 146.46 Control goes 
to 312.46 

310-46 ADD 300.47 310.47 
310.47 STA 300.48 310.48 

etc. 
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Should the computation yield a negative result, no 
problems exist, since ehe information in 100.45 will 
be sent eo ehe A-register, after which control will re­
tum eo channel 312, sector 46 as desired. However, if 
ehe result is positive, a transfer to 310.44 will occur, 
the contents of 102.45 will be sent eo the A-register 
and since ehe NI channel buffer still contains the 312 
sensed as the last non-146 NI address, control will 
then go to 312.46, rather than to ehe 310.46 desired, 
yielding a program error. Since the programmer cannot 
usually predict which branch will be taken, he is re­
quired to either ( 1) pro gram ehe same channel for each 
branch of a conditional transfer, or (2) avoid a 146 NI 
channel reference immediately following a conditional 
transfer instruction by ehe insertion of a dummy in­
struction which will change ehe address stored in ehe 
NI channel buffer, as follows: 
Example. 

Location of 
Command 
300.43 
312.44 

312.46 

310.44 

310.45 

(Continued) 

Op-Code Op-Address 

TPL 310.44 
CLA 100.45 

STA 70.45 

CLA A 

CLA 102.45 

Next lnstr' 
Address 
312.44 
146.46 

312.47 

310.45 

146.46 

Remarks 

Contenls of 
100.45 to A· 
reg. Go to 
312.46. 
Store A in 
70.45 Go to 
312.47 
etc. 

Dummy in• 
struction 

changes the 
NI channel 
buffer to 31 O. 
Clear & add 
contents af 
102.45. Go to 
310.46. 
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Examp le. (Continued) 

Location of 
Command 

310.46 

Op-Code 

ADD 

Op-Address 

300.47 

Next lnstr' 
Address 

310.47 

3. 12 WORD IN PUT /OUTPUT 

Remarks 

Add contents 
of 300.47 to 
A-Reg. Go to 
310.47 etc. 

The rules specified for designation of Memory II and 
Memory III are applicable in the execution of all commands 
except Parallel I/O by word. Recall that these commands 
require that the L-register be programmed to conrain the 
starting location into which input is to be stored, or from 
which output is tobe fetched. When inpue is in Octal code, 
use of ehe 146 eo differeneiaee beeween Memory II and Mem­
ory III locations is ineffective. Rather,ehe value ofbie 18 
in the L-register when an Eneer code is sensed controls 
F ADAC' s interpretaeion of the seor<.ge locaeion. When 
this bit equals 0, the starting location is interpreted as 
in Memory I or II. When bit 18 of L equals 1, the stor­
age location is interpreted as in Memory III. 

For all other Parallel 1/0, it is recommended that 
the following procedure be adopted: 

1. Program all Parallel I/O Commands into Mem· 
ory l. 

2. Code the NI of all Parallel I/O Commands into 
Memory l. 

3. Program a zero to L before setting up ehe start­
ing loca tion in L. 

4. If the memory control flip-flop is set to interpret 
all 100 channels as in Memory II and the starting store 
(for READ) or fetch (for WRITE) location is in Memory 
III, code the following sequence of instmctions. 
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a. TRA (to a Memory I lo ), 146 XX . 

b. Set L to the starting Memory III location. 

c. Code the desired Read or Write Command with 
an NI in Memory 1. 

Exomple. 

Control is in Memory II. Read External Device, 9 
words, in BCD code, storing the input into location 
306.10 through 306.2 and return to 104.27. 

Lo Op-Code Operand NI Explanation 

102.21 ZEL 0 102.22 0 L 

102.22 TRA 72.23 146.0 , Set FF for Memory III 

72.23 CLA 40.24 
' 

72.24 

40.24 OCT (0000003061 0) Starling Lo Address 

72.24 CLA* A L "'Ü000003061 0 

72.25 RED* 10 72.26 Read 9 words 

72.26 TRA 104.27 146.0 Return control to 
Memory 11 

104.27 

If the memory control flip-flop is set to interpret 
all 100 channels as in Memory III, and the starting store 
or fetch Iocation is in Memory II, precise!y'' the same 
sequence of instructions should be coded. 
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Example. 

Con trol i s in Memory III. Write to an Exteroal 
Device, 18 words in Alpha 5 code, starting at location 
105.44, and retum to 310.27. 

Lo Op·Code Operand NI Explanation 

304.21 ZEL 0 304.22 0 L 

304,22 TRA 42.23 146.0 Set FF for Memory II 

42.23 CLA 50.24 54.24 

50.24 OCT (0000001 0544) Starling Lo Addr. 

54.24 CLA* A 54.25 L = 00000010544 

54.25 WE5* 21 54.26 Write 18 wo<ds 

54.26 TRA 31 0.27 146.0 Return controi to 
Memory III 

If this procedure is used, the <langer of loss of 
control of the setting of the Memory control flip-flop 
during I/O is eliminated. 
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CHAPTER 4 

FADAC OPERATING PROCEDURES 

4.1 CONTROL PANEL 

Functional Description. 

The compucer control panel is shown pictorially in 
Figure 4.1. Primarily, the control panel is divided into 
five basic functional areas as follows: 

1. Controls and Indicators 

2. Keyboard Input Device 

3. Mechanical Tape Reader 

4. Matrix Input Device 

5. Nixie Display Panel 

The following is a summary of ehe functions of ehe 
operacing controls and indicators of F ADAC. 

PWR ON, PWR OFF Switch. 

When flicked upward, this switch accuates ehe 
power control circuits in ehe computer, energizing in 
the proper sequence the power supplies, blowers, and 
memory. When pulled down, the computer i s de-energi zed. 

PWR READY (lndicotor). 

This neon indicator lights after a delay (approx­
imately 20 seconds) suitable for insuring ehe memory 
is fully operational. The light remains in its ON con­
dicion until ehe computer power is turned off. When ehe 
computer is placed in a Marginal Test Condition, ehe 
indicator blinks until normal operation mode is restored. 
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Transient (lndicatar}. 

Normally ON, this neon indicator blinks when a 
line voltage transient has occurred, or when the input 
voltage exceeds high or low tolerances. If the blinking 
cannot be reset with the RESET button, the input volt­
age is approaching either a low or high voltage kickout 
condition. 

Temp. (lndicator). 

Normally ON, this neon indicator blinks when the 
internal temperature of the machine is approaching 
marginal operation. The computer may usually be used, 
however, until temperature kick out actually occurs. Any 
system application of the computer must insure that 
the control panel and computer filters are access able 
for cleaning, and are provided with unimpeded air flow. 
Additionally, a cut-out switch is provided on the rear 
of the computer to de-energize one of the internal 
blowers for cold temperature operation. This feature is 
also used as a maintenance tool to determine if proper 
blower action is present when a temperature warning 
occurs. 

Parity (lndicator}. 

Normally ON, this neon indicator blinks when a 
parity error is detected, either when reading from memory 
or in reading from an input device in Fieldata or other 
parity-sensitive code. To clear the blinking, press the 
RESET button. If this does not correct the condition, 
turn FADAC OFF, then ON again, and proceed as 
desired. 

Error (lndicator}. 

Normally ON, this neon indicator blinks when an 
overflow error has occurred in computation or when an 
error is sensed with the computer in the VERIFY mode. 
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No Solution (lndicotor}. 

Normally ON, this indicator blinks when a No 
Solution Light(NSL)Command has been executed. lt will 
continue to blink until one of the Discreet 1/0 Commands 
(DOF, ODl, OD2, OD3, IDl, ID2, or ID3) is sensed. 
The indicator may be programmed to blink to indicate 
an insoluble problem, or that an incorrect procedure 
has been employed. 

Compute (lndicator}. 

Normally OFF, this neon indicator lights during 
the periods when the computer is in a computing state. 
lt may also be tumed ON and OFF under program con· 
trol with execueion of an lnieiaee Compute Mode (ICM) 
or Halt Compute Mode (HCM) inseruction. Thus, ehe 
the light can be kepe off while the computer is in a 
compute mode. This funceion is usually reserved for 
periods when the computer is either self·testing the 
memory ariehmetic loop registers, or scanning the 
discrete inpuc/output lines for evidence of an input 
from (or oueput eo) an external device. 

In/out (lndicator}. 

Normally OFF, this neon indicator lights when 
information is being transferred to or from an extemal 
device. lt is automatically controlled by the execution 
of any computer READ or Write Command. 

Keyboard (lndicator), 

Normally OFF, this neon indicator lights when 
the computer calls for information from the keyboard. 
The light is automatically conerolled by ehe execution 
of a READ KEYBOARD command. 

Time Meter. 

A running time meter is provided on the control panel 
to show total elapsed operation time of the computer. 
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Marginal Test (Switch). 

While not a physical parc of the control panel, a 
fi ve position switch is provided on ehe left side of 
ehe computer main frame. Normally OFF, this switch 
provides four different combinations of marginal volt­
age. When ehe switch is placed in any of ehe marginal 
test positions, ehe PWR READY indicator will flicker. 

Reset (Switch ). 

This switch, when momentarily depressed, resets 
ehe computer co ehe program or manual Halt mode from 
ehe Compute or Input/Output modes. lt is used when 
a parity or overflow error has occurred; or eo reset ehe 
Temperacure Warning or Transient ·neon indicators when 
ehe se are blinking. 

Input Matrix. 

The matrix consist of 64 windows arranged in an 
8 x 8 array. The buttons used eo select a specific input 
windows, corresponding to an assigned input parameter, 
are located on ehe left-hand column {lettered A through 
H) and on ehe bottom row (numbered 1 through 8). Selec­
cion of a given window sets binary information into bit 
positions 25 chrough 30 of ehe A-reidster, when a DIA 
command is execuced (see Section 2.2.6). In addition 
co ehe 8 x 8 matrix there are several auxiliary buttons 
on ehe Matrix panel as described below: 

a. Five buttons on the right hand bank (lettered A 
through E) which sec binary information into bic posi­
cions 19 through 23 of the A-register when a DIA com­
mand is executed. These buttons are wired directly eo 
the Battery cube of the Nixie display. 

b. Two switches on the right hand bank (numbered 
1 and 2) which set binary information into bit position 
24 of ehe A-register when a DIA command is executed. 
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Mechan i ca 1 Tape Reader. 

