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BALLISTIC RESEARCH LABORATORIES 

MEMORANDUM REPORT NO. 1379 

LWCampbell/GABeck/bjw 
Aberdeen Proving Ground, Mi. 
November 1961 

THE INSTRUCTION CODE FOR THE BRL 
ELECTRONIC SCIENTIFIC COMPUTER (BRLESC) 

ABSTRACT 

The complete instruction repertoire of the BRL's new Electronic 

Scientific Computer (BRLESC) is given. Some engineering features are 

included. 
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-I. INTRODUCTION 

BRLESC is a large, high speed, electronic computer that is now in 

operation at the Ballistic Research Laboratories. It has a relatively 

simple but very effective instruction repertoire that has been designed 

for ease of programming, speed, and a high performance-to-cost ratio. 

It also has many design features that help to simplify the task of 

writing programs for this machine. Some of these desirable design 

features are: 

1, Three-address instructions. 

2, Sixty-three index registers. 

3, Index registers that are individually addressable as part of the 

main memory, and have simultaneous access with the main memory. 

4. Index registers that modify addresses by addition, not subtraction. 

5, A good set of logical instructions that perform a variety of 

boolean operations. 

6. Simple and fast instructions for doing 11 book keeping11 operations 

concurrently with arithmetic and logical instructions. 

7, An instruction for easy use of subroutines. 

8. Input-output that is concurrent with computing and wit4 other 

input-output devices. 

9, Automatic built-in checks and interlocks on almost all of the 

concurrent operations. 

10. Fast floating point arithmetic, almost as fast as fixed point 

ai-1 Llime Lle. 

Because of these design features and the instruction repertoire, 

y1·ugi·awrue.t•f:l fln<l lL relatively easy to communicate with BHIBSC and it is 

relatively easy to translate from a formula type language into BRLESC 

instructions. 
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II. ARITHMETIC AND LOGICAL UNIT 

Microseconds 
Operation Excluding Access Time Including Access Time 

Fixed point add or substract 

Fixed or floating multiply 

Fixed or floating divide 

Floating add or subtract 

Boolean logic operation 

Indexing and control 

1 

20 

60 

3 

l 

2 

Arithmetic mode 

Timing 

Construction 

Parallel 

Synchronous 

5 

25 

65 

6 

5 

6 

The arithmetic unit is constructed of standard vacuum tube logical 

packages, with tube driven, crystal diode · logical gating. The arithmetic 

unit is constructed of 1,727 vacuum tubes of 4 types, 853 transistors of 

3 types, 46,500 diodes of 2 types and 1,600 pulse transtorm.ers, of l type. 

Logical events are controlled by a five-phase clock, permitting 

decisions at the rate of five million per second. 

III. NUMERICAL SYSTEM 

Internal number system Binary 

Binary digits _per word 68 + 4 par~ty 

Binary digits per instruction 

Instructions per word 

Instructions decoded 

Arithmetic system 

Instruction type 

1 

Fixed and floating point 

Three-address 
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IV. WORD FORMAT 
Inctruction Format 

4 4 6 l4 6 l4 6 l4 

Order type Parameter Index a a-Address Index b t,-Address Index c r-Address 

Fixed Point Number Word Format 

3 l 4 . 
60 

Tag Sign Bits Binary Point Bits 

Floating Point Number Word Format 

3 
Tag 

l 4 . 52 8 

Sign Bits Binary Point Bits Biased Exponent 

Coefficient of l6 

V. FORMULA TRANSLATION 

In order to equip relatively inexperienced programmers as well as 

experienced programmers with an easy, simple, and rapid method for pre­

paring thoir • problems for DTiill£lC solution, a founulc1 L1·w.u;lc1. Loi· hc1.8 ueen 

devised, called FORAST. When FORAST is used it is not necessary to 

understand or use the list of' programming instructions given below, and 

a knowledge of the binary system of notation is not required. A de­

scription of the met.hon will be published in a BRL memorandum report. 
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VI. PROGRAMMING SUMMARY 

BRLESC has 63 one-microsecond cycle-time index registers, 

addressable by the a, b, and c addresses of the instruction words. 

