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The BRLESC II Instruction Code

ABSTRACT

This report describes the action and gives the execution times and
instruction types for the 115 instructions of BRLESC II.
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I. INTRODUCTION

BRLESC II is a large, high speed, electronic computer that is now
in operation at ARDC. It was built to supplement the BRLESC I computer
which has been operating since 1960,

Tﬂfﬁ report is intended to aid programmers in writing assembly
language programs for applications which cannot be done using the FORTRAN
language and, in some cases, to aid in determining the cause when FORTRAN
programs fail to execute as expected by the programmer. A description
of each of the 115 executable instructions is given from a programming
point of view. That is, a description is given of what is done, not how
it is done.

, Preceding page blank




[}
1I. MEMORY
The core memory is identical to and interchangeable with the BRLESC
I memory. The memory can be manually switched from one machine to the

other in banks of 16384 words. Each word is made up of 68 binary bits.

The 68 bits are usually considered as 17 sexadecimal digits, each
representing & binary bits, The 16 possible values of a sexadecimal
digit, in increasing sequence, are 0,1,2,3,4,4,5,6,7,8,9,K,S8,N,J,F,L.

The memory access time is approximately 1.1 microseconds except

for the first 256 words which can be either approximately 1.1 microseconds
or approximately .2 microseconds depending on a switch setting on the

machine.

1. Instructions

Any instruction can be either short (16 bits) or long (32 bits).
The instruction type is stored in the left most 8 bits of the 16 or 32
bits and the associated address is stored in the right most 8 or 20 bits.
Long instructions have 4 unused bits between the instruction type and

the address. One machine word can store 2, 3, or 4 instructions. A

short instruction can start in bit position b b32, and b

64’ b48’ 16°
A long instruction can start in tit position b64, b48’ and b32. All
32 bits of a long instriction must be stored in the same instruction

word.

Instructions do not use b If b __ is one, then all

67 265" 68
instructions in the instruction word are ignored and control passes to

the next instruction word.

Instructions must be marked short or long. This-is done in the
rightmost bit of the 8 bit instruction type. If the bit is zero, the

instruction is long.




2 Numbers

All numbers except exponents of real numbers are stored using
2's complement representation., To change the sign of a number., all of
the bits are inverted (zeros changed to ones and ones to zeros) and
then one is added in the rightmosf'bit position of the result. There
are 3 kinds of numbers (and 3 kinds of instructions) namely, fixed
point, integer and floating point. Integer values have an implied
binary point following bl' Fixed point and floating pcint values have

an implied binary point between b61‘and b60' A sexadecimal exponent

is stored in b8 - b1 in floating point values. This exporent is biased

by 128, Thus the values of numbers are as follows:

64
Integer value = -264 b65 + biZi-

i=1

1

64
+ ZbiZ
i=1

Fixed point value = -16 b65 i-61

65
i=9

l’ o 0 8 b 2P lag
Floating point value = |-16b__ + zbiZ 116 i=1 1 J
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EXAMPLES OF NUMBERS

Decimal value

integer 1

integer -1

integer 50

integer -100

Fixed point 1.25

Fixed point 1.1
(actuslly U586 270%

Fixed point - .0625

Floating point 2,

Floating point 32.

Floating point -1.

Floating point -,125

10

Sexadecimal value
00£207520900000001
1LLLLLLLLLLLLLLLL
00000000000000032
1LLLLLLLLLLLLLLYN
01400000000000000
0119999999999959K

1L1.00000000000000
02000000000000080
02000000000000081
1000000000000607L
1F00000000000007L
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The word formats are as follows:

INTEGER FORMAT
3 bits |1 bit 64 bits .
unused | sign integer value 'biﬁz}§_§oint‘
. I |

FIXED POINT FORMAT
3 bits | 1 bit & bits : 60 bits
unused | sign Integer part | binary Fractional part

of value point of value

FLOATING POINT FORMAT
3 bits | 1 bit| 4 bits g 52 bits 8 bits
unused | sign | Integer part of | binary| Fractional part | biased

coeffecient

point

of coeffecient

exponent

11




III. REGISTERS

1. Arithmetic registers

There are three 68 bit registers, A, R and D, which are program
accessable, The result of nearly all-ef the—instructions is stored in
the A register. The R register can be gener:lly considered as a
continuation of the A register. The D register is used as a temporary

storage register for the execution of many of the instructionms.

2. Other registers

The index register. 1

There is one index register which can be set by any of four
instructions. The contents of the index register is available to
modify by addition the address of the next instruction which is not a
SKIP instruction. This result is the effective address of the in-
struction (EA). After the index register has been used to modify an

address, it will have no effect until it has been set again.

The exponent register EX,

There is one exponent register which contains the exponent of
the last executed floating point operation. This can be the exponent
of A or R, whichever was defined last. During floating point operations
the exponents of the values are not stored in he A or R register but in
EX instead. The last 8 bits of A and R can contain bits of the results

of floating point operations.

The instruction register IR.

