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Accumulate Multiply A+ H x GJA

G is copied to B, and H is held in E. A is added to the first partial
product, hencé A is added to the most significant half of the product.
The most significant half of the result is placed in A. The least signifi-
cant half is placed in B. Overflow is possible. If g=0 or h=0, no use-

ful operation occurs.

Shift

- The 10-bit g field of the instruction specifies the magnitude and type

of shift as follows:

g
10 9 ‘ 8 7 6 54321

1 = double 1 = sign 1 = rounded 1 = over- 1 =left Binary coded

length included 0 = not flow shift magnitude of
(Aand B) , _ o indicated shift

= sign rounded s
. = right

0 = single not 0 = over- shift

length included : flow not
(A only) indicated

The h field of the instruction spe'ciﬁes the store address in memory
or buffer, of the shifted result in A. If the h field of the instruction is
all zeros, no store occurs, and the shifted result is left in A only. If
the magnitude portion of the g field is made all 1's, a FLOAT operation
occurs. All options except overflow indication are now possible on
float operations. If a left float is give(n, the contents of A (and B if
double length), are shifted left until a 1-bit appears in the sign position
when sign is included; or in the most significant magnitude bit position
of A when sign is not included. If a right float is given, the contents of
A (and B if double length), are shifted right until a 1-bit appears in the
least significant bit position of A. The floated result in A is stored in
H, and the number of shifts is stored in A in the least significant end.

The remaining bits of A are set to 0's.
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Transmit g->h

Contents of g replaces contents of h without disturbing the accumula-
tor (A). The contents of word 0 is treated like any other word, contrary

to most other instructions.
Test Jump

The g field of the instruction is separated into three parts as follows:

I S D sw &
10 9 8 7 | 6] 5 4 3 2 1
Source Jump Bit Number or
on 0 . Test Condition
or 1

Bits 7-10 specify source of the word to be tested and this word is

loaded into the least significant end of A. Possible sources are as follows:

Bits

10 9 8 7 Source

i 0 0 O Interrupt conditions, 19 bits

0 1 0O Sense Register, 20 bits

0 0 1t O 14 data and 3 control input lines

6 0 0 1 Conditional Jump Switches, 8 bits

1 1 0 O Logical product of Sense Register
and interrupt conditions, 20 bits

0 0 0 O No input, test A, 26 bits

Bit 6 specifies whether a jump is to be made on a 0 .or a 1 in the bit
position specified. Bits 1-5 specify bit numbers, from right to left in
A, or special conditions to be tested.. A binary coded number from 0 to

31 allows testing of the following:
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Bits
5 4 3 2 1
0 No test, only input of source to
: A occurs
1-25 Bit in A to be tested
26 Test sign of A
27 Test overflow indicator and reset
28 Test parity error indicator and
reset
29 : Test control panel test light and
reset
30 Test and conditional tape read
indicator and reset
31 Test program error indicator and
reset )

The overflow indicator may be set by all three modes of Add, Sub-
stract, Divide, and Square Root, and by the Accumulate Multiply instruc-
tion. Overflow indication is optional on left shift instructions. The
parity error indicator may be set by parity errors occuring on operands
from memory or on input from an external device. The control panel
test light may be set by a programmed Function Output instruction. The
conditional tape read indicator is set with a conditional Data Input in-
struction when the search condition is not met. The program error in-
dicator is turned on by detection of unused command codes or by attempt-
ing to obtain operands from a Buffer Module when it is not connected or

ready.
‘Link Jump

The contents of the address counter, P, which holds the address of
the next instruction in sequence, is inserted into the h field of the word
addressed by g, and H is taken as the next instruction. If g=0 an un-

conditionai jump to word H occurs; A and B are unchanged.
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Tally Jump

The word in address g is tested to see if it is +0 or -0. If G=+0,
the next instruction is taken in sequence and G is not changed. If G=-0,
H is taken as the next instruction and G is not changed. If G>+0, a one
in the least significant place is subtracted from G and H is taken as the
next instruction. If G<+ 0, a one is added to G and the next instruction

is taken in sequence.