The parameter bits of the instruction word are used to indicate 

variations of the basic order type. 

All three arithmetic registers are 68 bits long. Tag bits enter 

these registers only on the logical instructions and the shift instructions, 

provided it is a cyclic or a logical shift. On arithmetic orders, the tag 

bits are saved in a separate three-bit register and the three extra bits in 

the arithmetic registers are used for checking overflow. 

The three tag bits may be manipulated logically by the programmer. 

The tag bits of an arithmetic result will have a "one" in any position 

that was a "one" i.n any of the operands involved. All 68 bits are used 

in the instructions. 

All numbers use two's complement representations. Thus, fixed point 

numbers and floating point coefficients have the range -16 L. N £.,16. A 

floating point number has a biased exponent. (Bias= 128) Floating point 

numbers are of the form: Coefficient x 16Exponent + Bias. 

When an instruction is performed, an effective address is computed by 

adding the contents of the specified index register to the specified 

memory address. We shall refer to the three effective addresses as A, B, 

and 9, i.e., C = (c) + r where (c) denotes the contents of memory or 

index register c, and r is the address contained in the instruction being 

executed. An index of O means no index (i.e. if a= O; A= a). 

The 63 index 1·eglr:1Ler·r:; are provided in a separate c_ore memory and 

they are also addressable in a,~, or r by addresses 1 to 63. They are 14 

bits long (expandable to 16 bits if needed later) and are used as the 14 

least significant bits when addressed as full words. There is no O index 

memory position. 

Fourteen bit addresses allow direct addressing up to 16,384 words, 

however the present memory capacity is 4,096 words. 

10 



Memory position 0000 is a special register that gets the result of 

each a1·i Llune Lle u1· lugleal instruction. Succeeding instructions may use 

the contents of the ~pecial register whenever a a orb~ is 00000. A store 

address of 00000 will cause the result to be placed only in the special 

register. 

VII. INSTRUCTION LIST 

The parameter bits Pare used on arithmetic instructions to indicate 

possible variations of the basic order type. Call these 4 bits, P64 , 

P63, P62 , P61, then the following variations are indicated by these bits: 

0 

1 

Symbolic Par. 

F 

X 

A or+ 

V 

Do floating point arithmetic 

Do fixed point arithmetic. 

Do not accumulate in C 

Accumulate in C (i.e. Add result to (C) 

before storing in C). 

Use algebraic value of operands 

Use absolute value of operands. (Could be 

/R/ + /A/ - /B/ + /c/-1(c)). 

11 



0 

1 

1 

Sexa. O. T. 

2 

3 
4 

5 
6 

7 

8 

N 

N . 

u 

R 

If floating point, assume normalized 

operands and produce normalized reoult. 

If fixed point, ignore previous contents 

of R register. 

If floating point, do unnormalized 

significant digit arithmetic. 

If fixed point, use contents of R 

.t·egli:;Le.t', 

(Adds {R) to (A) and then does operation 

except on multiply and divide.) 

Arithmetic Instructions 

Symbolic O. T. Name Brief Description 

A or + Add (A) I (B) ➔ (C) 

Sor - Subs tract (A) - (B) ➔ (C) 

Mor* Multiply (A) X (B)'-7 (C) 

D or/ Divide (A)-;-(B) ➔ (c) 

C or C- Compare If (A) <_(B) and P62 = 0 

or C+ or if (A)> (B) and P62 = 1 

next instruction = ( C) 

SQ or SQ RT Square V!(A)/ ➔ (c) 

Root 

SH Shift (A) shifted by shift code 

B ➔ ( C ) ' ( See Shift Code • ) 
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9 TP 

K B 

s CB 

N CNB or CN 

J PMA 

Logical Instructions 

Transplant 

Boolean 

Compare Boolean 

Compare Boolean 

for Not Zero 

Polynomial 

Multiply 

13 

AND (c)]➔ (C) where subscript 

s indicates that the word has 

been cyclic shifted left 4P 

( P = Paramet_er) bi ts and (B) 

is digitwise complement of (B). 
"AND" is a logical bit-by-bit 

product. The tag and sign bits 

of all words are involved in 

the logical operations but are . 

not included in the cyclic shif~ 

path. Note that this instruction 

allows bits in (C) to be replaced 

".7it.h bit.A t.ak~n from (A) that 

are in positions where (B) 

contains a 1. 