The mechanical tape reader is used for entering 
data into F ADAC. The input code may he either a 5 leve 1 
teletype code or an 8 level Fieldata codc. Starting or 
stopping of the tape reader may be internal under pro­
gram control, or external by depressing the proper 
sequence of buttons. Tue running speed of the tape 
reader is approximately 10 characters per second. 

Keyboard. 

Tue computer keyboard is used for manual input 
of information. lt contains key s for the digits 0 through 
9, one key each for + and -, and three control keys 
(Clear, „ and Enter). 

Control Buttons. 

If the computer has been set into the program Halt 
state via the program, or by activation of the RESET 
switch, the control buttons may be used to reinitate 
computation. The buttons serve primarily as a hardware 
"bootstrap" to initiate execution of a program. 

Nixie Display. 

The nixie display is a programmed visual display. 
Information to be displayed must first be converted 
into Binary Code Decimal characters and stored properly 
in the 2 word D-loop. The display consists of 17 nixie 
tubes and 16 neon lamps used for decimal point display. 
Figure 4.2 is a diagram showing the relationship be­
tween the Nixie Lights and the D-register. (The Nixie 
tu bes are numbered in the illustration to facili rate dis­
cussion). As shown, Nixie tubes 1 through 9 display 
the contents of the 32 bit positions in D.l; tubes 9 
through 15 display the 28 most significant bit positions 
in D.O. Tubes 16a and 16b are both connected to the 
four least significant bit positions of D.O (bits 28-31). 
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If these bit pos1uons contain a digit (BCD O to 9), 
tube 16b {the CHARGE nixie) will be activated. If they 
contain a sign (BCD 12 or 13), tube 16a {the SIGN 
nixie) will activate. A sign coded in any position other 
than the four least significant bits of D.O will be 
interpreted as a blank. Therefore, care must be taken 
to properly position a sign which is to be displayed. 
(See Appendix C for a list of BCD codes.) The Nixie 
tube labelled BATTERY is not part of the D-loop. 
Rather, it is wired directly to the auxiliary buttons 
labelled A through E, on the right-hand side of the 
Matrix panel. Note that no nixie display will occur 
unless one of the Battery buttons is depressed. 

4.2 FADAC FIELD TABLE 

The Field Table conrains the computer power 
supply, which must be · connected to a 3-phase, 400 HZ 
120/208 volt source. The Field Table has 5 plugs 
labelled J-1 through J-5. J-5 is connected to the source 
voltage. J-1 through J-4 are identical, and are used for 
any peripheral equipment (such as the SDR or Tele­
typewriter) which requires the same souice voltage. 
A cable, P-11, which is permanently fixed to the bot­
tom of the Field Table behind J-4, is connected to J-11 
on F ADAC to energize the computer. 

4.3 SIGNAL DATA REPRODUCER (SDR) 

The Signal Data Reproducer (SDR) is the primary 
input device used with F ADAC. lt is a high-speed, 
photoelectric reader which operates at approximately 
600 characters per second. Data i.nput to the SDR may be 
5 level Teletype, or 8 level Fieldata code. Figure 
4.3 is a photograph of the SDR which shows the tape 
cannister, read head, operation controls, indicators, 
and SDR output plugs. To connect the SDR to FADAC, 
SDR • PA is connected to one of the power supply 
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plugs (J-1 through J-4) on the Field Table. 

The following is a description of the SDR controls 
and indicators: 

Tape Advonce On/Off. 

Normally OFF, this switch is thrown to ON to 
cause the tape to mechanically advance to any desired 
position. No reading occurs while this switch is in the 
ON position. 

Fieldota/Teletype. 

The position of this switch determines whether 
information input to FADAC is interpreted as Fieldata 
or Teletype Code. 

Fi 11/Verify Switch. 

The position of this switch is immaterial, since it 
has no effect in eitherposition. The switch was designed 
to control the input and verification of a continuous 
tape, in which the ends of the tape have been spliced 
together to form an endless loop. 

Start F ADAC. 

This button is depressed to initiate Octal input to 
F ADAC under external control. (Note that BCD or Alpha­
numeric input is only possible under program control.) 

Compute Run/Holt. 

This switch is thrown into the HALT position 
when input is under external control; and into the RUN 
position when FADAC is under program control. 

Auxi 1 iary Memory Switch. 

With this switch in the OFF posmon, all FADAC 
write heads are energized, i.e., all memory is HOT. With 
the switch in the ON position, only the write heads 
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associated with HOT memory, as determined by the 
position of the HOT-Channel Select Switch, are en­
ergized. (See Section 4.5.) 

Stop. 

This button is depressed to manually stop the SDR 
tape. 

Signal On-Off. 

This switch is thrown to the ON pos1uon to en­
ergize the light source in the SDR Read head. 

Power On/Off. 

This switch is thrown to the ON position to en­
ergize the SDR. 

Fill/Verify lndicators. 

These neon bulbs are normally off. The appropriate 
one will light and remain on while information is input 
in the Fill or Verify mode. 

Open/Close Handle. 

This handle is OPEN to allow positioning of a 
paper tape; and in CLOSE position to lock the tape 
in place. 

Figure 4.4 is a block diagram of a typical F ADAC 
system, which illustrates how an input device (here 
the SDR), an output device, FADAC, and the Field 
Table are interconnected. 

4.4 INPUT 

General. 

In most applications, paper tape is used to input 
information to F ADAC. Either of two paper tape codes 
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may be used, 8-level Fieldata or 5-level Teletype code. 
When FADAC is under program control these input codes 
are interpreted and stored as Octal, BCD, Alpha-5 or 
Alpha-6, depending on the Read command sensed. Any in­
put device which will generate Teletype or Fieldata paper 
tape codes may be used, whether or not paper tape is 
in fact the input vehicle. However, when F ADAC is 
under external control, information can enter the com· 
puter in Octal format only. 

Octal Input. 

Recall that during octal input, control is with the 
input device, not with the computer itself. Therefore, 
in addition to the octal digit!> 0 through 7, F ADAC will 
recognize seven special control characters. These 
characters are never stored in computer memory; rather 
each has a specific function. The blank, which can 
only be generated by a sprocket hole with no punches 
on paper tape, is ignored. (Paper tape codes for Octal, 
BCD digits and occal control characters are listed in 
Appendix C.) 

4.4.1 OCTAL CONTROL CHARACTERS 

Ha lt Code (8). 

When this code is sensed, F ADAC and the input 
device will halt. The 1/0 indicator light on the com· 
puter panel will turn off. lf input is via the keyboard, 
the Keyboard Indicator light will also turn off. 

Compute Code (9) 

When this code is sensed, the Compute Indicator 
on the control panel will light, and computation will 
begin at the location specified by the 14 least signifi· 
cant bits in the L-register. (Note the L·register must be 
filled with the address of the first instruction eo be 
executed prior to transmission of the Compute code. ) 
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If the SDR is connected, computation will not start 
until the RUN/HALT switch is thrown into the RUN 
position. 

Fill Code (RIGHT/UP/ADD/+). 

This code may be used to put FADAC back into 
the FILL mode after it has been placed in the VERIFY 
mode. 

Verify Code (LEFT /DROP/DOWN/-). 

The VERIFY code causes the computer to compare 
the information following the VERIFY code with the 
information already stored in memory. If the data being 

1 • ·· not the same as that in memory, F ADAC 
• •„:tf and the input device and the ERROR 

indicau_ .. i1ash. 

Location Code (.). 

This code causes the 14 least significant bits in 
the A-register to be transferred to the L-register, thus 
setting up the initial location where the information 
following is to be stored, or where computation or 
verification is to start. Following a LOCATION code, 
each FADAC-Octal word entered into or verified by 
the computer c auses the location in the L-register to 
be increased by one. This code can be given anywhere 
in a sequence of input data. The contents of the A­
register are not changed by this control code. 

Clear Code (CLEAR). 

This code is ignored by F ADAC during octal input. 

Enter Code (ENTER). 

This code will cause the contents of the A-register 
to be stored in the location specified by the 14 least 
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significant bits in the L-register, after which the con­
tents of L will be incremented by one. The contents of 
A remain unchanged. 

Blank Cade. 

This code 1s ignored on octal input. 

4.4.2 PREPARATION OF PAPER TAPES 

FADAC paper tape is black, unoiled photo-electric 
tape, fan-folded into 8-1/2 inch folds. For teletype code, 
the tape is 11/16 inch wide; for Fieldata, one inch 
wide. Characters are punched 10 per inch. Any paper 
tape punch device may be used which will generate 
the paper tape codes listed in Appendix C and Appendix 
D. Note that the DELETE code (all ones) is used to 
cover a tape code which is punched in error on a pro­
gram tape. 

Octal Format. 

All octal tapes should begin with a leader of approx­
imately 2 folds of sprocket holes (17"), followed by a 
VERIFY code (-), followed by one fold of sprocket holes. 
The first data punched should be a 5-digit FADAC ad­
dress, followed by a Location code (.), followed by an 11 
digit FADAC-octal word, followed by an Enter Code. 
(Note: On the Friden and Soroban paper tape pu!;\ch units 
the Enter Code is represented by the Carriage Return.) To 
shorten the length of a program tape, all information to be 
stored sequentially should be punched sequentially. This 
will eliminate the need to punch a 5-digit address for 
each entry. Each non-sequential entry MUST be preceded 
by the desired address followed by a Location code. 
The tape should end with a Halt code (8). If desired, 
however, the Halt code may be omitted and a 5-digit 
address, followed by the Location code, followed by 
the Compute code (9), may be the last punches on a 
tape. (If this latter method is used, computation will 
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begin at the last location address specified, as soon 
as the .SDR RUN/HALT switch is thrown into the RUN 
position). A leader of approximately two folds should 
follow the last character punched. 

