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6-204

ACTIVATE INTERRUPT
FCO3

T T T TAUG Y Y

CODE
PRIORITYLEVEL O 1 1|0 0 0 0 0 O O

I YRR T T SO | Ll TS W N R T |

00 O0O0OOUOO OO
IR S B T W T N

4

01 23 456 7 8 9 101112131415 16 1718 19 20 21 22 23 24 25 26 27 28 29 30 31

If bit position O of the PSWR is equal to one (Privileged State), a signal
is applied to set the active condition in the priority interrupt level
specified by the priority level field (bits 6-12) in the Instruction Word
(IW). The active level is set in the specified level whether or not that
level is enabled. This condition prohibits this level and any lower levels
not already in service from being serviced until this level is deactivated.
However, request signals occurring at this or lower levels are stored for
subsequent servicing. If bit position O of the PSWR is equal to zero
(Unprivileged State?, execution of this instruction will generate the
Privileged Violation Trap.

1. This instruction does not operate with priority levels 216 - 1116’

2. This instruction has no affect on levels assigned to Class F I/0
and is treated as NOP.

Bits 6 through 12 Priority Level (Hex)
0000000 00
0000001 01
0010010 12
1111110 7E
1111111 7F

CCl: No change
CC2: No change
CC3: No change
CC4: No change
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DEFINITION
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RESULTS
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CODING

DISABLE INTERRUPT DI

v
FCO1 -
T Y T TAUG 1 T Y
CODE
D I S I R A | PRIORITY LEVEL 00 O0OO0OOOUOOO OO0OOOOTGODDO
L1 1 1 llll]lolollllillllllllllll

0 1 2 3 4 5 6 7 8 9101112131415 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31

If bit position 0 of the PSWR is equal to one (Privileged State), the priority
interrupt level specified by the priority level field (bits 6-12) in the
Instruction Word (IW) is disabled and will not respond to an interrupt

signal. If bit position 0 of the PSWR is equal to zero (Unprivileged State),
execution of this instruction will generate the Privileged Violation Trap.

The active state of the interrupt is not affected.

1. Any unserviced request signal at this level is cleared by execution of
this instruction.

This instruction does not operate with priority levels 216 - 1116.
In the PSD mode, traps are always enabled.

4. This instruction has no affect on levels assigned to Class F I/0
and is treated as NOP.

5. For levels 0 and 1, the RTOM jumpers provide either constant enable
or software enable/disable.

Bits 6 through 12 Priority Level (Hex)
0010010 12
0010011 13
0010100 14
1111110 7E
1111111 7F

CCl: No change
CC2: No change
CC3: No change
CC4: No change

DI  LEVEL
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DAI DEACTIVATE INTERRUPT
v
FCOo4

L] ¥ Ll

N ' "1 AauG

PRIORITY LEVEL|{COPE 1o 0 0 00 0 0 0 0 0 0 00O OO
L1 1 1 1 [ W N N B . | 11010 [ N VRS WRRE VOIS NS TONNNS NN TN BN SN S NN B N |

0 1 2 3 45 6 7 8 910111213 141516 17 1819 20 21 22 23 24 25 26 27 28 29 30 31

-
-
-
-
-
-

DEFINITION If bit position O of the PSWR is equal to one (Privileged State), a signal
is applied to reset the active condition for the priority interrupt level
specified by the priority level field (bits 6-12) in the Instruction Word.
The specified level is set inactive whether the level is enabled or disabled.
Execution of the Deactivate Interrupt instruction does not clear any request
signals on the specified level or any other level. If bit position 0 of the
PSWR is equal to zero (Unprivileged State), execution of this instruction
will generate the Privileged Violation Trap.

NOTE 1. This instruction does not operate with priority levels 216 - 1116'

2. This instruction has no affect on levels assigned to Class F I/0
and is treated as a NOP.

3. In PSD mode, DAI and the following instruction are executed as an
uninterruptible pair. ‘

4. Using a Deactivate Interrupt and then LPSD (Load Program Status Doubleword)
or a Deactivate Interrupt and then LPSDCM, is preferable to using a BRI (faster)

INSTRUCTION Bits 6 through 12 Priority Level (Hex)
PRIORITY
LEVEL FIELD . 0000000 _ 00
0000001 01
0010010 12
1111110 7E
1111111 7F

CONDITION CODE CCl: No change
RESULTS CC2: No change

CC3: No change

CC4: No change

ASSEMBLY DAI  LEVEL
LANGUAGE
CODING

o
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ACTIVATE CHANNEL INTERRUPT ACI
S,V

FC77

| | \ ) AUG T T
OPCODE R CODE CHANNEL SUBADDRESS
T 1 1 1 11 11 1 01 1 1]0 0
1 Load [ 1 i 1 N S | | 1 | N W B W N | 1 | ] 1 1 |
01 2 3 4 5 6 7 8 9 101112131415 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31

The Activate Channel Interrupt will cause the addressed channel to begin
actively contending with other interrupt levels, causing a blocking of its

level, and all lower priority levels, from requesting an interrupt.

If a

request is currently pending in the channel, the request interrupt is
removed but the interrupt level remains in contention.

Bits 0-5
Bits 6-8

Bits 9-12
Bits 13-15
Bits 16-31

specify the operation code, octal 77.

specify the General Purpose Register, when nonzero, whose
contents will be added to the channel and subaddress
field to form the logical channel and subaddress.

specify the operation as an ACI, hex E.

specify the augment code, octal 7.

specify a constant that will be added to the contents
of R to form the logical channel and subaddress. If R

is zero only, constant will be used to specify the
logical channel and subaddress.

cc1, 2, 3, and 4 = (0000)2 or (1000)2

This indicates that the instruction was accepted.

For other Condition Code

combinations refer to the Class F Condition Codes on page 6-214 of this

manual.

ACI

R,'(Constant)'

1. Condition Codes, after execution of the ACI,, will be set and can be
tested by a subsequent BCT or BCF to determine if the ACI was accepted

by the channel.

2. If this instruction is executed for a Non-Class F channel, an Undefined
Instruction Trap will occur.
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ECI ENABLE CHANNEL INTERRUPT

S,V
FC67
Ll L ' IAUG LB T
OP CODE R ECI ICODE CHANNEL SUBADDRESS
T 1 1 11 11 0 0)]1 1 110 0
| I T T S | Ll L b ot 1 1 1 1 J N U N T S |

0 1 2 3 4 5 6 7 8 91011121314 1516 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31

DEFINITION The Enable Channel Interrupt causes the addressed channel to be enabled
to request interrupts from the CPU.

Bits 0-5 specify the operation code, octal 77.

Bits 6-8 specify the General Purpose Register, when nonzero,
whose contents will be added to the channel and
subaddress field to form the logical channel and
subaddress.

Bits 9-12 specify the operation as ECI, hex C.

