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Illustration

Transfer control to LOCC (0832) if Sense Indica-
tor #3 is set.

Js, 10, LoccC ,
|
{\ X QP Code | Indicator m
0| 0000 60 1010 0832

CONVERSION INSTRUCTIONS

These instructions provide the facility to convert
data in decimal format to alpha-numeric format or
data in alpha-numeric format to decimal format, and
to convert non-significant characters to non-printing
codes. Such instructions may be used to prepare in-
put data for processing and/or output.

LOAD A CONVERTING TO DECIMAL

Operation: (m'=2, m'~1, m')—=~AR; - 1, AR;
0P Code: 72
Cycles: 7

Description: Transfer the contents of three con-
secutive memory locations of alpha-numeric for-
mat into two adjacent arithmetic registers in decimal
format by removing the zone bits.

|
£ X OP Code AR m
25/24 21{20 15114 11110 1
1/A Indirect addressing option
X Binary address of index register, 0
to 15
AR Positional designation of arithmetic
register(s)
m Unindexed address of the operand
in alpha-numeric format
Notes

1. A 3—word alpha-numeric operand in memory is
‘““‘compressed’’ into a 2—word decimal operand
in the arithmetic registers.

2. It is assumed that the operand in memory is a
numeric (in 6—bit code) rather than alphabetic

representation. There Is no check for the pre-
sence of zone bits,

3. The signs of the result in the arithmetic regis-
ters will be that of the least significant word of

the operand in memory.

4. The operand in memory will not be altered.

Illustration

Convert FIELDB (0830-0832) from alpha-
numeric format to decimal format and locate the
result in AR12,

LAD, 12, FIELDB -+ 2,
|
£ X 0P Code AR m
0| 0000 72 1100 0832

STORE A CONVERTING TO
ALPHA-NUMERIC

Operation: (AR; — 1, AR;})—>m' -2, m' -1, m'
0P Code: 71
Cycles: 8

Description: Transfer the contents of two adjacent
arithmetic registers of decimal format into three
consecutive indexed memory locations in alpha-
numeric format by inserting zero zone bits.

|
/X 0P Code AR m
A
2524 21120 15/14 11110 1
I/A Indirect addressing option
X Binary address of index register, 0
to 15
AR Positional designation of arithmetic
register(s)
m Unindexed address of the operand in
alpha-numeric format
Notes

1. A 2—word decimal operand in the arithmetic
registers is ‘‘expanded’’ to a 3—word alpha-
numeric operand in memory.
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2. The signs of the result in memory will be that
of the least significant word of the operand in
the arithmetic registers.

3. The contents of the arithmetic registers are not
altered.

4. Indirect addressing, but not field selection may
be employed.

Itlustration

Convert to alpha-numeric format a decimal operand
located in AR12, storing it in FIELDB
(0681—0683).

SAA, 12, FIELDB + 2
|
{\ X OP Code AR m
0| 0000 71 1100 0683

ZERO SUPPRESS

0P Code: 73
Cycles: 2

Description: Transfer the contents of the indexed
memory location(s) to the arithmetic registers de-
signated replacing alpha-numeric 0’s (00 0011) and
commas (11 0010) to the left of the first significant
non-zero character with non-printing space codes

(00 0000).

|
;/\ X OP Code | AR m
25124 21,20 15114 1110 1
I/A Indirect addressing option
X Binary address of index register, 0
to 15
AR Positional designation of arithmetic
register(s)
m Unindexed address of the operand
(See #3 below.)
Notes

1. The operand in memory is unaltered.

2. The original sign(s) are retained.

3. A multi-word operand must be located in con-
secutive memory locations, but the suppressed
result may be in non-adjacent arithmetic regis-
ters.

4. When the operand is multi-word, the indexed
memory location must be the address of its most
significant word.

5. Indirect addressing, but not field selection may
employed.

Ilustration

Zero suppress FIELDB (0689-0690) placing the

result in AR12,

LAE, 12, FIELDB
i
,{\ X OP Code AR m
0| 0000 73 1100 0689

LOGICAL INSTRUCTIONS

These instructions allow bit manipulation in the
UNIVAC III System. The operation table which ap-
plies to each affected bit of the arithmetic regis-
ter(s) has the following form:

AR;
m (AR;) before execution
(m’) \ (AR;) after execution
OR OR

Operation: (m’) —>AR;
OP Code: 15 1-bits
Cycles: 2
Description: Transmit all 1-bits in the indexed

memory location(s) to the corresponding bit posi-
tions in the arithmetic register(s) designated.

OP Code AR m

N
>

2524 2120 15,14 11j10 1

L
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1/A Indirect addressing/field selection 1
option é X OP Code | AR m
X Binary address of index register, 0 o5 104 21120 1514 1110 1
to 15
1/A Indirect addressing/field selection
AR Positional designation of arithmetic option
register(s)
X Binary address of index register, 0
m Unindexed address of the operand to 15
Notes AR Positional designation of arithmetic
register(s)
1. Bit positions in the arithmetic register(s) that .
correspond to O-bits in the operand are not al- m Unindexed address of the operand
tered.
Notes
2., The operand in memory is not altered.
1. Bit positions in the arithmetic register(s) that
3. A logical “‘or’’ operation is performed on the correspond to 1—bits in the operand are not al-
entire operands, including sign bits. The truth tered.
table is:
2. The operand in memory is not altered.
AR 4
m L 0 1 3. A Iogical ‘‘and’’ operation is performed on the
0 0 1 entire operand, including sign bits, for which
the truth table is:
1 1 1
. . . . AR
4. Indirect addressing, field selection and multi- m l 0 1
word operands may be employed.
0 0 0
Hlustration 1 0 1
LOGICAL"OR'FIELDB (0823)with AR2 4. Indirect addressing, field selection and multi-
OR 2 FIELDB word operands may be employed.
’ ’,
| .
{\ X OP Code AR m Illustration
i 1" 2l
0l 0000 15 0010 0823 LOGICAL "AND" FIELDE (0832)with AR1
AND 1, FIELDE
|
{\ X OP Code AR m
AND AND
i . 0, 0000 16 0001 0832
Operation: {m')—>AR;
0-bits
0P Code: 16
Cycles: 2 INDEX REGISTER INSTRUCTIONS

Description: Transmit all O-bits in the indexed
memory location(s) to the corresponding bit posi-
tions in the arithmetic register(s) designated.

The following instructions provide for the loading,
storing, incrementing and comparing of index regis-

ter

contents used forthe indexing of allinstructions.
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LOAD INDEX REGISTER

Operation: (m’)—>XO0;
bits 1-15

OP Code: 51

Cycles: 3

Description: Transfer bits 1-15 of the indexed
memory location to the index register designated in

bit positions 11—14 of the instruction.

|
£ X 0P Code X0 m
25(24 21|20 1514 11110
1/4 Indirect addressing option
X Binary address of index register,
to 15
X0 Binary address of index register (1 to
15) operand
m Unindexed address of value to be load-
ed
Notes

1. Indirect addressing may be employed. Field
selection and multi-word operands do not apply.

IHustration

Load index register 12 with the value found in AMTA

(0389).

LX 12, AMTA
{: X OP Code X0 m
0} 0000 51 1100 0389

STORE INDEX REGISTER

Operation: (X0i) —>m’

OP Code: 50
Cycles: 3

SX

Description: Transfer the contents of the index re-
gister designated in bit positions 11-~14 of the in-
struction to bit positions 1—-15 of the indexed
memory location.

|
/1 X OP Code X0 m
A
25124 21120 15/14 11110 1
I1/A Indirect addressing option
X Binary address to index register, 0
to 15
X0 Binary address of index register (1 to

15) operand

m Unindexed address of storage location

Notes

1. Bit positions 16—25 of the indexed memory loca-
tion will be binary 0’s.

2. If X0 is 0000, bit positions 1—25 of m’ will con-
tain binary 0’s.

3. Indirect addressing may be employed. Field
selection and multi-word operands do not apply.

Ilustration

Store Index Register 10 in AMTB (0834).

SX, 10, AMTB
|
l/\ X OP Code X0 m
0| 0000 50 1010 0834
INCREMENT INDEX REGISTER 1X

Operation: (X0;) + (m') ——>X0;
bits 1-9

0P Codes: 52

Cycles: 3

Description: Algebraically add in binary bit posi-
tions 1-9 (augend) of the indexed memory location
to the index register designated (addend) in bits
11—14 of the instruction.
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|
/I X OP Code X0 m
A
25124 21120 1514 11110 1
1I/A Indirect addressing option
X Binary address to index register, 0
to 15
X0 Binary address of index register (1 to
15) operand
m Unindexed address of increment
Notes

1. If the sign of the indexed memory location is
negative, the addition to the index register is in
effect a decrementation.