Non-Octal Tapes. 

As stated, codes other than Octal are input under 
program control. The Read Command given will cause 
F ADAC hardware to interpret and store the specified 
blocks of data in the desired format, beginning at the 
address specified in the L-register. The block size 
and type must be specified in all non-Octal Read Com­
mands. 

Tape Preparation - Non-Octal. 

Non-octal tapes to be read into FADAC under pro­
gram control are punched as an endless string of char­
acters with no control characters, as such. Codes for 
alphanumeric input (Read Alpha-5 or Read Alpha-6) 
are listed in Appendix D, BCD in Appendix C. 

Caution. 

The SDR does not stop on a character. Rather 
approximately three spaces are lost each time an SDR 
srop is executed either manually or under program con­
trol. Therefore, if a tape is to be input via this device, 
it is essential that a space of at least 5 sprocket hole s 
be left between each segment of information to be input 
by each Read External Device command. 

4.5 PREPARATION OF THE FADAC SYSTEM 

HOT Channel Select Switch. 

This switch, located behind the Keyboard panel, 
1s normally set for Hot 12 Channels. To change this 
setting, remove the 8 screws which fit the keyboard to 
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the control panel. The Hot Channel Select switch is 
marked for 16 channels (left hand position), 4 channels 
(middle position), and 12 channels (right hand position), 
and may be manually set to the desired position. 

SDR Settings. 

With the SDR connected to FADAC, SDR controls 
are set as follows: 

POWER· ON 

SIGNAL· ON 

TAPE ADVANCE ·OFF 

FD/TT • Set for input code desired. 

FILL/VERIFY • Setting immaterial. 

AUXILIARY MEMORY • OFF 

COMPUTE RUN/HALT 

Halt position for input under external control. In 
RUN position for all FADAC operations under program 
control. 

4.5. l STARTING THE SYSTEM 

Turn on all peripheral equipment first. 

Throw FADAC power switch to ON. 

Do not perform any F ADAC operations until the 
Power Ready indicator is on. This will occur approx· 
imately 20 seconds after power is set ON. 

4.6. INPUT THROUGH EXTERNAL CONTROL 
(INPUT IN OCTAL) 

4.6. l PAPER TAPE (SDR) 

4-17 



T o Insert Tape. 

Check Settings of ehe FD/TT switch and ehe Cape 
guides ac ehe SDR read head. To adjust ehe tape guides, 
turn screw head at each tape guide clockwise as far 
as possible to increase size for 8 level tape, and counter­
clockwJ.se to deco:eas~ size for 5 level ta,e>e. P0sition 
ehe OPEN/CLOSE handle to o~EN. P~ac.e tape through 
ehe tape guide slit located on ehe left side of the tape 
cartridge holder, and through ehe tape guides at the 
read head. The sprocket holes of ehe tape being between 
ehe 3rd and 4th levels of same, the tape should be 
positioned such chat space for ehe lst three levels is 
toward ehe inside wall of ehe SDR, Set the OPEN/CLOSE 
handle to CLOSE. (Check ehe cape guide setcings by 
running a dummy tape through ehe SDR, as an improper 
setting may destroy a tape.) 

Operation. 

Press RESET. 

Check setting of SDR con trol s, (Section 4. 5.) 
Throw RUN/HALT switch to HALT. 

Press RESET button on F ADAC concrol panel, and 
START Button on SDR. The FILL indicator on ehe 
SDR and 1/0 indicator on FAD AC will light, and re­
main lit throughout ehe tape input operation. 

CAUTION. 

Be sure ehe tape is positioned such that ehe Verify 
code is to ehe right of ehe read head. 

To Yerify. 

Reposition ehe tape such that ehe VERIFY code is 
to ehe left of ehe read head. Press RESET on F ADAC, 
and ST ART on ehe SDR. The SDR VERIFY indicator 
and 1/0 indicator on F ADAC will light. If an error is 
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sensed, the ERROR indicator on FADAC will blink, and 
input will stop. Repeat tape input procedure described 
above and re-verify. 

4.6.2 PAPER TAPE (MECHANICAL READER) 

To Insert Tape. 

Raise the clamp armature on the right hand side 
of the reader (Figure 4.5). The sprocket holes of the 
tape being between the 3rd and 4th levels of same, 
position' the tape such that the space for the first three 
levels is toward the computer. Insure that all information 
to be input is to the left of the read head. PI ace the 
tape under the read head, engage the tape sprocket 
holes with the reader sprockets, and close the armature 
clamp. Turn the sprocket knob on the upper right side 
of the reader a few times to insure correct engagement. 
If the tape does not move freely, verify that the sprocket 
holes have made proper contact with the reader sprocket 
and that the tape is properly threaded between the read 
and the sprocket (Figure 4.5). 

Operation. 

Press RESET. Check setting of SDR controls. 
(See Section 4.5.) Throw RUN/HALT switch to HALT. 

Press RESET and RECALL on F ADAC, and ST ART 
on the SDR. The FIL L indicator on the SDR and the 
1/0 indicator on F ADAC will light, and remain lit 
throughout the tape input operation. 

CAUTION. 

Be sure the tape is positioned such that the VERIFY 
code is to the right of the read head. 

To Verify. 

Press RESET. Reposition the tape such that the 
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Figure 4.5. Mechanical Reader 
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VERIFY code is to the left of the read head. Press 
RESET and RECALL on F ADAC and ST ART on the 
SDR. The VERIFY indicator on the MLU and the 1/0 
indicator on F ADAC will light. lf an error is sensed, 
the ERROR indicator on FADAC will blink, and input 
will stop. Repeat the tape input procedure described 
above and re-verify. 

Keyboard Input. 

Check setting of SDR controls. (See Section 4.5.) 
Throw RUN/HALT switch to HALT. 

Press RESET and RECEIVE(or RESET and TRIG) 
on FADAC, and START on the SDR. The KEYBOARD 
and I/O indicators on F ADAC and -the FILL indicator 
on the SDR will light and remain on as long as F ADAC 
remains in the Keyboard Input mode. 

Type the 5-octal digit address to which the first 
entry is to be sent, followed by a LOCATION code ( .), 
followed by the 11 octal digit word to be stored, fol­
lowed by the ENTER code (ENTER key). lf entries are 
tobe senc to sequential locations, only the first assigned 
location followed by the LOCA TION code mu st be 
typed. All subsequent entries may be 11 octal digits 
followed by the ENTER key. Each non-sequential entry 
MUST be preceded by the 5-digit assigned location 
followed by the LOCA TION CODE. 

Example: 

Line 1 

Line 2 

Line 3 

Line 4 

Line 5 

10125.10126250326E 

10126.30127010327E 

10127.10130511326E 

10130.14600150126E 

30126.000003 72000E 

Since the entries in lines 1 through 4 are sequential, 
only the first location field, 10125, must be typed. The 
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contents of the L-register are automatically incrcmented 
by one each time an enter code (E) is senscd. To break 
the sequence, a new location field followed by a loca­
tion code is entered, as in line 5 (30126). Note that 
this location in Memory III is identified by a 1 in bit 
position 18 of the L-register as follows: 

---
17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 Bit 

Position 
--1 

0 1 1 0 0 0 0 0 1 0 1 0 1 1 0 Binary 

l L-Register 3 0 1 2 6 Octal 

The format of the typed entries shown in the Example is 
preci sely the same as that used to punch an octal paper 
tapc. 

To Verify Keyboard Entries. 

Press LEFT DROP key on thc keyboard and re­
type all entries to be verified. If an error is detected, 
the ERROR indicator will blink. Re-enter the data, as 
described above and re··verify. 

4.7 INPUT THROUGH PROGRAM CONTROL 

{Note: Input may be in BCD, Alpha-5 or Alpha-6 format) 

With the SDR Connected, 

Check settings on thc SDR. (See Section 4.5.) 
RUN/HALT switch must be in thc RUN position. Check 
all peripheral equipment connections. 

lf Via SDR or Mechanical Reader. 

Position tape properly in the input de vice and 
initiate computation. Tape will be input automatically 
when any Read command is sensed. The FILL indicator 
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on the SDR and I/O indicator on F ADAC will light, 
alld remaill oll until the specified block size is elltered. 

lf Via Keyboard. 

Initiate computation. The Keyboard alld I/O in­
dicators oll F ADAC will light, alld F ADAC will halt 
to await a keyboard elltry when ally Read Keyboard 
commalld is sensed. 

To lnitiate Computation. 