Bits 13-15 specify the augment code, octal 7.

Bits 16-31 specify a constant that will be added to the
contents of R to form the logical channel and
subaddress. If R is zero only constant will be
used to specify the Togical channel and subaddress.

CONDITION CODE CC1, 2, 3, and 4 = (0000)2 or (1000)2
RESULTS
This indicates that the instruction was accepted. For other Condition
Code combinations, refer to the Class F Condition Codes on Page 6-214
of this manual.

ASSEMBLY ECI  R,'(Constant)’
LANGUAGE
CODING

NOTES 1. Condition Codes after execution of the ECI will be set and can be
tested by a subsequent BCT or BCF to determine if the ECI was
accepted by the channel.

2. If this instruction is executed for a Non-Class F channel, an ,
Undefined Instruction Trap will occur.
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CONDITION CODE
RESULTS

ASSEMBLY
LANGUAGE
CODING

NOTES

DISABLE CHANNEL INTERRUPTS DCI

S,V
FC6F
T vl Al AUG T T
OP CODE R DCI CODE CHANNEL SUBADDRESS
1I1I1I1|‘|l‘l 1 1 ‘II1I01‘l ‘IAIAIJ o 1 L 1 ' 1 1 Q -l L 1 e Ll
0O 1 2 3 4 5 6 7 8 9 1011 1213 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31

The Disable Channel Interrupt causes the addressed channel to be disabled

from

cc1,
This
Code
this

DCI

requesting interrupts from the CPU.
Bits 0-5 specify the operation code, octal 77.

Bits 6-8 specify the General Purpose Register, when nonzero,
whose contents will be added to the channel and
subaddress field to form the logical channel and
subaddress.

Bits 9-12 specify the operation as DCI, hex D

Bits 13-15 specify the augment code, octal 7.

Bits 16-31 specify a constant that will be added to the contents
of R to form the logical channel and subaddress. If R is
zero, only constant will be used to specify the logical
channel and subaddress.

2,3, and 4 = (0000)2 or (1000)2

indicates that the instruction was accepted. For other Condition
combinations refer to the Class F Condition Codes on page 6-214 of
manual.

R,'(Constant)'

Condition Codes after execution of the DCI will be set and can be
tested by a subsequent BCT or BCF to determine if the DCI was
accepted by the channel.

If this instruction is executed for a Non-Class F channel, an
Undefined Instruction Trap will occur.
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S,V

DEFINITION

CONDITION CODE

ASSEMBLY
LANGUAGE
CODING

NOTES
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DEACTIVATE CHANNEL INTERRUPT
FCTF

! ! v JAUG i '
OP CODE R DACI CODE CHANNEL SUBADDRESS
1 1 1|1|1I1 1 Il 1 1 1!’ 111 l‘l 0 1 [ 1 1 1 2 0 1l 1 1 ] il 1

1 1 N

01 2 3 45 6 7 8 9101112131415 16 1718 19 20 21 22 23 24 25 26 27 28 29 30 31

The Deactivate Channel Interrupt will cause the addressed channel to remove
its interrupt level from contention. If a request interrupt is currently
queued, the deactivate will cause the queued request to actively request if
the channel is enabled.

Bits 0-5 specify the operation code, octal 77.

Bits 6-8 specify the General Purpose Register, when nonzero,
whose contents will be added to the channel and
subaddress fields to form the logical channel and
subaddress. ’

Bits 9-12 specify the operation as DACI, hex F.

Bits 13-15 specify the augment code, octal 7.

Bits 16-31 specify a constanf that will be added to the contents

of R to form the logical channel and subaddress. If R
is zero, only constant will be used to specify the logical
channel and subaddress.

cC1, 2, 3, and 4 = (0000)2 or (1000)2

This indicates that the instruction was accepted. For other Condition Code
combinations, refer to the Class F Condition Codes on page 6-214 of this
manual.

DACI  R,'(Constant)’

1. Condition Codes after execution of the DACI will be set and can be tested
by a subsequent BCT or BDF to determine if the DACI was successfully
executed.

2. On PSD mode, the DACI and following instructions are executed as an
uninterruptible pair.

3. Using Deactivate Channel Interrupt and LPSD or Deactivate Channel
Interrupt and LPSDCM is preferable to using a BRI.

4, If this instruction is executed for a Non-Class F channel, an
Undefined Instruction Trap will occur.

| 5. A1l DACI instruction abnormalities or I/0 protocol violations

are connected to the System Check Trap unless an initial channel
nonpresent or inoperable condition is found.
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NOTE

BLOCK EXTERNAL INTERRUPTS BEI
0006

0 1 2 3 4 56 7 8 9 101112131415 16 17 18 19 20 21 22 23 24 2526 27 28 29 30 31

The execution of this instruction prevents the CPU from sensing all
interrupt requests generated by the I/0 channel and RTOM.

CCl: No change
CC2: No change
CC3: No change
CC4: No change

BEI

"The CPU must have previously been set to PSD mode.
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DEFINITION

CONDITION CODE
RESULTS

ASSEMBLY
LANGUAGE
CODING

NOTE
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UNBLOCK EXTERNAL INTERRUPTS
0007

y T

7

0 12346 67 8 910111213 141516 17 1819 20 21 22 23 24 2526 27 28 29 30 3

000O0OO0OO]O OOJO O OjO 1 1 1
[ T T T | el Ll A

The execution of this instruction causes the CPU to sense all interrupt
requests generated by the I/0 channel and RTOM.

CCl: No change
CC2: No change
CC3: No change
CC4: No change

UEI

The CPU must have previously been set to PSD mode.
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INPUT/OUTPUT
INSTRUCTIONS

GENERAL
DESCRIPTION

INSTRUCTION
FORMATS

INPUT/OUTPUT

CONDITION CODE

The Input/QOutput instructions provide the capability to perform Command or
Test operations to attached peripheral devices. Both the Command Device
and the Test Device instructions cause a 16-bit function code to be sent
to the device specified by the instruction.

The following instruction format is used by both Input/Output instructions.

v | T r T T

AUG
OP CODE DEVICE NO CODE FUNCTION CODE

L Led el J | | | — 1 ] L b, | Aend 1 [l 1 y Al

UTILIZATION

0 1 23 45 6 7 8 910 111213141516 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31

Bits 0-5 define the Operation Code.

Bits 6-12 designate the device number.

Bits 13-15 define the Augmenting Operation Code.
Bits 16-31 contain the 16-bit function code.