This register contains the instructions which came from one
machine word and contains the instruction presently being executed.

There is no instruction which Acccsses this register,

12




The next instruction register NI

This register contains the address of the word from which the
I next instruction will come after the instructions which are presently
in the instruction register have been executed. This register is in-
creased by one when the contents of the word specified in it are
transferred to the instruction register., It is also changed by the

unconditional, conditional, and secondary jumps and by the count-down
clock.

The past jump register PJ

This register contains the address of the last jump instruction
] increased by ore.

The past past jump register PPJ

| This register contains the address of the next to last jump

ﬂ instructicn increased by one.

Clocks

The machine has two clocks. One contains the present time,

giving the month, day, hour, minute and hundredths c¢f minute. The

other is an integer count-down clock. The integer is reduced by 1

every .0l minute. The machine executes a jump to memory word 058

{sexadecimal) when th. count reaches zero.

IV. CONTROL

Instructions are executed left to right thru a word and thru
successive words when there is no transfer of control by an uncon.

ditional jump, conditional jump or secondary jump instruction. If b68

of an instruction wcrd is one, then instructions in that word are not
executed and control is passed to the following word. All jump
instructions transfer control to the left half or right half of an

instruction (not to the 2nd or 4th quarter).

13




A secondary jump differs from the unconditional énd conditional
jumps in Z ways. Fifst, any instruction remaining in the instruction
word are executed before the jump takes place. Second, if there is
an unconditional jump or a conditional jump which jumps or another
secondary jump in the remaining instructions of the word, then the

secondary jump has no effect.

V. THE INSTRUCTION SET

The instruction set is broken into 7 catagories: fixed point and
integer, floating point, logical, control, shift, index, -and input-

output,

The first line of the description of each instruction gives the
symbolic type, acceptable by the FORTRAN and FORAST compilers, followed
by the sexadecimal type. The sexadecimal type given is for a long
instruction; add 1 for the corresponding short instruction. The order

type is followed by a description of the operation.
1. Fixed point and integer instructionms.

When a value is transferred from the memory to one of the registers
A, D or R by an integer or fixed point instruction, the 4 left most bits

of the register (b68 - b65) are set to the same value as b65 of ths

memory word. When a value is transferred from the A register to a memory
word by any of the integer or fixed point instructions, bits 68-66 of
the memory word are set to zero and bits 65-1 of the A register are

stored in bits 65-1 of the memory word.

The fixed point and integer instructions can be broken into 3
classes, First, those which perform integer operations (a binary point
is assumed to the right of bl') Second, those which perform fixed
point (a binary point is assumed between b61 and b60) or integer

operations. Third, those which perform fixed point operations.

14
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+#1 02
EA(-) OF
EA- 32
EA(+) 36
EA+ K2
M S0
1(H)M  S2
IX S8

Integer instructions

The following 9 instruction types are usually used in integer
operations. The binary point is assumed following bl'
One is subtracted from the contents of the effective address

and the result is stored in the A register. One is stored in

the D register,

The effective address is subtracted from the contents of the
A register and the result is stored in the A register. The

effective address is stored in the D register.

The effective addrees is subtracted from zero and the result
is stored in the A register., The effective address is stored

in the D register.

The effective address is added to the contents of the A
register. The result is stored in the A register. The

effecrive address is stored in the D register.
The effective address is stored in the A r 3jister.
One is stored in the effective address and in the A register.

The contents of the effective address are increased by 1 and
stored in the effective address and in the A register. The
original contents of the effective address are stored in the D
register.

The contents of the A register are multiplied by the contents
of the effective address and the result is stored in the A
register. The original contents of both the R register and
the D register are destroyed during the operation.

15
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ON

10

24

2N

The contents of the A register are multiplied by the
effective address and the result is stored in the A
register. The original contents of both the R register
and the D register are destroyed during the operation.

Either Integer or Fixed Point Instructions.

The following 22 instruction types can be used as fixed

point or integer instructions. There is no assumption
made by the hardware as to the position of the binary
point.

The cortents of the effective address are subtracted from
the contents of the A register and the result is stored
in the A register. The contents of the effective address

are stored in the D register.

The contents of the R register are subtracted from the
contents of the A register and the result is stored in

the A register. The contents of the R register are stored
in the D register. If the effective address is not zero,

a secondary jump to the effective address is executed.

Bits 68-66 of the effective address are set to zero and
bits 65-1 of the effective address are set to bits 65-1 of
the A register.

The contents of the effective address are subtracted from
zero and the result is stored in the A register.

The contents of the effective address are stored in the D
register.

The contents of the R register are subtracted from zero
and the result is stored in the A register. The contents
of the R register are stored in the D register. If the
effective address is not zero, a secondary jump to the

effective address is executed.

16




-HV 44 The absolute value of the contents of the effective
address is subtracted from the contents of the A
register and the result is stored in the A register.
The contents of the effective address are stored in

the D register.

A+M 4N The contents of the R register are stored in the
A register; then a symbolic type M (sexadecimal type

10) instruction is executed.

