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2.4.8. Condition Code (CC)
The Condition Code (CC) is stored in the appropriate Program State Control area;
it summarizes the results of the XIOF (execute or test) instruction. CC for execute
(XIOF) and test (TIOF) is as follows:
ccC XIOF TIO
00 Command accepted Device Available
01 Command rejected Nonzero Status except 0X010000
10 Command rejected Busy Device or Control Unit
11 Nonoperational, or Nonoperational, or channel error
channel etror
2.4.9. Channel Address Word (CAW) and Diagnostic Interrupt
The CAW and Diagnostic Interrupt, a component of the multiplexer channel buffer
control word (see Figure 2—2), is as shown:
120 [ 121 122 | 123 ! BYTES
CAW FINAL DATA ADDRESS
{78) (79) {(TA) (CB)
( 124 [ 125 126 | 127 BYTES
J FINAL BYTE COUNT ERROR AND INTERFACE CONTROLS
((7C) (7D) {(7E) (7F)
64 BYTE

DEVICE ADDRESS

(40)

(Numbers in parentheses are byte locations in hexadecimal code.)

The Command Address Word is set initially by the program to the address of the
third byte of the first Channel Command Word (CCW) to be executed by the channel.
The CAW is modified by the selector channel as it fetches the command(s). On
termination of the channel operation, the CAW contains the address of the last
command executed plus 8.

Storage byte locations 122 (7A) through 127 (7F) are the diagnostic interrupt
locations. When an execute I/0 instruction has been issued to the selector channel
and the command on the chain of commands is terminated, the contents of the selector
channel register, error indicators, and BUS IN are stored in fixed locations. This
information is stored irrespective of the processor mode. If the processor is in
processor mode, the channel then initiates a Status In sequence (interrupt).
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The following byte locations are loaded by the selector channel on termination,
normal or otherwise:
Byte Location Contents
120 (78), 121 (79) Incremented CAW
122 (7A), 123 (7B) Next data address
124 (7C), 125 (7D) Final byte count
126 (7E), 127 (7F) Error FF’s and interface controls
64 (40) Device address
Bit contents for byte locations 126 (7E) and 127 (7F) are as follows:
Byte 126 (7E) Byte 127 (7F)
Bit Contents Bit Contents
0 Interface error 0 STATUS IN
1 Address error 1 SERVICE OUT
2 Parity error 2 SERVICE IN
3 ADDRESS OUT 3 REQUEST IN
4 SELECT OUT 4 SUPPRESS OUT
5 OPERATIONAL IN 5 SELECT IN
6 ADDRESS IN 6 TERMINATE FF
7 COMMAND OUT 7 SJBO (always 1)
2.4.10. Channel Command Word (CCW)
The CCW is used during the execution of a start I/O instruction or command chain
sequence to specify control information needed for operating the addressed I/0
device. The CCW is located by the program on double word boundaries with the
following format:
0 1 2 | 3 ) BYTES
COMMAND ' ADDRESS
0f
\ 4 5 6 | 7 BYTES
FLAGS
0CTS0000 BYTE COUNT

B The command byte of the first CCW is ignored by the channel, since the command
is specified by the I/0 instruction. The subsequent commands, if command chain-
ing is indicated, are executed in order, provided no abnormal condition occurs
(status is 0X00X100).

The TIC operation may refer to the first CCW only if the program has previously
loaded the command byte for reinitiation of a search,
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m The address field is a 15-bit field that specifies the memory address of the first
data byte, except in the TIC command, where it specifies the address of the first
byte of the next CCW.

m Flag bits have the format OCTS 0000.

(1) The command chaining bit (C) determines whether or not command chaining
is indicated.

Command chaining bit C

C =1 Command chaining is indicated. The command in the next CCW will
be issued on normal completion of the current operation. The channel
will wait for Device End, then initiate the reselect sequence.

C =0 No chaining will occur.

(2) The suppress length indication bit (S) determines whether chaining will
or will not continue when incorrect word length is indicated.

S =1 Incorrect length indicator in channel status word is suppressed and
chaining will not be terminated.

S = 0 Chaining will be terminated when the incorrect length indicator is
set. This indicator is set when the control unit terminates data
transfer before the byte count has been decremented to zero or when
the control unit requests data after the byte count has been decre-
mented to zero. Those control units usually terminated by the channel,
such as tapes on a write command, suppress incorrect length when
chaining is to be executed.

(3) The terminate bit (T) when set inhibits data transfer.

T =1 No data will be transferred. The terminate response will be given to
data requests and the terminate bit will be set in byte location 127

(7F). After the transfer of a byte of data, the channel will set the T
flip-flop to cause the byte count to be decremented.

m The byte count field indicates the number of bytes of data to be transferred.
It is not used during the TIC operation. An all-zeros field results in the maxi-
mum byte count, 65,536 bytes, if the T bit is not set.

2.4.11. Device Status

The control unit status byte is stored in a program specified location as test 1/0
instructions in location 66 (42) when the channel is allowed to interrupt the program.
Interrupts are handled in the order of their occurrence except that interrupts from

the multiplexer or the selector channel are handled in order of their priority.

Control units and devices generate an interrupt and present a status byte upon
detection of any of the following conditions:
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Bit (Byte 4 of CSW) Data Condition Detected
0 Attention
1 Status modifier
2 Control unit end
3 Busy
4 Channel end
5 Device end
6 Unit check
7 Unit exception

m Attention — The attention bit is set by a device to indicate an abnormal con-
dition other than those associated with the initiation, execution, or termination
of an I/O operation.

m Status Modifier — This status bit is set along with the Busy status bit to
distinguish between Control Unit Busy and Device Busy in multidevice sub-
systems. It is also set along with the Device End status bit to indicate special
ending conditions for command chaining operations (Skip designation).

m Control Unit End — This status bit can be generated by a control unit when it
has been freed for another operation. It can accompany Channel End, or Device
End, or may occur at a time in between, if the control unit is interrogated by
initiation of another command.

B Busy — This status bit is set when the device or control unit cannot execute
the command because of a previous command in progress or a pending status
condition.

m Channel End — This status bit is set when the channel is ready for a new
operation. The time of occurrence of the Channel End is dependent upon the
type of control unit.

m Device End — This status bit is set when the device is ready for a new opera-
tion. If an unusual condition is detected during the initiation of a command,
error status is present without Device End status.

B Unit Check — This status bit is set when errors are detected during an opera-
tion. Unit check is a summary notification of a unit — associated malfunction.
Detailed status is obtained by initiating a Sense command.

m Unit Exception — This status bit is set for abnormal conditions which may
or may not be an error. Its meaning is applicable to the type of command and
device involved in an operation.

The selector channel does not store the status byte presented during initial
selection sequence of an execute I/0 instruction, but rather, the channel examines
the status and sets the appropriate condition code for that status which the program
may examine. Other than 0000 XXO00, these codes representing status are stacked
as long as the program remains in the processor mode. To examine the status, the
program must be in I/O mode at which time status is examined in sequence. The
status is subsequently cleared by a Test I/0O or a Status In-Request In sequence.
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Upon termination of an I/0 operation, the status from a control unit is either
accepted or stacked; accepted if the program remains in the processor, stacked

if the program is in the I/0O mode. On Control Immediate commands, some control
units present channel end status during the initial selection sequence and device
end status at a later time. This would be handled in regular order. The program
must keep track of normal status presentation in processor mode, that is, a check
on location 67 (43) is made for either the selector channel device address or
multiplexer channel device address or absence of either for supervisor request
call (CRC).

2.4.12. Channel Status Word (CSW)

A double word is used to store interrupt status information for the selector channel
in the low order storage with the following format:

0

1 2 1 3 )} BYTES

COMMAND CODE

0 0 COMMAND ADDRESS

{ 4

5 6 | 7

DEVICE STATUS

0 0 BYTE COUNT (16 BITS)

m Command Code — Contents of output register.

m Command Address — Address information points to location of next CCW.

m Device Status — The control unit or device generates an interrupt and presents

a status byte upon the detection of any of the status formats
given in 2.4.11.

m Byte Count — A value showing the original CCW byte count, decreased by the

number of bytes transferred.

Channel Status is stored in location 65 (41) only when interrupt occurs. It is not
possible to obtain the channel status with a test I/0 instruction.

CSW format is as follows: EL0OO 0000

where: E
L

any-error bit
incorrect length bit

2.4.13. Channel Checking

The selector channel has a number of error flip-flops. Whenever the channel detects
an error, the I/0 interface conditions at the time of the error are stored along with
the error flip-flops in the diagnostic locations 122 (7A) through 127 (7F). The error
bit will be set in the CSW if an interrupt occurred. An error occurring on the selector
channel does not stop the processor.
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2.4.14.

Addressing errors are generated and the address bit is set in location 126 (7E) if:

@ the channel attempts to address a location beyond the capacity of the given
systems.

the channel attempts to transfer data to or from the privileged area and Initial
Load is not set.

m the print area is not protected by the channel.

Interface error, Device Address Parity error, and Parity error flip-flops are similar
to the ones for the multiplexer channel with limitations and error conditions the
same as explained in 2.3.8.

Special Selector Channel Instructions

An XIOF or Test I/0 instruction issued to device address 33 (21) causes an inter-
face time check error and triggets a selective reset sequence. Channel status data
stored in location 126 (7E) becomes 152 (98), and data in location 127 (7F) contains
data from location 17 (11).

Device address in location 32 (20) is used to represent a dummy control unit. When
XIOF or TIO is issued to this device address, normal termination will occur with
Channel End and Device End included in the status byte. On read command, data
in 211 (D3) is stored in the memory area specified by the CCW.

2.5. DATA TRANSLATION

There are 256 possible code combinations that can be represented by an 8-bit byte

of memory. Card code translation is to or from compressed code. This code must be
translated to the internal code for processing and then retranslated to the compressed
code for punching.

2.5.1.

Card Code Translation (80-Column Catd)

Eighty-column cards can be read or punched in compressed code or image mode. In
the case of compressed code, the hardware compression is to or from an eight-bit
code in memory. Because this eight-bit code is not one of the internal processing
codes, if it is to be manipulated it requires program translation after a card is read
into storage, and it requires program retranslation to generate eight-bit code for
punching. This hardware compression is shown in Figure 2-3,
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ROW PUNCHED
HOLES

PUNCH

BITS
123

NONE
1

N oY O BN

Figure 2=3. Compressed Code for 80-Column Card

MEMORY BYTE
BIT POSITIONS

000
011
101
001

100
111
110

If more than one row punch from 1 through 7 is present on a card, the codes will be

combined (logical OR); thus a 2 and a 5 punch will appear as a 2 punch.