T?mThe Condition Code is set during execution of a Test Device instruction to

indicate the result of the test being performed. The Command Device in-
struction leaves the current Condition Code unchanged.
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CLASS F 1/0
INSTRUCTIONS

INSTRUCTION
FORMAT

NOTES

6-214

A11 Class F I/0 instructions will be in the following format:

L L 1 AUG 1 L i
OP CODE R SUB OP CODE CHANNEL SUBADDRESS
14 1,1,1,141 L1 L 1,1 41404 4 4 3 3 1 4 ol 4 4 4 4 1

0 1 2 3 45 6 7 8 9 10 11121314 1516 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31

Op Code bits 0-5 and Aug Code bits 13-15 must contain ones. The R field
(bits 6-8), if nonzero, specifies the general register whose contents will be
added to the channel and subaddress field bits 16-31 to form the logical
channel and subaddress. If R is specified as zero, only the channel and
subaddress fields will be used. The format of the computed logical

channel and subaddress is:

T T T v Ll
LOGICAL CHANNEL SUBADDRESS
olololololololololololol ol 01040 ol L4 2 0 | 2 01 | S DU WY N B

0 1 2 3 4 5 6 7 8 91011121314 1516 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31

The subaddress will be ignored by the channel if the operation does not
apply to a controller or device.

The sub op field bits 09-12 specify the type of operation that is to be
performed as described below:

BITS 09-12 SuB 0P

0000 - Xx'0' Unassigned

0001-X'1' Unassigned

0010 -Xx'2' START I/0 (SIO)

0011 -Xx'3" TEST 1/0 (TIO)

0100 -X'4" STOP 1/0 (STPIO)

0101 - X'5" RESET CHANNEL (RSCHNL)

0110 -X's6" HALT 1/0 (HIO)

o111-x'70 GRAB CONTROLLER (GRIO)

1000 - Xx'8' RESET CONTROLLER (RSCTL)

1001 - X'9 ENABLE WRITE CHANNEL WCS (ECWCS)
1010 -X"A' Unassigned

1011-X'B' WRITE CHANNEL WCS (WCWES)
1100 -X'C ENABLE CHANNEL INTERRUPT (ECI)
1101 - X'D' DISABLE CHANNEL INTERRUPT (DCI)
1110 -X'E ACTIVATE CHANNEL INTERRUPT (ACI)
1111-X'F DEACTIVATE CHANNEL INTERRUPT (DACI)

—
.

Channel must be ICL'd as Class F.

2. EXR, EXRR, and EXM may not be used.

3. Must be in PSD mode.

4. CCs must be tested after each instruction.

5. ¢b, 1D, EI, DI, AI, DAI, and RI cannot be executed to Class F channel.

==\



CLASS F The condition codes will be set for the execution of all Class F I/0
CONDITION CODES instructions and indicate the successful or unsuccessful initiation
of an [/0 instruction. The condition codes can be set by the CPU,
for channel busy and inoperable or undefined channel, or by the
information passed directly from the channel. The assignments for
the condition codes are:

cC1 cC2 (CC3 cca

0 0 0 0 REQUEST ACTIVATED, WILL ECHO STATUS

0 0 0 1 CHANNEL BUSY

0 0 1 0 CHANNEL INOPERABLE OR UNDEFINED

0 0 1 1 SUBCHANNEL BUSY

0 1 0 0 STATUS STORED

0 1 0 1 UNSUPPORTED TRANSACTION

0 1 1 0 UNASSIGNED

0 1 1 1 UNASSIGNED .
1 0 0 0 REQUEST ACCEPTED AND QUEUED, NO ECHO STATUS
1 0 0 1 UNASSIGNED

1 0 1 0 UNASSIGNED

1 0 1 1 UNASSIGNED

1 1 0 0 UNASSIGNED

1 1 0 0 UNASSIGNED

1 1 1 0 UNASSIGNED

1 1 1 1 UNASSIGNED

Although 16 encoded condtions are possible, only the assigned patterns
will occur,
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n,f

DEFINITION

CONDITION CODE
RESULTS

ASSEMBLY
EXAMPLE

NOTES
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COMMAND DEVICE
FCO6

LaB L
DEYICE ADDRESS

) I T W W T |

T T \
COMMAND CODE

01 23 45 6 7 8 9101112131416 16 1718 19 20 21 22 23 24 25 26 27 28 29 30 31
The contents of the Command Code field (bits 16-31) are transferred to the
Device Controller Channel specified by the device address contained in
bit positions 6-12 of the Instruction Word.

CCl: No change
CC2: No change
CC3: No change
CC4: No change

Dev

Add
CD X'7A' X
cD X'78',X

Comm
Code

'8000'
'9000'

Command
Qutput data to device 7A

Input data from device 78

1. Class 0,1,2,3, and E I/0 Processor instruction only.

2. If the CPU is in the PSW mode and a CD instruction to a
Class F channel is attempted, a No Operation (NOP) will be

executed i

nstead.

3. If the CPU is in the PSD mode and a CD instruction to a Class F
channel is attempted, a System Check Trap will occur.
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RESULTS

ASSEMBLY
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NOTES

TEST DEVICE D
n,f
FCO05

T T T Y T v
DEVICE ADDRESS 10 1 TEST CODE 0 000

L1 1 1 1 1 1 1 1 | bl P4 1 1 1 | 1 1 1 1 1 2 ] _} _{
0 1 2 3 4 5 6 7 8 910 11121314 1516 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31

The contents of the Test Code field (bits 16-27) are transferred to the
Device Controller Channel (DCC) specified by the device address contained
in bit positions 6-i2 of the Instruction Word. The device test defined by
the Test Code is performed in the DCC, and the test results are stored in
Condition Code bits 1-4 (CC;_4).

A TD having a unique Test Code is available with most peripheral devices.
Execution of a TD with this code causes a snapshot of all device and DCC
status to be stored in memory. The individual peripheral device reference
manuals define the operation of this instruction with each device.

Test results defined for specific peripheral device.

Dev Comm

Add Code Command
0 X'10',X'8000' Request the Controller Status for unit 10
1D X'10',X'2000' Request the Device status for unit 10

1. Class 0,1,2,3, and E 1/0 Processor instruction only.

2. If the CPU is in the PSW mode and a TD instruction to a Class F
channel is attempted, the following Condition Codes will be set:

a. TD 8000 - CC3 (Channel Error)
b. TD 4000 - CC3 (Program Violation
c. TD 2000 - CC2 (Status Transfer Not Performed)

3. If the CPU is in the PSD mode and a TD instruction to a Class F
channel is attempted, a System Check Trap will occur.
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DEFINITION

CONDITION CODE
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RESULTS

ASSEMBLY
LANGUAGE
CODING

NOTES

START 1/0

FC17
T i T AUG T ¥
OP CODE R SI0 CODE CHANNEL SUBADDRESS
1|1L‘11l‘|l1 1 L 010‘1|01|1 110 I L. 0 I N | I 1 1

0 1 23 456 7 8 9 101112131415 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31

Start I/0 will be used to begin I/0 execution or to return appropriate
Condition Codes and status if I/0 execution could not be accomplished.

Bits 0-5 specify the operation code, octal 77.
Bits 6-8 specify the General Purpose Register, when nonzero, whose

contents will be added to the channel and subaddress
fields to form the logical channel and subaddress.