Generate the boolean function of 

(A) and (B) as specified by P and 

store it in C. (See Boolean 

Function Table) 

If the boolean function of (A) 

and (B) as specified by Pis 

zero, next instruction= (c). 

If the boolean function of (A) 

and (B) as specified by .I:' is not 

zero, next instruction= (c). 

(A) x ( B ) + ( C ) -, ( 000) (must 

use accumulate bit P62 = 1.) 



L IT 

Special Interpret Instruction 

Interpret Save the address of this 

i1rn Lrue Llun in index register 

1 and take next instruction 

= ( 64) dee. ( 040) sexa_. 

Indexing and Control Instructions 

Basic Order Type= 0 or l; Pis used as part of Ord~r Type. 

Sexa. o. T. Symbolic O. T. 

00 HALT 

01 SET or SI 

02 INC or II 

03 . LP or LOOP 

14 

Name 

Halt 

Set 

Index 

Increase 

Index 

Loop 

Halt machine (except for input­

output trunks), then if 

initiated, next instrud,ion 

= ( C). 

a ➔ (a); 13 ➔ (b); y "-7 ( c). 

Sets up to three index 

registers from a, 13, y. 

A ➔ (a); B ~ (b); C ➔ '(c). · 

Increase up to three Index 

registers by increments 

written in a, 13, y. Negative 

increments may be used by 

using 2 1s complement increments. 

(As long as the memory address 

does not exceed 14 bits). 

a + 1 ➔ (a) if a /= O. 

Then if a + l ..CB, restore 

instruction with a+ l➔ a and 

take next instruction= (C). 

But if a+ l~ B, restore 

instruction with a= 0 and go 

on to next sequential 

instruction, 



04 

05 

06 

07 

08 

09 

OK 

OS 

ON 

OJ 

J or JUMP 

JS 

J+ 

J-

CARD 

TAPE 

DRUM 

FLEX 

IO 

SIJ 01· SETJ 

IIJ or INC J 

EA 

JA 

JC 

Jump 

Jump to 

Next instruction= (c). 

8ave address of this 

Subroutine instruction in index 1 and 

do jump to ( C ) . 

Jump if + Jump to (C) if (A) > 0. 

(See Concurrent Operation.) 

Jump if -

Input­

Olltput 

Jump to (C-) if (A) <. 0. 

(See Concurrent Operation.) 

Transfer B words into or out 

of consecutive memory 

positions starting at A. cy 

specifies tYl)e of transfer 

etc. (See page 22) 

Llet Index a ➔ ( o.); f3 ➔ (b) o.nd jump to 

and Jump (c). 

Increase A ➔ (a); B 7 (b ) and jump to 

Index and ( C ) . 

Jump 

Compute A ➔b and C 713 where 13 must 

F.ffA~tivA l:'lP i.nc'lP1e mAmnry Fl.c'lc'lrP-RR. 

Addresses 

Jump if Jump to (c) if rightmost 6 

Alphabetic bits of (A) are same as 

Character rightmost 6 bits of 13; 

Jum.p if 13 contains a code which 

Condition determines which overflow or 

other conditions are to be 

tested. If any tested condition 

is on, it is turned off and 

jum.p to (C) is done. 
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OF 

OL 

i3 

IN 

lJ 

NOP 

now 

LPI or LOOP I 

JNA 

No operation Proceed to next instruction. 

Manual Read Read contents of G8 switches 

Loop on 

Index 

Jump if Not 

Alphabetic 

character 

on console and store that word 

in B memory positions beginning 

at A. Then jump to (c). 

Same as 03 Loop order except A 

{instead of a) is compared with 

Band the instruction is never 

restored. {The count is kept 

only in index register a.) 