M-A 54 The contents of the A register are subtracted from the
conterts of the effective address and the result is
stored in the A register. The original contents of

the A register are stored in the D register.

-A 58 The contents of the A register are subtracted frem
zero and the result is stored in the A register.
The original contents of the A register are stored

in the D register. If the effective address is not

zero, a secondary jump to the effective address is

executed.

1-1 64 The absolute value of the contents of the effective
address 18 subtracted from zero and the result is
stored in the A register. The contents of the effective

address are stored in the D register.

Al-l 6N The absolute value of the contents of the R register
is subtracted from zero and the result is stored in the
A register. The contents of the R register are stored
in the D register., If the effective address is not

zero, a secondary jump to the effective address is executed.

+HV 84 The absolute value of the contents of the effective
address is-added to the contents of the A register and
the result is stored in the A register. The contents

of the effective address are stored in the D register.

17




lAl

()M

At

+)

A(t)

98

K4

KN

S4

N4

Jo

The contente of the D register are stored in the A register.
If the effective address is not zero, a secondary jump to

the effective address is executed.

The contents of the effective address ars added to the
contents of the A register and the result is stored in the
A register and in the effective address. The original
contents of the effective address are stored in the D

register.

The contents of the effective address are stored in the A

register.

The contents of the R register are stored in the A register
and the D register. If the effective address is not zero, a

secondary jump to the effective address is executed.

The contents of the effective address are stored in the
R register.

The contents of the effective address are added to the
contents of the A register and the result is stored in the
A register,

The contents of the effective address are stored in the D
register.

The contents of the R register are added to the contents

of tihe A register and the result is stored in the A register.

.The contents of the R register are stored in the D register.

If the effective address is not zero, a secondary jump to

the effective address is executed.

The contents of the effective address are subtracted from
the contents of the A register and the result is stored in
the A register and in the effective address. The ociginal

contents of the effective address are stored in the D register.




1+1

Al+l

SQRT

/A

F4

FN

5N

78

N

The absolute value of the contents of the effective
address is stored in the A register. The contents of

the effective address are stored in the D register.

The absolute value of the contents of the R register is
stored in the A register. The contents of the R
register are stored in the D register. If the effect-
ive address is not zero, a secondary jump to the

effective address is executed.

Fixed Point Instructions

The binary point is assumed between b61 and b60 in

each of the 5 following fixed point instructions.

The square rcot of the contents of the A register is
stored in the A register and the D register. The

contents of the R register are destroyed during this
operation. If the effective address is not zero, a

secondary jump to the effectiv: address is executed.

The contents of the A register are divided by the
contents of the effective address and the result is
stored in the A register. The result is also stored
in the R register but the sign is not spread into
bits 68-66 of the R register. The remainder, multi-
plied by 2n, is stored in the D register, where n is

the number of consecutive bits b64---b of the

64-n

denominator which are different than b65'

The contents of the effective address are divided

by the contents of the A register and the result is
stored in the A register. The result is also stored
in the R register but the sign is not spread into bits
68-66 of R register. The remainder, multiplied by 2n,

19




is stored in the D register, where n is the number of
consecutive bits b64--b64 of the denominator which
-n

are different than b65'

Xu K8 The contents of the A register are multiplied by the
contents of the effective address and the most signi-
ficant part of the result (68 bits) is stored in the
A register and the least significant part of the result
(60 bits) is stored in the R rugister. Bits 68-61 of
the R register are set to the sign of the product.

The original contents of the A register are stored in
the D register.

XA J8 The contents of the A register are multiplied by the
contents of the effective address and the most signi-
ficant part of the result (68 bits) is rounded and
stored in the A register. The least significant part
of the result is stored in the R register. Bits 68-61
of the R register are set to the sign of the product.

The original contents of the A register are stored in
the D register.

2. Floating point instructions

When values are transferred to any of the registers from the
remory, the sign bit (bit 65) is also stored in b68-b66 of the

register. The exponent portion of the register,bs-bl, is set

to zero. 1If the value is transferred to the A register or R
register, the exponent is stored in the EX register. The
floating add and subtract operations store the contents of

the effective address in the D register. Then, if the ex-
ponents are not equal, the coefficient of the smaller of A
and D is shifted right to align the sexadecimal point. If the
A register is shifted, the R register is also shifted.

20




F(-) 06
M 12
F- 26
F-HV 46
FM-A 56

After each floating operation, the coefficient of the result

(contents of the A register) is checked. If it is not zexo
and outside of both of the ranges -16 < C <-1/16 and

1/16 < C < 16 then it is shifted so that it does fall into

one of the ranges and the exponent is adjusted accordingly.
If a shift is required, then the contents of the R register

are also shifted.

The contents of the effective address are subfractad from
the contente of the A and EX registers and the result is stored

in the A and EX registers.