Bits 9-12 specify the operation as an SIO, hex 2.

Bits 13-15 specify the augment code, octal 7.

Bits 16-31 specify a constant that will be added to the contents of R
to form the logical channel and subaddress. If R is zero,

only bits 16-31 will be used to specify the logical channel
and subaddress.

ccl, 2, 3, and 4 = (0000,) or (1000,)

This indicates that the instruction was accepted. For other Condition
Code combinations refer to the Class F Condition Codes on page 6-214
of this manual.

SI0  R,'(Constant)'

1. Condition Codes, after execution of an SIO, will be set and can be
tested by a subsequent BCT or BCF to ascertain if the I/0 was
accepted.

2. If this instruction is executed for a Non-Class F channel, an Undefined
Instruction Trap will occur.

o
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TEST 1/0 TI0
S,V

FC1F

L) | ¥ AUG T T
OP CODE R TIO CODE CHANNEL SUBADDRESS
13131311 g1} 4 4 J030,13111,314140 IR WS W W S N L TR WS D T |

0 1 23 4 5 6 7 8 9 10111213 141516 17 1819 20 21 22 23 24 25 26 27 28 29 30 31

Test I/0 will be used to test controller state and to return appropriate
Condition Codes and status reflecting the state of the addressed controller
and/or device. Channel implementation will dictate the depth that the
channel must test to determine current state.

Bits 0-5 specify the operation code, octal 77.
Bits 6-8 specify the General Purpose Register, when nonzero, whose

contents will be added to the channel and subaddress
fields to form the logical channel and subaddress.

Bits 9-12 specify the operation as a TIO, hex 3.
Bits 13-15 specify the augment code, octal 7.
Bits 16-31 Specify a constant that will be added to the contents of
R to form the logical channel and subaddress. If R is zero,

only bits 16-31 will be used to specify the logical channel
and subaddress.

cc1, 2, 3, and 4 = (0000), or (1000),

This indicates that the instruction was accepted. For other Condition Code
combinations refer to the Class F Condition Codes on Page 6-214 of this
manual.

TIO R,'(Constant)'

1. Condition Codes, after execution of the TIO, will be set and can be
tested by a subsequent BCT or BCF to ascertain channel/controller/device
state.

2. If this instruction is executed for a Non-Class F channel, an Undefined
Instruction Trap will occur.
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S,V

DEFINITION

CONDITION CODE
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ASSEMBLY
LANGUAGE
CODING

NOTES

6-220

STOP
FC27

I/0

1 LS A} AUG T T ¥

OP CODE R STPIO CODE CONSTANT
1,11, 1,11 L ¢ 10, 1,0,041 41 41} 4 4 4 4 4 4 a4 111
01 2 3 4 5 6 7 8 9 101112131415 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31

The STOP 1/0 (STPIO) is used to terminate the current I/0 operation after
the completion of the current IOCD. The STOP I/0 applies only to the
addressed subchannel, and the only function is to suppress command and
data chain flags in the current IOCD.

Bits 0-5 specify the operation code, octal 77.
Bits 6-8 specify the General Purpose Register, when nonzero, whose

contents will be added to the channel and subaddress fields
to form the logical channel and subaddress.

Bits 9-12 specify the operation as a STPIO, hex 4.
Bits 13-15 specify the augment code, octal 7.

Bits 16-31 specify a constant that will be added to the contents of
R to form the logical channel and subaddress. If R is zero,
only bits 16-31 will be used to specify the logical channel
and subaddress.

cc1, 2, 3, and 4 = (0000)2 or (1000)2
This indicates that the instruction was accepted. For other Condition Code

combinations refer to the Class F Condition Codes on page 6-214 of this
manual.

STPIO  R,'(Constant)'

1. Condition Codes, after execution of an STPIO, will be set and can be
tested by a subsequent BCT or BCF to ascertain the channel/controller/
device state.

2. If this instruction is executed for a Non-Class F channel, an Undefined
Instruction Trap will occur.
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Bits
Bits

Bits

Bits

Bits

cc1,
This

RSCHNL

RESET CHANNEL
S,V
FC2F
L Al ] AUG T T
OP CODE R RSCHNL CODE CHANNEL SUBADDRESS
1,1,1,1,141 L 4 104104141 1 V4O 4 gy g g 4 0y
0 1 2 3 4 5 6 7 8 9 10 11121314 1516 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31

The Reset Channel (RSCHNL) causes the addressed channel to cease and
reset all activity and to return to the idle state. The channle will
also reset all subchannels. No controller or device will be affected.
Any requesting or active interrupt level will be reset.

0-5 specify the operation code, octal 77,
6-8 specify the General Purpose Register, when nonzero, whose

contents will be added to the channel and subaddress fields
to form the logical channel and subaddress.

9-12 specify the operation as a RSCHNL, hex 5.
13-15 specify the augment code, octal 7.
16-31 specify a constant that will be added to the contents of R

to form the logical channel and subaddress. If R is zero,
only bits 16-31 will be used to specify the logical channel
and subaddress.

2,3, and 4 = (0000)2 or (1000)2

indicates that the instruction was accepted. For other Condition Code

combinations refer to the Class F Condtion Codes on page 6-214 of this manual.

RSCHNL

R,'(Constant)’

Condition Codes, after execution of a RSCHNL, will be set and can be
tested by a subsequent BCT or BCF to ascertain the channel/controller/
device state.

If this instruction is executed for a Non-Class F channel, an Undefined
Instruction Trap will occur.
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HIO HALT I/0
FC37

1 ) T T

AUG
OP CODE R HIO CODE CHANNEL SUBADDRESS
14131 4141 41 1 1 04 1,1]J041,1,1 0 I D R B | I 0 4 [ N 1 I I

0 12 3 45 6 7 8 9101112131415 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31

DEFINITION Halt I/0 (HIO) is used to cause an immediate but orderly termination in the
controller. The Device End condition will notify the software of the actual
termination in the controller; thus, indicating its availability for new
requests. I[f the Halt I/0 caused the generation of status relating to the
terminated I/0 operation, then the Device End condition for the termmination
of the I/0 operation will be the only Device End condition generated.

Bits 0-5 specify the operation code, octal 77.

Bits 6-8 specify the General Purpose Register, when nonzero, whose
contents will be added to the channel and subaddress fields
to form the logical channel and subaddress.

Bits 9-12 specify the operation as a HIO, hex 6.
Bits 13-15 specify the augment code, octal 7.

Bists 16-31 specify a constant that will be added to the contents of
R to form the logical channel and subaddress. If R is zero,
only bits 16-31 will be used to specify the logical channel
and subaddress.

CONDITION CODE CCl, 2, 3, and 4 = (0000)2 or (1000)2
RESULTS
This indicates that the instruction was accepted. For other Condition Code
combinations refer to the Class F Condition Codes on page 6-214 of this
manual.