With tbe SDR (or SDR Simulator) Settings as 
specified in Section 4. 5, the SDR RUN/HALT switch 
in the run position, and all peripheral equipment con­
nected and operational, press the FADAC control but­
ton which is programmed to initiate computation. 
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APPENDIX A 

Powcrs of Two Table 

211 N 2~N 

l 0 1.0 
2 l 0.5 
4 2 0.25 
8 3 o.12s 

16 4 9.062 5 
32 5 0,031 23 
64 6 0.015 625 

128 7 0,007 812 .5 

256 8 0.003 905 23 
512 9 0.001 953 125 

l 024 10 0,000 976 S62 5 
2 048 11 0,000 488 281 25 

4 096 12 0.000 244 140 625 
8 192 13 0,000 .122 070 312 5 

16 384 14 0.000 061 035 156 25 
32 768 lS o.ooo 030 517 578 125 

65 536 16 o.ooo 015 258 789 062 s 
131 072 17 o,ooo 007 629 394 531 25 
262 144 18 0.000 003 814 697 265 625 
;24 288 19 0.000 001 907 348 632 812 

l 048 576 20 o.ooo 000 953 674 316 406 25 
2 097 151 21 0.000 000 476 837 158 203 125 
4 194 304 22 o.ooo 000 238 418 579 101 562 5 
8 388 608 23 0,00·) 000 119 209 289 550 781 25 

16 777 216 24 0.000 000 059 604 644 775 390 625 
33 554 432 25 0,000 000 029 802 322 387 695 312 5 
67 108 864 26 o.ooo 000 014 901 161 193 847 656 25 

134 217 728 27 0.000 000 007 450 580 596 923 828 125 

268 435 456 28 0.000 000 003 725 290 298 461 914 062 5 
536 870 912 29 o.ooo 000 001. 862 645 149 230 957 031 25 

1 073 741 824 30 o.ooo 000 000 931 322 574 615 478 515 625 
2 147 483 648 31 0,000 000 000 46.5 661 2A7 '07 739 257 812 5 
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APPENDIX B 

OCTA L-DECJJ\!A L 11\TEGER CON\'ERSJOl\ TAß LE 

0000 1 0000 •o lo 
0771 Qj\ l 

{0d<>ll 1 (D„.;,,.„I) 

0 1 2 3 4 5 6 1 l 
----------~"---

0000 0000 0001 0002 000) 0004 0005 0006 0007 
0010 0008 0009 0010 0011 0012 0013 0014 0015 
0020 0016 0017 0018 0019 0020 002J 0-022 0023 
0030 0024 0025 0026 0027 0028 0029 OOJO 0031 1 
or40 0032 ooJJ 0034 OOJ5 0036 0037 OOJ8 O<JJ9 
0050 0040 OOil 0042 0013 OOH 0015 00'46 00'47 1 

0060 0048 00'49 00:>0 0051 0052 0053 OOH 00551 
0070 0056 0057 0056 0059 0060 0061 0062 0063 

0100 0064 0065 0066 0067 0068 0069 0070 0011 
0110 0072 0073 OOH 0075 0076 0077 0078 0079 
012010080 0081 0082 0083 0084 0085 0086 0087. 
0130 0088 0089 0090 0091 0092 0093 0094 0095: 
0140 ';.JO'l6 0097 009!1 0099 0100 0!01 0102 OlOJ 1 

01sol'o101 01os 0106 0101 0108 0109 0110 0111 
0160 0112 Oll) 0111 01!5 0116 0117 O!lB 0119! 
0170 0120 0121 0122 0123 0124 0125 0126 01271 

0200 0128 0129 01~0 0131 0132 0133 0!34 0!351 
0210 0136 0137 0138 0139 0140 0141 0142 0143 
022'0 OIH 0145 0146 0!47 0148 0149 0150 015! 
023010152 0153 0154 0155 0156 0157 0158 0159 
0240' 0!60 016\ 0162 0:6J 016~ 0165 0166 0167 
0250110168 0169 0170 0171 0172 O!?J OJH 0175 
0260 0176 0177 0178 0179 0180 0161 0182 0183 
0270 0184 0185 0186 0187 0188 0189 0190 0191 