Jump to (c) if rightmost 6 bits 

of {A) are not equal to right- . 

most 6 bits of~-

JNC Jump if Not Condition Same as Jump if condition {OJ) 

except it jumps when none of 

the conditions tested are 11 on11
• 

There are three more jump instructions which are being considered for 

future use with ''permanent" storage of 11built-in11 subroutines. It is planned 

that subroutines will be stored in a non-erasable bank of memory whose 

addressing scheme is such that reference to most of the main memory as well 

as reference to itself within 256 word sections can be ~ade by such 

"built-in" subroutines. 

14 . JB 

15 JSB 

19 

Jump to "Built-in" 

Instruction 

Jump to "Built- in" 

Subroutine 

Set Index and Jump 

to main memory 

16 

Jump to (C) where C is address 

within "permanent" memory. 

Same as 05 instruction except 

C is address within "permanent" 

memory. 

Same as 09 instruction except 

next instruction ·is always from 

main memory. 



Additional Comments on Parameter Bits and Arithmetic Instructions 

A. Rounding 

All floating point instructions give rounded results except compare . 

Shift will round or not, depending on P31 in the shift code. 

Fixed point multiply and divide are rounded only if P64 = 0. 

If P64 = 1 on fixed point multiply, as exact double length product is 

obtained and the least significant part is left in the R register. The 

bits to the right of the point in Rare the least significant part of the 

product. The four bits in front of the point are a duplication of the 

last 4 bits of (C) and the sign bits (there are 4 "sign" bits in all 

registers of the arithmetic unit) are all set to the sign bit of the most 

significant part. 

If P64 = 1 on Fixed Point divide, the bits to the right of the point 

in R (left there by previous order) are used as the least significant bits 

of the dividend. (The sign of R is ignored). Also the quotient is not 

rounded and the remainder is left in the R register. 

B. Overflow and Underflow 

For normalized Floating Point divide, the divi:=rnr mm,t. he R norma1ized 

non-zero number. If it isn't, the divide by zero overflow is turned on and 

the dividend coefficient x 16127 is stored as the result. A very large 

number is stored as the result of any Floating Point order that causes 

exponent overflow. (Exp. = 127.) Zero is stored anytime exponent under­

flow occurs. (Exp. = -128.) 

Rxoept for Fixed Point divide, numbers that recult when Fl1wcl rulnL 

overflow occurs will have the proper sign and answer (mod 16) if the 

result is~ -128 and "-.128. A left shift will always give proper sign 

and answer (mod 16). 
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Whenever any type of ove~flow occurs, a flip-flop is turned "on" and 

is turned off only when tested by "Jump if condition" or "Jump if not 

condition" orders. There will be optional manual switches that will 

cause the computer to stop at the instruction that caused the overflow. 

C. Tag Bits 

All three arithmetic registers are 68 bits. Tag bits enter these 

regist,ers only on the logical instructions and the shift instruction if 

it is cyclic or is a logical shift (PJJ = 1 in shift code). On arithmetic 

orders, the tag bits are saved in a separate three bit register and the 

three extra bits in the arithmetic registers are used for checking over­

flow. Thus the range of numbers in the arithmetic unit is -128~ N <128. 

D. Unnormalized Significant Digit Floating Point Arithmetic 

Add and subtract are performed same as for normalized arithmetic 

except the result :i.s newir shifted left at the end of the operation. 

Before multiply is done, the coefficient that has the largest absolute · 

value is normalized. The result is normalized left a maximum of one 

sexadecimal place. Thus the result has approximately the same number of 

significant digits as the operand that had the smaller number of signifi­

cant digits. It does tend to retain an average of about two more bits 

than it should however. 

Before divide is done, u(.rl,h uper8.nds are normalized but the number 

of divide steps performed is reduced accordingly so that the result has 

approximately the same number of significant digits as the operand that 

had the smaller number of significant digits. 

Before square root is done., the operand is normalized and the number 

of steps is reduced accordingly so that the result has about the same 

significance as the operand. 

On floating point shift instructions, the unnormalized bit (P64 = 1) 

has a somewhat different meaning. It means do a floating point type 

shift of the a.mount specified in the shift code, even if bits get shifted 

off scale, 
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E. Shift Code 

B digits 

0 

1 

0 

1 

0 

1 

0 

1 

0 

1 

0 

1 

Symbolic 

Lor+ 

R or -

z 

C 

R 

T 

B 

Magnitude N of shift where 

0 ~ N L_ 127. N = no. of sexadecimal digits 

to shift on floating point. N =no.of bits 

to shift on fixed point. 