ASSEMBLY HIO  R,'(Constant)’
LANGUAGE
CODING

1. Condition Codes after execution of the HIO, will be set and be tested by -
a subsequent BCT or BCF to ascertain if the HI0 was successfully
executed.

2. If this instruction is executed for a Non-Class F channel, an Undefined
Instruction Trap will occur.
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CONDITION CODE
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LANGUAGE
CODING

NOTES

GRAB CONTROLLER GRIO

S,V
FC3F
T T T AUG T B
OP CODE R GRIO CODE CHANNEL SUBADDRESS
131, 1,1,1,1 g g4 Jo,1 1 414141 ,1404 4 4 4 4 4 , |0 T WS N N N |

01 23 456 7 8 9101112131415 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31

The Grab Controller (GRIO) will cause the addressed controller to release
itself from the currently assigned channel and to reserve itself for the
grabbing channel.

Bits 0-5 specify the operation code, octal 77.

Bits 6-8 specify the General Purpose Register, when nonzero, whose
contents will be added to the channel and subaddress fields
to form the logical channel and subaddress.

Bits 9-12 specify the operation as GRIO, hex 7.

éits 13-15 specify the augment code, octal 7.

Bits 16-31 specify a constant that will be added to the contents of R
to form the logical channel and subaddress. If R is zero,

only bits 16-31 will be used to specify the logical channel
and subaddress.

cc1, 2, 3, and 4 = (0000)2 or (1000)2

This indicates that the instruction was accepted. For other Condition Code
combinations refer to the Class F Codes on page 6-214 of this manual.

GRIO R,'(Constant)'

1. Condition Codes, after execution of the GRIO, will be set and can be
tested by a subsequent BCT or BCF to determine if the GRIO was
successfully executed.

2. If this instruction is executed for a Non-Class F channel, an
Undefined Instruction Trap will occur.
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DEFINITION
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RESULTS

ASSEMBLY
LANGUAGE
CODING

NOTE

RESET CONTROLLER
FC47

L

’ ! ! AUG !
R RSCTL CODE CHANNEL SUBADDRESS
14141314141 L1 1,0,000 4 4 4O} 4 4 4 3 3 4 JO} 4 4 4 4 4

0 123 45 6 7 8 9101112131415 16 17 1819 20 21 22 23 24 25 26 27 28 29 30 31

This instruction causes the addressed controller to be completely reset. In
addition, the subchannel and all pending and generated status conditions are
cleared.

Bits 0-5 specify the operation code, octal 77.
Bits 6-8 specify the General Purpose Register (R), when nonzero,

whose contents will be added to the channel and subaddress
fields to form the logical channel and subaddress.

Bits 9-12 specify the operation as RSCTL, hex 8.

Bits 13-15 specify the augment code, octal 7.

Bits 16-31 specifies a constant that will be added to the contents of R
to form the logical channel and subaddress. If R is zero,

only bits 16-31 will be used to specify the logical channel
and subaddress.

cc1, 2, 3, and 4 = (000)2 or (1000)2

This indicates that the instruction was accepted. For other Condition Code
combinations refer to the Class F Condition Codes on page 6-214 of this
manual.

RSCTL  R,'(Constant)'

If this instruction is executed for a Non-Class F channel, an Undefined
Instruction Trap will occur.
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NOTES

ENABLE CHANNEL WCS LOAD ‘ ECWCS
S,V

FCAF
3 FFF TOP ADDRESS

T T 7 AUG T

ECWCS 0
OP CODE 100 1|1 CqDE1 0jlo
PRR N W T | i1l Sl

Il il i T . A A | S ] I 1

0 1 23 45 6 7 8 910111213 1415 16 17 18 19 20 21 22 23 24 2526 27 28 29 30 31

The Enable Channel WCS Load (ECWCS) sets an interlock within the CPU to
enable the loading of WCS. The ECWCS must be the first of a 2-instruction
sequence.

Bits 0-5 Specify the operation code, octal 77.

Bits 6-8 Specify‘the general register, when nonzero, whose contents
will be added to the channel and subaddress fields to form
the logical channel and subaddress.

Bits 9-12 Specify the operation as an ECWCS, hex 9.

" Bits 13-15 Specify the augment code, octal 7.

Bits 16-31 Specify a constant that will be added to the contents of R
to form the logical channel and subaddress. If R is zero,
only bits 16-31 will be used to specify the logical channel
and subaddress.

cci, 2, 3, and 4 = (0000)2 or (1000)2

This indicates that the instruction was accepted. For other Condition Code
combinations, refer to the Class F Condition Codes on page 6-214 of this
manual.

ECWCS R,'(Constant)'

1. Condition Codes after the execution of the ECWCS instruction will be
set and can be tested by a subsequent BCT or BCF to ascertain whether
the ECWCS instruction was successfully executed.

2. If this instruction is executed for a Non-Class F channel, an
Undefined Instruction Trap will occur.
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WRITE CHANNEL WCS

FC5F
3 FFF

| L] ¥ AUG L L
OP CODE R WCWCS |CODE
‘l1J1J1l111 1 1 1,0.1.1 11111 0]0 -] 1 I 0 T N | L

0 123 456 7 8 9101112131415 16 17 18 19 20 21 22 23 24 2526 27 28 29 30 31

The Write Channel WCS (WCWCS) causes the loading of the channel WCS. The
WCWCS must be the second instruction executed to the Class F I/0 controller,
the first being ECWCS, without any intervening I/0 instructions to the

Class F I/0 controller to be loaded.

Bits 0-5 Specify the operation code, octal 77.

Bits 6-8 Specify the general register, when nonzero, whose contents
will be added to the channel and subaddress fields to form
the logical channel and subaddress.

Bits 9-12 Specify the operation as a WCWCS, hex B.
Bits 13-15 Specify the augment code, octal 7.

Bits 16-31 Specify a constant that will be added to the contents of
R to form the logical channel and subaddress. If R is zero,
only bits 16-31 will be used to specify the logical channel
and subaddress.

ccl, 2, 3, and 4 = (0000)2 or (1000)2

This indicates that the instruction was accepted. For other Condition Code
combinations refer to the Class F Condition Codes on page 6-214 of this
manual.

WCWCS  R,'(Constant)’

1. The information that is required by the WCS load will be passed to the
Class F I/0 controller by a parameter list. The IOCD address location
specified for this controller will be initialized by software prior to
the execution of this instruction. The subaddress field will be ignored.