If the tally number, G, is positive it represents the number of jumps.
If the tally number, G, is negative it represents the number of times no
jumps occur: If h=0, G is counted down each time the instruction is used
until G =0 and the next instruction is always taken in sequence. If g=0,

an unconditional jump to word H occurs; A and B are unchanged.
Load A

The g and h fields of the instruction are transferred to A. The six

most significant bits of A (including sign) are set to 0.
Insert "'S"

The g and h fields of this instruction are used as a mask to insert.
ones or zeros into S. A is preloaded with a previous instruction (e.g.,
. load A). A one-bit in the g or h field corresponds to the bit in S that
will be changed. S will be changed to a zero or one corresponding to
that position in A. This instruction is logically similar to the Insert

Hold instruction and may be represented by the logical equation:
S = AXN\/SX!

The S-register is a 20-bit register which corresponds to 13 external
interrupt conditions and 6 internal interrupt conditions such as sign, over-
flow, parity error, etc. The most significant bit of S which corresponds
to the 20th bit position in A, numbered right to left, is the master inter-
rupt bit. If this bit in S is set to zero, no interrupts may occur. The
20 least significant bits of A are used to insert new bits in S. This in-

struction does not permit an interrupt when it is being executed.
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The 13 external interrupt conditions are selected by a switching in-

struction that selects interrupt conditions from a centrally stored location.
Store A, B

The contents of the B-register are stored in address g. The contents
of the A-register are stored in address h. If the g field of the instruction
-is all 0's, A is stored in h only. If the h field of the instruction is all
0's, B is stored in g only. If both g and h fields of the instruction are
all 0's, A and B are interchanged.

Compare Jump

The word in A is compared with the word addressed by g. If ASG,
h is taken as the next instruction. If A> G, the next instruction is taken
in sequence. If g=0, a test for A=+0 is made; if A=+0, a jump to H
occurs; otherwise, the next instruction is taken in éequence. A and B

are unchanged.

Approximate Operation Times

Table 1 shows operation times for all of the internal instructions of

the Computer Module.

Table 1. INTERNAL INSTRUCTIONS: Approximate Operation Times

Number Operation ,(13;2:) -
1 — o Replace Add 40
2 Hold Add 33
3 1 Store Add - 33
4 3 Replace Subtract 43
5 v - Hold Subtract 33
6 ¥ Store Subtract ‘ 33
7 b Replace Absolute Subtract 43
8 7 Hold Absolute Subtract 33
9 o Store Absolute Subtract 33
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Table 1. INTERNAL INSTRUCTIONS: Approximate Operation Times (cont'd)

Number Operations '(Il‘li;l:)
10 n Replace Multiply 85
11 Hold Multiply 78
12 Store Multiply 85
13 v Replace Divide 132
14 1§ Hold Divide 125
15 1o Store Divide 125
16 1 Replace Square Root 175
17 20 Hold Square Root 167
18 Store Square Root 165
19 21 Replace Insert 48
20 v Hold Insert 42
21 ¢ Store Insert 48
22 VY ‘ Accumulate Add 38
23 M Accumulate Multiply 82
24 1] Transmit 30
25 30 Shift (Float) 27-67
26 3l Test Jump : 27-67
27 3 Link Jump 30
28 43 Tally Jump 42
29 91 Load A 10
30 a¢ Insert S ‘ 10
31 j(. Store A, B 22
32 4,,'] Compare Jump 25

External Instructions

External instructions are those instructions that transmit or re-
ceive data over fourteen information lines, 13 data bits and a parity
bit. These lines are switched to the external source through the

Central Exchange.
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There are five external instructions of a general type. The instruc-
tion code does not specify the type of module that is to transmit or re-
ceive data. The Computer Module automatically knows which device
it is connected to and executes the instructions accordingly. The ex-

ternal instructions are described as follows:

Function Output

The least significant half, 13 bits, of this instruction is transmitted
over the information lines to the external device that is currently switched
to the computer or to the Central Exchange to change the switch. These
13 bits are called the function code and they constitute a command to the
external device. The format of these half-word commands are different
for each type device; however, there are two general types. These are
function codes for a Buffer Module and function codes for all other ex-
ternal devices. Function codes for non-buffer devices use the three
least significant bits of the 13-bit code to designate the type of device

which is to receive the command. These codes are as follows:

Code
3 2 1 Connected Device
0 0 O Not assigned
0 0 1 Tape Module
0 1 O Drum Module
o 1 1 Peripheral Buffer
1 0 O Display Buffer
1 0 1 Printer Control
£t 1 0 Central Exchange
1 1 1 Not assigned

Addressing the Central Exchange, with bits 1, 2 and 3, is used
only for selecting the connection Table Master Control in order to over-
ride a previous switch setting or to select the assignment Table Control.
A Function Output instructionfor a normal change in switch settings ad-

dresses the Central Exchange by a one-bit in bit 20 of the instruction.
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The fourth least significant bit of the function code on non-buffer com-

mands is used to reset error indicators.

The function code format for the Tape Module, Drum Module,
Peripheral Buffer, and Buffer Module are as shown in Tables 2, 3 and
4.

The tape command consists of a coded operation specification, plus

an independent specification of certain aspects of tape handling.

Table 2. Tape Module Function Code Format

Bit Number i Interpretation
1 1A
2 .0 } Mandatory, indicates Tape Command
3 0-
4 1 = Reset Parity and Dropout Indicators
0 0 Read
0 1 Erase
5 and 6 { 0. Replace
1 1 Write
7 1 = Search Data 0 = Search Block No.
1 = Set Forward Direction
9 1 = Set Reverse Direction
10 1 = Start or Continue
11 1 = Stop
12 1 = Single Block 0 = Full Tape
13 1 = High Speed* = Slow Speed

*Tape reverts to slow speed at the completion of any motion

All drum commands cause a new band number to be inserted into
the band selection circuitry. They also initiate a search of the speci-
fied type unless a read check is started. The drum normally transmits

status except during searches, data transfers, and read checks.
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Table 3. Drum Module Function Code Format

Bit Number Interpretation
1 0
2 i Mandatory, indicates Drum Command
3 0
4 1 = Reset Parity Indicator
5 1 = Prepare to Write 0 = Read
6 1 = Start Read Check*
7 1 = Search Data 0 = Search Word
8 Number
9 ] Not used
10
11 X
12 X  Band Number
13 X

*Bit 5 should indicate a read when starting a read check.

The Peripheral Buffer accepts drum commands and control signals

for the transmission of data to or from high-speed devices.

Table 4. Peripheral Buffer Function Code Format

Bit Number Interpretation

1 1

2 | Mandatory, indicates PB Command

3 0

4 1 = Reset Parity Indicator
0 0 Send Status of Indicated Group
1 0 Send General Status

5 and 6 0 1 Clear Availability Flip-Flop of

Indicated In-Out Channel

1 0 Set Availability Flip-Flop of
Indicated In-Out Channel
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Table 4. Peripheral Buffer Function Code Format (cont'd)

Bit Number Interpretation
X
X
X Input-Output Channel Code
10 X X
i1 X X
12 X Status Group Code
13 X

The function code for the Buffer Module uses the three most signifi-
cant bits, 11 through 13, to specify a particular function to be per-
formed. The remaining 10 bits specify a number to be used as an ad-
dress or length of a block transfer. The five least significant bits of
the function code may also be used to set the instruction register, I,
or the status register, S, of the Buffer Module. The coded functions
that a Buffer Module may be commanded to perform are shown in
Table 5.

Table 5. Buffer Module Function Code Format

13 Cc;g.e 11 Inte rprevtation

0 0 0 Not assigned

0 0 | Set Ior S

0 1 0 Set Length

0 1 1 Set Write Address

1 0 0 Set Read Address

i 0 1 Switch and Set Read Address
1 1 0 Start Self-Instruction and Set

Read Address*

1 1 | Stop Self-Instruction and Set
Read Address*

*A zero address field indicates the read address is not to be changed.
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The Function Output instruction is also used to perform functions
internal to the computer. These functions are termed self-instructions.
An example of a self-instruction would be to set '"on'' the control panel
test light. Bits 20 and 19 of the instruction specify the type of Function
Output. Bit 18 specifies whether the computer should wait in the in-
struction until it is signaled that the function code is accepted or not.