2. Any carry beyond the most significant bit posi-
tion of the index register is ignored.

3. Indirect addressing may be employed. Field
selection and multi-word operands do not apply.

lilustration

Increment Index Register 12 by the value in AMTB
(0772),

X 12, AMTB
|
£ X 0P Code X0 m
0| 0000 52 1100 0772

INCREMENT INDEX REGISTER AND
COMPARE

Operation: (X0;) + (m') — XO;
. bits1-9
I(x0)|: [(m)] .
0P Code: 53 bits 10-24
Cycles: 4

Description: Algebraically add in binary bit posi-

tions !—9 (increment amount) of the indexed Incre-
ment and Compare word (ICW) to the

index register designated in bits 11—-14 of the in-
struction. Compare in absolute the new contents of
the index register with bit positions 10-24 (com-
parison amount) of the [CW and set the appropri-
ate comparison indicator according to the following:

if |(X0i)| > |(m')| bits 10-24, set Greater Com-
parison Indicator.
if |(X0i)| < |(m")| bits 10-24, set Less Compar-

ison Indicator.

if |(X0i)| = |(m’)| bits 10-24, set Equal Comparison

Indicator
|
/X 0P Code X0 m
A
25124 21120 15(14 11410 1
1/A Indirect addressing option
X Binary address of index register, 0
to 15
X0 Binary address of index register (1 to
15) operand
m Unindexed address of XMOD
Notes
1. The
ICW is in the following format:
S
| Comparison Amount Increment Amount
;
25/24 10{9 1

2. If the sign bit (25) of the ICW is one, the in-
crement amount is added as a negative value, in
effect decrementing the index register,

3. Any carry beyond the most significant bit posi-
tion of the index register is ignored.

4. Prior to the setting of the appropriate indicator,
all comparison indicators are reset.

5. Indirect addressing may be employed. Field
selection and multi-word operands do not apply.
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Illustration Class 0010
Indicator(s) Positional designation of specific

Increment Index Register 5 by 3 and compare the
contents to the value 45. The [CW 1is located in
INCR (0489).

I, 5 INCR

|

£ X 0P Code X0 m

0( 0000 53 0101 0489
(0489)

INCR ICW 45,3,

S

é Comparison Amount Increment Amount
f

0 45 3

PROCESSOR INTERRUPT INSTRUCTIONS

The cause of two classes of automatic program in-
terrupt, Processor Error and Contingency, may be
determined by these instructions. When the condi-
tion is rectified, the affected indicator may then be

reset, and normal processing may continue.

TEST CONTINGENCY INDICATOR

Operation: Test Indicator:

If set, (CC) + I—>CC

If reset, (CC) + 2—»CC
OP Code: 64
Cycles: 2

Description: Test the contingency indicator(s)speci-
fied in bit positions 1—10. If one or more is set,
access the next instruction in sequence. Otherwise,
skip the next instruction in sequence.

|

‘{\ X OP Code | Class Indicator

25124 21|20 15|14  11}10 1
I/A Indirect address option
X Binary address of index registers, 0

to 15

indicator(s)
Notes

1. Any number of indicators may be tested by place-
ment of 1-bits in bit positions 1-10. If an in-
dicator is set, the next instruction in sequence
will be accessed, (CC) + 1—» CC.

2. The condition of the indicator(s) will not be
affected by the test.

3. Indicators are designated by 1—bits in the follow-
ing bit positions. (Bit positions 7—-10 should be
0’s.)

ADDRESSES
Overflow 000001 01
Invalid OP Code 000010 02
Console Typewriter Interrupt 000100 04
Keyboard Request 001000 010
Keyboard Release 010000 020
Contingency Stop 100000 040

4. The location immediately following the instruc-
tion will normally be an unconditional transfer.

5. Indirect addressing may be employed.

IHlustration

Test the Contingency Stop Indicator.

TC 040
]
£ X OP Code | Class Indicator
0| 0000 64 0010 0000100000

RESET CONTINGENCY INDICATORS

0P Code: 65
Cycles: 2
Description: Reset the Contingency Indicator(s)

specified in bit positions 1—10 of the instruction,
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l Description: Test the Process error indicator(s)
/ X OP Code | Class Indicator specified in bit positions 1—10. If one or more is
A set, access the next instruction in sequence. Other~
2s 21020 15]14 110 wise, skip the next instruction in sequence.
| .
1/A Indirect addressing option {\ X OP Code | Class Indicator
X Bin;a;y address of index register, 0 05|24 21120 15/14  11]10 1
to
cl 0010 1/A Indirect address option
ass 1
) . . X Binary address of index register, 0
Indicator(s) Positional designation of specific to 15
indicator(s)
Notes Class 0001
1. Any number of indicators may be reset. The in- Indicator(s) I_’osjtional designation of specific
clusion of several 1-—bits will result in the re- indicator(s)
setting of all indicators designated. Notes

2. Indicators are designated in the same way as for

Test Contingency Indicator

Note 3

3. Any attempt to reset an indicator in a reset con-
dition will not result in an error.

4. Resetting of any indicator will automatically
reset the Contingency Interrupt Mode Indicator
and inhibit all interrupts until after execution

of the following instruction.

5. Indirect addressing may be employed.

[llustration

Reset the Overflow Indicator.

RC 1
]
{\ X OP Code | Class Indicator
0| 0000 65 0010 0000000001

Operation:

0P C:ae:
Cycies.

TEST PROCESSOR ERROR
INDICATOR(S)

Test Indicator:
If set, (CC) + 1= CC
If reset,(CC) + 2= CC

64
2

1. Any number of indicators may be tested by
placement of 1-bits in bit positions 1-10. [f
an indicator is set, the next instruction in sequ-
ence will be accessed; (CC) + 1 —» CC,

2. The condition of the indicator(s) is not affected

by the test.

3. Indicators are designatedby the following

address:

Memory Address Error during:

Instruction Access

Operand Access

Synchronizer Access by:
UNISERVO Il Basic Write
UNISERVO Il Basic Read
General Purpose #1
General Purpose #2
General Purpose #3
General Purpose #4
General Purpose #5
General Purpose #6
General Purpose #7
General Purpose #8
Compatible Tape

UNISERVO Il Additional Write
UNISERVO IIl Additional Read

Modulo 3 Check on Instruction
Modulo 3 Check on Operand
Adder Error Check

UTMOST

[
O WD U W gy

O GO ket b et e b
RO O U N
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4. The Iocation immediately following the instruction
will normally be an unconditional transfer.

5. Indirect addressing may be employed.

IHiustration

Test thev Modulo 3 Check On Instruction Indicator.

TPE 16,
|
/A X OP Code | Class Indicator
0| 0000 64 0001 0000010000

RESET PROCESSOR ERROR
INDICATOR(S)

0P Code: 65
Cycles: 2

Description: Reset the Processor Error Indicator(s)
specified in bit positions 1-10 of the instruction.

|
{\ X OP Code | Class Indicator
25124 21420 1514 1110 1
I/74 Indirect addressing option
X Binary address of index register 0 to
15
Class 0001
Indicator(s) Positional designation of specific in-
dicator(s)
Notes

1. Any number of indicators may be reset. The in-
clusion of several 1-bits will result in the re-
setting of all the indicators designated.

2. Indicators are designated in the same way as
for Test ProcessorError!ndicators) Note 3

3. Any attempt to reset an indicator already in a
reset condition will not result in an error.

4. Resetting of any indicator will automatically
reset the Processor Error Interrupt Mode Indi-
cator and inhibit all interrupts until after execu-
tion of the following instruction.

5. Indirect addressing may be employed.

[Tlustration

Reset the Adder Error Check Indicator.

RPE 64
|
£ X OP Code | Group Indicator
G| 0000 65 0001 0001000000

INPUT-OUTPUT INTERRUPT INSTRUCTIONS

The third class of automatic program interrupt, I

put-Output, is handled by these instructions. Th
channel synchronizer originating the interrupt and
the specific cause of it may be determined. Normal
processing will be resumed when the affected in-
dicators are reset.

TEST INPUT-OUTPUT INDICATORS

Operation: Test Indicator:
If set, (CC) + 1=—>CC
If reset, (CC) + 2=—»CC
OP Code; 64
Cycles: 2
Description: Test the Input-Output Indicator(s)

specified in bit positions 1-10 for the channel
specified in bit positions 11—14. If one or more is
set, access the next instruction in sequence. Other-
wise, skip the next instruction in sequence,

|
{‘ X OP Code |Channel Indicator
2524 21120 15114 11{10 1 ‘
I/A Indirect addressing/field selection
option
X Binary address of index register, 0 to

15
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Channel Designator (See below.) Bit
Positions
Indicator Positional designation of specific Error A (UNISERVO Units
indicator Only) 3
Busy (UNISERVO UnitsOnly) 4
Notes
Error B
1. Any number of indicators may be tested by place- Error for General Purpose
ment of 1-bits in positions 1-10, If an indicator Channels 5
is set, the next instruction in sequence will be .
accessed; (CC) + 1 —» CC. End of File (727 Tape) 5
End of Tape (UNISERVO III
2. The condition of the indicator(s) will not be Unit Only) 6
affected by the test.
Qut-of-paper (High-Speed
3. The location immediately following this instruc- Printer) 6
should normally contain an unconditional trans- Wired Stop Character (Paper
fer. Tape) 6
4. Any attempt to reset an undefined indicator for Fault 7
a given channel or an indicator already in a reset Low on Paper (Paper Tape) 2and6
condition will not result in an errot.
Bad Line Printed S5and7

5.

7.

Indirect addressing may be employed.

Channel designations (bits 11—14) are as follows:

UNISERVO Il Basic Write 0011 3
UNISERVO Illl Basic Read 0100 4
General Purpose #1 0101 5
General Purpose #2 0110 6
General Purpose #3 0111 7
General Purpose #4 1000 8
General Purpose #5 1001 9
General Purpose #6 1010 10
General Purpose #7 1011 11
General Purpose #8 1100 12
Compatible Tape Read Write 1101 13
UNISERVO I Additional

Write 1110 14

UNISERVO III Additional Read 1111 15

Indicators are designated by 1—bits in the follow-
ing bit positions (bits 8—10 should be 0):

Bit
Positions

Stand-by Location Interlock 1
Indicator

Completion/Initiation
Interrupt 2

Itlustration

Test the Stand-by Location Interlock Indicator for
UNISERVO IIl Basic Write Channel.