~~i6 I ~~6~ ~~6: 6~6~ 6~6; 6~6: 6;6! 6;6: 6;6; 
6~~616;~: 6ii~ 6;:~ 6i:~ 6;;~ 6;;~ 6g~ ~;~~ 
6~~ i 6;;; 6i;~ 6~;: 6~;~ 6i;: 6~;; 6;~~ 6i~~ 
0350 r 0240 0241 0242 OH3 0244 0245 0246 0247 

~~~-~~~~-2__~ _ _!!2_~~ o_2_~J 

0400 0256 0251 0258 0259 G260 0261 0262 02113 
~!O 0264 0265 0266 0267 0268 0269 0270 0211 
042010272 0273 02H 0275 0215 0277 0278 0211> 
0-430 0280 0281 0282 0283 0284 0285 02118 0287 
C>440 0288 0289 0290 0291 0292 0293 0294 0295 
0450' 0296 0297 0298 02~ OJOO 0301 0302 OJOJ 

1 046010304 0305 0306 0307 0308 0309 0310 0311 
10470 0312 OJIJ 0314 0315 0316 0317 0318 03UI 

1

0500 0320 0321 0322 0323 0324 0325 0326 0327 
0510 10328 0329 0330 OJ)l 0332 0333 0334 OJJS I 
0520 ,QJJ6 0337 0338 0339 0340 0341 0342 0343 

1

0'>30 ~0344 OHS 0346 0347 0348 OH!I 0350 OJ'.>I 
0540 0352 03SJ 03H OJSS 0356 0357 OJ58 0359 

! ~~~~ ~ ~;~~ ~~:~ 6;~~ 6~~i ~;~; ~;~~ 6;~~ 1 

i OS70; OP6 0317 OJ78 0379 OJBO 0382 0383 i 
i ~!~6 1 ~;~~ ~;:; ~;~: ~;!~ ~;~: ~~J;~ ~;:~ ~;:! ! 
1 0620 0400 0401 0402 0403 0404 040) 0406 0407 1 
10630 Oiü~ L\409 04JO rJ41: 0412 04!J 0414 041S 1 

1 ~:~~' ~:~~ 6:~~ 6:~: ~:~~ 6:;~ ~:~~ ~:;~ ~:;~ 1 
101)60 0432 0433 0434 04JS 0436 0437 0438 .~39 
I 0670 OHO 0441 OH2 0443 0444 0445 0446 0447 

1

. 0700 ! OH8 0449 04'>0 0451 04S2 0453 0454 0455 
0710 ! 0456 0457 0458 0459 0460 0461 0462 0463 

1

0720' 0464 0465 0466 0467 0468 0469 0470 0471 
O?JO 0472 0473 04?4 0475 0476 0477 0478 ~79 
07401 0480 0481 0482 0463 0484 04d~ 0486 0487 

1

07SO 10488 0489 0490 0491 0492 0493 0494 0"9J 

l ~-~~~~.?-~ -~~~-;?~ ~~.~~ -~~~~--~~~! __ ~ll_~Jmj 
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OCTAL-DEC!MAL INTEGER CONVEESION T.>;BLE (Cont'd) 

1000 1 0'12 
lo to 

1111 101J 
(Oc•al) (D•ui,..ol) 

-----~-----------, 

0 1 2 3 4 5 6 7 1 

-----------------~ 

1000 0512 0513 051o4. 0'.>iS 0'.>l6 0'117 O'i!8 05191 
1010 0'>20 0521 0522 0523 0'124 0'.>25 0'126 05271 
1020 0528 0'.:>29 0530 0531 0532 OS3J 0'.>34 053'1 
1030 0536 OSJi 053!1 0539 0'140 0'.>41 0042 05431 
10401 OH4 0545 0546 OH? 0548 054° 0550 0551 
1050 0552 0553 0'.>54 OS'>S 0556 05S7 05'.!8 05)9 
l060 0560 U561 0562 0563 OS64 0~5 0566 0~67 i 
1070 0568 0569 0570 OSi l 0572 0573 OSH 05751 
110011 os76 osn 0578 0579 0580 0581 M82 0583 
1110 O'.>B4 0585 0585 0~87 0588 0&89 0590 0591 
1120 {1592 0593 0594 0595 0596 0597 0598 0599 
11301 0600 060l 0602 0603 0604 0605 0606 0607 1 
1140 10608 0609 0610 0611 0&17 0613 0614 06151 
l\So/0~16 06\7 'J618 0619 0620 0621 0622 062Ji 

: :~~ 16~;~ ~:;~ ~~;: 6~;~ ~:;: ~:;~ 6:;~ 6:~~ i 

1

12001. 0640 0641 0642 0643 06H o~~) O!i45 Ol'in 1 •. 
1210[0648 0649 0650 065! 06SJ 0654 06S5! 

: ~;616~~! ~~~~ ~~~~ 6~~~ 066 
\ ~~~~ 1 

1240106?2 0673 06"14 061'.> 0679; 

125010680 068 l 0682 0683 06B7 
l \ 260 0688 0689 0690 0611 l 0694 C6951 

1270 0696 0691 Ol.i98 06911 0702 07031 

1300 ! 010~ 010~ 0105 0101 010~ o~o~ 0·„10 •)71~1 
131010712 07\3 07\ii 071~ 0718 0117 0718 07191· 
1320 0120 0721 0722 01Z3 0724 OlB 0726 01'1:7 

:~~616~;: 6~;~ 6~~~ 6~;~ ~~~~ ~;~; ~~~; 6~~; 
1350 1 0144 0145 OHb OH1 0748 OH9 0150 0751 
1Jcoj 0152 07'.>J 01":>4 O'lss 01ss 01s1 01sa 01s9 1 
1370 0160 0?51 0752 0153 0764 016) 0166 01~ 
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0172 0713 0774 077'.> 
0780 0781 0782 0783 
0788 07BQ 0190 0791 
0196 0797 01'18 0799 
OllM OB05 0806 0801 
0812 0813 0814 081'.> 
0620 OB2 \ 0821 082 l 
0828 0829 0830 0831 

0838 oan 0939 0939 
0844 OB4S 0846 08471 
08S2 085J 01:154 0855 
0~60 0861 0862 0883 

OB13 OBH ~:~: ~:~~ ~:~~ ~:~~! 
~:~~ ~~:~ ~~:~ ~:~~ 6~:~ ~::~ 6::~1 

0ij9B 8899 0900 0901 0902 0903 
0906 090? 0908 0909 0910 0911 
09\4 091 s r'l9l6 091 l 0918 0919 
0922 0923 0924 092S 0926 0921 
O':tJO 0931 0932 0933 0934 09lS 
O<;iJB 09J9 0940 0941 0942 OHJ 
09~6 0941 0948 0949 0950 09S I 
09~~ r;~~S O'IS!I 0957 0956 OllSll 

. «:·. :;,~J,; :;:..'_:; :n62 L'%J G~6~ O>i1'5 096e 09!17 
17l0 jo968 0969 0970 0911 0912 0973 09H 0975 
1120 10918 0977 0978 091g 0980 0981 0982 098l 
1730

1
0984 09BS 0988 0987 0968 0989 0990 0991 

IHO 0992 0993 0994 0995 0998 0997 0998 0999 
1750 1000 1001 1002 1003 1004 1005 1006 1001 
!780 1008 1009 1010 lOl 1 1012 1013 1014 1015 
1710ilOl~~O~lO_~ !022 1023 



OCJ,\L-DECI:-.L·\ L I'.'TECE;Il CON':EESIU'.' L\R LE (Cor:t'ci) 

200011024 l02S 1026 1027 1029 1030 
2010 1 1037. 1033 1035 !OJ6 1037 1038 
2020' 1040 1041 lOH l04J !OH 1045 1045 

~~;~ i :~: :~~~ :~~~ :~~! :~~~ :~~~ :~~; 
2050 i 1064 1065 1067 1068 1069 1070 
2060 i 1072 1073 IOH 1075 1076 1077 1076 
207? '11080 1081 10112 1083 1084 1085 1086 

2' JO 1088 !U89 1090 1091 !093 1094 
211011096 1097 1098 1099 1100 1101 1102 
2120 1104 1105 1106 l 107 1108 1109 ] 110 
ZJJOi1112 1113 1114 1115 1118 1117 1118 
2140: 1120 1121 1122 1123 llH 1125 1126 
2!5C/l126 1129 1130 1131 1132 1133 llH 
2lß0 l J 136 l I 37 1138 1] J9 ll40 1141 ] 142 
2170 l 1144 1145 ] 146 lt47 1148 1149 1 !50 

~;~ ! ::~~ 
2220 1 !ES 
223') J 176 
2240 i l 184 
2250 1 l !9Z 
2260 ] 200 
2270 1206 

!153 1154 1155 11511 1157 1158 
1161 1162 1Hi3 ll64 l!65 !166 
1169 ! !70 1171 1172 117) ! J 74 
Jl77 1178 lli9 1180 1161 1182 
1!05 1168 1167 1188 118._ 1190 
119J llH ll9S 1198 1197 1198 
1201 1202 1203 1204 1205 1208 

1210 1211 1212 121 J 1214 

1000 

10;1-1 

10.191 
1047 I 
J05S 1 
1063 
1071 
1079' 
1087 i 
1095 1 

11031 

1111'1 
1119 
1127 

: : ~; 1 

1J5li 

11591 
1157 
1175. 
1183 
IJ9ii 
llf/9[ 
12071 
12151 

101, 

~---1 2 J __ 4 ~s ___ ~- -~-j 
2400 1 l 280 128 1 1282 1283 1284 l 28~ 1285 12871 

;:~~I :;:: :;:~ :~;~ ~i!! :;~~ :;~~ :;;~ :;~~I 
;::~i :;f; :;i~ :;i: :;i~ :;i: :;i; :;:~ :;:~1 

1
2450 :. 1320 ! 321 l 322 1323 l 32<4 l J2S ! 326 1 321 i 

,;:~~: :;;: :;;~ :;;~ :;;! :;:~ :;:: :;~~ :~~;1 

il~~::I:;:; :;;; :;:: „„ :;:: :;:~ :;:: :;::! 
;;;~1· :;:~ :;:! :~~~ :~~~ :;~~ :;~~ :;~: :;~~i 

1 2~40 1 J?S 1 377 J 378 l 319 1380 1381 ! 382 1JBJ1 

'l 2~so. 1~~4 1 Je:. 1 Js0 1 387 1 JBA 1 1s9 1 J9o 1 391 !I 

2550 11 J92 1393 ] 394 l 39~ 1 J97 l 398 139'i 
2510l l400 1401 1402 1403 1405 1408 1407 

)2soo 1 1408 HO'l HlO 1H1 1H1 14!4 1Hs
1 

i261oi 141s 1417 1418 1419 14zo 1421 1422 1u3I 
1262011424 1425 !425 1427 l428 1429 1430 143l 
26301102 1433 1434 1435 1436 1437 J-436 109, 

i2S40 JHO lHI 1442 1444 1445 1446 1447 
2550 IH8 lH9 !450 1451 1452 l45J 1454 1455 

1

266011456 1457 l45A 1459 !450 l 4ßl 1462 1463 
2670 1464 !465 1166 1461 1468 1469 1471 

2rno! 1412 1473 1474 1.t1s 1475 14;a 1419 
)271C 1 1'4AO JH1 !482 1483 L4B4 1'8~ !~86 1487 

i~H~i :~~! :;H :H: :~~~ i~~~ 1i~! :~~~ iiH 
1
2750 !512 ISIJ 1~14 1515 !515 1511 15!8 !519 
2760 1520 ] 521 ! 522 1523 !524 1525 1526 1521 

i2770 15~~~~~~0~~~-5~2-~~__I~ 
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OCTAL-DECIMAL ll"TEGER C00:\"ERS!ü0: TABLE (Cont d) 

3~) 1::6 
3777 1 2047 

•Oct•I) !Dtci"'•ll 

3000 UJI 1531 ISJI 1539 1540 1541 1542 !SO 
3010 U44 U4S 15"8 IS41 1548 1549 1550 1551 
~~1m1m1m1m1m1m1rn1~ 
3030 1510 Ull 1582 1583 U64 1565 1568 158'1 
3040 1561 1561 U"IO 1511 1512 IS'Jl 1574 un 
3050 15'6 U'n 1511 IS'rl 1'!180 1511 1582. 1583 
3060 Ul4 ISIS 1581 U8'1 UB8 1589 1590 1591 
~ro1m1~1m1m1m1~1m1~ 

310011600 1801 1802 1103 1504 1505 1608 1601 
3110 l&OI 1809 lelD Ulli 11112 1813 1114 181!1 
3120 1818 161'1 11111 1119 1620 1621 1622 11123 
n~1~1rn1rn1m1rn1rn1~1rn 
3140 1832 J63l 1634 UIJS 16J8 163'1 1838 1839 

31501' 1640 1641 11542 1643 1644 1645 1648 1641 
3160 1618 1649 1650 1651 1651 UISJ 16$4 1&55 
nro1~1m1~1~1rn1~ 1m1~ 

3200 \$64 1&65 1666 1661 1668 1669 1610 1611 
3210 16'12 1613 1674 16'15 1618 1677 1878 1619 
322011680 1681 1682 1683 1684 1685 1686 1681 
3230 1688 1689 1690 1691 1692 1693 1694 1695 
3240 1696 1697 1698 Hi99 1'100 1101 1702 1703 
3250 1704 1705 1105 1101 1108 1109 1110 1111 

!~;~~ ! :~~~ :~~: :~~; !~ii :~i: :~~~ :~i: :~i~ 
1 moo j1128 1729 1730 1131 

1

13310 11Jti J"IJ7 1738 1739 

~~;g!:~~; :~~; :~:: :~:~ 
1JJ4(! .i1to 17151 nu 11&J 
pJ~:l: [i{,fl 1759 1710 1711 
JJ61): 1116 1717 17'/8 1779 
3370 1184 1185 118& 171'1' 
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1132 1133 
1140 1141 
11~8 1149 
1B6 1751 
1764 116'!1 
11'/'Z 1 ~jJ 
1180 1181 
1188 1189 

11J4 113'!1 
1142 1143 
1150 1151 
1158 17S9 
11M 
\1H 
1'1'12 
1190 

~-1-~~~~~~~~-'---~ 
3400 1792 1193 1794 1195 111111 11111 11118 11119 
3410 1800 1801 1802 1803 11104 1805 1808 1807 
3420 1808 1809 1810 1811 1812 11113 11114 1815 
3430 1818 1811 1818 1819 1820 1821 1822 1823 
~~1rn1rn1m1rn1m1rn1~1ru 
~~~n1~1rn1m1rn1rn1rn1rn 
3480 1840 1841 1842 1843 1844 184!!1 1848 1841 
3410 1848 1849 !UO 1851 1852 1853 1854 1855 

3500 1858 1851 1858 1859 1880 1851 1882 18'3 
3510 1864. 1855 1888 1861 18118 1889 1810 18'1'1 
3520 1812 1813 1874 18n 1815 1877 u19 11111 
J530 1880 1881 1882 1883 1884 1885 18118 188'1' 
™••~•m1~1rn1m1m1m1m 
3550 1898 1897 18118 IBtt 1900 1901 1902 1903 
3560 1904 11105 11108 11101 lllG8 1909 1910 1911 
3570 1912 lllll 1914 1915 1918 1911 UllB 1919 

3800 1920 1921 1922 llU 11124 Hl25 192& 1127 
l610 1928 1929 Hl30 1931 19l2 193J 1934 1135 
3620 19l5 lll'I' 1138 11139 Hl40 1941 1942 19'43 
J630 1944 1945 1946 1941 19411 1949 1950 1951 
~w1ru1m1rn1m1~~n~~1m 
J650 1960 1961 1962 190 1964 1965 1988 1951 
J660 11968 1969 1910 1911 1912 1913 1914 1915 
351011916 11177 1978 1919 1980 1981 1982 1983 