2.5.1.1,

Card Code Image Mode (80-Column Card)

When an 80-column card is read or punched in image mode, the 12 punched holes

of a column are represented by 1’s in 2 bytes of storage; bit positions 0 and 1
are not used in image mode. When punching image mode, bit positions 0 and 1
will be ignored. Bits 0 and 1 will be cleared to zeros on an image read. When
reading or punching in the image mode, the 80 columns of the card occupy 160
bytes of storage. These 160 bytes are consecutively occupied by 2 bytes for
each consecutive column in a card starting at column 1. Card code image mode

for an 80-column card is shown in Figure 2—4.
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Figure 2—=4. Image Mode for 80-Column Card

2.5.2. Card Code Translation (90-Column Card)

When a 90-column card is read or punched with hardware translation, the hardware
translation is to or from an 8-bit code in storage. The hardware translation of row
punches in the 90-column card to or from an 8-bit code are shown in Figure 2-5.

ROWS PUNCHED

) pe—

1 ¢

col. 1 et~
0 [0 1 23455 _ MEMORY BYTE

7

1 Al BIT POSITIONS
3 T

5 4 ]

o4

col. 46

+ FRAME

Punches in rows 3 (Upper) through 3 (Lower) generate the following bit combinations:

ROWS 123
No Punch = 000 If more than one row punch
3 () =110 from 3 (Upper) through
51" (U) =11 3 (Lower) is present on a card,
7' (U) =100 the combined codes will be
9 v (U) =010 OR’ed together; thus,
0 (L) =001 a7 (Upper) and a 1 (Lower) punch
1 v (L) =101 will appear to have been a 1 (Lower)
3 (L) =011 punch.

Figure 2—5. Card Code Translation for 90-Column Card
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2.5.2.1. Card Code Image Mode (90-Column Card)

2.5.3.

When a 90-column card is read or punched in the image mode, the upper six possible
punched holes and lower six possible punched holes of a frame are represented by
1’s in two bytes of storage. As shown in Figure 2—6, bit positions 0 to 1 are unused
in the image mode. When punching the image mode, 1’s in bit positions 0 to 1 will
be ignored. When reading or punching in the image mode the 90 columns of the card
occupy 90 bytes of storage. These 90 bytes are consecutively occupied by 2 bytes
for each consecutive frame in a card starting at frame 1 (column 1 and column 46).
Bits 0 and 1 of the data bytes will be cleared to zeros on an image read.

EVEN BYTE ODD BYTE

fo 1234567 01234556 7]
VYV AAAAAT

%\

—

~N Y W

Aﬂk“kﬁ

[Xe]

=]

w
& AkﬂLALA

-

(3]

~

P

1 FRAME

Figure 2—6. Image Mode for 90-Column Card

Internal Codes

There are 256 possible code combinations that can be represented by any eight-bit
byte of storage. As described previously, card code translation is to or from a
compressed code. This compressed code generated by the card reader must then be
translated to the desired internal code for processing and retranslated from the
internal code to the compressed code for punching. There are two sets of internal
codes which are subsets of 256 possible code combinations which will be used to
select the two bar printer graphics. Tables C-2 and C—-3 of Appendix C contain
the 63 character print set and the 48 character print set. Table C—4 contains the
16 character print set which is a subset of the 48 character print set.
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3. INSTRUCTIONS

3.1. GENERAL

The UNIVAC 9200/9200 11/9300/9300 II Systems processor instruction repertoire
consists of 35 machine instructions. These machine instructions are listed in Tables
3—-1 through 3—4. Table 3—1 lists the instructions alphabetically by mnemonic symbol.
Table 3—2 lists the instructions according to their six major functional types. Table
3-3 lists the instructions by type of format. Table 3—4 lists the instructions accord-
ing to hexadecimal operation code.

The UNIVAC 9200 and 9200 II Systems processor may have, optionally, the Divide
Packed Decimal, Multiply Packed Decimal, and Edit feature. This option is offered
as either hardware instructions or as fixed, closed routines which duplicate the
functions of the instructions. The use of the hardware option instructions does not
differ from that of the standard instructions.
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HEXADECIMAL
MNEMONIC FUNCTION OPERATION |FORMAT
CODE
AH ADD HALFWORD AA RX
Al ADD IMMEDIATE A6 S
AP ADD PACKED DECIMAL FA $S2
BAL BRANCH AND LINK 45 RX
BC BRANCH ON CONDITION 47 RX
CH COMPARE HALFWORD 49 RX
cLe COMPARE LOGICAL CHARACTER DS $S1
cLl COMPARE LOGICAL IMMEDIATE 95 S|
cP COMPARE PACKED DECIMAL F9 §52
DP DIVIDE PACKED DECIMAL FD $52
ED EDIT DE $S1
HPR HALT AND PROCEED A9 S|
LH LOAD HALFWORD 48 RX
LPSC LOAD PROGRAM STATE CONTROL A8 |
mP MULTIPLY PACKED DECIMAL FC §S2
mMve MOVE CHARACTERS D2 $S1
MV MOVE IMMEDIATE 92 S|
MVN MOVE NUMERICS D1 sS1
MYV O MOVE WITH OFFSET Fl 552
NC AND CHARACTERS D4 s$s1
NI AND IMMEDIATE 94 ]
oc OR CHARACTERS D6 $S1
0l OR IMMEDIATE 96 S|
PACK | PACK F2 $52
SH SUBTRACT HALFWORD AB RX
sp SUBTRACT PACKED DECIMAL FB S$S2
SPSC STORE PROGRAM STATE CONTROL AQ Si
SRC SUPERVISOR REQUEST Al SI
STH STORE HALFWORD 40 RX
Tio TEST 1/0 A5 S
™ TEST UNDER MASK 91 sl
TR TRANSLATE DC 551
UNPK | UNPACK F3 $S2
XI0F EXECUTE INPUT OUTPUT FUNCTION A4 S
ZAP ZERO ADD PACKED DECIMAL F8 $S2

Table 3-1.

Instruction Mnemonics in Alphobetical Sequence
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Binary STH Store Halfword 40 RX

LH Load Halfword 48 RX
CH Compare Halfword 49 RX
Al Add Immediate A6 SI
AH Add Halfword AA RX
SH Subtract Halfword AB RX
Logical ™ Test Under Mask 91 St
MVI Move Immediate 92 Si
NI AND Immediate 94 N
cLt Compare Logical Immediate 95 Sl
ol OR Immediate 96 S|
HPR Halt and Proceed A9 S
MVN Move Numeric D1 SS1
MVC Move Character D2 §31
NC AND Character D4 SSI
CLC Compare Logical Character D5 SSI
ocC OR Character D6 SSI
TR Translate DC SSI
ED Edit DE SSI
Decimal MvVo Move With Offset F1 $S2
PACK Pack F2 S$S82
UNPK Unpack F3 S$S2
ZAP Zero Add Packed Decimalal F8 $82
CP Compare Packed Decimal | F9 $S2
AP Add Packed Decimal FA SS2
SP Subtract Packed Decimal FB SS2
MP Multiply Packed Decimal FC S$S2
DP Divide Packed Decimal FD S$S2
Brarch BAL Branch and Link 45 RX
BC Branch-On-Condition 47 RX
State Control LPSC LLoad Program State Control A8 SI
SPSC Store Program State Control AQ SI
SRC Supervisor Request Call Al Si
Input/Ouptut X10F Execute [/0 A4 SI
TIO Test 1/0 AS S

Table 3-2. Instructions Grouped by Functional Type



UP-7546
Rev. 1

UNIVAC 9200/9200 11/9300/9300 II

PROCESSOR AND STORAGE

3

SECTION:

PAGE:

HEXADECIMAL
FORMAT| OPERATION MNEMONIC FUNCTION
CODE
RX 40 STH STORE HALFWORD
RX 45 BAL BRANCH AND LINK
RX 47 BC BRANCH ON CONDITION
RX 48 LH LOAD HALFWORD
RX 49 CH COMPARE HALFWORD
RX AA AH ADD HALFWORD
RX AB SH SUBTRACT HALFWORD
St 91 ™ TEST UNDER MASK
Si 92 MV MOVE IMMEDIATE
S1 94 N1 AND IMMEDIATE
Sl 95 cLi COMPARE LOGICAL IMMEDIATE
S 96 ol OR IMMEDIATE
St A0 SPSC STORE PROGRAM STATE CONTROL
St Al SRC SUPERVISOR REQUEST
S1 A4 XIOF EXECUTE INPUT/OUTPUT FUNCTION
St A5 TI0 TEST 1/0
St A6 Al ADD IMMEDIATE
St k A8 LPSC LOAD PROGRAM STATE CONTROL
N A9 HPR HALT AND PROCEED
$s1 D1 MVN MOVE NUMERICS
$S1 D2 MvC MOVE CHARACTERS
581 D4 NC AND CHARACTERS
3§81 DS CLC COMPARE LOGICAL CHARACTER
581 D6 ocC OR CHARACTERS
$S1 DC TR TRANSLATE
381 DE ED EDIT
3§82 F1 MVO MOVE WITH OFFSET
$82 F2 PACK PACK
SS$2 F3 UNPK UNPACK
382 F8 ZAP ZERO ADD PACKED DECIMAL
8§82 F9 cpP COMPARE PACKED DECIMAL
$§2 FA AP ADD PACKED DECIMAL
582 FB SP SUBTRACT PACKED DECIMAL
$§2 FC MP MULTIPLY PACKED DECIMAL
$S§2 FD DP DIVIDE PACKED DECIMAL

Table 3-3. Instructions Grouped by Format
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HEXADECIMAL
OPERATION | MNEMONIC FUNCTION FORMAT
CODE
40 STH STORE HALFWORD RX
45 BAL BRANCH AND LINK RX
47 BC BRANCH ON CONDITION RX
48 LH LOAD HALFWORD RX
49 CH COMPARE HALFWORD RX
91 ™ TEST UNDER MASK Si
92 MV MOVE IMMEDIATE N
94 NI AND IMMEDIATE S1
95 cLli COMPARE LOGICAL IMMEDIATE Si
96 (o]} OR IMMEDIATE S1
A0 SPSC STORE PROGRAM STATE CONTROL St
Al SRC SUPERVISOR REQUEST S1
A4 XIOF EXECUTE INPUT /OUTPUT FUNCTION St
AS TIO TEST 1/0 Si
A6 Al ADD IMMEDIATE S!
A8 LPSC LOAD PROGRAM STATE CONTROL N
A9 HPR HALT AND PROCEED St
AA AH ADD HALFWORD RX
AB SH SUBTRACT HALFWORD RX
D1 MVN MOVE NUMERICS SS1
D2 MvC MOVE CHARACTERS SS1
D4 NC AND CHARACTERS SS1
D5 cLC COMPARE LOGICAL CHARACTER SS1
D6 ocC OR CHARACTERS SS1
DC TR TRANSLATE SS1
DE ED EDIT SS1
F1 MVO MOVE WITH OFFSET $S2
F2 PACK PACK SS2
F3 UNPK UNPACK $S2
F8 ZAP ZERO ADD PACKED DECIMAL $S2
F9 CP COMPARE PACKED DECIMAL $S2
FA AP ADD PACKED DECIMAL 5§2
FB SP SUBTRACT PACKED DECIMAL §$S2
FC MP MULTIPLY PACKED DECIMAL §S2
FD DP DIVIDE PACKED DECIMAL §S2
Table 3-4. Instructions in Sequence of Hexadecimal Codes
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3.2.2.