TIO 3 1
|
I/\ X OP Code |Channel Indicator
0| 0000 64 0011 0000000001

RESET INPUT-OUTPUT
INDICATOR(S)

OP Code: 65
Cycles: 2

Description: Reset the input-output indicator(s)
specified in bit positions 1-10 for the channel
specified in bit positions {1-]4.

OP Code |Channel Indicator

P
>

2524  21{20 1514 1110 1




UNIVAC IIT UTMOST

REVISION: SECTION:
\

DATE: PAGE:
July 1, 1962 50

1/A Indirect address option

X Binary address of index register, 0 to
15

Channel Designator (See below.)

Indicator(s) Positional designation of specific
indicator(s)

Notes

1. Any number of indicators may be reset. The in-
clusion of several 1-bits will result in the re-
setting of all indicators designated.

2. For channel designations (bits 11—14) see Note 6
of preceding instruction.

3. Indicators are designated by 1-bits as speci-
fied in Note 7 of the preceding instruction.

4. Any attempt to reset an undefined indicator for
a given channel or an indicator already in a reset
condition will not result in an error,

5. Resetting of any indicator will automatically
reset the Input-Output Interrupt Mode Indicator
and inhibit all interrupts until after execution of
the following instruction.

6. Indirect addressing may be employed.

Description: Set the Inhibit Input-Output Interrupt
Indicator thereby preventing all subsequent Input-
Output Interrupts from occurring.

|
{\ X OP Code | Indicator m
25124 21|20 15114 11{10 1
I/A Should be 0
X Not relevant
Indicator Should be 0000
m Not relevant
Notes

1. Storage of the Control Counterreading and trans-
fer of control to location 0020 will be blocked
as long as the indicator is set.

2. The setting of the indicator will not affect any
subsequent setting or resetting of the Input-
Output Indicators.

3. Indirect addressing and field selection are not
applicable.

[lustration

Inhibit all Input-Output Interrupts from occurring.

Iliustration Pl 0
Reset the Stand-by Location Interlock Indicator for l/ X OP Code |Indicator m
UNISERVO IIl Basic Read Channel. A
RIO 4, 1 0] 0000 62 0000 0000
IA X 0P Code |[Channel Indicator
0| 0000 65 0100 0000000001

PREVENT INPUT-OUTPUT
INTERRUPT

0P Code: 62
Cycles: 2

ALLOW INPUT-OUTPUT
INTERRUPT

0P Code: 61
Cycle: 2

Description: Reset the Inhibit Input-Output Interrupt
Indicator thereby allowing the occurrence of all
subsequent input-output interrupts.
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I X Binary address of index register, 0 to
/X OP Code | Indicator m 15
2o 21020 15114 11]10 1 Indicator Should be 0000
m Unindexed address of the next in-
I/A Should be 0 structionto be accessed if indicator is
set
X Not relevant €
Indicator Should be 0000 Notes
m Not relevant 1. The condition of the indicator is not affected by
the test.
Notes

1. An Input-Output Interrupt or Input-Output Error
Indicators may be set during the time Input-Out-
put Interrupts are inhibited. A normal Input-Output
Interrupt will occur when this indicator is reset.

2. Indirect addressing and field selection are not
applicable.

IHlustration

Allow input-output interrupts to occur.

Al 0
|
£ X OP Code | Indicator m
0{ 0000 61 0000 0000

JUMP IF INPUT-QUTPUT
INTERRUPT PREVENTED

Test Indicator:

If set, m'——»-CC

If reset, (CC) + 1=—»CC
OP Code: 60

Operation:

Cycles: 1 if set; 2 if reset

Description: Test the Inhibit Input-Output Indicator.

If set, transfer control to the indexed address.
Otherwise access the next instruction in sequence.

OP Code |Indicator m

D~
>

25124 21120 15{14 11{10 1

1/A Indirect addressing option

2. Indirect addressing may be employed.

Illustration

Transfer control to LOCE
interrupt is inhibited.

(0839) if input-output

JIP LOCE
k X OP Code | indicator m
0 0000 60 0000 0839

INITIATE INPUT-OUTPUT INSTRUCTION

Input-output function specifications, denoting the
particular input-output operations to be performed,
are not decoded and executed in the Central Proces-
sor. Execution of Initiate Input-Output Instruction
makes the input-output function specification avail-
able to the appropriate channel synchronizer which
executes it.

LOAD CHANNEL STANDY
REGISTER

—

LC

(m')=»SLi and set appropriate
Stand-by Location Interlock Indicator
0P Code: 70

Operation:

Cycles: 3
Description: Transfer the function specification
from the indexed memory location to the fixed

stand-by location in memory associated with the
channel designated in bit positions 11—-14 and set
the respective Stand-by Location Indicator.
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:/\ X OP Code | Channel m

25024 21|20 15(14 11110 1

I/A Indirect addressing option

X Binary address of index register, 0
to 15

Channel Channel designator

m Unindexed address of the function
specification

Notes

1.

Input-output operations, except those pertaining
are executed by

means of two instructions — the initiate input-

to the Console Typewriter,

output instruction and a function specification

(FS). The latter serves to direct the peripheral
unit to perform a specific function — read a card,
read a block, print a line, and so on. Function

specifications have the following formats.

TAPE FUNCTIONS

Servo | Function .
0 Number Code ' L-Addr.
5(24 21120 17]16{15 1

HIGH-SPEED PRINTER FUNCTIONS

Number of |~ u
0| LinesPaper |3 o}l L-Addr.
Advance |2 °
2524 19181716|15 1

HIGH-SPEED CARD READER AND CARD-PUNCH

FUNCTIONS

Function

00000 Code

L-Addr.

25 21120 1716

15 1

PAPER-TAPE READER AND PUNCH
FUNCTIONS

L-Addr.

(=]

No. of Words

FUNCT'N
CODE

5|24 19

—
oo
—
~1

1615 1

The initiate input-output function places the F§
in the memory location associated with the
channel so that it may be picked up by the
channels control circuitry, decoded, and execut-
ed. To inform the channel circuitry that a FS is
available, the Stand-by LocationIndicator is set.

Operation of the initiate input-output function
and the input-output function specification is as
follows:

Execution of the initiate input-output func-
tion places an input-output function speci-
fication into the stand-by location for the
synchronizer designated and sets the cor-
responding Stand-by Location Indicator.

When the related synchronizer successfully
completes the execution of a previous in-
struction, the synchronizer requests access
to its stand-by location if its Stand-by
Location Interlock Indicator is set. When
the Memory Priority Circuits grant the Syn-
chronizer the requested access, and the
contents of the stand-by location are trans-
ferred to the Channel Control Circuitry where
the function is defined. During the transfer,
bit functions 1-15 are loaded into the syn-
chronizer’s Memory Address Counter. The
Stand-by Location Interlock Indicator will be
reset when the operation is successfully
initiated and the instruction execution begins
(when the instruction applies to the tape
units and to the Printer.)

If the Stand-by Location Interlock Indicator
is set, and an initiate input-output function
is executed, the associated, input-output
function specification will replace the one
in the stand-by location. In normal use the
indicator should be tested and found reset
prior to the execution of an initiate input-
output function. If the Indicator is found
set, and the initiate { -® command is
executed, there is the possibility that
the instruction already in the stand-by
location will not be executed while the
new one is being entered. PResetting of
the Indicator may be accomplished by
the RIO instruction.

Whenever input-output functions can-

not be successfully completed because
of error or abnormal conditions, the

stand-by location Interlock Indicator for
the appropriate synchror izer remains
reset. The instruction in its stand-by
location will therefore not be transferred
for execution.
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2. The address of the memory locations associated STORE LOCATION l &1,
with the channel is the binary value of the STORE CHANNET, sC
channel designator. —

Operation: (MACi) = m’

3. Indirect addressing but not field selection may  (p Code: 04
be employed. Cycles: 3
4. See Note 2 of for channel addresses. Description: Transfer the contents of the Memory

Address Counter (MAC) for the channel specified in
bit positions 11—14(or the Control Counter if speci-
fied) into bit positions 1—-15 of the indexed memory

llustration

Initiate a tape operation for the Basic Read Channel.

The function specification is located in LOCB location.
(0839).
Lc 4 LocB lﬁ X | OPCode |MAC/CC n
|
Al X | OPCode | Channel m hsl24  21]20 1514 11]10 1
0| 0000 70 0100 0839
I/A Indirect addressing option
MISCELLANEOUS INSTRUCTIONS X Binary address of index register, 0
to 15

MAC/CC Normally channel designator (See

NO OPERATION below,)
Operation: (CC) + I—»=CC m Unindexed address
OP Code: 00
Cycles: 2

Notes

Description: No operation is performed. Access the

next instruction in sequence. 1. Bit positions 16—25 of the indexed location will

be binary 0’s.