Left Shift 

Right shif t 

normal 

Clear rightmost 8 bits of word to O before 

it is shifted. 

Non-Cyclic 

Uyclic (Assume .P
31 

= P
34 

= 0 arnl P
33 

- 1) 

No rounding 

( -60 -52 Round Add 2 , or 2 for floating point, 

if last bit shifted off scale to right was 1) 

Do not include sign and tag bits in shift 

path. 

Include sign and tags _ in shift path. 

Number Shift; Spread sign on right shift. -

check overflow on left shift - Save and 

reset tag bits as 0n arithmetic instructions 

(Assume P
32 

= 0) 

Boolean (logical) Shift; Put tag bits in 

register - insert 0 1s when shif t is non­

cyclic - no check for overflow 
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0 

l D 

normal 

Doubl e l ength shift; Shift both (A) and 

(R). On fixed point, shift between A1_4 
and R

57
_60 . On floating point shift 

between A
9
_
12 

and R
57

_60 . 

Additional comments on floating point shift order: 

Floating point shift assumes P
30 

= P
32 

= P
33 

= 0. (Always shifts 

non-cyclic number.) Para.meter bit P64 has special meaning on floating 

point shift. If P64 = 0 on a left shift, the n1,llllber is never shifted off 

scale. Shifting stops if the number becomes normalized. If P64 = l, the 

shift is done exactly as specified and digits of the coefficient may be 

shifted off of either end. Only the coefficient is shifted on a floating 

point shift and the exponent is adjusted so that the value of the number 

will not change. (Except when the shift is one that causes digits to be 

lost.) An absolute value left· shift of magnitude O and with P64 = 0 will 

cause a right one shift if the original coefficient was -16. 

Boolean Function Table for Boolean, Compare Boolean, 

and Compare Boolean for not Zero Instructions 

Let {A)= x and (B) = y and x be digitwise complement of x. All 

W<Jl'UJ:! a1·e 60 bi ts • 

Let xy signify the logical "and" operation on x and y, (bit by bit 

product) and x + y signify the logical inclusive "or" operation on x and y. 

Para.meter Value Function Para.meter Value Function 

0 0 8 X y 

l X y 9. X y + X y 

2 x .y K y 

-3 X s X +y 
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4 x y N X 

5 y J X + y 

6 X y +xy F X + y 

7 X +y L 1 

Function 6 gives 0 if and only if (A) = (B) and is "exclusive or". 

Function 8 is logical "and" and F is inclusive "or" . 

Function 0 is fastest way to clear a memory position. 

~nput-Output· Equipment 

1. A 1402 IBM Card Reader-Punch Unit that can read 800 cards per 

minute and punch 250 cards per minute. 

2. Six magnetic tape handlers that have a transfer rate of 

approximately 120,000 six-bit characters per second. A one-inch tape 

that has sixteen channels is used so that it is possible to have two six­

bit characters per row. The block length is variable. There are two tape 

"trunks" that can simultaneously transfer information between the memory 

and two tape handlers. 

3. A flexowriter that can be used for printing short error and 

operator messages. Tt prints ten characters a second. 

4. Peripheral Equipment. There is a single off-line unit that is 

cap~ble of transferring alphanumerical six bit characters from (a) cards 

to tape (b) .tape to high speed printer (1200 lines per minute) (c) tape 

to cards (d) cards to high speed printer (e) tape to tape and (f) paper 

tape (8 channel) to magnetic tape. 

5. Future plans include the addition of five magnetic drums as 

sopn as poooible. Each drum will have a total of three channels and a 

capacity of at least 6,144 words. The transfer rate will be about 8 

microseconds per word with an average access time of about 12 milliseconds 

for the first word. 
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cy for Input-Output Orders 

:i;,et cy (no'L ludexul>le) - c
5 
l\ e

3 
c2 c1 where each ci ii:; uue 

sexadecimal digit. · 

c
1 

sexadecimal Symbolic 

0 

1 

2 

3 

4 

5 

6 

7 

8 

9 

K 

s 

N 

J 

PUNCH 68 

READ 68 

W - uA or 

WlO - uA 

R - uA 

or R10 - uA 

w.:. uB 

or w10 - uB 

R - uB 

or R10 - uB 

DW 

DR 

PUNCH 80 

READ 80 

Card punch 68 columns. (One word per row). 