3.2.3.

INSTRUCTION FORMAT

There are three basic instruction formats used in the UNIVAC 9200, 9200 II, 9300 and
9300 II Systems processors: the RX format, the SI format, and the SS format. The con-
tent of each type of format is shown in Figure 3—1. The functions of the fields within
each format are as follows:

R1 Specifies address of program register.

B1D1 Specifies address of operand 1. If the most significant bit of Bl is zero,
B1D1 specifies a direct address. If the most significant bit of Bl is one,
B1 specifies one of eight binary arithmetic registers. D1 specifies that an
indexing value is to be added to the contents of the register. The resulting
value specifies indexed address (displacement from the base address of
operand 1-1).

B2D2 Specifies address of operand 2 (direct or indexed as for operand 1), D2 is
the displacement from the base address of operand 2.

12 Immediate data: this is operand 2 of instruction.

L1 Specifies byte length of operand 1; L1 value is 1 less than actual number
of bytes processed.

L2 Specifies byte length of operand 2; L2 value is 1 less than actual number
of bytes processed.

OP1 Operand 1

OP2 Operand 2

Code The numeric operation code of the instruction.

Symbol The expression or symbolic label used as operand 1.

Tag The expression or symbolic label used as operand 2.

Register and Indexed Storage Operation (RX)

[nstructions in the RX format are four bytes long. They are used to process fixed
length data files having a length of two bytes. One operand always specifies a
general register. This format is used for functions such as branching, comparing,
adding, storing, and loading.

Storage and Immediate Operand Operation (SI)

Instructions in the SI format are four bytes long. They are used to process data one
byte in length using control or additional data contained in the immediate operand.
This format is used for logical, arithmetic, manipulative, and testing functions,

Storage-to-Storage (SS1)

Instructions in SS1 format are six bytes long. They are used to process data of
variable length, up to 256 bytes, if the operands specify fields of equal length. This
format is used for functions such as comparing, transferring, and translating.
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Byte 1 Byte 2 Bytes 3 & 4 Bytes 5 & 6 —
op. 1 0p,2
0 7|8 M 12 15 |/16 19] 20 3N 32 35 136 47 | Bits
RX OP CODE R1 XXXX B2 D2
op 2 opl
] |
i/ \I/ \
Si 0P CODE 12 Bl Dl
opll 0?2
% A4 N
$S1 OP CODE L1 Bl D1 B2 D2
$S opl op2 opll oplz
/—‘—\/—'—\ / I/ A\
$S2 OP CODE L1 L2 Bl D1 B2 D2
——syte 1 Byte 2 Byte 3 Byte 4
START 1/0 OP CODE (A %) DEVICE ADRS XF CODE
TEST 1/0 OP CODE (A5) DEVICE ADRS STATUS STORE ADRS
0000 XX X X| NOT SHARED
|
IX XXX Y Y Yl SHARED

LEGEND: X

i

X XX
YYY

Figure 3~1.

3.2.4. Storage-to-Storage (SS2)

3.3.

Instructions in SS2 format are six bytes long, They are used to process variable
length operands no larger than 16 bytes, when the operands are not of equal length,
This format is used for functions such as shift operations, pack, and unpack.

INSTRUCTION REPERTOIRE

Each execute (instruction) cycle performed by the processor falls into one of the

following types:

Binary instructions

Logical instructions

Decimal instructions

Branch instructions

State control instructions

Input/output instructions

Subchannel Address
Device Number

Instruction Formats
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3.3.1.

Further detailed explanation pertaining to programming these instructions are given
in UNIVAC 9200/9200 11/9300/9300 Il Systems Card Assembler Programmers Reference,

UP-4092, and UNIVAC 9200/9200 11/9300/9300 Il Systems Tape/Disc Assembler Pro-
grammers Reference, UP-7508, (current versions). The descriptions follow the order
given in Table 3-2; refer to Figure 3—1 for the functions of the fields within each
instruction format.

Binary Instructions and Overflow
Binary instructions have the following common characteristics:

(1) All data involved is assumed to be in binary form, and is processed by binary
arithmetic.

(2) All data processing is within halfword boundaries.

(3) With the exception of the Add Immediate, all binary instructions control the
use of the arithmetic registers and use the RX instruction (fixed length) format.

A binary number is positive if the most significant bit of the number is a zero, and
negative if the most significant bit is a one. Negative numbers are expressed as
the two’s complement of the magnitude of the number.

The binary instructions that control the use of arithmetic registers are:

Store halfword
Load halfword
Add halfword
Subtract halfword
Compare halfword

Some of the binary values that can be expressed in the halfword registers on their
corresponding halfwords in memory are as follows:

BINARY NUMBER DECIMAL EQUIVALENT BIT REPRESENTATION
215.1 32767 0111 1111 1111 1111
28 256 0000 0001 0000 0000
20 1 0000 0000 0000 0001
0 0 0000 0000 0000 0000
20 -1 1111 1111 1111 1111
2! -2 1111 1111 1111 1110
-28 -256 1111 1111 0000 0000
2154 ~32767 1000 0000 0000 0001
-215 ~32768 1000 0000 0000 0000
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The condition codes resulting from addition, subtraction, and comparison giving
the results of comparing the address in the program or index register (OP1) with
the D portion of the RX format (OP2) is as follows:
CONDITION CODE SETTING
0 1 2 3
Compare halfword Operands are equal | OP1 is less OP1 is greater —
than OP2 than OP2
Subtract halfword zero result negative positive result overflow
result
Add halfword zero result negative positive result overflow
result

3.3.1.1.

3.3.1.2.

3.3.1.3.

3.3.1.4.

Binary overflow occurs when the sign bit is changed erroneously by a carry from
the adjacent bit; this happens when an attempt is made to develop a larger negative
or positive number than can be expressed in 15 bits.

Store Halfword Instruction (STH)

The store halfword instruction stores the contents of the arithmetic register
specified by the RX field of the instruction in the halfword (operand 2) at the
storage address specified by the B2D2 field of instruction.

Load Halfword Instruction (LH)

The load halfword instruction loads the halfword specified by the B2D2 (operand
2) field of the instruction into the arithmetic register specified by the RX field of
instruction.

Compare Halfword Instruction (CH)

The compare halfword instruction algebraically compares the halfword (operand

2) specified by the B2D2 field of the instruction with the contents of the arithmetic
register specified by the RX field of the instruction. The comparison is accomplished
by adding the twos complement of the contents of storage to the contents of the
arithmetic register, The resulting number is not stored, but an appropriate condition
code (contents of register is equal to, less than, or greater than the contents of
storage byte) is stored in the FAS field of privileged storage.

Add Immediate Instruction (AI)

The add immediate instruction uses the SI format; it adds the contents of the I2
(immediate data) field of the instruction to the halfword (operand 1) specified by

the B1D1 field. The 12 field of the instruction is expanded to a halfword boundary
by extending the sign (one byte of all zeros or all ones) of the 12 field. The resulting
number is stored in the halfword of storage specified by B1D1, and an appropriate
condition code is stored in the FAS field of privileged storage.
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3.3.1.5.

3.3.1.6.

Add Halfword Instruction (AH)

The add halfword instruction adds the halfword (operand 2) specified by the B2D2
field of the instruction to the contents of the arithmetic register specified by the RX
field of the instruction. The sum is stored in the arithmetic register specified by the
RX field and an appropriate condition code (zero, positive, negative, or overflow) is
stored in the FAS field of privileged storage.

Subtract Halfword Instruction (SH)

The subtract halfword instruction adds the two’s complement of halfword (operand-
2) specified by the B2D2 field of instruction to the contents of the arithmetic
register specified by the RX field of the instruction. The resulting difference is
stored in the arithmetic register specified by the RX field, and an appropriate
condition code (zero, positive, negative, or overflow) is stored in the FAS field

of the privileged storage.

3.3.2. Logical Instructions

Logical instructions combine, modify, or otherwise manipulate data by processes
that, generally speaking, are not arithmetic.

3.3.2.1.

3.3.2.2,

3.3.2.3.

3.3.2.4.

Test Under Mask Instruction (TM)

The test under mask instruction uses the SI format and matches the 1 bits in the

12 field of the instruction with the corresponding 1 bits in operand 1 (one byte)
specified by the B1D1 field of the instruction. If all the bits in the mask are
matched against 0 bits in the byte tested, the condition code will be 0. If some

of the 1 bits in the mask have corresponding 1 bits in the byte tested, the condition
code is 1. If all the 1 bits in the mask have corresponding 1 bits in the byte tested,
the condition code is 3. If the mask is 0, the resultant condition code setting will
be 0. The result is not stored, but the appropriate condition code is stored in the
FAS field of the privileged storage.

Move Immediate Instruction (MVI)

The move immediate instruction uses the SI format and stores the 12 (immediate
data) field of the instruction in operand 1 (one byte) specified by the B1D1 field
of the instruction.

AND Immediate Instruction (NI)

The AND immediate instruction uses the SI format and forms a logical AND product
with 1 bits (bits present) of the 12 field of the instruction and the corresponding 1
bits in operand 1 (one byte) specified by the B1D1 field of the instruction. If 12
and the storage byte both contain 1 bits in corresponding positions, the result is

a 1 bit; otherwise, the result is a 0 bit. The resulting logical product is stored in
the byte of memory specified by B1D1, -and an appropriate condition code (result
zero or result not zero) is stored in the FAS field of privileged storage.