2. If the Control Counter is desired, bit positions
Y'ox | opcede | AR n 11-14 should be 0001 (SL) If a Memory
A Address Counter is desired, the channel designa-
tions are:
25(24 21|20 15|14 11]10 1
I/A 0 UNISERVO III Basic Write 0011
UNISERVO Il Basic Read 0100
X Not Relevant General Purpose #1 0101
General Purpose #2 0110
OP Code 00 General Purpose #3 0111
AR Not Relevant General Purpose #4 1000
General Purpose #5 1001
m Not Relevant General Purpose #6 1010
General Purpose #7 1011
Notes General Purpose #8 1100
Compatible Tape Read-Write 1101
1. Memory, arithmetic regdisters and indicators UNISERVO III Additional Write 1110

are not affected. UNISERVOIII Additional Read 1111
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3. The Memory Address Counter for the channel )
designated at the time of transfer will contain: I/\ X OP Code |Channel m
UNISERVO U Unit — Address of the Tape Con- 25 24 21 20 15 14 11 10 1
Scatter Read trol Word currently effec-
or tive in the UNISERVO I . . .
I/A Ind t add t
Gather Write Read or Write Synchronizer. / ndirect addressing option
X . d . .
Compatible Servos — Address to or from which fo";z:y address of index register, 0
or UNISERVO 111 the last data word trans-
Unit Read W/O fer took place. Channel For channel designation, see Note 2
Control Word below.
Unindexed locati
High-Speed Printer — Address of last word m mndexed memory location
transferred to the Printer
Synchronizer Buffer. Notes
Card-Punch Unit — Address of the last word 1. The indexed memory location will contain the
transferred from Punch following information:
Synchronizer. Bits 1-15 Binary address of the last word
. transferred to or from the synchro-
High-Speed Reader — Address of the last word nizer channel
transferred from High-
Speed Reader Synchronizer. Bits 16—24 Original count as contained in they,
Scatter Read/Gather Write Controf{
4. The contents of the Memory Address Register Word, decremented by one for each
(15 bits) may also be transferred to memory by word transferred
placement of 0010 in bit positions Bit 25 Sign; Positive
11—14 of the instruction,
2. The UNISERVO Read or Write Ch 1 Syn-
5. Indirect addressing but not field selection may © .NIS RV. I". ead or Write annel Syn
chronizer Designations
be employed.
BITS 11-14
iHustration Basic Write 1000
. . Basic Read 0100
S(;;;eg the MAC for the Basic Read Channel in LOCB Additional Read 0010
(0839). Additional Write 0001
SC 4, LOCB
i Note: The above designations apply to this in-
l/\ X OP Code |Channel m struction only.
ol 0000 04 0100 0839 3. Indirect addressing, but not field selection may
be employed.
Iltustration

STORE TAPE CONTROL REGISTER

Operation: (TCRi) = m’
0P Code: 05
Cycles: 3

Description: Transfer the contents of the Tape Con-
trol Word Register (TCWR) for the UNISERVO Il
synchronizer channel specified in bits 11-14 to
the indexed memory location,

Store the TCWR of the Basic Write Synchronizer
Channel in FIELDD (0832).

ST 4, FIELDD
|
l/\ X 0P Code |Channel m
0| 0000 05 1000 0832
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BALT AND JUMP | HJ READ CLOCK i RCK
e e

Operation: m'~—s CC and

Stop Arithmetic and Control Unit
0P Code: 77
Cycles: 2

Description: Replace the contents of the Control
Counter with the indexed address of the instruc-
tion and stop the arithmetic and control unit.

|
Al X | oPCode | AR m
2528 21120 15(14 11410 1
I1/4 Indirect address option
X Binary address of index register, 0
to 15
AR Not relevant
m Unindexed address of the next instruc-
tion to be accessed
Notes

1. When the Start Key on the console is depressed,
the program is resumed at the location specified
by the Control Counter reading.

2. The arithmetic and control unit ceases to request
memory access. All peripheral operations in
progress continue to request memory until they
are completed. Any function specifications in
stand-by locations will be accessed and execu-

ted.

3. Indirect addressing but not field selection, may
be employed.

Iflustrations

Stop the arithmetic and control unit. Then resume
the pregram with the instruction located in LOGCB
(0839).

HJ LOCB
|
{\ X 0P Code AR m
0| 0000 77 0000 0839

Operation: (Clock)—» ARi
0P Code: 76
Cycles: 2

Description: Transfer the reading of the clock to
the arithmetic register designated.

|
£ X OP Code AR m
25|24 21120 15|14 11110 1
I/A Should be 0
X Should be 0
AR Positional designation of arithmetic
register
m Should be 0’s
Notes

1. If the clock is cycling, one-half second every
six seconds, an invalid time is transferred to
ARi and the next instruction in sequence is
accessed; (CC) + |—»CC.

2. If the clock is not cycling, a valid time is trans-
ferred to bit positions 1-20 of ARi with 21-25
binary 0’s and the next instruction in sequ-
ence is skipped; (CC) + 2= CC.

3. The valid time is expressed in five 4—bit ex-
cess-three digits in the following format:

00000

25 20120 17|16 13|12 98 514 1

e —————— ~ N —
Hour Minute Tenfth

0
Minute

4. If more than one arithmetic register is designat-
ed, the clock reading will be transferred to the
highest arithmetic register designated.

5. If the UNIVAC III System does not include the
clock and the instruction is executed, ARi will
receive binary 0’s and the next instruction in
sequence will be accessed.
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The clock, modulo 24 hours, is located inside
the Console and is not normally visible to the
operator. Knobs are provided on the clock hous-
ing to set the hour and minute hands. Power is
supplied directly from a 115-volt AC, 60-cycle line.

If the power to the clock was disrupted, any
Load Time instructions executed will set the
Overflow Indicator resulting in a Contingency
Interrupt. The operator must reset the clock to
prevent further Contingency Interrupts when
accessing the clock. This is accomplished by
depression of a button located on the clock
housing.

Indirect addressing, field selection and muliti-
word operands are not applicable.

Hlustration

Store the clock reading in ARL,

RCK 1L 0
k X OP Code AR m
0| 0000 76 000l 0000
WRITE DISPLAY wbD
Operation: (m')=—> Display
OP Code: 03

Cycles: 2

Description: Transfer the 27—-bits of the indexed
memory location to the visual display on the Main-
tenance Panel.

|
£ X 0P Code AR m
2524 21120 15114 11110 1
I/A 0
X Binary address of index register, 0
to 15
AR Not relevant
m Unindexed address of operand
Notes
1. The Display switch on the panel must be set to
position 0. i
Ilustration

Display the contents of LOCB (0839).

WD LocB
I
{\ X OP Code AR m
0| 0000 03 0000 0839
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The UNIVAC III Operator’s Console contains, in
addition to the Console Typewriter and Keyboard
and its controls, buttons and lights to control the
Central Processor and monitor the peripheral
equipment.

AC On-Off Button-Light

Depression of this button when in the off-
state, will supply power to the system. If
this button is depressed when in the on-stiate,
power will be lost. Use of this button is
controlled by a key lock located under the
Console apron.

Ready Light

When lit, it indicates that power has been
supplied and the Central Processor is ready
to operate. There will normally be some lag
in its lighting after power has been supplied.

General Clear Button

Depression of the General Clear Button causes
the following indicators to be reset:
Processor Error Interrupt Indicators
Contingency Interrupt Indicator
Input-Output Interrupt Indicators
Interrupt Mode Indicators
Inhibit Input-Output Interrupt Indicator

Sense Indicators

Depression of the General Clear Button also
causes the following registers to be cleared to
binary 0’s:

Control Counter

Index Registers

Memory Address Counters

5. Operator’s Console

Load Button

Depression of this button causes logical
UNISERVO III 0000 to read forward one block
without control word. The starting address
of the transfer is determined by the Memory
Address Counter of the UNISERVO III Read
Synchronizer. The Stop Light must be lit for
the button to be effective.

Rewind Button

Depression of this button causes the logical
UNISERVO III 0000 to rewind without inter-
lock. The button will only be effective if the
Stop Light is lit.

Program Run Button-Light

Depression of this button causes the Central
Processor to begin execution of instructions
the location of which is specified by the
Control Counter. The light is lit only during
the execution of instructions.

Processor Error Stop/Program Stop

This is a two-section button-light. When the
top section, Processor Error Stop, is lit, it
indicates that a second Processor Error oc-
curred while in a Processor Error Interrupt
Mode causing a stop condition. When the
lower section is lit, it indicates that the stop

resulted from the execution of a Halt Instruction.

When this button is depressed. the Contin-
gency Stop Indicator will be set causing a
Contingency Interrupt.

Prevent 1/0 Interrupt

This light is lit when the Inhibit I/0 Interrupt
Indicator is set.

oam
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Monitor Panel

Eight pairs of lights, indicate the line status
of the general purpose channels (lit if off-line)
and whether an abnormal (fault) condition
exists in any unit requiring operator inter-
vention. Two additional pairs of lights in-
dicate the same conditions for the servo power
supplies and the Central Processor.

If an abnormal condition such as no airflow,
overheat, power supply failure, and so on,
occurs, the appropriate light will be lighted
and sound a buzzer. The buzzer may be turned
off by depressing the Buzzer Override Button
which is on the panel., The indicator light is
extinguished when the abnormal condition is
corrected. (This panel is not illustrated.)

CONSOLE TYPEWRITER

The UNIVAC III Operator’s Console contains in
addition to lights and buttons for the operation
of the Central Processor, a Console Typewriter
and Keyboard.

The typewriter and keyboard are used for the
following purposes:

m Typing out data or the contents of the address-
able registers, for control purposes under pro-
gram control.

m Changing the contents of memory location ad-
dressable registers by program controlled
type-ins.

m Manual typing independent of program control
when in an off-line condition.

Specifications:

CHARACTERS
Fifty-one  printing alpha-numeric (6-=bit)
characters as programmed input or output

(Figure 5-2).
FORMAT CONTROL

Programmed typewriter actions are controlled
by 6-—bit non-printing characters. They are:

m Tab Stop (advance carriage to next tab
stop).

® Return carriage and space one or two lines.