2. If this instruction is executed for a Non-Class F channel, an Undefined
Instruction Trap will occur.

3. If the WCWCS instruction is not preceded by an ECWCS instruction, a
System Check Trap will occur.

A



10CD_FORMAT FOR
CLASS F 170 WCS Y T Y T T Y

START WCS ADDRESS BYTE COUNT

'l 1 2 1 1 I L ' 1 L L 1 1 L 4 1 1 ] i 'S 1 A 1 L L 1 I ' 4 1

0 1 23 456 7 8 9 101112131415 16 17 18 19 20 21 22 23 24 2526 27 28 29 30 31

D s o

0 1 2 3 4 5 6 7 8 910 11121314 1516 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31

Real Data Address: Bits 8-31 (MSW) will contain the address of the
memory location for the first word to be loaded.

Start WCS Address: Bits 0-15 (LSW) will contain the address of WCS
where the first word is to be loaded.

- Byte Count: Bits 16-31 (LSW) will contain the number of bytes
to be loaded.
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SECTION ViI

CONTROL PANEL

This section describes the function and operation of the Serial System
Control Panel of the 32/70 Series Computer. Figure 7-1 shows the
controls, keyboards, and displays of the Serial System Control Panel.

The PANEL LOCK switch is a two-position rotary key switch having an
unlocked and locked position. The turnkey can be removed in either -
position. When the switch is in the unlocked position, all panel keys
on the Serial System Control Panel are operational. In the locked
position, all panel keys are disabled except for the ATTENTION key and
those panel keys for write/read of control switches on the Hexadecimal
Keyboard and the Function Keyboard which remain operational at all
times.

The POWER switch is a two-position latching pushbutton which provides
the capability to power the system on or off. The state of the power is
determined by the RUN and HALT indicators. When the power is on, either
the RUN or HALT indicator is on. When the power is off, all indicators
on the panel will be off.

Depressing the RUN/HALT key while the CPU is in the Halt mode causes the
CPU to enter the Run mode and begin executing instructions from the
location specified in the Program Status Word.

Depressing the RUN/HALT key while the CPU is in the Run mode causes the
CPU to enter the Halt mode. In the Halt mode, the CPU no 1longer
executes instructions from memory; instead, it is placed in a micro-
routine which monitors selected panel support functions.

Depressing the SYSTEM RESET key when the system is in the Halt mode
initializes all appropriate logic in all SelBUS devices.

Depressing the ATTENTION key causes an interrupt to occur at the
Attention Interrupt level, priority level 13:¢.

Depressing the INITIAL PROGRAM LOAD key when the CPU is in the Halt
mode puts the CPU in the Initial Program Load mode. This initiates the
microprogram loading sequence which consists of reading a dedicated
device address and then reading from the specified device. The device
number is entered through the Serial System Control Panel.

Depressing the CLK OVRD key activates the override condition; no further.
interrupts from the Real-Time Clock or the Interval Timer will be per-
mitted. A second depression of this key deactivates the clock override
condition.

The Operation/Mode indicators consist of single-bit, 1light-emitting
diodes. These indicators display either the operational mode of the CPU
or a conditioned interruption in computer operation.

The PARITY ERROR display, when 1it, indicates that a memory parity error
has occurred during a CPU memory access.

The INTERRUPT ACTIVE display is on if any interrupt (I/0 or external)
is in the active state.
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~ KEYBOARD

The CLOCK OVERRIDE display is on when the clock override condition is
active (The CLK OVRD key is depressed.)

The RUN display is on when the CPU is in the Run mode. While in the Run
mode, the CPU is executing instructions.

The HALT display is on when the CPU is in the Halt mode. In this mode,
no instructions are executed.

The WAIT display is on when the CPU is in the Wait state: that is, no
instructions are being executed. However, I/0 operations continue to
complietion. ‘

The Hexadecimal keyboard and the Function keyboard operate in con-
junction with the panel displays as a unified Input/Output device to
the CPU. Operation of the keyboards provides the capability to se-
lectively store and/or read data in memory or in registers.

The Hexadecimal keyboard, referred to as the "Hex keyboard," is used to
either enter data into the B-Display or to enter the source/destination

. of the panel function to be performed. The dual function of each Hex

keyboard key is indicated by the upper and lower case values printed on
each key.

The upper case values are used when data is entered into the B-Display.
The upper case values are enabled by first depressing the Function
keyboard KEYBOARD key. The Function keyboard KEYBOARD key causes the
B-Display to be cleared and the KEYBOARD indicator to illuminate. When
the KEYBOARD indicator is illuminated, all entries from the Hex keyboard
are interpreted as data and are entered into the B-Display by a 4-bit
left shift of the contents of the B-Display and insertion of the hex
value of the depressed key into the four least significant bit positions
(hex digit) of the B-Display. If the 32-bit capacity of the B-Display is
exceeded, the most significant four bits of the B-Display are shifted
out of the display and lost, and the new digit is loaded into the least
significant bit positions.

The lower case values of the Hex keyboard are used to specify the
source/destination of a function to be performed by the Serial System
Control Panel. The lower case values are enabled by first depressing
the Function keyboard WRiTE key or the EEQQ

entry from the Hex keyboard to be interpreted as the source/destination

keys, causing the subsequent

of the Write or Read function. When a source/destination is entered in

the Hex keyboard, it causes a corresponding indicator to illuminate on
the Serial System Control Panel. The Hex keyboard keys that cause an
indicator to illuminate are listed as follows:

2 )

1. The Ré%' » REG 'REG ° and Rét’ keys cause the EVEN register Hex

indicator to indicate the hexadecimal value of the even register .

addressed. '
2. The 5o 3 >, and pix keys cause the ODD REGISTER Hex in-
: REG °*® REG ’ REG ° REG

dicator to indicate the hexadecimal value of the odd register ad-
dressed.

8

3. The A key causes the MEMORY ADDRESS indicator to illuminate.
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4. The W%T key causes the PSW (Program Status Word) indicator to
~illuminate.

5.  The key causes the PROGRAM COUNTER indicator to illuminate.

A_
PC
6. The Cgﬁf key causes the CONTROL SWITCHES indicator to illuminate.

7. The %ﬁ key causes the MEMORY DATA indicator to illuminate.

8. The g— key causes the EFFECTIVE ADDRESS indicator to illuminate.

E X
9. The p307 key causes the second word of the PSD to be displayed
in the B-Display.

10. The Cgﬂv key causes a logical address in the A-Display to be con-

verted to a 24-bit physical address and be displayed in the B-
Display.

The Function keyboard sets the function to be performed by the Control
Panel according to the key that is depressed. The functions that can
be selected by the Function keyboard keys are as follows:

Depressing the WRgTE key causes the operand in the B-Display to be

stored in the destination specified by a subsequent depression of a
Hex keyboard key. The Tlower case value of the Hex keyboard key
describes the destination of the operand and the function indicator

that will illuminate. The use of the Hex keyboard %K key is prohibited
for the destination of a Write function. If the Hex keyboard —%ﬁ is de-

pressed, the contents of the A-Display (which must contain a valid
memory address, PSW, or Program Counter Value) are used to address
memory. The operand in the B-Display is stored at that memory address.