Compare Logical Immediate Instruction (CLI)

The compare logical immediate instruction uses the SI format and compares
operand 1 (one byte) specified by the B1D1 field of the instructions with the

12 field of the instruction. The comparison is accomplished by adding, without
regard to sign, the twos complement of operand 1 to the contents of the I2 field.
The result is not stored, but an appropriate condition code (contents of storage
byte equal to, less than, or greater than contents of register) is stored in the FAS
field of privileged storage.
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3.3.2.5.

3.3.2.6.

3.3.2.7.

3.3.2.8.

3.3.2.9.

3.3.2.10.

OR Immediate Instruction (OI)

The OR immediate instruction uses the SI format and forms a logical OR sum with
the 1 bits (bits present) of the I2 field of the instruction and the corresponding 1
bits of operand 1 (one byte) specified by the B1D1 field of the instruction. All 1
bits in I2 are superimposed onto the bits of operand 1; 0 bits in I2 leave the cor-
responding bits in the storage byte unchanged. The result is stored in the storage
byte specified by B1D1, and an appropriate condition code (result zero or result
not zero) is stored in the FAS field of privileged storage.

Halt and Proceed Instruction (HPR)

The halt and proceed instruction uses the SI format and causes the operation of
the processor to stop, with bits 17 through 31 of the B1D1 field of the instruction
displayed by the NEXT INSTRUCTION/HALT DISPLAY indicators on the control
panel. Since normal indexing is possible, B1D1 when displayed may be an indexed
value. The operation is resumed when the START switch on the control panel is
pressed.

Move Numeric Instruction (MVN)

The move numeric instruction uses the SS1 format and transfers the numeric portion
of the operand 2 bytes specified by the B2D2 field of the instruction to the numeric
portion of the operand 1 bytes specified by the B1D1 field. The zone portions of
operand 1 bytes are unaltered. The number of bytes transferred is one more than
the number specified by the L field of the instruction.

Move Character Instruction (MVC)

The move character instruction uses the SS1 format and transfers operand 2 bytes
specified by the B2D2 field of the instruction to operand 1 locations specified by
the B1D1 field without altering data. The number of bytes transferred is one more
than the number specified by the L field of the instruction.

AND Character Instruction (NC)

The AND character instruction uses the SS1 format and forms a logical AND product
with operand 2 bytes specified by the B2D2 field of the instruction and operand 1
bytes specified by the B1D1 field of the instruction. The number of bytes processed
is one more than the number specified by the L field. If the corresponding 1 bit of
operand 1 and operand 2 bytes are both present, the result is a 1 bit; otherwise, the
result is a 0 bit. The result is stored in operand 1 and an appropriate condition code
(result zero or result not zero) is stored in the FAS field of privileged storage.

Compare Logical Character Instruction (CLC)

The compare logical character instruction uses the SS1 format and compares
operand 1 bytes specified by the B1D1 field of the instruction to operand 2
bytes specified by the B2D2 field. The comparison is accomplished by adding
the twos complement of operand 2 to operand 1. The number of bytes compared
is one more than the number specified in the L field of the instruction or the
comparison is terminated on the first inequality. The result is not stored, but
an appropriate condition code (operand 1 is equal to, less than, or greater than
operand 2) is stored in the FAS field of privileged storage.
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3.3.2.11.

3.3.2.12.

3.3.2.13.

OR Character Instruction (OC)

The OR character instruction uses the SS1 format and forms a logical OR sum
with operand 2 bytes specified by the B2D2 field of the instruction and operand

1 bytes specified by the B1D1 field of the instruction. All 1 bits in operand 2
are superimposed on operand 1 bits; 0 bits in operand 2 leave the corresponding
bits in operand 1 unchanged. The number of bytes processed is one more than the
number specified by the L portion of the instruction. The result is stored in
operand 1, and an appropriate condition code (result zero or result not zero) is
stored in the FAS field of privileged storage.

Translate Instruction (TR)

The translate instruction uses the SS1 format and translates any eight-bit code

to any other eight-bit code. Initially the data to be translated is located in

operand 1, specified by the B1D1 field of the instruction, and the characters to
which they will be translated are located in operand 2 specified by the eight-bit
code to be translated plus the B2D2 field of the instruction. The operand 1 character
is added to the contents of the B2D2 field and the result is used as an address to
locate the corresponding (translated) character in operand 2. The translated charac-
ter is then transferred from operand 2 to operand 1, replacing the character to be
translated with the appropriate translated character.

Edit Instruction (ED)

The edit instruction uses the SS1 format and unpacks, expands, and modifies data
contained in operand 2 bytes specified by the B2D2 field of the instruction and
stores it in operand 1 specified by the B1D1 field. The value inserted in the zone
position of the edited data is a hexadecimal F in EBCDIC mode or a hexadecimal
5 in ASCII mode.

The editing process basically consists of selected zero suppression and chatacter
insertion. This process is controlled by a pattern of edit characters and special
control bytes originally contained in operand 1, and by the significance indicator
(AS FF) associated with the edit instruction. The edit characters and special
centrol bytes contained in the edit pattern, and their effects on the edit process
are as follows:

m Fill Character — Originally contained in the most significant byte of
operand 1 and retained there after editing. During
editing, it replaces nonsignificant data from operand
2 in the appropriate location of operand 1.

m Other Edit Symbols — Characters such as commas and decimal points are
retained if the significance flip-flop (AS FF) is set,
or are replaced by the fill character if the AS FF is

not set.
@ Digit Select Byte — Before the significance flip-flop (AS FF) is set, the
(DSB) DSB causes zero digits in operand 2 to be replaced

by the fill character. The DSB causes the AS FF to

be set when the first nonzero is encountered in operand
2. Once the AS FF is set, the DSB causes the digit

in operand 2 (including zero) to be transferred to the
operand 1 location occupied by the DSB.



UP-7546 UNIVAC 9200/9200 11/9300/9300 |1 3 13
Rev. 1 PROCESSOR AND STORAGE SECTION: PAGE:
m Significant Start Byte ~— Sets the AS FF, causing leading zeroes in operand
(SSB) 2 to be transferred to operand 1. It is placed in the

3.3.3.

edit pattern in the location preceding the one that
is to contain the first leading zero. The SSB is
replaced in operand 1 by the fill character.

m Field Separator Byte  — Clears the AS FF, so that all zeroes in operand 2
(FSB) and all edit symbols in operand 1 following the

FSB are replaced by the fill characters in operand
1 until the AS FF is again set by any of the condi-
tions already mentioned. If the AS FF is set, any
character in operand 1 other than a DSB, SSB, or
FSB is retained, and operand 2 is not accessed. If
the AS FF is not set, characters other than these
are replaced by fill characters.

The number of bytes in operand 1 is one more than the number specified in the L
portion of the instruction. The number of digits (including zeroes) in operand 2
must equal the sum of the DSB’s, SSB’s, and FSB’s in operand 1.

A condition code determined by the sign of operand 2 (positive, negative, or un-
signed), is stored in the FAS field of privileged storage. In the case of multiple
field editing, the condition code reflects only the portion of operand 2 following
the last FSB in the operand 1 pattern.

Decimal Instructions

The decimal instructions involve processing of data in decimal digit form. The data
processing includes decimal arithmetic operations, which alter the data to or from
the form required by the decimal arithmetic operations.

The decimal instructions all use the SS2 format; they process the data from right to

left. The L field of these instructions is divided into two parts, L.1 and L2, which
specify one less than the number of bytes in operands 1 and 2 respectively., The

B1D1 and B2D2 fields specify the locations of operands 1 and 2 respectively.

The decimal instructions involving arithmetic operations require the data to be

3.3.3.1.

in packed decimal format.

Move With Offset Instruction (MVO)

The move with offset instruction transfers data from operand 2 to operand 1, shifting
the data four bits (one decimal digit) left. The least significant four bits of the least
significant byte of operand 1 (decimal sign) is retained without alteration.

If the number of bytes in operand 2, specified by L2, is less than the number of bytes
in operand 1, zero digits are assumed for operand 2, and the remaining digits of operand
1 are zerofilled. If L2 is greater than L1, the operation is terminated when L1 + 1
digits of operand 1 are processed, and the remaining digits of operand 2 are ignored.
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Since the MVO operation proceeds from right to left and moves 4 bits at a time, the
use of like sending and receiving location with unlike length can produce overlayed
results. For example:

MVO LOCA (3), LOCA (4)
1 2 3 4 5 6 7 8
0P2 lost | ] | I ]
LLOCA
0Pl 7 8 6 7 8
t ]

A shift of only 4 bits left, however, is correctly accomplished by the MVO operation
as shown:

MVO LOCA (4), LOCA (4

1

2 3 4 5 6 7 8
P2 lost |
LOCA
oP1
2 3 4 5 6 7 8

3.3.3.2. Pack Instruction (PACK)

The pack instruction transfer unpacked (zone-digit) decimal data from operand 2
to operand 1 in packed (digit-digit) format.

In the unpacked data of operand 2, each byte contains one decimal digit (including
zone), and the sign digit is contained in the upper half of the least significant
digit. When this data is packed into operand 1, the sign is inserted into the lower
half of the least significant byte. The zone bits from each decimal digit in operand
2 are deleted, and the decimal digits are transferred into operand 1, into contiguous
positions. Unpacked to packed format conversion is:

Z|(1]|z|2}Z}3}Z]|4]|Sign]|5 UNPACKED FORMAT

11213]4]5]Sign PACKED FORMAT
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3.3.3.3.

3.3.3.4.

3.3.3.5.

3.3.3.6.

If all bytes of operand 2 are processed before those of operand 1, zero-digits are
inserted into the remaining positions of operand 1. If all bytes of operand 1 are
processed before those of operand 2, the operation is terminated, and the remain-
ing bytes of operand 2 are ignored.

Unpack Instruction (UNPK)

The unpack instruction transfers packed data from operand 2 into operand 1 in
unpacked format (reverse of pack instruction). The zone code inserted into
operand 1 bytes during unpacking is 0101 if operations are in ASCII mode. If
operations are in EBCDIC mode, the zone code inserted into operand 1 bytes
during unpacking is 1111.

If operand 1 is too short to contain all the unpacked digits from operand 2, the
operation is terminated and the remaining digits of operand 2 are ignored. If all
digits of operand 2 are processed before all operand 1 bytes, the remaining bytes
of operand 1 are zerofilled.

Zero Add (Packed) Decimal Instruction (ZAP)

The zero and add instruction transfers data from operand 2 to operand 1. This is
accomplished by accessing only the bytes (digits) of operand 2, and storing them
in operand 1 locations.