3700 1984 1915 1985 1981 1918 1919 1990 1991 
3710 1992 1993 1994 1995 1996 1997 1998 1999 
3120 2000 2001 2002 2003 2004 2005 2008 2001 

~~~~I ~~: ~~~ ~g:~ ~~!; !~~~ ~g~~ ;~~; ~~~ 
175~1; 2024 2on 2021 2027 20211 ;:021 2LJO :t\J31 
J160 2i>32 2033 2034 2035 2031 2031 20311 2039 

nH™'™'™'™'™'™'™'ro~ 



OCTA L-DECI!\!A L INTECElZ Cü!\\'EHSIO!\ T.;f\ L.E (Cont'd) 

21(16 21()1 

:'IH 211'. 2116 2117 

2122 2173 21H 21 2'i 
2 1 29 21Jr. 21JI 21-12 21JJ 
21]7 2!38 213" 
214} 2146 ?In 2H9 
21JJ 21)4 21)) 2157 
21f11 2!62 2 1 6 ~ 21114 2161 
2169 2170 2171 2172 2173 

21"'7 2179 2180 2181 
218'. 21 86 2181 2188 

2 1 ~ J 7J'l4 219'. 2196 219-

2201 2202 2203 2204 2205 
22r,g 2210 2211 2213 
2217 2219 2221 

2226 22?7 22;iq 

223.1 2234 ?2J'i 2237 

•000 1 )0.S 

on 2551' 
IÜ"c'• Ü« """I 

,1 
20':;1 ~~OJ~· 230; 2306 IJO? 2308--IJ0~:0--2~11 

HlO 2112 23!) 2314 ZJJS 2)16 <!3!7 2318 2319 
4420 2320 2321 2322 2323 2324 2J25 2326 2327 

[HJO 2328 2329 2330 2331 2332 2JJJ 2]H 2335 
IH4üj23J6 2337 2338 2339 2340 2341 2H2 2HJ 

1

4450 2344 2345 23Hi 2347 2348 2349 2JSO 2J5l 
H60~ 2352 2J53 2354 2355 2356 2JS7 2358 2359 
44;n 2J6o 2361 2362 2363 2364 2365 2J66 2367 

1 4'i:~l'l 23G8 2369 2370 2371 2372 2373 2374 2375 
4)10 2J?6 2J17 2378 2379 2380 2381 2382 2383 
4~2(1 2 Jf\4 2 38) 2386 2387 2J88 2389 2390 239 LI 

4 s w 2 J92 n:n 2394 2395 2 J96 2 391 2 398 2399

1 

4'o40 2rno 2i01 H02 2103 2404 2405 2406 2407 
,4~~(l 240~ .2409 2410 2411 2412 24\J 2414 2415 

1

4'160 24!6 2417 2418 2419 2420 2421 2422 2423 
"~'7G 2424 2425 2426 242? 2428 2429 2430 2431 

1 

:-~;6 ~:~~ ;:~: ~:;~ ~:~~ ~:~! ~:~~ ~:~: ~:~~ 1 

!4670 2448 2H9 24SO 2451 2452 2453 2454 24551 
2460 2461 2462 2463 
2468 2469 2470 2471 

2474 24iS 2476 24?7 247R 2479 
24~2 2'48 J 2184 2485 2486 24871 
2490 24'.ll 24q2 2493 2494 H951 
2498 24~9 2~00 2501 2'102 25031 
2YJC 2508 2509 

2'IO '"'i 2'.>16 2] 1 7 2518 2519 
2524 252~ 2526 2527 

2',JI 2532 2J]J 2~34 2535 
2',]q 2'140 2'.>41 2)42 2541 

2'J4~ 2~48 2549 2'i50 2S5l 
{'•':) 21'.6 2'.JS7 2S~6 25591 
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UC rJ\ L- llF:Cl~L~ L ]:-;"] E(;f:R CCJ:-;\-ERSION TAllLE: (Cont'd) 

]~60 

2669 
2sr: 
2h8~ 2686 

259\) 25~ 1 2f92 2693 2694 259'.t 
2f,9M 2r,g~ 2 , '~' 1) 2'iOl 2'03 
r,,„ 2,:)7 21(18 2709 27\(' 
2'14 2'1" '2'11 r1R 2'19 
2 ~ 2 2 ? ~; 3 2724 272'J 2'2& 2 "1 27 

r1: 2 ~] 2 rJJ 
2'J', 2>•1J 2741 2i•2 2'0 
2~C 2H8 2149 27)0 21)[ 

27)] 21 'l4 27)~ 2755 2i'l1 2758 21)9 

21G2 216) 2754 2•5~ 2765 2151 
i;n 21"1] 

2817 2Bl8 2Sl9 2820 28?1 2822 2823 
2H2S 2827 282~ zq2g 2BJO 2831 
2RlJ 28lJ 28Jfi HJl 2838 2839 
: R~ 1 2 B 4) 284 4 2 R ', ', 2R 4 6 : 841 
2849 2H'.:.\ 28)2 281) 2R]4 28'.J) 
28'>7 2BS9 281j0 286\ 2e6Z 2863 

2861 2868 2869 2610 2e11 
B73 2Rl4 'lil7S 2616 2817 2BH 2819 

288! 288) 2884 2BBS 2886 2881 
2889 289! 2892 2B93 7894 289~ 

2891 2899 2900 2901 2902 2903 
29~S 29C6 2907 2908 2909 2910 

~:: ! 1 29\J 2914 291 s 2916 29l7 2918 
2921 2922 2923 2924 292') 2928 29H 
2929 2930 29)! 2912 2933 2934 293S 

2938 2939 2HO 2941 2942 2943 

2'HS 2946 2941 2'H8 2949 29'!0 
29~ J 29'>4 29SS 29S6 29~7 29SB 29S9 

2961 2:162 2963 2'i64 nes 2965 2961 

2'<69 29(0 2'l'lt 29i2 291) 2974 291~ 

2~P 29iS 2979 2q111 2902 2911] 

298) 2J8i 29nB 2989 2990 2991 
299) 299& 299'1 2990 2999 

3Nl2 J~i)J )00\ J006 3007 

)010 3011 ]012 JOll )014 JOl5 

JOli 3018 3019 3020 3021 3022 Jon 
302) 3026 3021 3G29 JOJO lOll 

JGJJ Jol• JCJS JOJ6 1031 JOJe lOl9 

3041 )(112 Jno 3144 304~ )0<7 

J!)-49 JO'>O )()~ 1 10~2 30'1) )0)4 

30'.i'l 30)8 )[>)9 30(0 JCfil 3063 

)06) JJ&6 305' )('58 J011 



OCTAL-DECIJ\.!AL I!'iTECEE CüN\.ERSIOI\ T;\BLE (Cont'd) 

~ ! J~:l 
6177 1 HU 

(Oclol) (O•c"""I) 

0 1 ' ' • ' • 7 

1000 3012 3013 3014 307~ 307& 30'11 3078 3079 
1010 3NIO 30E1 308:t 3063 3084 3085 308tl 3().87 

6020 3081 3089 3090 3091 3092 30\ll 3094 30'95 
6030 3098 3091 3ml6 3099 3100 3101 3102 3103 .„. 310< 3105 3106 3107 3108 3109 Jl\O 3111 
8050 Hl2 3113 3114 3115 3118 31\l 3118 3119 
6080 3120 3121 3122 3123 3124 3125 31:8 3127 
6070 j 3128 31211 3130 3131 3132 3133 3134 3135 

1 

::~ 1 ~~!: ~:!~ ~:!: ~:!~ 
3140 JIH 3142 3143 
3148 3149 3150 3151! 

::i~I~!~~ ~:~: ~:~~ ~:~~ 315& 3157 3158 3159 
3164 3165 3166 31611 

114013169 3169 3170 3171 3172 31"13 3114 3115 

""("" 317' 3176 3179 

3180 3161 3162 31831 
6160 3184 3165 3186 3187 3108 3169 

~::~ ~: !!1 11170 3192 3193 3194 319'.'i 3198 3197 

t!200 3200 3201 3202 3203 320< 321)5 3'2.06 3207 
U\O 3206 3209 3210 3211 3212 3'2.13 32\.\ 32!S 1 
s22o:n1e 3217 32U 3219 3220 3221 JZ22 3223 

1

52301.3224 3225 3225 3227 3228 3229 3230 3231! 

:;~~ i ;;~~ ~;;: ;;~~ ~;!; ~;;: ~;;~ ~;;: ;;;~ ! 
8250 i 3248 3249 3250 3251 32..'.>2 3253 3254 32551 
627013256 3257 3258 3259 3250 J251 3262 32831 

530013264 :12115 J2oe :mn 3268 J2ern 321c n.H 

1
11310 Inn 32'73 3274 nB 3216 3211 3278 3219 
11320 13280 3281 32()2 3283 3284 3205 l2!l6 3281 

15330;3288 3289 32:JO 32111 3:Z'J2 3293 32114 3295 

~HO !3296 32~1 3296 3299 3300 3301 3302 3303 
350 i 3304 330~ 3306 3307 3303 3309 3310 3311 

6350 3ll2 3l\J 3314 3315 3315 3317 ll!B 33HI 
5~3~-~~21_}322__ 3;123_~~~3~2~32'1 

6400 3328 332g 3330 3331 3332 3333 3334 3335 „ .• , 333& 3331 3338 33311 3340 3341 3342 ~343 
6420 3344 3345 3345 3347 JH8 334\l 3350 3351 
11430 3352 3353 3354 3355 3355 3357 3358 33'..9 
5HOl 3360 3351 3362 3353 3364 J365 J3M 3:f,n 
5450 3358 33&9 3370 3371 3372 33'13 3314 3J1j 1 

11460 3375 3311 1378 3319 3380 33Bt 3382 JJB31 
e41o 3384 3335 3385 JJ81 338B 3389 3390 J391 I 
5500 3392 339, 3394 3395 3396 3397 3398 33991 
6510 3400 3401 3402 3403 3404 340!! 3406 3407' 

1155201 HOB 3409 3410 3411 3412 34 i 3 3414 34151 
115530 34:15 3H7 3418 3419 3420 3421 3422 3423! 
115540[3424 3425 3426 3427 3428 3429 3430 3431' 

1:;~~1 ~:!~ ;:;~ ~:~: ;:;~ j:~: ;:~~ ;::: ;:!~I 
i6570I 3448 3H9 34'">0 3451 3452 3453 34'.J• H55

1 

':~~6 ~:!: ;1~~ ;:~: ;:!~ ;:~~ ~:;~ ~:~~ ;:~~~ 
::;~1 ;:~~ ;:;~ ~:;~ ~:~~ ;:~! ;:~~ ;:;: ~!~~i 
,i~ß40 1 3488 3489 349\\ 3491 3492 )493 349• )495 I 

'::~~ ~ ~~~! j~~~ ~~~: ~~~~ ~~~~ ~;~~ ~;~; ~~~~ 1 

: 6570 f 3512 3'">13 3514 3:015 3516 3Jl 1 35 l 8 3519: 

1
6700! 3520 3~21 3522 3523 3524 3525 3526 35271 