The coefficient stored in the A register is checked. If it is
not zero and outside of both of the ranges -16 < C « - 1 and

1 < C < 16, then it is shifted so that it does fall into one

of the ranges and the exponent is adjusted accordingly. 1If a
shift is required, the contents of the R register are also :
shifted. The result in the A register is then rounded by
adding one to b9 if b8 = 1, This addition may cause the
coefficient to be outside the above ranges. In this case,
another shift and exponent adjustment would be made. Then

b65 - b9 of the A register are stored in b65 - b9 of the
effective address and the contents of the EX register are stored
in b8 - bi of the effective address. Zeros are stcred in
b8-b1,of the A register, Bits 68-65 of the effective address
are set to zero.

The contents of the effective address are subtracted from zero

and stored in the A and EX registers.

The absolute value of the contents of the effective address is
subtracted Irom the A and EX registers and stored in the A and

EX registers.

The contents of the A and EX registers are subtracted from the
contents of the effective address and the result is stored in

the A and EX registers.




FSQRT

Fl-1

F/

F/A

5K

5F

66

7K

The contents of the A and EX registers are subtracted
from zero and the result is stored in the A and EX
registers. If the effective address is not zero, a
secondary jump to the effective address is executed.
The original contents of the A register are stored in
the D register.

The square root of the contents of the A and EX re-
gisters is stoved in the A and EX registers. The
coefficient of the result is also stored in the D
register. The contents of tne R register are des-
troyed during the cperation. If the effective

address is not zero, a secondary jump to the effective

address is executed.

The absolute value of the contents of the effective
address is subtracted from zero and the result is
stored in the A and EX registers. The contents of
the effective addrzss are stored in the D register
with the exponent portion set to zero.

The contents of the A and EX registers asre divided by
the contents of the effective address and the result
is stored in the A and EX registers. The coefficient
of the result is also stored in the R register but

68 " b c of the R

register. The contents of the D register are destroyed

the sign is not spread into b

by the operation.

The contents of the effective address are divided by
the contenf:s of the A and EX registers and the result
is stored in the A and EX registers. The coefficient
of the result is also stored in the R register but

the sign is not spread into b68 - b65 of the R register.

22




F+HV

F(E)M

F()

F(-)M

FXA

Fl+1

86

9K

K6

S6

N6

J2

F6

The contents of the D register are destroyed by the
operation.

The absolute value of the contents of the effective
address is added to the contents of the A and EX
registers and the result is stored in the A and EX
registers.

The following two instructions are executed:

(1) Symwbolic type F(+) (sexadecimal type N6)
(2) Symbolic type FM (sexadecimal type 12)

The contents of the effective address are stored in
the A and EX registers.

The contents of the effective address are stored in
the R and EX registers.

The contents of the effective address are added to the
contents of the A and EX registers and the result is
stored in the A and EX registers.

The following two instructions are executed:

(1) Symbolic type F(-) (Sexadecimal type 06)
(2) Symbolic type FM (Sexadecimal type 12)

The contents of the A and EX registers are multiplied
by the contents of the effective address and the result
is stored in the A and EX registers. The original
contents of the A register are stored in the D register.
The result is continued in the R register starting at
bit 68.

The absolute value of the contents of the effective

address is stored in the A and EX registers.

23




3. Logical instructions

The logical instructions operate with all 68 bits of a machine
word on a bit by bit basis. The extract operationg replace 20 bits of a
left or right address.

There are four logical operations defined as follows:

(1) Inclusive or IR 0OIORO0O=0
OIOR1=1
1I0RO0=1
1I0R1 =1

(2) Exclusive or EOR OERR 0 =
OEOR 1=
1 EOR O =
1EOR 1 =

(3) and AND OAND 0 = 0
0OAND 1=0
1AND O=0
1AND1=1

(4) Not NOT NOT 0 = 1
NOT 1 =0

TORM 2K The following two instructions are executed:
(1) Symbolic type IOR (Sexadecimal type 8K)

(2) Symbolic type LM (Sexadecima. type 48)

oM 30 Store zero in all of the bits of the A register
and the effective address. The EX register is
not changed.

M 48 The contents of the A register are stored in

the effective address.

24
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A+IM

E

PJE'

o'

PPJE'

EOR

3K

4K

50

52

70

72

88

The following two instructions are executed:

(1) Symbolic type AND (Sexadecimal type FK)
(2) Symbolic type IM (Sexadecimal type 48)

The contents of the R register are stored in the

A register and in tke effective address.
The rightmost 20 bits (b20 - bl) of the A

register are stored in the rightmost 20 bits of

the effective address.

The contents of the PJ register are stored in
the rightmost 20 bits of the effective address
and in the rightmost 20 bits of the D register.
The remaining bits of the D register are set

to zero.

Store zeros in the A register and in the last
20 bits of the effective address.

The contents of the PPJ register are stored in
the rightmost 20 bits of the effective address
and in the rightmost 20 bits of the D register.
The remaining bite of the D register are set

to zero.

The exclusive or operation is executed with the
contents of the A register and the contents of
the effective address. The 68 corresponding
bits of the two operands are combined to form
a 68 bit result which is stored in the A
register. The contents of the effective

address are stored in the D register.