Operand 1 must contain at least as many bytes as operand 2. If operand 1 contains
more bytes than operand 2, the most significant bytes of operand 2 are zerofilled.

The sign of operand 2 is transferred directly to operand 1 without change, unless
the result is a negative zero. In this case, the resulting sign of operand 1 is forced
to plus. A condition code reflecting the sign of operand 2 (with the exception men-
tioned) is stored in the FAS field of privileged storage.

Compare (Packed) Decimal Instruction (CP)

The compare decimal instruction compares operand 2 with operand 1. The comparison
is accomplished by adding the twos complement of operand 2 to operand 1 and setting
an appropriate condition code. The result of the addition is not stored, but the con-
dition code is stored in the FAS field of privileged storage.

The comparison is processed from left to right and will terminate at the first in-
equality. Operand 1 must include at least as many bytes as operand 2. If operand
1 is larger than operand 2, zero digits are assumed to extend to operand 2.

Add (Packed) Decimal Instruction (AP)

The add decimal instruction algebraically adds the decimal digits of operand 2 to
those of operand 1, and stores the resulting sum in operand 1.

Operand 1 must include at least as many bytes as operand 2. If operand 1 is larger
than operand 2, zero digits are used to extend operand 2.

If the result of the addition is a negative zero, the sign of the result in operand 1

is forced to plus. The sign inserted will be ASCII or EBCDIC minus or plus, accord-
ing to the processing mode. An appropriate condition code (result zero, negative,
positive, or overflow) is stored in the FAS field of privileged storage.
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3.3.3.7.

3.3.3.8.

Subtract (Packed) Decimal Instruction (SP)

The subtract decimal instruction algebraically subtracts operand 1 from operand
2 and stores the resulting difference in operand 1. The subtraction is accomplished
by adding the decimal tens complement of operand 2 to operand 1.

Operand 1 must include at least as many bytes as operand 2. If operand 1 is larger
than operand 2, zero digits are assumed to extend operand 2.

If the result of the subtraction is a negative zero, the sign of the result of operand
1 is forced to a plus. The sign inserted will be a minus or plus ASCII or EBCDIC,
according to the processing mode. An appropriate condition code (result zero,
negative, positive, or overflow) is stored in the FAS field of privileged storage.

Multiply (Packed) Decimal Instruction (MP)

The multiply decimal instruction multiplies operand 2 (multiplicand) by operand 1
(multiplier) and stores the resulting product in operand 1. The number of bytes in
the multiplier (originally in operand 1) is equal to the number of bytes in operand

1 minus the number of bytes in operand 2. If the multiplier includes more bytes than
this difference, the most significant bytes of the multiplier are ignored.

The multiplication process consists of adding the multiplicand to operand 1
(initially zeroed) a number of times determined by the multiplier digits. Each
addition is processed from right to left, starting at the digit position in operand
1 corresponding to the position of the most significant multiplier digit. After
each addition, the most significant multiplier digit is reduced by one. This
process is repeated until the most significant multiplier digit is reduced to zero
and then the next most significant multiplier digit is treated as the most signifi-
cant digit. When all multiplier digits are reduced to zero, operand 1 contains the
completed product, except for the sign. If the multiplier and multiplicand have
like signs, a plus is inserted into the least significant digit of the product; if
the signs are unlike, a minus is inserted. An example of the basic multiply opera-
tion is as follows:
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Example: Multiply 320 (+) by 21 (-)

Operand 1 = m (multiplier); Operand 2 : (multiplicand)

digit

multiplier

o0l mm MSD
v 2 [B[20]00]
‘ MSD

o]
| 01]

01

ew MSD

[ 06] 40 foo]
op 2 mm of
| 06{ 72 J00

multiplier

result m

Operation

(1) Store multiplier digit. Clear same
in operand 1.

(2) Add operand 2 to operand 1
starting from right to left at most
significant digit (MSD) of multi-
plier.

(3) Decrement MSD of multiplier, op 1
saved.

(4) Repeat steps 2 and 3.

(5) Multiplier digit now equal to zero.

Store new digit and clear same
in op 1.

(6) Add op 2 to op 1, from right to
left, starting at digit position
corresponding to new MSD of
multiplier.

(7) Decrement new MSD of multiplier
digit (step 5).

(8) Insert sign.
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3.3.3.9.

Divide (Packed) Decimal lnstruction (DP)

The divide decimal instruction divides operand 1 (dividend) by operand 2 (divisor).
The quotient and the remainder are stored at the address originally containing
operand 1; the quotient is right justified in the (L1 — L2) most significant bytes of
the storage area, and the remainder right justified in the (L2 + 1) least significant
bytes in the same area. The sign of the quotient is positive if the signs of the
dividend and divisor are alike, and negative if the signs are not alike.

The division process consists of subtracting the divisor from and adding the
divisor to the dividend. A count of each subtraction and addition is stored in a
working storage location called the quotient counter, whose content is inserted
into the appropriate operand 1 (quotient) location after each subtraction cycle
and associated addition cycle is completed.

Before each subtraction cycle the quotient counter is initially set to 09. The
divisor is then subtracted from the most significant portion of the dividend (trial
dividend). If the magnitude of the divisor is less than that of the dividend (deter-
mined after subtraction), the upper digit of the quotient counter is incremented by
one. The subtraction is repeated until the magnitude of the dividend becomes less
than that of the divisor before subtraction, and less than zero after subtraction,
When this occurs, the quotient counter is not incremented, and the addition cycle
begins.

The divisor is then right shifted one digit and is added to a new dividend which
includes the next most significant digit, and the lower digit of the quotient counter
is incremented by one. The addition continues until the trial dividend again becomes
greater than zero.

When this occurs, the quotient counter is not incremented, and the entire contents
of the quotient counter is entered into the most significant byte of the previous
trial dividend.

The subtraction and addition cycles continue until the least significant byte,
which contains the sign of the operand 1, is accessed. When this occurs, the
subtraction cycle is completed as before. In the addition cycle following, however,
the divisor is added to the dividend once to restore the dividend to the value it had
prior to the last subtraction. Also during this cycle, the appropriate signs of the
quotient and remainder are inserted into the proper locations. An example of the
basic division operation is as follows:
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Example: Divide 1149 (+) by 21 (=)

Operand -2 = ; Operand -1 = m

Quotient
Counter Operand —1 Operation
[00 01] 14 9+] (1) Subtract divisor from trial dividend.
-1 2}1
9999040+ ]

09 (2) Store initial count of 09 in quotient
counter; do not increment upper digit,
since result is less than zero.

I99l99 04 9+J (3) Dividend less than zero; add divisor,
+]21 right shifted, to dividend.
[99]99]25 [9+]
08 (4) Dividend still less than zero; decre-

ment lower digit of quotient counter.

07 mm (5) Repeat steps 3 and 4.
06 mm (6) Repeat steps 3 and 4.
05 mm (7) Repeat steps 3 and 4.

Quotient
Counter Operand —1 Operation

mm (8) Repeat step 3. Dividend greater

than zero; do not decrement quotient
counter. Store quotient count in

operand 1.
mm (9) Subtract divisor from new trial
— dividend.

—
|

(10) a. Store appropriate sign of quotient
in lower digit of quotient counter.

b. Dividend still greater than zero;
increment upper digit of quotient
counter.

o
W
(=
v
H
+

(11) Repeat steps 9, 10b.
(12) Repeat steps 9, 10b.

(13) Repeat steps 9, 10b.

L) U
(=) BN E=0 B L]
o o] |

[=3 B K =]

—_q W
=) (2] [2]
+t 1+ 1+

(14) Repeat step 9. Do not increment
quotient counter, since dividend
is less than zero.

N
+

m (15) Restore dividend. Store quotient
count and sign in appropriate

operand 1 location.
PR

Quotient Remainder

=)
&
+B

H
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3.3.4. Branch Instructions

'The branch instructions, which have the RX instruction format, are used to change
the sequence in which program instructions are executed.

3.3.4.1.

3.3.4.2.

Branch-On-Condition Instruction (BC)

The branch-on-condition instruction tests the condition code stored in the FAS
field of privileged storage, and initiates a program sequence change (branch) if
a specified condition is met. The condition to be tested is specified by the M1
(R1) field of the instruction. If the condition is met, the branch is initiated by
transferring the B1D1 field of the instruction to the FAP field of privileged
storage.

The M1 bits are used to test the condition codes as follows:

M1 Bit Test Code Condition
Or0 00y
10 210 109
11 310 112

Branch and Link Instruction (BAL)

The branch and link instruction unconditionally initiates a program sequence
branch. The instruction causes the address of the next sequential instruction
(FAP) to be stored in the register specified by the R1 field of the instruction;
it then transfers the contents of the B2D2 field to FAP.

3.3.5. State Control (Privileged and Special) Instructions

The state control (privileged and special) instructions use the SI format and modify

or store the processor or input/output fields of privileged storage. These instructions
are not directly available to a programmer, but are generated by an assembler routine

to provide overall (input/output) control for one program or several concurrent programs.

3.3.5.1.

Load Program State Control Instruction (LPSC)

The load program state control (privileged) instruction replaces or modifies the
processor or input/output word and directs the instruction sequence to proceed
either under control of the processor or as specified by input/output control. This
instruction is also used to restrict the alter and display functions of storage loca-
tion 4 {(04), or to remove the restriction. It should be noted that when the Restrict
Alter display is set, only location 4 (04) can be altered but any location of main
storage can be displayed. The various functions of the load program state control
instruction are specified by the I2 field of the instruction as follows:

Bit 8 Bit 9 Modification

0 0 No program state control modification.

0 1 Load full program state control word.

1 0 Clear ASCII bit to zero, enter EBCDIC mode.
1 1 Set ASCII bit to one, enter ASCII mode.
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Bit 10 =1 Load or modify input/output program state control word.

Bit 10 = 0 Load or modify processor programl state control word.

Bit 11 =1 Next instruction is under control of processor program state control.
Bit 11 = 0 Next instruction is under control of input/output program state control.
Bit 12 =1 Restrict display and alter funétion to location 4 (04).

Bit 13 =1 Remove restriction on display and alter function.

3.3.5.2. Store Program State Control Instruction (SPSC)

The store program state control (privileged) instruction transfers the program state
control word specified by the 12 field (bit 10) of the instruction to the storage
locations specified by B1D1 field of the instruction. If bit 10 = 0, the processor
program state control word is stored; if bit 10 = 1, the input/output program state
control word is stored.

3.3.5.3. Supervisor Request Call Instruction (SRC)

The supervisot request call (special) instruction stores the 12 field of the instruction
in the SRC field of the input/output program state control word in privileged storage
and sets an interrupt request.