® Form Feed will advance paper to the pre-set
first printing line of the next 5% ' or 11"’ form,

® Bell Ring.

SPEED
Ten characters printed per second.
SPACING

Ten characters per inch horizontal spacing
and six lines per inch vertical spacing.

FORM FEED
Sprocket Fed

PAPER WIDTH

Eight and one-half inches including sprocket
holes.

NUMBER OF COPIES

Up to five copies plus the original may be
produced.

MODES

On-line typewriter functions under program
control. Off-line functions as a conventional
electric desk typewriter.

ZONE
00 o1 10 n
0000 A &
0001 ) * %
0010 - . $ ,
ARRIAS RETURN RING
0011 0 cnm ::e :z:n BELL +
0100 1 A J /
0101 2 B K S
0110 3 c L T
v 011 4 D M u
o
3| 1000 5 E N v
2
z 1001 6 F o] w
1010 7 G P X
1011 8 H Q Y
1100 9 1 R z
1101 / #
HORIZONTAL FORM
1110 ; TAB FEED
1nn (

Figure 5-2. UNIVAC Il Console Typewriter Code
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On-Line Mode of Operation

Input from the keyboard and output to be printed
is accomplished character-by-character through
the 6-bit Typewriter Buffer Register (TBR).

Execution of a Write Typewriter Character (WT)
will transfer from memory one 6-bit printable or

non-printing typewriter character and initiate a

typewriter cycle. Once this is accomplished the
Central Processor accesses the next instruction.
The character is then printed or the non-printing
function executed. At this time, the Console
Typewriter Interrupt Indicator is set, causing a
Contengency Interrupt.

In order to use the keyboard for input, the Acti-
Typewriter (AT) instruction must be exe-
cuted, before depressing a character key. De-
pressing a character key will enter in the TBR
the proper 6—bit code and set the Console Type-
writer Interrupt Indicator causing a Contingency
Interrupt. Execution of a Read Typewriter Char-
acter (RT) instruction will then transfer the
character to the arithmetic register designated.
Depression of a character key will not result in
a printing or typewriter controlled function.

Typewriter Control Buttons and Associated
Indicators

In addition to the keyboard with its printing
and non-printing character keys, the following
buttons and testable indicators are associated
with the Console Typewriter:

KEYBOARD REQUEST BUTTON

Depression will set the Keyboard Request
Indicator and cause a Contingency Interrupt
to occur. The indicator is tested and reset by
programming.

This button is inactive when the typewriter
is off-line.

KEYBOARD RELEASE BUTTON

Depression will set the Keyboard Release In-
dicator and a Contingency Interrupt will occur.
The indicator is tested and reset by pro-
gramming.

This button is inactive when the typewriter is
off-line.

KEYBOARD ACTIVE LIGHT

Lit by the execution of an Activate Typewriter

(AT) instruction. It is extinguished when
either a key or the Keyboard Release Button
is depressed. There is no associated program
testable indicator.

TYPEWRITER ON-OFF LINE BUTTON-LIGHTS

Indicates the status of the typewriter by the
section lit. If on-line, the typewriter is under
the direct control of the program. Depression
of the button when on-line will put it off-line,
The typewriter may then be used manually
with printing or non-printing functions occurring
when a key is depressed. Depression of the
On-Off Line button-light when off-line will put
the typewriter on-line.

CONSOLE TYPEWRITER INTERRUPT
INDICATOR

This indicator is set when the typewriter is
on-line by the depression of a character key
or the execution of a printing or non-printing
function initiated by a WT instruction.

There is no light indicating the status of this
indicator; it is testable and resettable by

program only.

Console Typewriter Instructions

The UNIVAC III Console Typewriter will function
under program control utilizing these instructions.

WRITE TYPEWRITER CHARACTER

Operation:

If Typewriter on-line: (m’) —> TBR
one character

Then print and(CC)+2-—> CC

If Typewriter off-line: (CC)+1—>CC

0P Code: 02

Cycles: 2

Description: If the Console Typewriter is on-
line, transfer the alpha-numeric character or
function code specified in bit positions 11-14 of
the instruction from the indexed memory location
to the Typewriter Buffer Register (TBR), initiate
a Typewriter Print Cycle, and skip the next
instruction in sequence,
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| |
i\ X OP Code | Character m /1 X OP Code AR m
A
2524 21420 1514 11}10 1 25|24 2120 15(14 1110 1
I/A Indirect addressing option I/A Should be 0
X Binary address of index register, X Should be 0’s
0tol5
AR Should be @’s
Character Designation of character position to
be printed, 0000—0011. See Note 1. m Should be 0’s
m Unindexed Address of character to  Notes
be printed
Notes 1. The Keyboard Activate Light on the Console

1. The character to be transferred and printed is
designated in bits 11—12 as shown below. Bits
13—14 are not examined and therefore may be

1 or 0.

CHAR. 4 3 ? 1

gits |2 19]18 13]12 716 1
AR 12]11 1211 12]11 12]11
BITS 11 10 ol1 0o

SALT 3 2 1 0

2. When the character is printed or function per-
formed, the Typewriter Interrupt Indicator is
set causing Céntingency Interrupt.

3. If the Typewriter is off-line the instruction is
aborted and the next instruction (normally an
unconditional transfer) is accessed.

IHlustration:

Print character 4 from FIELDB (0683).

WT 3, FIELDB
I
/I X OP Code | Character m
A
0 0000 02 0011 0683

ACTIVATE TYPEWRITER AT

OP Code: 66
Cycles: 2

Description: Allow one alpha-numeric character
to be typed in the Typewriter Buffer Register.

will be turned on when the instruction is ex-
ecuted. When a character key is depressed, the
light will be extinguished and the Typewriter
Interrupt Indicator will be set causing a
Contingency Interrupt,

2. Depression of a character key will not result
in the character being printed,

3. The Central Processor will not be interlocked
while the character is being typed.

4. Indirect addressing, field selection and multi-
word operands are not applicable.

IHlustration

Activate the Console Typewriter.

AT 0
|
/I X 0P Code AR m
A
0| 0000 66 0000 0000

READ TYPEWRITER CHARACTER

Operation: (ARi)+(TBR)—> ARi

0P Code: 01

Cycles: 2

Description: Add the alpha-numeric character

in the Typewriter Buffer Register (TBR) to bit
positions 1-6 of the designated Arithmetic Re-
gister,
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| 3. The rules for binary addition apply for bit
/1 X OP Code AR m positions 1-5. For bit position 6, the rules
A are:

P5(24 21120 15|14 11110 1 w [f a carry from bit position 5 exists, the

result in bit position 6 is a 1.

w [f a carry from bit position 5 does not

I/74 Should be 0 exist, the rules for binary addition apply
X Should be 0’s to bit position 6.

. i . . w In any case, no carry from bit position 6
AR Positional designation of arith-

k . Is propagated to bit position 7.
metic register

I .
m Should be 0’s [Hustration

Unload the Typewriter Buffer Register into ARZ,
Notes RT 2 0

?

1. Bits 7-25 of the designated arithmetic re- ]
gister will not be affected, £ X 0P Code AR M
2. Indirect addressing, field s‘electzon and multi- 0l 0000 01 0010 0000
word operands are not applicable.
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The purpose of this section is to explain briefly
the operation of each arithmetic process so that
details of the individual instructions may be more
fully appreciated,

All arithmetic operations exclusive of those
relative to the control unit are accomplished
by the arithmetic unit which consists of the
adder, arithmetic registers, Central Processor
register, and their related circuitry. Each of the
five registers involved performs a unique function
during all of the arithmetic processes as shown
in Figure 6-1,

ADDITION
Signs Equal - True Addition

In either a binary or decimal add with like signs,
the operands are transferred to the adder four bits
in parallel, the augend from memory and the ad-
dend from the arithmetic register(s) specified.
The addition is actually binary with any carries
resulting from a 4—bit group retained and added to
the next higher 4-bit group entering the adder.
If a binary add were specified, the result of the
addition would be read into the arithmetic register
designated. A decimal addition will require the
binary sum produced to be corrected prior to its
being read in the designated arithmetic registers.
This adjustment, requiring no additional time, is
the addition of correction factors to each 4-bit
group and the ignoring of decimal carries, since
the decimal values expressed were in excess-
three.

6. Arithmetic Modes

Unequal Signs — Addition with Complementation

Addition with complementation takes place if the
signs of both quantities are unequal. In an addition
with unequal signs, the data word from memory
entering the adder is automatically converted to
its 10’s Complement.** A normal addition then
takes place.

The result will take the sign of the input with
the greater absolute value, If it is a decimal add,
the result would have been corrected for excess-
three notation.

Addition with Complementation :

AR (addend) +226385 -226385
m  (augend) -~ 214360 +214360
Effective Addend (AR) 226385 226385
Complemented Augend (m) 785640 785640

+1 012025 -1 012025

N the carry is igno‘@_

In complementing, a O remaing a 0, a 1 becomes a 9, a 2
becomes an 8, a 3 becomes a 7, and so on. For all digits
after the first least signitficant non-zero digit the 9’s
complement is used. Therefore in complementing 214360
the followi ng takes place: 9 9 9 9 10

21 43 60

10’s complement 7 8 56 4 0

ADDITION" SUBTRACTION" MULTIPLICATION DIVISION

AR1 ADDEND MINUEND AND MULTIPLIER 6 MSD OF DIVIDEND
AND SUM DIFFERENCE AND REMAINDER

AR2 ADDEND MINUEND AND 6 MSD OF PRODUCT 6 LSD OF DIVIDEND
AND SUM DIFFERENCE AND QUOTIENT

AR3 ADDEND MINUEND AND 6 LSD OF PRODUCT NEVER INVOLVED
AND SUM DIFFERENCE

AR4 ADDEND MINUEND AND NEVER INVOLVED NEVER INVOLVED
AND SUM DIFFERENCE

CPR AUGEND SUBTRAHEND MULTIPLICAND DIVISOR

'Dnly those AR’'s specified in the instruction will be involved.