The word structure of the Function Output instruction is as follows:

26-21 20-19 18 17-14 13-1
Op. Code \l/ J/ Not used Function code
0 0 Send function code to external device
0o 1 Self-instruction
1 0

iend function code to Central Exchange

0 Terminate instruction if
signal returned says either
function code accepted or
function code not accepted

1 Terminate instruction if
signal returned says function
code accepted

Data Input

This instruction accepts blocks of full words from the module that

is connected to the information lines and stores these words in the com-

puter memory.

The g field of the instruction designates the address in memory of
the first word. If a search is required for Tape Modules, the word in
address g is the block number, previously stored. The word in address
g always must hold the drum sector number, 10 bits, when inputs from
a drum are desired. This word in g is not examined if a buffer is con-

nected to the computer. If no search on tapes is desired, this word in

g must be set to all zeros.
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The h field of the instruction designates the number of full words
to be read in. If h is all zeros, only a search is performed. If h is
all ones, the whole length of a block on tapes will be read in and the

length of the block will be stored in A at the end of the input operation.
Data Output

This instruction outputs blocks of full words from the computer
memory to the module connected to the information lines. The g and

h fields of the instruction are used similar to the Data Input instruction.

Two modes of tape write, Data Output, instructions are available.
These are write and overwrite which are preset by a Function Output
instruction. In the write mode two clock channels are recorded. In
the overwrite mode one channel of clock information is recorded. This
mode permits replacement of any block of information by a new block

of the same length.

Conditional Data Input

This instruction is useful with Tape Modules only. It allows tape
search without tying up the computer between block numbers and in-
terblock spaces. The g and h fields are used as in Data Input. The

word in g must be the block address.

When this instruction is executed, the first tape block number is
compared for equality with the word in g. If they are equal, the block
is read in, according to h. If they are not equal, the conditional read
indicator is turned on and the computer takes the next instruction in
sequence. The tape continues to move forward and the computer can
be warned before the next block number is available. The instruction
should be repeated for each block number until the search and read are

completed.

Flexowriter Communication

The Computer Module can communicate with a User Module. The
seven data output lines of the User Module are connected to the six
least significant bits of the A-register; and the seven data input lines

of the User Module are connected to the six most significant bits of the
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A-register. Parity is verified on input and six data bits are trans-
ferred into the A-register. Parity is automatically generated on out-

put from the Computer Module.

Interrupt Capability

The computer allows an interruption of its current program by
any of a number of conditions which may exist throughout the system.
The configuration of bits in the S-register of the computer specifies
the conditions which are allowed to interrupt the computer program.
The S-register is loaded by a computer instruction, or by an external
device. The aggregate of system conditions which may cause inter-
ruption is designated. A typical condition involves many more bits of
I than bits of S. Therefore, a bit Sn normally specifies a field In
corresponding to a certain type of interrupt condition. In a system
with full flexibility the correspondence between Sn and In is variable,

perhaps by plugboard. The members of a field In are designated Iﬁi'

Any time a condition Ini comes on while there is a one in the cor-
responding Sn, an interruption occurs. At the end of each instruction,
the computer inspects to see if an interruption has occurred. If one
has occured, the next instruction is in address 000. When the com-
puter has been programmed for interruption, there will be a Link Jump
instruction in 000 which stores the return address for the interrupted
program, and provides entry to a subroutine which stores A and B,
finds out what caused the interruption, and does whatever is necessary

to resolve the interruption.

Upon interruption, the computer enters an interrupt stat.us, indi-
cated by a flip-flop in A/C, and remains there until it returns to the
program which was interrupted. Further interruptions are locked out
during the intervening "interruption subroutine.' However, after the
initial interruption is resolved, the test of interrupt conditions is re- 4
peated, and if a second interrupt has occured, it is resolved also. This
loop is repeated until all interruptions havé been cleared out. Then A
and B are restored, and a Jump instruction re-enters the interrupted

program.
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By executing a Test Jump instruction, program branching on con-
dition Ini may be effected under program control independent of the

" S-register. This instruction transfers to H on conditions specified by

g.