The interrupt request is granted immediately if the processor mode is in effect, and
no interrupt requests are generated by I/0 devices during the execution of the SCR
instruction. If operation is in the input/output mode or if an I/O interrupt request
becomes active, the SCR interrupt request is stored in the store interrupt pending
flip-flop (ASIRF FF).

3.3.6. Input/Output Instruction

The input/output instruction provides a means of initiating the operation of all peripheral
devices associated with the processor, and of determining the status of each device.
These instructions use the SI format, modified to accomplish the required functions.

3.3.6.1. Execute I/0 Instruction (XIOF)

The execute I/0 instruction causes the device whose address is specified by the
12 (DA) field of the instruction to perform the function specified by the least signifi-
cant byte of the B1D1 field of the instruction.

Bit 27 of the instruction is reserved to inhibit interrupts when the specified function
is ended or if an error occurs during the execution of that function.

A condition code is stored in the FAS field of privileged storage to indicate whether
the function was accepted or rejected by the selected device.

3.3.6.2. Test I/0 Instruction (TIO)

The test 1/0 instruction tests the status indicators of the synchronizer associated
with the device specified by the 12 (DA) field of the instruction. The contents of the
status indicators is stored in the memory location specified by the B1D1 field of

the instruction, and an appropriate condition code is stored in the FAS field of the
privileged storage. If the device specified is not busy, the status indicators in the
synchronizer, including interrupt request, are cleared as the status byte is transferred
to the storage area specified in the instruction.
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INSTRUCTION REPERTOIRE

©
— W
HELE
Z | S| 5 | INSTRUCTION OPERATION
S |la |
“ls|=
BINARY
40 | STH|[Store Halfword (Ry )} —» B202
48 | LM [Lood Halfword (B202) —= R,

RX |49 CH | Compare Halfword
SI | A6 | Al | Add Immedicte

AA | AH [Add Halfword

RX | AB | SH |Subtroct Holfword

(Ry): (B2D2); set CC

I (Sign Ext)+(B1D1)—»B1D1(2 Bytes); set CC
(Ry) +(B2D2) —= Ry ; set CC
(Ry}-(B2D2)— Ry ; set CC

LOGICAL
91 | TM |Test Under Mask I2 (Mosk) : B1DY; set CC
92 | MVI [Move Immediate | Ip —» BIDt

94 | NI [AND Immediate I @ (B1D1) —» B1D1; set CC
SI [ 95 | CLI |Compare Immediate | (BID1): I ; set CC

96 | OI |OR Immediate 12 @ (BID1) —=81D1; set CC
A9 | HPR | Halt 8 Proceed Disploy BiD!

D1 | MVN | Move Numeric (82D2) Lower — BIDI Lower (Zones Unchanged)

D2 | MYC | Move Choracter (82D2)— B1D1

04 | NC | AND Character (B2D2) © (BID!) — B1DY; set CC

D5 | CLC {Compars Logico! (B1D!): (B2D2); set CC

D6 | OC {OR Character (B2D2) @ (BI1DI) —eB1DI; set CC

DC | TR {Translate [iet0t) +8202] —e BIDI

DE | ED [Edit Unpack 8 Expand OP, (L +1)— 0Py ; Control Pat in 0P
MSB of OP, =Fill Char, DSB=20,¢ ,55B=21¢,F5B=22,g

§S

DECIMAL

F1 | MY0 | Move with Offset
F2 |PACK|Pack

F3 [UNPK] Unpack

F8 | ZAP | Zero and Add
F9 | CP |Compare Decimal
SS | Fa | AP |Add Decimal

FB | SP |Sublroct Decimai
FC | MP [Multiply Decimal

(B2D2)— BIDY (Shift left four bits)*

(B2D2) Packed — BIDI*

(B2D2) Unpk — BID1 (Generate zones)®

(B2D2) —+BIDI Dec. (L12L2)*; 5ot CC
(8101):(B2D2) Dec. (L1 2L 2)* ;set CC

(BD1 }+(B2D2) — BID! Dec.{L12L2)* ; set CC
(8101 )-(B2D2) —» BID1 Dec. (LI2L2)* ; set CC
OP2 x OPy ~—# 0Py ; Ly +1:Size of product; Lp+1=Size
of Mult.; OP, must have L, +1 leading dec. zero*

FD | DP |Divide Decimal oPy +0P2 —*0Py; L1>L2;Quotient in Ly~L2 MSB of OP

FORMATS, CODES

MULTIPLEXER CHANNEL

BASIC BUFFER CONTROL WORD
fo— BYTE t——fo——8VTE 2—+—im£3—-|-—sns4———-1

T
[wlw]r] BYTE COUNT ot DATA ADDRESS )
b N
(R | Inpot Operstion  NOTE: WM=11 INDICATES LT FORMAT
LI | Qutput Operation
=41 .
\ 0 Ascending Address

|

[

1 Descending Address
[

_JI 0 ! Transfer Dato

t | Termination Bit

(]

LT BUFFER CONTROL WORD

BYTE 3 —+]e—8YTE 4—

DATA ADDRESS l

fe—svTE |

|1|1|T B| STATUS | ADDRESS TRAP [ol
T

BYTE 2 |

BRANCH

RX l 45 I BALIBranch and Link |(FAP)—0N|,8202—> FAP

47 | BC [Branchon Condition |If motch, (B2D2)—e FAP; see chart

PRIVILEGED (State Control)

st (PSC) —o B1D!
(B101)—> PSC

AQ [5PSC|Store State
A8 |LPSC|Load State

SPECIAL (State Control)

s1 I A lSRClSuporvisor call ]lz—on(,s];s.o interrupt

INPUT/OUTPUT
s1 A4 | XEOF|Execute 1/0 Function—Daevice; set CC
AS | TIO|Test1/0 Test Device Status —e B1D1; set CC
*Data processed right to left ®:0R =z Minus ®= AND
:=Compare  R=Prog. Reg. { )zContents of CC= Condition Code +:Plus

|0 \ TRANSFER DATA
|_1| ) TERMINATION BIT
‘}0‘ BUFFER READY
LlJ END OF BUFFER SEGMENT
STATUS BYTE
Bit 0 1 2 3 4 5 € 7
Stot Cont Ch 0 Unit Unit
; Att. [1B Unit an. ev. ni ni
Detoil Mod. E:'d Busy End End Chk. Except
CHANNEL ERROR STATUS
Mem. | Bit . R Mem 8it T S ]
Loc. | Pos. Signal Function Loc. | Pos. Signal Fynction
001D | O [Interface Error 001E 0 Status In
1 Device Address Parity Error 1 Service Qut
2 Bus in Parity Error 2 Service In
3 | Address Out 3 TIME OUT REQUEST
4 Select Out 4 Suppress Out
5 Operational In 5 Select In
6 Address In 6 Terminate/K@ FF
7 Commond Out 7 Input Direction/ K1 FF
O01F | O—7 | Device Address Register
MULTIPLEXER FIRST SENSE
CHANNEL COMMANDS BYTE
XF Code Bits Bit Indication
Function -
POt 2 345867 P | Parity (0dd)
X P 0 | Command Reject
Test | P '_X_ — 1 _X 00 1 | Intervention Required
Sense [ P | Lot oo 2 | Bus Out Parity
Write PI A 1'0 1 3 | Equipment Check
Read P| CISEMTAI[‘sD 11 0 4 Data Chack
Control | P IR 5 |Data Late
| 6 | Undefinad
Backword [ P! 1 100
Read Backwor Lo —J 7 | Undefined
Reserved for [P X X X X 1t 0 0 O
Chan. Cont.