Depressing the B§AQ key causes the operand specified by a subsequent de-
pression of a Hex keyboard key to be loaded into either the A- or
B-Display. The lower case value of the Hex keyboard key describes the
source of the operand and the function indicator that will illuminate.

The use of the Hex keyboard gﬂ key is prohibited as a source of a Read
function.

If the Hex keyboard %D key is depressed, the contents of the A-Display

(which must contain a valid memory address, PSW, or Program Counter
Value) are used to address memory. The contents of the addressed
memory location are loaded into the B-Display.

Depressing the WRITE & INC 'A' key causes the operand in the B-Display
to be stored in the memory location addressed by the A-Display. The
A-Display is then incremented by four (one memory word). The A-Display
must contain a valid memory address, and the B-Display must contain
the operand to be stored in memory. The WRITE & INC 'A' key is used
for Write functions to sequential memory locations.

The INC 'A' & READ key causes the address in the A-Display to be in-
cremented by four (one memory word), and the updated address is used

-to address memory. The contents of the addressed memory location are

then Tloaded into the B-Display. The A-Display must contain a valid
memory address. The INC 'A' & READ Key is used for Read functions of
sequential memory locations.
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The EXT FUNCT key is used for extended functions, such as a lamp test
routine.

Depressing the INSTR STOP key causes the Instruction Stop function to
become active or inactive. If the Instruction Stop function was active,
and the INSTR STOP indicator was illuminated, depressing the Function
keyboard INSTR STOP key would deactivate the Instruction Stop function
and turn off the indicator. If the Instruction Stop function was
inactive, and the INSTR STOP indicator was off, depressing the Function
keyboard INSTR STOP key would activate the Instruction Stop function,
illuminate the INSTR Stop indicator and load the memory address from the
B-Display into the Address Compare register. When the CPU fetches an
instruction from the memory location specified by the Address Compare
register, the STOP indicator illuminates, and the CPU halts. The
B-Display must be loaded with the instruction address by way of the Hex

keyboard before depressing the Function keyboard INSTR STOP key. .

Depressing the OPRND R STOP key causes the Operand Read Stop function
to become active or inactive. If the Operand Read Stop function was
active, and the OPERAND READ STOP indicator was illuminated, depressing
the Function keyboard OPRND R STOP key would deactivate the Operand Read
Stop function and turn off the indicator.If the Operand Read Stop was
inactive, depressing the Function keyboard OPRND R STOP key would
activate the Operand Read Stop function and load the memory address from
the B-Display into the Address Compare register. When the CPU reads an
operand from the specified memory location, the STOP indicator -
illuminates, and the CPU halts. The B-Display must be loaded with the
operand memory address by way of the Hex keyboard before depressing the
OPRND R STOP key. The address in the B-Display for Compare Halt must be
entered in a 24-bit physical address format.

Depressing the OPRND W STOP key causes the Operand Write Stop function
to become active or inactive. If the Operand Write Stop function was
active, and the OPERAND WRITE STOP indicator was illuminated, depressing
the function keyboard OPRND W STOP key would deactivate the Operand
Write Stop function and turn off the indicator. If the Operand Write
Stop was inactive, depressing the Function keyboard OPRND W STOP key
would activate the Operand Write Stop function, illuminate the QPERAND
WRITE STOP indicator, and load the memory address from the B-Display
into the Address Compare register. When the CPU stores an operand in the
specified memory location, the STOP indicator illuminates, and the CPU
halts. The B-Display must be loaded with the operand memory address by
way of Hex keyboard before depressing the OPRND W STOP key. The address
in the B-Display for Compare Halt must be entered in a 24-bit physical
address format.

Depressing the INSTR STEP key causes both the A- and B-Displays and all

function indicators, except the Instruction and Operand STOP indicators,

to be cleared. It then causes the CPU to execute one software instruc-

tion that is addressed by the CPU Program Status Word Register. After

one instruction has been executed, the CPU halts, the A-Display will in-.
dicate the next Program Status Word, and the B-Display will indicate the

new Instruction word. :

Depressing the KEYBOARD key causes the B-Display to be cleared, the KEY-
BOARD indicator to illuminate, and any subsequent Hex keyboard entries
to be interpreted at their upper case values and inserted into the four
rightmost bit positions of the B-Display. The KEYBOARD key is normally
used to clear the B-Display before entering an operand into the
B-Display from the Hex keyboard.
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PANEL
DISPLAYS

A-DISPLAY

The A-Display consists of 32 binary indicators that are divided into
eight 4-bit fields for easy hexadecimal read-out. When the Hex Display
option is included in the Serial Control Panel, a hex display indicator
above each 4-bit field provides a direct hexadecimal read-out of the
contents of the field.

The contents of the A-Display are described by the function indicators
directly to the right of the A-Display or by the EVEN REGISTER hex
display indicator to the left of the A-Display. The contents of the
A-Display can be any of the following:

1. A memory address in bit positions 8-31.

2. The contents of the CPU Program Status Word Register.

3. The Program Counter bits from the CPU Program Status Word Register
in bit positions 8-31.

4. The most significant word of the Program Status Doubleword.

5. The contents of any of four even-numbered CPU general purpose
registers.

The A-Display can be loaded in either a Write or a Read function, as
specified by the corresponding keys of the Function keyboard. In a
Write function, the A-Display is loaded as follows:

1. The B-Display is loaded with an operand or address by way of the
Hex keyboard.

2. The Function keyboard !%}IE

function.

key is depressed to specify the Write

3. The Hex keyboard lower case value (operand destination) is spec-
ified by depressing one of the even-numbered register keys on
the MA, PSW, or PC keys.

In a Read function, the A-Display is loaded as follows:

1. The Function keyboard BEQQ

function.

key is depressed to specify the Read

2. The Hex keyboard lower case value (operand source) is specified by
depressing one of the even-numbered register keys, the PSW or the
PC key.

When the Read function is complete, the operand specified by the Hex
keyboard will be Tloaded into the A-Display, and the corresponding
function indicator will illuminate to define the contents of the
A-Display. The exception being the E key which will load PSD word 2 into
the B-Display.

When the A-Display contains a memory address, Program Status Word, or
Program Counter, the contents of the A-Display can be used to address
memory during memory Read or Write functions. In these types of
functions, the WRITE & INC 'A' and the INC 'A' & READ keys of the
Function keyboard can be used to access memory and increment the
contents of the A-Display to the next sequential memory word address.

-



B-DISPLAY

The B-Display consists of 32 binary indicators that are divided into
eight 4-bit fields for easy hexadecimal read-out. When the Hex Display
option is included in the Serial System Control Panel, a hex display
indicator above each 4-bit field provides a direct hexadecimal read-out
of the contents of the field.