Figure 6-1.

Functions of Arithmetic Registers in Arithmetic Processes
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Addition with complementation ignotres the carry
from the most significant digit position and takes
the sign of the inpui with the greater absoiute
value. Although complementation will occur in an
addition with unequal signs, no additional exe-
cution time will be expended.

Addition with Recomplementation

in an addition with unequai signs recompiementa-
tion will be necessary if the result will change
the sign of the addend. Recomplementation will
be necessary if the absolute value of the quantity
in the AR is less than the absolute value of the
quantity from memory. This relationship will
necessitate a change in the sign of the AR(s)

with recomplementation automatically taking

place.

Addition with Recomplementation:

AR (addend) +218684 218684

m  (augend) -221896 +221896

Effective Addend (AR) 218684 218684

Complemented Augend (m) 778104 778104
996788 996788

This is the 10's complement of the
correct result and must be recom-
plemented to

-003212 taking +003212
the sign
of the input
with the greater
absolute value,

In these examples, the result of the addition with
complementation alone is, in reality, the 10’s
complement of the true result. This complemented
result will be sent through the adder and be re-
complemented. Because recomplementation is
necessary, a minimum of one additional cycle time
will be needed to complete the execution of the
instruction. In addition, one cycle time must be
added for each word of the result to be recom-
plemented.

Recomplementation will therefore take place in
an addition with unequal signs, if the absolute
value of the contents of the AR(s) are less than
the absolute value of the contents of the data
word from memory.

The three factors which affect the sign and the
result of an addition are:

The sign of the AR
The sign of the data word from memory
The absolute value of the operands

AR
+ —
*

WITH SIGN OF THE
EQUAL + GREATER IN
SIGN ABSOLUTE VALUE*

m +
*
WITH SIGN OF THE
UNEQUAL] = GREATER IN _
SIGNS | ABSOLUTE VALUE **

So long as the signs are equal, the result is a sum even
if the signs are both negative.

*3
Although the command is for addition, the presence of
unequal signs makes the operation effectively a sub-
traction. The result is, in reality, a difference.

Note: If a zero result is developed, its sign is
always positive and the Equal Comparison In-
dicator is set. If the result is not zero, the in-
dicator will be reset,

SUBTRACTION

The same rules which apply to addition apply
to subtraction. However, because subtraction
affects the sign of the subtrahend (m), the rules
are the converse of those for addition.

In a subtraction the sign of the operand from
memory is reversed and an addition is performed.
If the signs were originally equal, the sign of the
subtrahend would change and an algebraic addition
occurs. This addition would then involve two
quantities with unequal signs. The rules govern-
ing complementation and recomplementation take
effect if the sign of the AR will change because
of the absolute values of the input. In this case,
recomplementation automatically occurs.
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The factors which will affect the sign and the
result of a subtraction are:

The sign of quantity in the AR
The sign of the quantity from memory
The absolute values of the operands

AR
+ —_
*
SIGN OF THE
+ GREATER IN +
ABSOLUTE VALUE**
m
*
SIGN OF THE
— — GREATER IN
ABSOLUTE VALUE

The result of this subtraction ls, in reality, a sum be-
cause the subtraction operation changes the sign of the
subtrahend (m) before the execution of the operation. A
true addition would then take place without com-
plementation.

.Ths result of this operation is a difference. The reverging

of the sign of the subtrahend would make this operation
an addition with unequal signs. This type of operation
necessitates complementation. Recomplementation would
be necessary if the absolute value of the quantity in the
AR were less than the absolute value of the quantity
from memory because the relationship would force a
change in the sign of the AR(s).

Note: If a zero result is developed, its sign is
always positive.

MULTIPLICATION

Multiplication is accomplished by repeated ad-
ditions of multiples of either the multiplicand
or its tens complement to AR4 (initially cleared
to binary 0’s.) The selection of the value and
number of times it is to be used is governed by
the value of each multiplier digit as determined
by the value of the multiplier digit to its im-
mediate right. A 12-digit product is produced;
the six most significant digits in AR4 and the
six least significant digits in AR2,

MULTIPLIER
+ —

+| + ~

MULTIPLICAND

SIGNS OF THE
PRODUCT

During the exeeution of a multiplication, no
accesses to memory are required since the multi-
plier is held in the Central Processor Register
and the multiplicand digits in AR4 during the
process.
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7. Automatic Program Interrupt

Automatic program interrupt in the UNIVAC III
Data-Processing System causes, upon automatic
recognition of special conditions in the system,
the automatic interruption of the program in pro-
gress. Depending on the cause of the interrupt,
the contents of the Control Counter will be stored
in a specific location and control transferred to
the succeeding location where the reason for the
interruption may be investigated and suitable ac-
tion taken. Return to the point in the program at
which the interrupt occurred may be accomplished
by use of the stored Control Counter reading.

The three main causes or classes of interrupt in
decending order of priority are Process Error,
Contingency and Input-Output.

When a condition which calls for interrupt arises,
the following occurs within the Central Processor:

m A program testable indicator, or group of in-
dicators, is set to specifically identify the
cause of the interrupt. The special indicators
set will generally belong to the same class of
interrupt.

m For each of the three classes of interrupt there
is an Interrupt Mode Indicator. These indicators
cannot be program set, reset or tested; their
functions are automatically controlled. If one is
set, interrupts of its respective class or of any
class of a lower priority are inhibited; those of
a higher class are not.

The setting of any Mode Indicator will not in-
hibit the setting of any specific indicator when
the appropriate conditions arise,

In general, when an ending pulse is generated
at the end of the execution of each instruction
in the Central Processor, the indicators are
automatically probed in groups according to the
class of interrupt in decending order of priority.
In the case of certain Processor Errors, the
respective indicators are examined every 4
microseconds. If any specific indicator is found
to be set, and if the interrupt Mode Indicator
for its class or for classes of higher priority is
not set, interrupt will take place. At this time
the appropriate Interrupt Mode Indicator is auto-
matically set.

Depending on the class of interrupt to which the
specific indicator found set belongs the current
contents of the Control Counter is stored in one
of three addressable fixed memory locations;
bit positions 1-15 containing the Control Coun-
ter reading and bit positions 16—25 containing
binary 0’s. Control is then transferred to one of
three fixed memory locations depending on the
class of interrupt.

The specific locations associated with each
class of interrupt is as follows:

Storage Location

Class of of Transfer of
Interrupt Controi Counter Control to
“Processor Error 0016 0017
Contingency 0018 0019
Input-Qutput 0020 0021

Transfer in thus effected to one of three loca-
tions where J UMP to a program may be ini-
tiated to determine the exact nature of the
interrupt. This
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determination is made by testing the condition
of the specific indicators related to the class
of interrupt. During this time the specific in-
dicators are probed as above. When it is known,
appropriate action may then be taken, and the
specific indicators reset. The reset instruction
(RI0O, RPE or RC ) will automatically reset the
Interrupt Mode Indicator for the class of inter-
rupt involved. Interrupts of all classes will then
be inhibited, provided all the specific indicators
are reset, until the completion of the instruction
following the reset instruction,

m After the execution of the J instruction, and
before the next instruction is accessed, the
specific indicators for the class of interrupt
just effective, as well as those of a lower class,
are again automatically tested for a set condi-
tion. If any is found set, the appropriate Inter-
rupt Mode Indicator is set and the Control Coun-
ter, containing the return address of the pre-
vious interrupt, is stored in the fixed location
associated with the class of interrupt of higher
priority for which a specific indicator was found
set. Control is then transferred to the location
associated with the class of interrupt.

m During the course of operation within an Inter-
rupt Mode, that is, an Interrupt Mode Indicator
is set, occurrence of an interrupt of a higher
priority is always possible and cannot be pre-
vented. Interrupts for all classes will be in-
hibited until the instruction following the in-
terrupt reset instruction has been executed.

PROCESSOR ERROR INTERRUPT

At the completion of every instruction, regardless
of whether any Mode Indicator is set, the Pro-
cessor Error Indicators are probed for a set condi-
tion. If any is set, and the Processor Error Inter-
rupt Mode Indicator (PEIMI) is not set, a Processor
Error Interrupt will always result immediately
without regard to the condition of the lower pri-
ority Interrupt Mode Indicators. The PEIM| will be
set, the Control Counter reading stored in memory
location 0016 and control transferred to memory
location 0017. If any other Processor Error
Indicator is set when the PEIMI is set, the
.Central Processor will stop. The Control
Counter will contain the address plus one of
the instructions which caused the error.

During the time the PEIMI is set, the setting of
specific indicators for the same or lower priority
interrupts will not be inhibited. Their action,
though, will not be effective until the instruction
following the instruction resetting the specific
Processor Error Indicator has been executed.

If a Processor Error Indicator is set during the
time when either (or both) of the lower priority
Interrupt Mode Indicators is set, a Processor
Interrupt will occur.

The conditions causing a Processor Interrupt and
the special indicator addresses in bit positions
1-10 of the Test (TPE) and Reset (RPE) instruc-
tions are listed below.