Card rPRd 68 columna. (Ona word per row). 

Write on ma~netic tape 60 bits per word 

using trunk A. (Uses rightmost 60 bits of 

word. ) ( u is tape unit number) 

Read from magnetic tape 60 bits per word 

using trunk A. 

Write on magnetic tape 60 bits per word 

using trunk B. 

Read from magnetic tape 60 bits per word 

using trunk B. 

Write on drum. 

Read from drum. 

Card punch 80 colums. (Two word::; per row, 

68 + rightmost 12 bits of second word.) 

Card read 80 colums. (Two words per row). 

Write on magnetic tape 72 bits per word 

( 6.8 + 4 po.ri ty bi ts) U:Sing trunk A. 

Read from magnetic tape 72 bits per word 

using trunk A. 

Write on m~gnetic tape 72 bits ·per word 

using trunk B. 

Read from magnetic tape 72 bits per word 

using trunk B. 

22 
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c2 sexadecimal 

c3 sexadecimal 

Tape 

Tape reading: 

0 

1 

2 

3 

4 

5 

6 

7 

8 

K 

Writing: 

0 

1 

R or R10 

or R12 

RN 

MF 

MB 

UNW 

REW 

or 

or 

REWI 

MFMB 

MFMF 

PR 

PW 

RNlO 

RN12 

Number of tape unit (1-15) for tape orders. 

(Unit O is the flexowriter). 

Drum channel for drum orders. 

(Apply to tape orders only.) 

Read a maximum of one block even if it contains 

fewer than B words. 

Read as many blocks as are required to transfer 

B words to memory. 

NOTE: When reading, tape always moves to 
the end of the block if the count Breaches 
0 in the middle of a block. 

Move tape forward B blocks. 

Move tape backward B blocks. 

Unwind tape forward. (Move to end of tape.) 

Rewind tape backward. (Move to beginning 

of tape.) 

Rewind and interlock tape unit. 

Move -Lo file mark backward. 

Move to file mark forward 

Prepare to read beginning of tape. 

Prepare to write and write "file mark" at 

the beginning of a tape. 

Write a block. 
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2 

3 

4 

5 

WFMR 

BW 

GAP 

WFM 

Write "file mark" and prepare to read. 

Move backward one block or one file mark 

and prepare to write. 

Erase about 6.5 inches of tape. (forward 

direction). 

Write "file Mark". 

Notes concerning tape operation: 

Tape reading and writing can only be done when the unit is in the 

proper state. The unit must be in a "reading" state before any operation 

that does not write or erase information on tape may be done. The unit 

must be in a "writing" state before any operation of writing or erasing 

is done. A "Prepare to read (PR)" instruct.ion must be done at the 

beginning of a tape that is going to be read. This positions the tape 

between the initial file mark and the firs'L block of information. A 

"Prepare to write (PW)" instruction must be done at the beginning of a 

tape that is going to be written and this also writes a file mark on the 

tape. To switch from reading to writing at any other position of the tape, 

the "move backward one block or one file mark and prepare to write (BW)" 

order must be used. 

To switch from writing to reading, the order "write file mark and 

prepare to read (WFMR.) 11 must be used. 

File marks are ignored by the tape "read" and "move B blocks" · 

instructions. 

Drum reading: 

8 

Drum writing: 

8 

Clear B memory positions starting at A. 

(Does not wait for drum access.) 

Clear specified drum positions on the drum. 
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.Magnetic 

(.!4 = 0 

c.!4 = 1 

Tape: 

p 

Drum address within the channel at which 

to begin transferring words. Each channel 

will have at least 2,048 words and transfer 

can only be started at every 16th word on 

the drum . 

Machine will halt at parity error. 