25
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REE'

RSW

RCIK

8K

8F

90

94

9N

The inclusive or operation is executed with the
contents of the A register and the contents of
the effective address. The 68 corresponding
bits of the two operands are combined to form
a 68 bit result which is stored in the A
register. The contents of the effective

address are stored in the D register.

The integer i-n is stored in the D register,
where n is the value of the effective address
of the last executed RPR (sexa. 96) or RPB
(sexa. 92) instruction and i is the numbe:r of
times the first instruction of the instruction
word last repeated was executed. The rightmost
20 bits of the integer i-n are also stored

in the rightmost 20 bits of the effective

address.

The 20 bits b of the A register are

52733

stored in bits b of the effective

527°33

address.

The 17 sexadecimal digits set on the manual
read switches on the console are stored in

the A register. 1If the effective address is
not zero, a secondary jump to the effective

address is executed.

The present value of the real time clock is
stoted into the rightmost 60 bits of the
effective address. The time is recorded as
ten 6 bit characters, two each for month,
day, hour, minute and hundredths of minute.
Bits 64-61 of the effective address are set

to zero. The number of 16384 word memory

26
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SMAXT

NOT

ANDN

NOP

SK

F2

N8

banks available is stored in the left most
sexadecimal character of the effective

address (b68 - h65).

The effective address is stored in the count-
down clock. The value is then reduced by 1

every .0l min and the machine is interrupted
when the count reaches zero. This instruction
should not be uised except by the operating

system.

The contents of the effective address are

stored in the A register.

The contents of the effective address are

stored in the R register.

The NOT operation is executed with the 68
bits of the contents of the effective address
ard the result is stored in the 2 register.
"he contents of the effective address are

stored in the D register.

The NOT operation is executed with the con-
tents of the effective address; then the
AND operation is executed with this result
and the contents of the A register and the
result is stored in the A register. The
contents of the effective address are stored

in the D register.

This instruction does nothing except use the
index register to compute an effective address

and set the index register to zero.

This instruction sets the R register the sanc

as the RER instruction (sexa.F8). The condition

indicators are ncc cleared.
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RER

F8

FK

The following table indicates the bits of the
R register which are set to one if the corre«
sponding condition has occurred and to zero
if the condition has not occurrad. The re-

maining bits of R are set to zero.

bit condition

9 Divide by zero (fixed or floating).
10 Divide exceed (fixed or floating).
11 Square root of negative number

(fixed or floating).

12 Floating exponent overflow.
13 Exceed memory or I/0 memory request
interlock.

All of the above conditions cause
the machine to stop.

18 Disc parity error.
The following twc conditions will
be added later:

22 A tape read has passed over a file
mark.
23 Memory parity error.

If the effective address is not zero, a
secondary jump to the effective address is
executed. The condition indicators are cleared.
The AND operation is executed with the contec—*s
of the A register and the contents of the
effective address and the result is stored in
the A register. The contents of the effective

address are stored in the D register.
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ST T T T

SKIP

OE

U'

oy’

This instruction does nothing. If the index
register has been set, it will remain set until
the execution of an instruction that is not a
SKIP instruction.

Store zeros in the A register and in b52 - b33

of the effective address.

Control Instructions

Most of the following instructions are jump instructions.

When an instruction <wwhich causes a jump is executed, the

following registers are changed:

14

20

22

34

(1)

(2)

3)

The contents of the PJ register are stored in the

PPJ register.

The contents of the NI register are stored in the

BJ register.

The effective address of the instruction is stored
in the NI register.

Jump to the instruction or the right side cf the

effective address.

If bit 65 of the A register is 0, jump to the
instruction on the left side of the effective
add;ess.

If bit 65 of the A register is 1, jump to the
instruction on the left side of the effective

address.

Store zeros in the A register and jump to the
instruction on the right side of the effective

address.
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C|

Ccf-

cz

CNZ

cz!

CNZ!'

RPB

40

42

60

62

80

82

92

If bit 65 of the A register is 0, jump to the
instruction on the right side of the effective

address.

If bit 65 of the A register is 1, jump to the
instruction on the right side of the effective

address.

If the 638 bits of the A register are zero, jump
te the instruction on the left side of the

effective address.

If any of the 68 bits of the A register are not
zero, jump to the instruction on the left side of

the effective address.

If all 68 bits of the A register are zero, jump
to the instruction on the right side of the

effective address.

If any ot the 68 bits of the A register are one,
jump to the instruction on the right side of the

effective address.

Repeat the instruction in the next word that does
not contain an instruction that sets the index
register the number of times indicated by the
effective address. All of the addresses are
incremented after each execution. The increment
is one if the RPB instruction is not'followed by
an instruction which sets the index register. If
there is an instruction which sets the index
register following the RPB instruction, then the

value of the index register is the increment.
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RPR

Uk

EXC

96

KO

SN

SF

NO

_ Any of the addresses may be either short or long,

but if an address is short it tmst not be in-

cremented encugh to become long.