5710. 3528 3529 3530 35 31 3532 3533 3~34 35~5 1 

6120 1 3536 3537 3538 3539 3540 3541 3542 35431 
167301 3544 3545 35415 3541 3548 3549 3550 3551 j 
::~:~I ~;;~ ;~!~ ~~~~ ;;~~ ;;~: ~;~~ ;;!: ;;:.:J1 
15760.'i 35 .. 68 3569 3510 3511 3512 3573 3514 )575 
l~~.:'._OJ.}5~15 _}_?]1 3518 ~~.~ _?~~0~8_!.._!~B-~ 3583 
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OCTA L-DJ-:Cll\L\ L INTF:s:;r:R CO!\: V 1-:RSION TAB LE (Cont'd) 

7~ i 3~:4 

nn j '°'' 
(Oc!al) (O•t•m111) 

O 1 2 3 4 5 B 7 

7000 3584 3585 3586 3587 3588 358!1 3590 3591 
1010 3592 3593 359'6 3595 35915 3597 3506 3509 
'?020 JCOO 3601 3602 3603 3604 3005 3G06 3607 
7030 3008 3609 3610 3811 3812 3013 3614 3615 
7040 3616 3617 31!118 3319 3020 3021 JG22 JC23 
7050 JßH 3625 JC26 3827 3029 3:129 3030 3631 
'TOGO 3832 3633 3634 JGJS 3838 3(]37 3638 JG39 
7070 3840 3641 3842 3343 3644 3645 3846 3647 

1
7100 3~8 3649 3650 3851 3852 3853 3654 3855 
1110 ~as11 Jasi Jass ns11 Joao 3661 3862 3as1 
'rl20 3664 JCOS JC~ll 3067 JaGB JGG9 3870 3871 
7130 3672 3613: JOH 3675 3670 3877 3!178 3679 
7140 3600 3681 3Cß2 3Cl83 JCll4 3!la5 JC811 3687 
71:)0 JOBB JV39 JO'JO 3001 3632 JG93 3894 JG95 
7JG0 3696 JG97 3G98 30911 3700 3701 3702 3703 
1110 3104 J1os 3706 3707 noe 3709 3710 J7U 

7200 3712 3713 3714 37U 3718 3717 3'118 37111 
7210 3720 3721 3722 3723 3724 3725 3728 3727 
7220 3728 37211 3730 3731 3732 3733 3734 3735 
7230 3736 3737 3738 3739 3740 3741 3742 3743 
7HO 3744 3745 37H 3747 3748 3749 3750 3751 
7250 3752 3753 3754 3755 37515 3757 J758 37511 
7260 37eü 3761 J7U 3763 J764 3765 37815 37157 
7270 37158 J761l 3770 3771 3772 3773 3774 3775 

7300 3776 3777 3778 37711 3780 3781 3782 3783 
7JIO 3784 n85 3786 3787 3788 3789 3790 37"1 
7320 37112 37113 3704 37115 31116 3797 37118 3799 
7330 :rnoo 3801 3802 JßOJ 3804 3805 3806 3ao1 
7340 38Cla 380"1 3810 3611 3812 3813 3814 3815 
735;) 3818 3817 3818 3819 3820 3821 3822 3623 
73!10 3824 3825 382!1 3827 3828 3829 3830 3831 
7370 3832 3833 3834 3835 3838 3837 3838 3839 
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0 1 2 3 4 5 e 1 

7400 3840 3841 3842 3843 3844 3845 3846 3847 
7410 3848 3849 3850 3851 3852 3853 3854 3855 
7420 385tl 3857 3658 3859 3660 3861 3662 3883 
7430 3884 3665 3868 3687 3888 3869 38~0 J871 
7440 3872 3873 3874 3875 3878 3877 3878 3879 
7450 3600 3881 3882 3883 3884 3885 3888 3887 
7460 3888 3889 3890 38Pl 3892 3893 3894 3Ml5 
7470 38116 38117 38118 3899 3900 31l01 31rn2 3903 

7500 3904 3905 3906 3907 3908 390Q 3910 3911 
7510 31112 3913 3914 3915 31118 3917 3!H8 391(1 
7520 3020 3921 3922 3923 3914 3925 3926 3927 
7530 3928 3929 3930 3931 3932 3933 3934 31135 
75<10 3938 3g37 3Q38 3939 3940 3941 3942 3g43 
7550 3944 3945 3948 3947 3948 3949 3950 3951 
7580 3952 3953 395• 3955 3958 3957 3958 395g 
7570 3980 3981 3i62 3983 3964 3985 3988 3Hi'1 

7800 3988 398Q 3970 3971 3972 39'13 3974 3975 
1010 3978 397'1 3978 3979 3980 Jg.ar 3982 3983 
7620 3984 3985 3988 3987 3988 3989 3990 JHI 
7630 3992 3993 3994 3995 31198 3997 3998 3999 
7840 4000 4001 4002 4003 4004 4005 4008 4007 
7850 4008 4009 4010 4011 4012 4013 4014 40U 
7660 4018 4017 4018 4019 4020 4021 4022 4023 
7070 4024 4025 402& 4027 402~ 4029 4030 4031 

7700 4032 4033 4034 4035 4036 4037 4038 4039 
7710 4040 4041 4042 4043 4044 <1045 4(}46 4047 
7720 4048 4049 4050 4051 4052 4053 4054 4055 
7730 4058 4057 4058 4059 4060 4081 4ot!2 4083 
1740 4064 40fi5 4088 40tl7 4088 4089 4070 4071 
1750 4072 4013 4074 4075 4078 4077 4078 407Q 
1760 4080 4081 4082 4083 <1084 4085 4088 4087 
7770 4088 4089 4090 4091 40"12 4093 409• 40"15 



APPENDIX C 

:\llil.lEIUC IKPl!T-OUTPl!T CODES 

a. Thc fnllowing codcs arc cmploycd in numcric input-output in the 
BCD a0d Octal modcs: 

Teletype FADAC l\foaning Fieldata 

Meani_~ Octal BCD Binary Meani~ 

Charactcr Tape (;(1dc :-.fodc :-.fode Conversion Tape Codf..! Charactc 
O,P (:;1101 () 0 0000 

001 :~~10 0 
l,Q 11101 l 1 000 l 1011 101 1 
2,W 1 lflOI 2 2 0010 lOlH 10 2 

:1, E 11100 3 3 001 l 

OOHr 
3 

4, R 0 110 4 4 0100 1011 100 4 
5, T ·r 5 5 0101 001 l 101 5 
6,Y H Hll 6 6 0110 0011 110 6 
7, ll 1 wn 7 7 Oll! lOlll 111 7 
8, 1 01 ](](] Halt 8 1000 1011 00 8 
9, () (}( 111 Compute 9 1001 00111po 1 9 

(+) ", z 1(*)01 Fill + 1010 0010~10 + 
-,A ) l~lllO Vcrify - 1011 0010 lll -
'„,1 nT11 Location 1100 1011 u101 
/,X H 111 Clcar Clcar 1101 1101 ~101 X 

Car. Ret 01i110 

'.;;!){)() 
Enkr Entcr 1110 0100~00 Car. Ret 

Blank Blank Blank 1111 0000100 Blank 

b. 1 hc line through the tape code ficld im:licates the position of the 
spro1.:~~t hoks. l,{id{ i!:l not tipplk.1bl' tv 11;·~.1..,'Twtic t;.1pc. 
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APPENDIX D 

ALPHANUMERIC INPUT-OUTPUT CODES 

a. The following pa per tape codes are used in 

alphanumeric input·output: 

b. The line through the tape code field indicates 
the position of the sprocket holes. 

c. The bit pos1uons of the above codes are 
numbered 1 through 8 from right to left. Bit number 8 is 
parity bit; bit number 7 is control bit; bits number 6 
throul(h 1 are information bits. 

------- ---HG1~~~+~~~J_"" ~:' __ ppcr 

111111111111 11111111\lKl(l(l ) 

1 
()l{)fll·i\l\ 

110()1:1()(1 

11(1(1 

!()] 

111 
II 

Cl i(l ]i\:1 H~I 

: ~~;:~!~'\:{~ 

1li1Jl 1 lll 

(J\\1!!:11111 

ll()lli!ill 

1llllL110 
(1\(111!111 

l 
[) 

E 

F 
G 
II 
l 

1 
K 
L 

() 

r 
Q 

" s 

1(11)(11)! 1 l)ll]()(1h•1 

()()\)() \(] 1 1 l1 l l()(l I) \() t 

1
11i(l(Jd11 < 

ilrHl \:HI l l)f) \(lll ltil) 

011111111 1 \\11nnw1 > 
c1nn 11n 11 111 HHl \ ltl 
()O!llll ;11(1\!1(1111 T 
1l1111Hl\l l11()Ji1\:C)()n 

•VllflCll 1!·.l111 Hnll 

F 001010 jwim:ow 
f 001(111 l(l(_llUlpll 

G [){11100 j 101011100 
H 001101 1nn 1Dl.\(l l 

001110 100101ji10 
UOllil 101011\ll StopEE! 

K 0101Hl(l ()01 l(J!l)OO 

(l\11(1(1\ 1 101 l(li(l()J 

1lHlOll1 101\0l(l\{) 

>: r1 HH111 11001wio11 
11wHH1 l 1111 wpoo 
OlUJ1\l liOOllO!HH 

l~ 1Jll\\](1 11()011(11110 
!\ 1\](ll l l 1,1 i(l l l(lil 11 
s f)~ 1(1()() i ](i l l lill(l() 

T n11orn l1lC\l 11,()(ll 

[1] l () 1 () 1 \ ~)(1] l 1111 ln 
(1111111 i/ 111111.01 l 

,' \\',' [l\\]CHJ :.()()]lJll()() 

X 1 tl l 1 l tl \ ~: 1:i1111101 
i) 0111111 l.J•l\\l \Jr) Special u 

l\ll1li1l 

](1(1\\() 

\(1(111\ 

111 Jn()(l 