Memory Address Check

Incorrect memory addressing of internal and ex-
ternal instructions or operands by the Central Pro-
cessor (accessed in current instruction cycle) or
channel synchronizer (accessed during previous
instruction cycle). If the error occurs during a
synchronizer access a specific Input-Output Inter-
rupt is set after the Processor Error Interrupt Mode
Indicator has been reset.

Depending on when the error occurred, the follow-
ing designation in bit position 1-4 will test or
reset this indicator:

0001
0010

During access of an input-output data 0011to1111
word or function specification by
the channel addresses specified
(See descriptions of RPE and TPE.)

During access of an internal instruction

During access of an internal operand

Modulo 3 Check On Instruction

The instruction or function specification failed the
modulo 3 check when accessed from memory. This
error is detected after the instruction execution
begins.,

The indicator is designated by a 1-bit in bit posi-
tion 5 of the TPE and RPE instructions.

Modulo 3 Check On Operand

The operand or input-output data word failed the
modulo 3 check when transferred to or from memory.
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The instruction will be partially executed before
the error is detected. An ending pulse is then
generated and an interrupt will occur. This error
cannot occur on instructions in which a transfer
of control is involved.

The indicator is designated by a 1-bit in bit posi-
tion 6 of the TPE and RPE instructions.

Adder Error Check

The results of certain instructions failed the mod-
ulo 3 check. The check bits of the operand are
used to determine the check bits of the result
which, in turn, are compared with check bits gener-
ated from the bits of the result. If the two pair of
check bits are not equal, an error will result. The
instructions checked are all Add and Subtracts,
Load and Compare, and Compare Absolute.

The indicator is designated by a 1-bit in bit posi-
tion 7 of the TPE and RPE instructions.

CONTINGENCY INTERRUPT

The Contingency Interrupt Indicators are probed
on the completion of the execution of an internal
instruction when an ending pulse is produced. If
any is set and neither the Processor Error Inter-
rupt Mode Indicator nor Contingency Interrupt Mode
Indicator (CIMI) is set, a Contingency Interrupt
will result without regard to the state of the Input-
Output Interrupt Mode Indicator. The CIMI will be
set, the Control Counter reading stored in memory
location 0018 and control transferred to memory
location 0019.

Any specific indicators for the same or lower
priority set subsequent to the setting of the CIMI
and prior to it being reset, will not effect another
interrupt, on this or a lower class. If a Processor
Error Indicator is set during this time a Processor
Error Interrupt will occur.

The conditions resulting in a Contingency Inter-
rupt and the specific indicator addresses in bit
positions 1-10 of the test (TC ) and reset (RC )
instructions are listed below.

Overflow

A carry beyond the most significant bit or digit
was detected in an add or subtract operation, or in
a division, when the absolute magnitude of the

divisor in memory is less than that of the most
significant half of the dividend in ARS8 or it is
equal to 0.

This indicator will also be set if power to the
Program Clock has been dropped at any time prior
to the execution of a Load Time instruction with-
out subsequently resetting the clock.

The indicator is designated by a 1—bit in bit posi-
tion 1 of the TC and RC instructions.

Invalid Op Code

Attempted execution of an instruction whose oper-
ation code is not part of the repertoire immediately
producing an ending pulse. No registers or memory
locations will be affected by this condition.

The indicator is designated by a 1-bit in bit posi-
tion 2 of the TC and RC instructions.

Console Typewriter

The release of a character key on the Console
Typewriter Keyboard or a character printed by the
Console Typewriter will set the indicator.

The indicator is designated by a 1-bit in bit posi-
tion 3 of the TC and RC instructions.

Keyboard Request

This indicator will be set when the Keyboard Re-
quest Button is depressed.

The indicator is designated by a 1-bit in bit posi-
tion 4 of the TC and RC instructions.

Keyboard Release

This indicator will be set when the Keyboard Re-
lease Button is depressed.

The indicator is designated by a 1-bit in bit posi-
tion 5 of the TC and RC instructions.

Contingency Stop

Depression of the Stop Button will result in this
indicator being set.

The indicator is designated by a 1-bit in bit posi-
tion 6 of the TC and RC instructions.
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INPUT-OUTPUT INTERRUPT

The Input-Output Interrupt Indicators for all chan-
nels are probed by an ending pulse produced by
the completion of an internal operation. If any is
set, and the Processor Error Interrupt Mode In-
dicator, Contingency Interrupt Mode Indicator and
Inhibit Input-Output Indicator are reset an Input-
Output Interrupt will occur. The Input-Output In-
terrupt Mode Indicator will be set, the Control
Counter reading stored in memory location 0020
and control transferred to memory location 0021.

Since this is the lowest priority interrupt any
specific indicators of a higher priority interrupt
set while the Input-Output Interrupt Mode Indicator
is set will immediately result in another interrupt,
of the higher class.

The subsequent setting of specific indicators for
other channels will not be affected during the time
that the Input-Output Interrupt Mode Indicator is set.

Input-Output Interrupt will occur as a result of the
following conditions:

m Successful completion or initiation of an input-
output operation if called for in the function
specification.

m Occurrence of an error or some condition requir-
ing manual instruction when the synchronizer
attempts to perform an operation.

See the appropriate bulletin forthe specific causes
of interrupt and indicators effected.
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The following shift instructions

Decimal Shift Right DSR
Decimal Shift Left DSL
Alphabetic Shift Right ASR
Alphabetic Shift Left ASL

will cause a stall when executed if more than
two AR's are specified.

The following instructions

Decimal Add Higher DAL
Decimal Subtract Higher 1 DSH
Binary Add Higher TAH
Binary Subtract Higher BSH

will cause a stall when executed, if one or
three AR's are specified.

8. SPECIAL CONSIDERATIONS

The conversion instructions

Load A Converting to Decimal LAD

Store A Converting to Alphanumeric SAA

will cause a stall when executed if one, three
or four AR's are specified.

Reference to arithmetic register zero can
result in a processor error. It should not be
used.

Multiplication involving zero generates as a
result a properly signed zero.

A store memory address counter instruction
specifying the control counter will store the
current value rather than the current value
plus one.
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TIMING OF MULTIPLICATION
Terminology

The multiplier is the factor in Arithmetic Reg-
ister 8. Each digit is a number from O through 9,
tepresented as n. Each digit has a position with-
in the multiplier, from 1 through 6, represented as
a subscript 7 to the number n. The value of the
number varies according to the value of the digit
on its right, except for the number in position 1,
and this digit on the right is represented by the
subscript i—1. The final value of the number for
timing of multiplication purposes is represented
by n'. The following formulae state the method
of computing n’, and the following table gives the
number of 4-—microsecond cycles required for
multiplication according to the value of n’.

Fori=1,n";=ny.

Fori>1,n;=n, ifn';_y <5.

Fori>1,n';=n+lifn';_; > 5 butifn+ 1= 10,
n'i=0,andn'i+1=ni+l+1.

The n-, is a constructive digit position created to

allow for the “righthand” value ofn'6.
n'7=0ifn"g<5

n'y=lifn'g25

7
Execution time in 4 g cycles = 5 +i§1Ti where T;
is found in the following table: ’

I
0

1,2
3, 4
5
6,7
8,9

Nwawmml—I

Thus, for example, if the multiplier is 945270, the
execution time is determined as follows:

!

i ﬂi ni T
1 0 0 2
2 7 7 3
3 2 3 3
4 5 5 4
5 4 5 4
6 9 0 1
7 0 1 2

2 Ti = 19

Multiplication time = 5 + 19 = 24 cycles.

Note: If n'i > 5, the ten’s complement of the

multiplicand is used.
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TIMING OF DIVISION
Terminology

Timing of division is computed in a fashion anal-
ogous to timing of multiplication. Each digit is a
number from 0 through 9, represented as n, but
the time for execution of division depends entirely
upon the digits of the quotient. Each digit has a
position within the quotient, from 1 through 6,
represented as a subscript i to the number n; but
the value of the number varies according to the
value of the digit on its left, except for the
number in position 6. The digit on the left is rep-
resented by the subscript 1 + 1. The final value
of the number for timing of division purposes is
represented by n. The following formulae state
the method of computing n, and the following
table gives the number of 4 ¢ cycles required for
division according to the value of n .

Fori=6,1n';

n

ﬂ6.
Fori<6,n’,=nIF n';, 1is ODD.
+

Fori<6,ni:9—ni1Fni+1isEVEIV.

6
Execution time in 4 p cycles = 5+ X T,, where
T, is found in the following table: i=1
nll T
0,1 2
2,3 3
4,5 4
6,7,8,9 5

Thus, for example, if the quotient is 806491, the
execution time is determined as follows:

| ni n i T
6 8 8 ]
5 0 9 5
4 6 6 3
3 4 H] 4
2 9 9 5
1 1 1 2

3T = 26

Division Time = 5 + 26 = 31 cycles

MODULO 3 CHECKING IN UNIVAC IIl SYSTEM
The Parity Bits

The UNIVAC III fixed word consists of twenty-
seven bits, two of which are parity bits. These
parity bits can be used for two purposes:

1. Checking the transmission of the word to
determine if any bits were lost, picked up,
or transposed as a result of this process.

2. Checking the result of arithmetic operations
without the necessity for programmed checks
or duplicated circuitry.

Casting Out of Elevens ’

The casting out of elevens used to check arith-
metic is analogous to modulo
arithmetic.