This instruction is the same as RPB except that
only the instructions that have their order type
in the right half of the word are incremented.

Store zeros in the A register and jump to the
instruction on the left side of the effective

address.

Jump to the instruction on the left side of the
effective address. This instruction is usually

used only to jump to subroutines.

The contents of the effective address are stored
in the instruction register and executed next.
If there is no jump executed, control returns

to the word following the word which contained
the EXC instruction. The instructions (if any)
following the EXC instruction in the same word
are not executed. The NI, PJ and PPJ registers
are not changed by the EXC instruction. The ef-
fective address of any EXC instruction may contain
another EXC instruction. This can happen any
number of times but control will return to the
word following the first EXC instruction if none

of the other executed instructions jumped.

Jump to the instruction on the left side of the

effective address.
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cov

cov'

zX

HALT

JN Jump to the left side of the affactive address
if the left most 4 bits (b68~b65) of the A register

do not have the same value. If the contents of the
A register {s the result of a fixed point, add,
subtract, or multiply and the left most &4 bits do
not have the same value, then there has been a
fixed point overflow.

JF Same as COV except jump to the right side of the
effective address.

FO This instructicn causes the corputer to stop or
continue if the ZX switch is on or off respectively.
I£f the switch is on, then the machine will continue
if the initiate button is pressed. In any ca=2,
a secondary jump is executed if the effective

dddréss is not zero.

IN This instruction causes the machine to stop. If
any 1/0 operations are being executed at the time
of the HALT, they will be completed. The machine
will continue with the next instruction if the
initiate button is pressed.

Shift Instructions

All 7 of the shift instructions shift part of or all of the
contents of the A and R registers. The number of binary
places shifted is specified by the rightmost 8 bits of the
value of the effective address. A shift of zero places is
permitted. The descriptions below are given in terms of
repeated shifts of one. The machine has the following shift
paths bullt into the hardware; right 1,2,3,4,5,6,8,12, 14,
and 16 and left 1,2,4,6 and 8. These are used in various

combinations to minimize the execution time.
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BSL

1S

08

0K

18

The following operations are executed the nmumber
of times specified by the vaiuc of the effective
address. Bits 64-1 of the A register and bits
60-1 of the R register are shifted right one
place. Tke bit 1 shifted out of the A register
is shifted to bit 60 of the R register. The

bit 1 shifted out of the R register is lost.

Bit 64 of the A register is replaced with bit

65 of the A register. Bits 68-65 of the A
register and 68-61 of the R register sre not
changed.

The following operations are executed the numter
of times specified by the value of the effective
address. Bits 68-1 of the A register and bits
68-1 of the R register are shifted right one
place. The bit 1 shifted out of the A registe~
is shifted to bit 68 of the R register. The

bit 1 shifted out of the R register is lost.

Bit 68 of the A register is set to zero.

The followirg operations are executed the number
of times specified by the value of the effective

address.

Bits 64-1 of the A register and bits 68-1 of
the R register are shifted left one place. The
bit 64 shifted out of the A register is shifted
to bit 1 of the R register. The bit 68 shifted
out of the R register is lost. Bit 1 of the A
register is set to zero. Bits 68-64 of the A

register are not changed.
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ISD

1SC
i
r
RSC
1S0

1K

IN

28

38

The following operations are executed the number
of times specified by the value of the effective
address,

Bits 68-1 of A register and bits 60-1 of
the R register are shifted left one place. The
bit 68 shifted out of the A register is shifted
to bit 1 of the R register. The bit 60 shifted
out of the R register is shifted to bit 1 of the
A register. Bits 68-6]1 of the R register are
not changed.

The following operations are executed the number
of times specified by the value of the effective
address.

Bits 68-1 of the A register and bits 68-1 of
the R register are shifted left one place. The
bit 68 shifted out of the A register is shifted
to bit 1 of the R register. The bit 68 shifted
out of the R register is shifted to bit 1 of the
A register.

The following operations are executed the number
of times specified by the value of the effective
address. Bits 68-1 of the A register and bits
68-1 of the R register are shifted right one
place. The bit 1 shifted out of the A register
is shifted to bit (8 of the R register. The bit
1 shifted cut of the R register is shifted to
bit 68 of the A register.

Clear the A register to zero and then do LSD
(sexadecimal type 1K) instruction.
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Ty

MIY

Il

6.

Index Instructions

The 4 index instructions set the index register which will
be added to the address of the next instruction which is
not a SKIP to form the effective address. If an index

instruction follows one of the repeat instructions, then

the value stored in the index register is used as the

address increment during the executioc.. of the repeat.

16

3N

3F

The integer one is subtracted from the contents
of the A register and the rightmost 20 bits of

the result are stored in the index register.

The integer one is subtracted from the contents
of the effective address and the rightmost 20
bits of the result are stored in the .adex

register.

The rightmost 20 bits of the contents of the
effective address are stored in the index register.

The effective address is stored in the index

register.