X = Variabie to Control Units
P= Parity Bit {0dd)
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CONDITION CODE (CC) SETTINGS PROGRAM STATE CONTROL STORAGE
Instr Condition Codss/ Gonditions l— BYTE1 —fe— BYTE2Z —ofe— BYTE3,4
0(00) 1(01) 2(10) 311}
011{2(3{4{5(6]|7|8]910[v1[12]13}14]15]16 |17 —————=38
SH (AB) Result=Zaro Result=Neg. Result Positive Ovarflow I l | | l ‘ l I l l ‘
AH (AA) PROC. PSC|C|C|A|X X X X X|0 0 00O O 0 O O|0O| PROGRAM ADDRESS
AI{A6)
AP (FA) I/0 PSC|C[C|AfX X X X X SRC 0| PROGRAM AODRESS
SP(FB) CC = Condition Code 1 = ASCIIT
CH (49) (R1]:(opz) (Ry}< (0P,) (Ry) >(0Py) A= ASCII Control Code A=0:EBCDIC
CLI(95) (OPg}= 13 OPi¢ I (opy > 1z
cLcios) (OPq)={0P2) (opy) < (0P2) oP1) > (0P2) PROGRAM STATE CONTROL
CP(F9) (0Py)=(0P3) (0Py) < (0P5) (0Py) >(0P,) Load Action® PSC Next Instr. Alter/Display
Selection Control * Action *
2AP(F8} 0Py} @ (0P2)  Neg (0P2) Pos.
Ins_n. Instr, Instr. Instr,
NI(94) Result=Zaro Result#Zero Bit Action Bit psc | Bit |Control] git Action
NC (D4) 819 10 1" Psc 12 113
gé i[?)g)) 0 [ 0 [None 0 Proc. 0 Proc. t | 0 Restrict
0 t [Fullword 1 1/0 t 1/0 0 | 1| Remove
TH(91) No match or Partial match Full motch 1| 0 | AscIL off Restriction
mask:p 11 1 |-ASCII On
XIOF (A4} Accepted Status Pending Busy Rejected *Load State Instruction only
TI0(AS) Available valid Status Busy Rejected
INTERNAL I/0 COMMANDS
SIGN Z0NE Instruction-Bit/Function
1/0 Device [ DA
BRANCH/CONDITION v - ' 2 25 26|27 |28 [ 20 | 30 | 3
Condition Code | O 1 2 3 ASCIL[10t0 | 1011 | OtOt Inh
BCInstr. Bt | 8 | 9 |10 [ n gscorcf1io0] 1rot [ 1m Cord Reader | 1 Int Image | Read
Stkr
INSTRUCTION FORMAT Read/Purch | 2 el Punch
l«—BYTE { —ste—BYTE 2 BYTE 3,4 BYTE 5,6 ——=t printer| 3 |8 (C;‘:“";“' Numaric * *
Q—=7 |8—=1{|12—=1516—19|20 —=3| [32—= 35|36 ——= 47 -
*30 and 31 =3 Space; 31 only => Print and Space
RX FORMAT | OP CODE Ry XX XX I-: B2 02
] L PRINT/ MEMORY LOCATIONS
T 0 1 2 3
I |D |
ST FoRMAT | 0P Coe | e pim[ o Gol. |Decima '2345678910123456789]0123456739]0123
| | | | | Mem. ]9
" |Hexadecimal
Loc 01234567 9 FlO ¢ 4567 £
ssrormarf op cooe Y Haim [ o1 [ ez [ 02 89ABCDE 234587R0RBCDE °
R1 = Adrs of program register L2 = One less than length of cperand two
B1D1 = Adrs of operand one * = Most sig. bit of BY or B2 Field = cob. | pecimat 3 14 l5 i 6
B202 = Adrs of operand two { indicates indexing of OPy or OP, 456789j0123456789[012345678 9]0123456
1 = Immediate operand Mem. A B c
Hexadecimal
1= One less than tength of operand one Loc. 123456 7T89ABCDEF0123456789 ABCDEF|O!
I70 INSTRUCTION FORMAT —T n 3
Col. |Decimal
‘-—-BYTEI——-F‘—BVTEZ—‘%F—BYTE 3+BYTE4-*| ' 789|0|2345678910|234'56789](”23456789
Mem. " c 0 E
START I/0 | OP CODE (A4) | DEVICE ADRS XF CODE Hexadecimal
/ { | Loc. 23456789A8CDEF|0|23456789ABCDEFO\2
vesT 1/0fop coe (a5) | bevice aors STATUS STORE ADRS m m = =
Col. | Decimal :
10000 1XXXX |NOT SHARED ' 012345679910|23455739|o1za4ssraslo|z
1xXx IXYYY ! SHARED . : o
I I | M\;’: Hexadecimol l L
XXXX = Subchannel Address - 3456789ABCDEF|I0123456789ABCDEF[0123
YYY : Devica Number
PRINTABLE CHARACTERS COMPRESSED CARD CODE I/0 STATUS BYTE
Zone Bits/Char. Numeric Bits Zona Bits/Char 8it : 1/0 Device/Status Indication™
63 Char_Bar 63 and 48 48 Char. Bar Positions Punch Positions Cord Punch Stat
= ar unch or atus
Bits 2and 3 c"é" Bor Bits 2ond 3 Hexadecimal (45 6 7 Printer Read Punch Card Reader Byte
oot rofn Bils coforJro]mn - — (0A:3) (Da=2) (DA:1) 8it*
Character 4 5 6 7 Character 0123 [4 ‘ iL Abnormal or [Stkr Jam, Intik, | Stkr Jam, Cont
Not Ready Punch Entry, or [Par Err, or 0
A L] ; ? g g g ? ; s ? ? g(()) g 0 Exit Chx Error Pholoccll‘CM Err.
J ! 3|
{
8 |k |s|2floo 1 ofc s i 2 0010 s | oy Sty
[V I I O ) 00 t 1 0 T3 3 001 1 1 12,11 Paper Runaway Hopper Empty, !
0 MU 4 ot oo E u 4 4 0100 5 0 or Stacker Full
elN|v|s]for o |F Vs 5 0101 2 | 12,0 Wemory
Flolwileffot1 t o 6 wile 6 ot to 7 1,0 Overload Punch Chk Err. 2
6 e {x |7flor 11t H x |7 1 01 11 6 12,11,0
Koy |sflrooo i v|e 8 1000 | 9 |8 Cont Par Ere._|Gom pat. e 3
LIRLT S 1oot J 9 9 100 9,3 8,12 Bor Switch inErr{Photoceli Chk Err. | TRIPLE STROBE 4
¢ ! : 101 0 K + . A 1010 9,4 8,11
O P E | IEE R IR | 8|4 8 101 9.0 | 812,10 Intercut Antecrust Intecrupt 5
<|l*|%|@ 1t 00 M % | * 4 1100 9,5 8,0 ending anding ending
{ ) — | 11 01 N #| - 0 1101 9,2 8,12,0 Hopper Empty
' 12, 6
1> ]=4lrvr 100 @ £ t11o 9,7 | 8,110 Form Ovtrflow 1o souy ull
[ I I A LIS | P L ] F e 9,6 8,12,11,0 Paper Low 7

*®Al @'s — function performed os specified
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9300 EXTENDED OPERATION CODES

HEXADECIMAL
MNEMONIC FUNCTION OPERATION [FORMAT
CODE, R1
B BRANCH 47 F RX
NOP NO OPERATION 47 0 RX
USED AFTER COMPARISON INSTRUCTIONS
BH BRANCH {IF HIGH 47 2 RX
BL BRANCH IF LOW 47 4 RX
BE BRANCH IF EQUAL 47 8 RX
BNH BRANCH IF NOT HIiGH 47 D RX
BNL BRANCH IF NOT LOW 47 B RX
BNE BRANCH IF NOT EQUAL 47 7 RX
USED AFTER TEST UNDER MASK INSTRUCTIONS
BO BRANCH IF ALL ONES 47 1 RX
BZ BRANCH IF ALL ZEROS 47 8 RX
BM BRANCH IF MIXED 47 4 RX
BNO BRANCH IF NOT ALL ONES 47 E RX
BNZ BRANCH IF NOT ALL ZEROS 477 RX
BNM BRANCH IF NOT MIXED 47 B RX
USED AFTER ARITHMETIC INSTRUCTIONS
BO BRANCH IF OVERFLOW 47 1 RX
BZ BRANCH IF ZERO 478 RX
BM BRANCH IF MINUS 47 4 RX
BP BRANCH IF POSITIVE 47 2 RX
BNO BRANCH |IF NO OVERFLOW 47 E RX
BNZ BRANCH IF NOT ZERO 47 7 RX
BNM BRANCH iF NOT MINUS 47 B RX
BNP BRANCH IF NOT POSITIVE 47 D RX
CONSTANT CHARACTERISTICS
CONSTANT [EXPLICIT | IMPLICIT | TRUNCATION VALUE
TYPE LENGTH LENGTH OR PADDING PADDED
c variable maximum on right side blanks
1 - 256 256
X variable maximum on left side hexadecimal
1 -256 256 0
pP* variable maximum on left side hexadecimal
1-16 16 0
zZ* variable maximum on left side EBCDIC
1-16 16 0
H* variable 2 on left side hexadecimal
1-2 0
Y variable 2 on left side hexadecimal
1-2 0
S* 2 2 none none

*9300 only.
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APPENDIX B. HEXADECIMAL TABLES

B.1.

HEXADECIMAL AND DECIMAL CONVERSION

To convert to a decimal number, find the corresponding decimal number for each
hexadecimal representation. Then find the sum of the decimal values. To convert
to a hexadecimal, subtract the value in the table from the original decimal number
that produces the smallest difference and note the hexadecimal equivalent. Repeat
this procedure using the difference obtained in a previous calculation until a zero
difference is obtained. The resulting hexadecimal representation (including zeros
from columns not used) are the equivalent of the decimal number.

BYTE BYTE BYTE

0123 4567 0123 4567 0123 4567
HEX DEC |HEX DEC |HEX DEC |HEX DEC|HEX DEC |HEX DEC
0 0| 0 010 0o o o0 0|0 0
1 1,048,576 1 65,536 1 4,096 | 1 256 1 16 |1 1
2 2,097,152} 2 131,072 | 2 8,192 | 2 512 2 32 |2 2
3 3,145,728} 3 196,608 | 3 12,288 | 3 768 | 3 48 |3 3
4 4,194,304} 4 262,144 | 4 16,384 | 4 1,024 | 4 64 |4 4
5 5,242,880 5 327,680 | 5 20,480 [ 5 1,280 | 5 80 |5 5
6 6,291,456| 6 393,216 6 24,576 | 6 1,536 6 9 |6 6
7 7,340,032 7 458,752 7 28,6727 1,792 | 7 112 {7 7
8 8,388,608| 8 524,288 | 8 32,768 |8 2,048 | 8 128 |8 8
9 9,437,184} 9 589,824 | 9 36,864 |9 2,304 | 9 144 |9 9
A 10,485,760f A 655,360 | A 40,960 | A 2,560 | A 160 | A 10
B 11,534,336| B 720,896 B 45,056 | B 2,816 B 176 | B 11
C 12,582,912 C 786,432 C 49,152 | C 3,072 Cc 192 | C 12
D 13,631,488| D 851,968 D 53,248 | D 3,328 D 208 | D 13
E 14,680,064 E 917,504 E 57,344 | E 3,584 E 224 | E 14
F 15,728,640] F 983,040 F 61,440 | F 3,840 F 240 | F 15

6 5 4 3 2 1
Examples:

Hexadecimal 6D03A1l to Decimal

600 000 = 6291456
DO 000 = 851968

0 000
300 =
AQ =

1 =

1

0000
768
160

1

6D03A1 7144353 Result

Decimal 27043 to Hexadecimal

27043

24576* = 6000

2467
2304+

163
-1_9—0*
3 =

1l

*Subtract

900

A0
3

69A3 Result

largest number; see table
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B.2. HEXADECIMAL ADDITION
X 1 2 31415 6 7 8 9 A B C D E F 10
1 02103 }04105/06|07 (08|09 |0A| OB} OC|OD|OE]JOF] 10| 11
2 03|04 ]05]06{07|08|09]|]0A]0B|OC| OD|OE| OF] 10| 11 ] 12
3 104[05]06|07|08|09|0A|OB|OC|OD| OE| OF) 10 11| 12 ] 13
4 § 05|06 |07]|08j09|0A|0B|OC|OD|OE| OF[ 10| 11 | 12| 13| 14
5 06|07 ] 08|]09|0A]|OB|OCj{OD|OE[{OF | 1011|1213 14 ] 15
6 J07/08]09|0A|0B|OC|JOD|OE|OF[10 [ 111213 ]| 14| 15} 16
7 J08|09| 0OA|OB|OC|ODJOEJOF{10] 11 | 12|13 ] 14| 15| 16} 17
8 09| OA| OB|OC|ODjOE|OF}j 1011|112 ] 13|14} 1516 ]| 17 | 18
9 OA| OB| OC{OD|OE|OF} 10|11 12|13 | 1415116 |17} 18 | 19
A fOB|OC| OD|OE[OF| 10|11 |12 |13 14 | 151617 18] 19 ] 1A
BfOC/{OD|OE{OF{10f11 1213|1415 ]| 16| 17|18 19| 1A]| 1B
C JOD|OE|OF]10]11|12]|13|14|15]16 | 17|18} 19 ] 1A| 1iB]| IC
D ROEjOFj10f11}j12}|13}14})15])16})17 11819} 1A}1B}j 1C]| 1D
EfOFJ10 | 11|12)13 |14 |15]16 |17 18 | 19| 1A]| 1B} 1C]| ID| 1E
FRpl10]11 | 12|13}j14)15]|16 17|18} 19 | 1A|1B]| 1C|.1ID}J1E| 1F
10f 11112 ] 131415161718 )19 1A} 1B} 1C| IDJ1E| 1F | 20
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B.3. HEXADECIMAL MULTIPLICATION