Machine will not halt at parity error. 

b f3 (non-indexable) Bi ts for "Jump if condition" 

and "Jump if not condition" Instructions 

If a bit in b f3 is a 1, that condition is tested and if "on" is turned 

"off". Bit r
33 

hao n opecinl meaning; if it is 1 the result of the last 

u.rithmetic instruction is inc1uded in the test. It may uuL lJe lneluded if 

r
33 

= 0. (See Concurrent Operation.) If r
33

; 1 and all other test bits 

are zero, then only the previous arithmetic order is tested for any 

possd.ble error condition. This test however does not turn the error "off". 

The check of input-output conditions is always made at the time the test 

instruction is given which is not necessarily after the input-output 

instruction is finished. (See Concurrent Operation.) 

Sexadecimal bit Condition to test when bit= 1. 

2 Magnetic tape trunk B busy? 

l Magnetic tape trunk A busy? 

8 Card Punch busy? 

4 Card Reader busy? 

2 Drum busy? 
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1 

8 

4 

2 

1 

4 

2 

1 

8 

4 

1 

Special: Include result of previous 

ari thrneti.c order in test or ·tcot only the 

previous arithmetic order if no other test 

bits are specified. 

Has any tape unit using trunk Breached 

end of tape? 

Has any tape unit uoing trunk A reached end 

of tape? 

Has there been a tape parity error on trunk B? 

Has there been a tape parity error on trunk A? 

Has square root of a negative number been 

taken'! 

Has there been floating point division by 

zero or by an unnormalized divisor when 

doing normalized arithmetic? 

Has there been floating point exponent over­

flow? 

Has fixed point shift caused overflow? 

Hao fixed point divide caused ove1·fluw? 

Has flxed point multiply caused overflow? 

Has fixed point add or substr~ct caused 

overflow? 

Concurrent Operation 

Except for arithmetic or boolean compare instructions, the test over­

flow instructions with· P
33 

.= 1, or any arithmetic order that stores in any 

index register or stores in the location of the next instruction, the 
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machine always gets its next instruction from the memory while it is 

doing the previous instruction. If this next instruction is one of the 

control and i ndexing orders (Basic Order Type= 0 or 1), it is immediately 

done, unless it is an input-output order or a test overflow order with 

P
33 

= 1. If it is done, it proceeds to get another instruction and do it 

if possible. Thus most all of the control and indexing orders can be 

done concurrently with the arithmetic or logical orders. Only the 

arithmetic and logical orders require the use of the main arithmetic unit 

of the machine. However the programmer must not attempt to use the 

result of the last arithmetic or logical orders in the "Jump if+ (-) 11 or 
11 Jump if (not) alphabetic character" orders and P

33 
must = 1 in any test 

overflow orderi=; that. A.rA i=;up:posf"d to check the last arithmetic result for 

overflow. 

All types of input-output orders can be done concurrently with other 

instructions. Automatic interlocks are provided so as to prevent timing 

conflict. Reference to a main memory position within the range or either 

an input or output instruction will halt the computer until the input or 

output transfer has occured at the memory position. The computer is 

released as soon as the transfer of that particular word has been made 

and does not wait for the entire transfer to be completed. There is no 

int.ArloC'k on the i.ndex mRmory when it isi used as index r8gisters (wh0n in 

a, b, or c of an instruction), only the effecti.ve addresses A, B, C are 

conflict checked. Hence, if index memory is included in the range of. an 

input-output instruction, no index register in that range should be used 

as such until the transfer of information has occurred. The programmer 

can easily make the computer wait .until such a transfer is complete by 

using the last address in the index range of the in-out order in the A, 

B, or C addresses of a dummy order. An input-output instruction is not 

started until the previous arithmetic instruction is finished, hence the 

last arithmetic result may be included in the range of any input-output 

order. 
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As many as f'lve input-output orders can be operating concurrfmtly 

with computing and with each other. There is a separate trunk for 

reading cards, punching cards, using drum, and two separate t~unks for 

using magnetic tape and all five of these trunks can operate concurrently. 

Input-output orders are not i nterlocked with each other and thus two or 

more may use the same memory cells. 

LLOYD W. CAMPBELL 

GLENN BECK 
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