Input/Output Instructions

The four input output instructions are:

Symbolic Sexa.
108 1.2
ShA 18
SIA 14
SFA L6
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The first (I1058) selects the equipment to be used, the direction
of the transfer (input or output), the number of bits per
character, the number of bits per word, and the parity (even or
odd). The second (SDA) is usad only in disc I/0. It selects the
position on the diac to be used. The third (SIA) and fourth
(SFA) epecify how rusch information is to be transferred and the
area in the memory to be used.

The instructions must be executed in the order given in the above
list. Any number of instructions may be executed between the
execution of any of them. No I/O action takes place until the

execution of an SFA instruction.

The machine has four input/output channels. All four channels
can operate concurrently. The machine also executes other
instructions concurrently with any I/0 operation except the
machine will stop if any reference is made by a nca-I/0 in-
struction to any word included in any I/0 instruction and will

continue on after the I/0 instruction has completed.

The effective address of the IOS instruction is broken into

5 sexadecimal characters C5 C4 03 C2 Cl' Each one has a special meaning

and will be briefly discussed separately.

i C2 =8 Read cards if Cl =0
Print on printer if C1 =1
Punch cards if C1 = 2
02 = 4 Use disc
c, = 0 Use the tape unit specified by Cl.
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TR

The individual

C, bit 1 =

3

b
C3 it

bit
C3 i

C., bit

3

C4 bit

C4 bit

C4 bit

C4 bit

C5 bit

C5 bit

bits of C3, C4 and C5 have the following meaning:

0 60 bit wds (64 bit wds when C3 bit 2 = 1)

1 72 bit wds

0 6 bit char,

1 8 bit char. (12 bit char. when reading cards)

0 Read

1 Write

0 0dd parity

1 even parity

0 foreward

1  backwera "2P® only

0 blocks tape only

1 file marks

0 not move

1 TEVE tape or disc

0 not rewind

1 rewind tgps only

o ustaunlondiitaps (unload means automatically

1 unload tape
remove tape from read head,
tape cannot be used without
operator intervention)

0 use parity

1 ignore parity
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Input-Output instructions start reading or writing at the effective
address of the SIA instzuction. The number of words read or written
is the effective address of the SFA instruction minus the effective
address of the SIA instruction. Exceptions tc this rule are explained
below.

The 60 (rad 64) bit reads and writes use the rightmost 60 (and
64) bics of the word. The 72 bit writes includes the 4 parity
bits of the memory word. When reading, bits 68-61 for 60 bit
read and 68-65 for 64 bit read are set to zero.

Card reading
I0S (080) or 10S (CARD)

Read cards 6 bits per column and store 10 characters (60 bits)
per word. The card code for each 6 bit character and correspond-
ing bit code is listed in appendix A,

10S (0380) or I0S (CARD-R72-C8)

Read cards 12 bits per column and store 6 characters (72 bits)
per word. The first 4 bits of the first chsracter of each word
are lost. The 12 bits are defined by the 12 rows in a card
column. A nonpunched row reads as zero and a punched row reads
as one. The 12 bits from top to bottom of the card define the
12 bits from left to right. Not more than 9 words {78 columns)
should be read with this instruction.

10S (0280) or 105 (CARD-C8)

Read cards 12 bits per colum and store 5 of these 12 bit
characters (60 bits) per word.
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10s (0180) or IOS (CARD-R72)

Read cards 6 bits per cclumm and store 12 characters (72 bits)
per word., The first 4 bits of the first character of each word
are lost. Not more than 6 words (72 colums) should be read

with this instruction.

Card Punching

10S(0682) or I0S(CARD-C8-W60) to select left card hopper
705 (040682) to select middle card hoppezr
103 (080682) to select right card hopper

Cards are punched by rows. The bits are recorded on the
rows in the same order as they appear in the machine words.

Sixty four bits are taken from each word. Thus, b64-b1 of the

first word and b64-b49 of the second word are recorded in the
first (top) row of the card (b64 is recorded in column 1).

The remaining bits, b bl’ of the second word and b64-b33 of

48"

the third word are recorded in the second row. This process

continues taking 5 words for each 4 rows on the card. Fifteen
words are required to record a complete card. The middle and

right card hoppers are used by the operating system.
Printer
I0S (0481) or 10S (PRINT)

The printer has two options determined by a printer con-
sole switch. The first is 80 columms per line. The centents

of 8 words are printed on a line. The information comes from

the rightmost 60 bits of a word. Each word defines ten six

bit characters.
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The second option is variable length line or formatted print.
The maximum line length is 132 columme. Ten 6 bit characters
are taken from each memory word. The 6 bit character 111111 is
an ignore character and is not printed (it does not take a
column position on the printed page). The first character of

a line that is not an ignore character determines which channel
of a paper tape is to be selected. The paper tape then
deternines how far the paper is advanced before the line is
printed. The first character is not printed. The ead of a
line character is 01illl. It is not printed.