X 2 3 4 5 6 7 8 9 A B C D E F 10

2 04 06 08 ] A JOC | OE |10 |12 14 16 18 1A iC 1E 20

3 06 09 0C | OF | 12 15 181 1B | 1E 21 24 27 2A 2D 30

4 08 0C 10 ] 14 18 1C J 201 24 28 2C 30 34 38 3C 40

5 0A | OF 14 | 19 1E 23 28 |1 2D | 32 37 3C | 41 46 4B 50

6 0C | 12 18 | 1E | 24 2A | 30 | 36 3C 42 48 4E 54 5A 60

7 0E | 15 1C | 23 2A 31 38 | 3F | 46 4D 54 | 5B 62 69 70

8 10 18 20 | 28 | 30 38 | 40 | 48 | 50 58 60 | 68 70 78 80

9 121 1B 24 | 2D | 36 3F | 48] 51 5A 163 6C | 75 7E | 87 90

A 14 1E 28 | 32 3C 46 50 | 5A 64 6E 78 | 82 8C 96 AQ

B 16 21 2C | 37 42 4D 58 | 63 6E | 79 84 | 8F 9A AS BO

Cc 18 24 30 | 3C | 48 54 60 ] 6C 78 | 84 90| 9C A8 B4 Cco

D 1A | 27 34 | 41 4E 5B 68 | 75 82 8F 9C| A9 B6 C3 DO

E 1C | 2A 38 | 46 54 62 70| 7E 8C | 9A A8| B6 C4 D2 EO

F 1E | 2D 3C | 4B | 5A 69 | 78 | 87 96 A5 B4] C3 D2 El FO

10 f 20 30 40 50 |60 70 80 1 90 A0 | BO col] Do} EoO Fo} 100
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APPENDIX C. CHARACTER GRAPHIC
SET CODES AND PRINTER
SYNCHRONIZER CODE

C.1. EBCDIC AND 80-COLUMN PUNCHED CARD CODES

80- COLUMN

CARD CODE | CHARACTER EBCDIC
12-1 A 1100 0001
12-2 B 1100 0010
12-3 c 1100 0011
12~4 D 1100 0100
12-5 E 1100 0101
12-6 F 1100 0110
12-7 G 1100 0111
12-8 H 1100 1000
12-9 | 1100 1001
11-1 J 1101 0001
11-2 K 1101 0010
11-3 L 1101 0011
11-4 M 1101 0100
11-5 N 1101 0101
11-6 0 1101 0110
11-7 P 1101 0111
11-8 Q 1101 1000
11-9 R 1101 1001
0-2 S 1110 0010
0~3 T 1110 0011
0-4 U 1110 0100
0-5 v 1110 0101
0-6 W 1110 0110
0-7 X 1110 0110
0-8 Y 1110 1000
0-9 z 1110 1001
0 0 1111 0000

1 1 1111 0001

2 2 1111 0010

3 3 1111 0011
4 4 1111 0100

5 5 1111 oio0l

6 6 1111 0110
7 7 1111 0111

8 8 1111 1000
9 9 1111 1001
T (space) 0100 0000

12-8-2 ¢ 0100 1010
12-8-4 ~ 0100 1100
12—-8-5 ( 0100 1101
12-8-6 + 0100 1110
12-8-7 [(vertical line) 0100 1111
12 & 0101 0000
11-8-2 ! 0101 1010
11-8-3 $ 0101 1011
11-8-4 * 0101 1100
11-8-5 ) 0101 1101
11-8-6 ; 0101 1110
11-8-7 —1 (not) 0101 1111
11 - 0110 0000
0-1 / 0110 0001
0-8-4 % 0110 1100
0-8-5 _ (underscore) 0110 1101
0~8—~6 > 0110 1110
0-8-7 ? 0110 1111
8-2 : 0111 1o0l1o0
8-3 # 0111 1011
8-4 @ 0111 1100
8-5 "(apostrophe) 0111 1101
8-6 = 0111 1110
8-7 " 0111 1111
0—-8-3 , (comma) 0110 1011
12—-8-3 . 0100 1011
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C.2. 63-CHARACTER GRAPHIC SET CARD CODE AND 6-BIT PRINTER SYNCHRONIZER

CARD
80-.COLUMN 63-CH GRAPHICS 80-COLUMN 63-CH GRAPHICS
CARD CODE CHARACTER 6 BIT PRINTER CODE | CARD CODE CHARACTER 6 BIT PRINTER CODE
12--1 A 000001 12 & 010000
12--2 B 000010 11 - 100000
12--3 C 000011 0=1 / 100001
12--4 D 000100 12-8-3 . 001011
12--5 E 000101 11-8-3 $ 011011
126 F 000110 0~8-3 , 101011
12--7 G 000111 -3 # 111011
12--8 H 001000 2—-8-4 < 001100
12--9 | 001001 1-8-4 * 011100
11--1 J 010001 0-8-4 % 101100
11--2 K 010010 8—4 @ 111100
11--3 L 010011 12-8-5 ( 001101
11--4 M 010100 11-8-5 ) 011101
11-5 N 010101 0-8-5 (Underscore) 101101
11-6 0 010110 8§-5 ' 111101
11-7 P 010111 12-8-6 + 001110
11--8 Q 011000 11-8—-6 ; 011110
11--9 R 011001 0-8-6 > 101110
0-2 S 100010 8—6 = 111110
0-3 T 100011 12-8-7 ! 001111
0-4 U 100100 11-8-7 -1 011111
0-5 \ 100101 0-8-7 ? 101111
0-6 w 100110 8-7 " 111111
0-7 X 100111 12-8~2 ¢ 001010
0-8 Y 101000 11-8-2 ! 011010
0-9 4 101001 0-8-2 Not Assigned 101010
8-2 : 111010
0 0 110000
1 1 110001
2 2 110010
3 3 110011
4 4 110100
5 5 110101
6 6 110110
7 7 110111
8 8 111000
9 9 111001
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A second 63-character type bar, containing 6 different special symbols is available
for the UNIVAC 9200/9200 11/9300/9300 II Systems processor printer and are given
as follows:

STANDARD 80-COLUMN 6-BIT SPECIAL ORDER

PRINTER BAR CARD CODE PRINTER CODE PRINTER BAR
—— Underline 0-5-8 101101 # Not Equal

| Absolute 12-8-7 001111 ] Right Bracket
1 Logical Not 11-8-7 011111 A Delta

'* Quotes 8-7 111111 X Lozenge

¢ Cent Sign 12-8-2 001010 [ Left Bracket

Not Assigned 0-8-2 101010 \ Back Slash

Note that the symbols on the special bar take on the 80-column card codes and 6-bit
printer codes already assigned. It is therefore the responsibility of programming to
perform, by means of suitable software, any required translation.

C.3. 48-CHARACTER GRAPHIC SET CARD CODE AND 6-BIT PRINTER SYNCHRONIZER

CODE

80-COL.UMN 48-CH GRAPHICS 80-COLUMN 48-CH GRAPHICS
CHARACTER CHARACTER

CARD CODE 6-BIT PRINTER CODE || CARD CODE 6-BIT PRINTER CODE
12-1 A 000000 0 0 110000
12-2 B 000001 1 1 110001
12-3 c 000010 2 2 110010
12-4 D 000011 3 3 110011
12-5 E 000100 4 4 110100
12-6 F 000101 # 5 5 110101
12-7 G 000110 6 6 110110
12-8 H 000111 7 7 110111
12-9 I 001000 8 8 111000
11-1 J 001001 9 9 111001
11-2 K 001010
11-3 L 001011
11-4 M 001100 & 101011
11-5 N 001101 - 111101
11-6 0 001110 / 111110
11-7 P 001111 . 111010
11-8 Q 100000 $ 111011
11-9 R 100001 , 111111
0-2 S 100010 # 101101
0-3 T 100011 * 111100
0—4 U 100100 % 101100
0-5 % 100101 @ 101110
0-6 w 100110 . 101111
0-7 X 100111 + 101010
0-8 Y 101000
0-9 z 101001

The UNIVAC 9300/9300 !l Systems processor printer does
not use a 48-character print set.
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C.4.

16-CHARACTER GRAPHIC SET CARD CODE AND 6-BIT PRINTER SYNCHRONIZER

CODE
80-COLUMN 16-DIGIT GRAPHIC
CHARACTER
CARD CODE 6-BIT PRINT CODE
0 0 110000
1 1 110001
2 2 110010
3 3 110011
4 4 110100
5 5 110101
6 6 110110
7 7 110111
8 8 111000
9 9 111001
12-8-3 . 111010
11-8-3 $ 111011
11-8-4 * 111100
11 — (dash or minus) 111101
0-1 / 111110
0-8-3 , 111111

The UNIVAC 9200/9200 Il Systems Processor printer does not use a 16-

character print set.
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APPENDIX D. POWERS OF 2Z2;
POWERS OF 16

POWERS OF 2

2" n 2" n
1 0 262 144 18
2 1 525 288 19
4 2 1 048 576 20
8 3 2 097 152 21
16 4 4 194 304 22
32 5 8 388 608 23
64 6 16 777 216 24
128 7 33 554 432 25
256 8 67 108 864 26
512 9 134 217 728 27
1 024 10 268 435 456 28
2 048 11 536 870 912 29
4 096 12 1 073 741 824 30
8 192 13 2 147 483 648 31
16 384 14 4 294 967 296 32
32 768 15 8 589 934 592 33
65 536 16 17 179 869 184 34
131 072 17 34 359 738 368 35

POWERS OF 16

16n n

1 0

16 1

256 2

4 096 3

65 536 4

1 048 576 5

16 777 216 6

268 435 456 7

4 294 967 296 8

68 719 476 736 9

1 099 511 627 776 10

17 592 186 044 416 11

281 474 976 710 656 12

4 503 599 627 370 496 13

72 057 594 037 927 936 14

1 152 921 504 606 846 976 15
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