3 congruence

The modulo 11 check value for any number is its
remainder when it is divided by 11. As a result
of this division, the greatest number of 11’s are
“cast out” (the quotient) leaving a value less
than 11 to be used as the check value. We detet-
mine the modulo 11 check value for the following
numbers thus:
2762
251 3438 312

11} 2762 1 = check value 11)3438 6 = check
value

Another way the check value may be determined
is to subtract the sum of the even numbered
digits from the sum of the odd numbered digits.*
The units digit is considered odd; the tens digit,
even and so on, to the left.

Sum of Odd Sum of Even
Numbered Digits  Numbered Digits  Check Value
2162 2+7=9 6+2=8 §-8=1
3438 8+4=12 3+3=6 12-6=6

We may determine whether the sum of two quantities
is correct by adding the modulo 11 check values
of the operands and comparing it to the check
value of the sum..

Check Value

2762 1
+3438, 6
6200 7

*
If the sum of the even numbered digits is greater than the

sum of the odd numbered digits, a multiple of 11 is added
to the latter. When the difference is obtained, the largest
mualtiple of 11 is subtracted.
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From the above computation it can be seen that
the sum arrived at is correct. The above relation-
ship is always valid no matter how many digits
there are in the operands or how many operands
there are.

The same theory can also be used for other arith-
metic processes. In the case of multiplication,
for example, instead of adding the check values
of the two operands, we would multiply them and
compare it to the check value of the product.
They should be equal when the multiplication is
corréct.

When numbers are copied, digits may often be
dropped or inverted. For example, if we were to
read the number 2762 and record it, it might be
recorded as 2726. Without the original number
with which to compare the copy we would never
know that the unit and ten digits were transposed.
However, if we determine a modulo 11 check
value and carry it with the number, any trans-
position of the original number as 2726 would
indicate an error in “transmission.”

check check
value value
1 {2762 9

therefore transmission

\2726 z check value incorrect,
incorrect.

In conclusion, the check value determined by
congruence arithmetic, in the above case modulo
11, can be used to check arithmetic functions
and transcriptions of numbers.

Modulo 3 Checking

Using the principles outlined above, we may
examine a binary number and develop a method of
checking its transmission and arithmetic functions.

Two bits are used in the UNIVAC III System for
checking. These two bits may represent values:
00, 01, 10 and 11, or 0, 1, 2, and 3. Since a
modulo 3 check is used, the value 3(11) is not
possible.

Let us determine the parity or check value,
modulo 3, for the following binary configuration:

111101

The decimal value is 61. Since a modulo 3 check
value is desired, the quantity is divided by 3,
and its remainder becomes its modulo 3 check
value.

20
3 ) 61 1 = check value
60 01 = binary check value
1

The modulo 3 check value may also be determined
by subtracting the total number of the even num-
bered bits from the total number of the odd num-
bered bits.

Number of Odd Number of Even
Numbered Bits Numbered Bits

3 - 2 =1

As a result of this subtraction, the parity would
be 01.

The binary configuration would carry its modulo 3
check value and would appear as:

Modulo 3
Parity Value
01 111101

In any transmission, a bit which is lost or trans-
posed, would be revealed by the modulo 3 check.

Just as the modulo 11 check value was used to
check the results of a decimal addition, so the
modulo 3 parity bits may also be used to check a
binary addition. For example:

Modulo 3
Parity Value
01 011001 = 25
+ 10 001110 =14
11 100111 =39
or
00
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Advantages of Modulo 3 Checking

1.

RESU

. The check bits can be

The loss of an odd number of bits will be
detected.

. The loss of an even number of non-con-

secutive bits will be detected.

“crossfooted” in
addition and subtraction giving a reliable
check through the adder.

LTS OF DECIMAL ARITHMETIC WITH

NON-NUMERIC OPERANDS

A pro

cedure follows for determining the results

of decimal add which involves non-numerics (sum

with 1

Al

A2,

A3.

A4,

A5.

ike signs, difference with unlike signs).

. Calculate the results of a binary add,
retaining carry information from bits 4 to
5,81t09, 12 to 13, 16 to 17, 20 to 21 and
24 to overflow.

Group the result according to decimal for-
mat (1-4, 5-8,...21-24)..

Note each 4-bit group with a carry from
its most significant bit of the same group.

Convert the 4-bit
the following table:

result according to

Decimal Character

4-bit
Group No Carry Carry

0000 a 0101 2 0011 0
0001b | 01103 0100 1
0010c *  Oll14 0101 2
00110 | 0000a 0110 3
01001 - 000lb 0111 4
01012 00l0¢ 1000 5
01103 00110 1001 6
0111 4 01001 1010 7
1000 5 0101 2 1011 8
1001 6 01103 11009
1010 7 0111 4 1101 f
1011 8 1000 5 1110 ¢
1100 9 1001 6 i 1111 h
1101 f 1010 7 1000 5
1110 ¢ 1011 8 1001 6
1111 h 11009 1010 7

The result is the final result of an add.
Overflow will cause a Contingency In-
terrupt.

The following procedure is to be followed for
subtract (add unlike signs, subtract like signs):

S1.

S2.
S3.

S4.

S5.

Complement the contents of ARi, and
binary add 00...001 to (m’). Use the results
as the contents of ARi and m’ for the next
step.

Follow add steps Al through A4.

If overflow results, the answer has been
obtained, and will be negative.

If no overflow results, the answer will be
positive and must be recomplemented.
Repeat subtract step 1 and add steps 1-2
with the contents of m' assumed to be
binary 0’s.

This result is the answer.

The following example will illustrate:

Decimaladd +f37b28 =(AI’?i)
-alf36h =(m)
Step S1. (ARi) =0 1101 0110 1010 0001 0101 1011
Complement (ARi) =0 0010 1001 0101 1110 1010 0100
(m") =1 0000 0100 1101 0110 1001 1111
Binary add 1 0 0000 0000 0000 0000 0000 0001
1 0000 6100 1101 0110 1010 0000
Step S2. A1. 0010 1001 0101 1110 1010 0100
Binary add. 0000 0100 1101 0110 1010 0000
Step S2. A2. 0010 1110 0011 0101 0100 0100
StepS2. A3. carry 0 0 1 1 1 0
Step S2. A4, 0111 1011 0110 1000 0111 0001
Step S3. No carry, therefore S4 applies
Step S4. (ARi) =0 0111 1011 0110 1000 0111 0001
(m'y =0 0000 0000 0000 0000 0000 0000
Complement  (ARi) = 1000 0100 1001 0111 1000 1110
Addto (m") = 0000 0000 0000 0000 0000 0001
Step S4. Al. A2. 1000 0100 1001 0111 1000 1111
Step S5. (ARi) =+51645h.
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Communications with the executive system (BOSS II) will be specified later.
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Octal

oP
Code

61
16
43
42
66
24
26
44
25
27
54
55
57
56
20
22
31
30
21
23
41
40
77

A
Field

00

00

14
16

00

Instruction is type 0 unless an A value is listed

Al
AND
ASL
ASR
AT
BA
BAH
BRR
BS
BSH

CM
CPA
CPZ
DA
DAH
DD
DM
DS
DSH
DSL
DSR
HJ

MNEMONIC INSTRUCTIONS

Instructions' Function

Allow Interrupt

AND

Alphabetic Shift Left
Alphabetic Shift Right
Activate Typewriter
Binary Add

Binary Add Higher
Binary Rotate Right
Binary Subtract

Binary Subtract Higher
Compare

Compare Magnitude
Compare Product with A
Compare Product with Zero
Decimal Add

Decimal Add Higher
Decimal Divide

Decimal Multiply
Decimal Subtract
Decimal Subtract Higher
Decimal Shift Left
Decimal Shift Right

Halt and Jump

f
=
=

NN N M N DN N DN A NN DN S W NN

17-36
12-31

N AW NN
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Octal

oP
Code

A
Field

52
53
06
60
60
60
60
60
60
12
72
73
13
70
14
70
70
51
00
15
62
65
76
65
65
65
61
01

06
07
00
05

04
03

00
02

01
04

IX
IXC

JE
JG
JIP

LRC
LWC
LX
NOP
OR
Pl
RC
RCK
RIO
RPE
RR
RS
RT

Instructions' Function

Increment indeX

Increment indeX and Compare
Jump

Jump if Equal

Jump if Greater

Jump if Interrupt Prevented
Jump if Less

Jump if Positive

Jump if Sense indicator set
Load A

Load A converting to Decimal
Load A Edited

Load A Negatively

Load Channel

Load Field

Load Read Channel

Load Write Channel

Load irdeX

No OPeration

OR

Prevent Interrupt

Reset Contingency

Read ClocK

Reset Input-Output

Reset Processor Error
Reset Read

Reset Sense

Read Typewriter character

Timin

Do [ SR o] oo N Do ] [N I W wW W  w [\V] [SV] ~3 [\

]
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Octal

oP A
Code Field Instructions' Function

65 03 RW Reset Write

10 SA Store A

71 SAA Store A in Alphanumeric

11 SAN Store A Negatively

04 SC Store Channel

07 SCJ Store Channel and Jump

04 01 SL Store Location

07 01 SLJ Store Location and Jump

04 04 SRC Store Read Channel

05 04 SRT Store Read Tape control

62 SS Set Sense

05 ST Store Tape control

04 03 SwWC Store Write Channel

05 10 SWT Store Write Tape control

50 SX Store indeX

50 00 Sz Store Zero

64 02 TC Test Contingency

64 TIO Test Input-Output

64 01 TPE Test Processor Error

64 04 TR Test Read

64 03 ™ Test Write

03 00 WD Write Display

02 WT Write Typewriter character

Timin,

NONNNDMNDMDN DN W W W W W N W W W W W W N oo NN
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