Tape Instructions

A block on a tape is the data recorded by a tape write in-
struction. If a tape read instruction requires less data than
is recorded in the block, then the tape is moved tc the end of
the block. If a tape read instruction requires more data than
is recorded in the block, then the read stops at the end of the
block. The remaining memory words specified by the read in-
struction are not changed. If the number of characters in the
tape block is not an integer multiple of the number of charac-
ters stored in a word, then the last partial word is left
adjusted and the right end filled with binary ones. All tapes
are 1/2 inch wide and 2400 feet long. The tape units have 7
track read-write heads or 9-track read-write heads. The in-
structions which write and read 6 bit character data can use
either a 7 or 9 track unit but must use the same for reading
as was used for writing. Th:2 instructions which write and
read 8 bit character data must use a 9 track unit. Presently,

there is only one 7 track unit on the machine.

In all tape instructions described below, u is a decimal
integer indicating a tape switch number (1 € u < 15) and X is
a sexadecimal character indicating a tape switch number

(1 <X <L),
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or

or

or

or

or

or

or

or

or

108
108
I

(60

108
108

(72

105
108
106

10S
108
108

(72

105
108
108

TAPE READ INSTRUCTIONS

(0X) or 108 (R-u) for odd parity
(080X} or 105 (R-EP-u) for even parity
(62000X) or I0S(R-IP-u) for ignore parity

Read 6 bit characters and store 10 of the characters
bits) per word.

(010X) or I0S (R72-u) for cdd parity
(090X) or I0S (R72-EP-u) for even parity
(02010X) or I0S (R72-IP-u) for ignore parity.

Read 6 bit characters and store 12 of these characters
bits) per word.

(020X) or 10S (R-C8-u) for odd parity
(OR0X) or I8 (R-C8-EP-u) for even parity
(02020X) or 108 (R-C8-IP-u) for ignore parity

Read 8 bit characters and store 8 of these charactsrs

bits) per word.

(030X) or I0S (R72-C8-u) for odd parity
(0s0X) or 105 (R72-C8-EP-u) for even parity
(02030X) or (R72-C8-IP-u) for ignore parity

Read 8 bit characters and store 9 of these characters

bits) per word.

TAPE WRITE INSTRUCTIONS

(040X) or I0S (W-u) for odd parity
(ONOX) or I0S (W-EP-u) for even parity.
(02040X) or I08 (W-IP-u) for ignore parity.
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or

or

or

or

or

Write 6 bit characters taking 10 characters (60 bits)

from eack word.

I0S (050X) or I0S MW72-u) for odd parity.
I05 (0J9X) or 108 (W72-EP-u) for even parity.
I0S (02050X) or 106 (W72-IP-u) for ignore parity.

Write 6 bit characters taking 12 characters (72 bits)

from each word.

I0S (060X) 6¥9#0S (W-C8-u) For“odd parity.
105 (OFOX) or 108 (W-C8-EP-u) for even parity.
106 (02060X) or I0S (W-C§-IP-u) for ignore parity.

Write 8 bit characters taking 8 characters (64 bits)
from each word.

I0S (070X) or I0S (W72-C8-u) for odd parity.
105 (OLOX) or 105 (W72-C8-EP-u) for even parity.
I05 (02070X) or I0S (W72-C8-IP-u) for ignore parity.

Write 8 bit characters taking 9 characters (72 bits)
from each word.

TAPE MOVE INSTRUCTIONS

In the following 4 move instructions, N is the difference betweasn the
effective address of the SFA instruction and the effective address of
the SIA instruction.

10S (0400X) or I0S (MF-u)
Move the tape specified forward N blocks

105 (0500X) or 105 (MB-u)
Move the tape specified backward N blocks

10S (0600X) or IOS (MPMF-u)

Move the tape specified forward N file marks
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I0S (0700X) or I0S (MFMB-u)
Move the tape specified backward N file marks

105 (0900X) or I0S(REW-u)

Move the tape specified backward to the beginning of
the tape. If the tape is already rewound the instruction
does nothing. The addresses of the SIA and SFA in-
structions are not used but the instructions must be

executed.
108 (01300X) or I05 (URLOAD-u)

This is the same a3 the previous instruction except
that the tape is removed from the read head and the unit
mst be set up by the operator before another tape

instruction calling for the same unit is executed.
105 (0240X) or I0S(WFM-u)

Write a file mark on the unit specified. The addresses
of th2 SIA and SFA instructions are not used but the in-

structions must be executed.

DISC INSTRUCTIONS

The disc is made of 10 surfaces with 203 cylinders on each surface for
a total of 2030 tracks. Each track can store approximately 400 72 bit
worde or 450 64 bit words. A disc read or write starts only at the
beginning of a track. A disc write must not specify more data than
can be recorded on a track. The disc does not start recording on the
next track when a track becomes full.

The 10 disc surfaces are addressed 0 thru 9 and the 203 cylinders are
addressed O thru 202 in decimal or O thru ONK in sexadecimal. The disc
will hang ap and must be reset manually if:
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(1) A surface address .s greater than 9,

(2) A eylinder address is greater than 202,

(3) An attempt is made to write on the portion of the disc
which is locked out for <ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>