]11\ll(.) 

101010 
llll011 

101100 

ll) 1101 

1011 Hl 

10 J 111 
110000 
l 10l)(1 l 
\]()()](} 

\]()()]\ 

l J(j 100 
1 5 11(1\(1\ 

l l()J ]\) 
!1(1111 
\]]()()() 

lllliill 

111010 

11101 l 
111\llil 

11\1()\ 

11111() 

111111 'I n:1111 ;Jo,1111111 Back space 
~-~-------'---~---'! -~-------~--
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APPENDIX E 

OPTIMIZATION TABLE 
.--· 

Operation Exeeution 
Optimum Optimum 
Operand Next I 

Code Time 
Seetor* Seetor 

CLA 1 t + 1 t + 1 
CLS 1 t + 1 t + 1 
ADD 1 t + 1 t + 1 
SUB 1 t + 1 t + 1 
MPL 18 t + 1 t+l t+l8 
DIV 18 t + 1 t+l t+l8 

STAl 1 ,_} t+ 1 

STNI 1 t- 1 t+ 1 
STDl * 

1 t - 1 c+ 1 

STLl 1 t - 1 t + 1 
STO } l 0 R&Q t+l R&Q 
STP 3-anything t + 1 t+3 ** 

eise 
LDR 16 t + 1 t+l t+l6 
LDQ 16 t + 1 t+l t+l6 
STR 18 t + 1 c+l t+l8 
TZE 1 t + 1 t + 1 
TPL 1 t + 1 t + 1 
TRA 1 t + 1 t + 1 
TOV 1 t + 1 t + 1 

ARC LLS Variable Variable Variable 
EXT 1 t + 1 t + 1 
ABS 1 N/A t + 1 
RML 1 N/A t + 1 

* r - 1 in main memory; 
** t + 3 in main memory. 

t + 1 in R or Q-Loops. 
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OPTIMIZATION TABLE (Cont'd) 

Operation Exeeution 
Optimum Optimum 
Operand Next 1 

Code Time 
Seetor Seetor 

RMN 1 N/A t + 1 
ZEL 1 N/A t + 1 
EQS Variable Variable Variable 
GES Variable Variable 
HLT 1 N/A t + 1 
HDM 1 N/A t+ 1 
IDM 1 N/A t+ 1 
DIA 1 N/A t+ 1 

DOF NSL 1 N/A t+ 1 
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l.~ 

Multiply 

II. STORE 

Store N 

Store Op Ad 

Store (NI) Prog AU 

Store R loop 

Lo..,J R loop 

Load a loop 

m. ~ 
Tra.nafcr on Pluo 

Tranafer on Zero 

Un<:onditional Tra.n9fer 

Transfer on Overflow 

APPENDIX F 

SUMMARY OF FADAC INSTRUCTION REPERTOIRE 

(Note: M 1:. the Operand Addreu 
[M] indi<:atu Contenh of M) 

Effe<:t of Flag & Notu 

ADD* =(M]-N 

SUB• = (M)- N 

No Flag. (M)- N 

previouo c:ontenh of 
A - L 

= previous contenh of 
A - L 

DIV = rounded CN.olient in A 
Contents of L meaningle•• 

!DIV* = unrounded Quotient in A. 
Remairuler in L 

For both DIV!. DIV• (M]- N 18 

LDQ 

Noflag 

ISTD•=D.i-N 

~:: : ~: ~!! !:: :: ::n: 

No flag 

61) No !lag 

No Ua.g (Note: 
inotruction exists) 

1 
LDR• = R loop filled 
l.DQ (no fla.g) = Q loop filled 
Note: flag determine• whether 

R or Q loop is filled. 
Code 7Z u userl for both. 

Transfer inatru<:lion - N 

1
1 tf Min R or Q 
3 if M lil Main Memory 
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IV. SH!FT t. CYCLE 

A right shift 

A left cycl• 

L<>ngrightcyele 

Longlef!cycle 

V. SPECIAL 

Equal SeHch 

Halt Compute Mod 

1mtoa!e Displ-ay Mode 

Replace A on Minus 

Repidce A on Mmu• 
from"I 

No/lag 

No !la~ 

No fla~ 

No fla~ 

No flag 

'Jo /lag 

When A '" posir.-e 
-~Nnch.>n~~1n 

'O< 
~enA,snegahve 

R M L C"mplemen• of 1 A 
RML• - <>f A, 

No. ot WoTd T;meo for 
E~ecullon -------·----

Bi'" which non„ally d•01gnate rhe channel of the Op Ad an part o( the e>p Cod~ nf ""'"' c, 
Sechono !V. V, and V[. 
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Eflect of Flag &. Notu 

Vl.~ 

No flag 

Noflag 

Outp Oev Steppmg - 1 No flag 

Outp Dev Stepp1ng • l No flag 

Outp Dev Stepprng - ~ Nu!lag 

Inp D~v Stepp1ng 1 No flag 

lnp Dev Stepµrng -l No flag 

lnp DevStepping -3 Nollag 

No Solution L•ght N<>nag 

PARALLl'.:L INPUT/OUTPUT COMMAND SUMMARY 

In all Pa•alle! [/0 commands, a flag ind•c.•tes 'npu! (nut?»tl by WORD, no flag rnrl•~ates "'P"' (output) hy 
CHARACTER. No Op Ad tO allowed rn 1/0 c<>mmanrls. Th~ hit~ wh>ch normally rle~lgnat~ the cha<>nei <>l th~ Op Ad 
ue pa.rt of the 1/0 Op code. lllto which normal!y dH1gnate the sect0< of the Op ,\d ace u•ed 1;;-;i"";",;g;;„,~ the num­
ber of charactero (w<>rd•) tobe 1npu1 (outpu\). leso one. Execuh~me for all !1 0 \S v~roahle. 

Mnernomc Op Code 

Wnte F APAC to t::xt Dev in Oct (TT) 

w.,,„ FADAC to FADAC '-" Oct (TT) 

Wnte FADAC \o E:<t Dev m Ort (FD) 

Wl"ite FADAC to FADAC in Oct (FD) 

Write FADAC to Ext Dev D••c (TT) 

Write f ADAC to Ext Dev De<" (FD) 

Write FADAC to FADAC D~c (FD) 

Output is by w<>rd ~ F!ag req1nred. 

Outputisbyword~. Flagrequire<I. 

Output'" by characte' ~ flac ~~! be om1tted. 

Output .s by character ~ F!ag ~ be omilted. 

Rd Tape Dev rn Oct 

Rd Keyboard m Od 

Rd E:<t Dev in Dec 

Rd Tape Dev lil Der 

Rd Keyhoud in Dec 

Rd Ex\ Dev in n-6 

Rd Tape Dev tn 0-6 

Rd MaR Tape tn '1-6 

Rd KeybC>ard in 0"-6 

Rd F.><t Dev in 0-·5 

Rd Tape Dev in n-5 

Rd Ma.g Tap~ m et-~ 

Rd Keyboard 1~ o.; 
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SUMMARY OF CONTROL BUTTON ADDRESSES SUMMARY OF REGISTER ADDRESSES 

Controi Butt~ 

Sample Matrix 

Test 

Set Up 

Recall 

Send 

Compute 

Trig 

Receive 

TIMING: 

MAXIMUM I/0 RATES: 

~d~ 

000. 00 

000. 01 

000. Ol 

000. 0.3 

000. 04 

000. 05 

000. 06 

000. 07 

J 1 word time = 7B micro-sec 

[ 1 drum revolution = 10 milli-sec 

l 4000 characters/sec in Alpha 6 

3550 cha.racters/sec in Alpha 5 

650 cha.racters/sec in Oct or Dec 

Register ~d~s-

142. (00 to !7) 

Q !">2. (00 to 17) 

D.O !60. 00 

D. l 160. 01 

170. 00 

172. 00 

174. 00 

WORKING STORAGE DESIGNATIONS 

SUMMARY OF MEMORY DES!GNA TIONS 

Memory l Channels 00- 76 

Memory Ir Cha.nnels J00-136 

Memory III Channels ~00-136 
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12 

16 

70- 76 

1 "- 76 
110- ! 16 

130- J 36 

40- 76 


	000
	001
	002
	003
	004
	1-01
	1-02
	1-03
	1-04
	1-05
	1-06
	1-07
	1-08
	1-09
	1-10
	1-11
	1-12
	1-13
	2-01
	2-02
	2-03
	2-04
	2-05
	2-06
	2-07
	2-08
	2-09
	2-10
	2-11
	2-12
	2-13
	2-14
	2-15
	2-16
	2-17
	2-18
	2-19
	2-20
	2-21
	2-22
	2-23
	2-24
	2-25
	2-26
	2-27
	2-28
	2-29
	2-30
	2-31
	2-32
	2-33
	2-34
	2-35
	2-36
	2-37
	2-38
	2-39
	2-40
	2-41
	2-42
	2-43
	2-44
	2-45
	2-46
	2-47
	3-01
	3-02
	3-03
	3-04
	3-05
	3-06
	3-07
	3-08
	3-09
	3-10
	3-11
	3-12
	3-13
	3-14
	3-15
	3-16
	3-17
	3-18
	3-19
	3-20
	3-21
	3-22
	3-23
	3-24
	3-25
	3-26
	3-27
	3-28
	3-29
	3-30
	3-31
	3-32
	3-33
	3-34
	3-35
	3-36
	3-37
	3-38
	4-01
	4-02
	4-03
	4-04
	4-05
	4-06
	4-07
	4-08
	4-09
	4-10
	4-11
	4-12
	4-13
	4-14
	4-15
	4-16
	4-17
	4-18
	4-19
	4-20
	4-21
	4-22
	4-23
	A-01
	B-01
	B-02
	B-03
	B-04
	B-05
	B-06
	B-07
	B-08
	C-01
	D-01
	E-01
	E-02
	F-01
	F-02
	F-03
	F-04