The contents of the B-Display are described by the function indicators
to the right of the B-Display or by the 0DD REGISTER hex display
indicator to the left of the B-Display. The contents of the B-Display
can be any of the following:

1. Keyboard data being entered from the Hex keyboard.

2. A memory data word.

3. An Effective Address of the instruction addressed by the PSW or PC
in the A-Display.

4. An instruction addressed by the PSW or PC in the A-Display.
5. The contents of the CPU Control Switches in bit positions 0-11.

"6. The contents of any of four odd-numbered CPU General Purpose Reg-

isters.
7. The least significant word of the Program Status Doubleword (PSD).
8. The physical address in an address conversion operation.

The B-Display can be loaded in either a Write or Read function, as
specified by the corresponding keys of the Function keyboard. In a
Write function, the B-Display is loaded as follows:

1. An operand is loaded from the Hex keyboard.

WRITE
X

2. The Function keyboard key is depressed to specify the Write

function.

3. The contents of the B-Display can be transferred to the A-Display
by depressing any even-numbered register key, the MA key, the PSW
key, or the PC key to specify the operand destination.

4. The contents of the B-Display can be transferred directly to an
odd-numbered register, the CPU Control Switch register, or to the
memory location addressed by the A-Display by depressing one of
the odd-numbered register keys, the CSWS key, or the MD key, res-
pectively, to specify the operand destination.

In a Read function, the B-Display is loaded as follows:
1. The Function keyboard B%#Q key is depressed to specify a Read
function.

2. The Hex keyboard lower case value (operand source) is specified
by depressing an odd-numbered register key, the CSWS key, the MD
key, the EA key, or the PSD2 key.

When the Read function is complete, the corresponding indicator will
illuminate to define the contents of the B-Display.
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INDICATOR

The EVEN REGISTER indicator consists of a hexadecimal display (optional)
indicator that provides a direct read-out of the even-numbered register
being addressed by the Serial System Control Panel. The contents of
this register are displayed to the left of the A-Display. The EVEN
REGISTER indicator will be illuminated only when the A-Display contains
the contents of an even-numbered register.

The four binary indicators directly below the EVEN REGISTER indicator
correspond to the even register address.

The ODD REGISTER indicator consists of a hexadecimal display (optional)
indicator that provides a direct read-out of the odd-numbered register
being addressed by the Serial System Control Panel. The contents of
this register are displayed in the B-Display. The 0DD REGISTER
indicator will be illuminated only when the B-Display contains the
contents of an odd-numbered register.

The four binary displays directly below the ODD REGISTER indicator
correspond to the odd register address.

The MEMORY ADDRESS indicator is a 1-bit display that defines the con-
tents of the A-Display as a memory address. The memory address can
only be loaded into the into the A-Display with a Write function. The
memory address is primarily used for memory addressing in subsequent
memory read or write operations.

The PSW indicator is a 1-bit display that defines the contents of the
A-Display as the CPU Program Status Word Register. The PSW can be used
for changing the contents of the CPU PSW and for memory addressing in
subsequent memory read or write operations. - In PSD mode, the A-Display
represents the most significant word of the PSD.

The PROGRAM COUNTER indicator is a 1-bit display that defines the con-
tents of the A-Display as the current value of the CPU Program Counter
portion of the Program Status Word Register. The Program Counter can
be loaded into the A-Display with either a Write or a Read function.
The Program Counter can be used for changing the Program Counter
portion of the Program Status Word Register and for memory addressing
in subsequent memory read or write operations.

The OPERATOR FAULT indicator is a 1-bit display that indicates that an
operator fault has occurred on the Serial System Control Panel. Two
types of Operator Faults can normally occur:

1. The function selected by the Function keyboard was illogical with
respect to the operand source/destination selected by the Hex
keyboard.

2. The function selected by the Function keyboard combined with the
operation and source/destination specified by the Hex keyboard
cannot be performed because the CPU is in a Run mode and the spec-
ified function is not is not allowed.

The specific type of Operator Fault that has occurred must be determined
by the Serial System Control Panel operator.
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The MEMORY DATA indicator is a 1-bit display that defines the contents
of the B-Display as memory data from the memory location addressed by
the A-Display. For the MEMORY DATA indicator to be illuminated, the
A-Display must contain a memory address and the MEMORY ADDRESS indicator
must be illuminated. Memory data can be manually loaded into the
B-Display and the addressed memory location in a Write function or read
into the B-Display from the addressed memory location in Read function.

The EFFECTIVE ADDRESS indicator is a 1-bit display that defines the
contents of the B-Display as an effective address of a software memory
reference instruction that is addressed by the contents of the
A-Display. The A-Display must contain either a PSW or Program Counter
Value, which is used by the CPU to access the software memory reference
instruction. The CPU then computes the instruction's effective address
based on any indexed or indirect addressing specified by the instruc-
tion. When the addressing is complete, the effective address can only
be loaded into the B-Display by a Read function.

The ERROR indicator is a 1-bit display that defines the contents of
the B-Display as an internal error code. The internal errors exclude
operator errors and include Serial System Control Panel errors, CPU

" acknowledge errors, SelBUS transmission errors, and memory errors.

The CONTROL SWITCHES indicator is a 1-bit display that defines the con-
tents of the B-Display as the CPU Control Switches. The Control Switches
can be loaded into the B-Display in either a Write or a Read function.
In a Write function, the B-Display is loaded from the Hex keyboard.
The contents of the B-Display (Control Switches) are then loaded into
a dedicated memory location. In a Read function, the Serial System
Control Panel reads the dedicated memory location and transfers its
contents (Control Switches) to the B-Display.

The specific dedicated memory address used for storage of the Control
Switches is a function of the computer system configuration and CPU
firmware. :

The KEYBOARD indicator is a 1-bit display that indicates when the upper
case values (hex digits 0 through F) can be loaded into the B-Display
from the Hex keyboard. The KEYBOARD indicator illuminates in response
to the KEYBOARD switch on the Function keyboard.

The INSTRUCTION indicator is a 1-bit display that defines the contents
of the B-Display as an instruction addressed by a PSW or Program Counter
Value in the A-Display. An instruction can be manually loaded into the
B-Display and addressed memory location in a Write function or read into
the B-Display from the addressed memory location in a Read function.
The Serial System Control Panel defines the contents of any memory
location as an instruction if the A-Display contains a PSW or Program
Counter Value. If the A-Display contains a memory address (the MEMORY

~ ADDRESS indicator is illuminated), the contents of the addressed memory

location is defined as memory data, which illuminates the MEMORY DATA
indicator.

The STOP indicator is a 1l-bit display that indicates when the CPU has
been halted by the Instruction Stop, Operand Read Stop, or Operand Write
Stop logic. In addition to the STOP indicator, one or more of the INSTR
STOP, OPERAND READ STOP, or OPERAND WRITE STOP indicators should also be
illuminated indicating the type of stop logic that is active. When the
STOP indicator illuminates and CPU halts, the A-Display will contain the
current contents of the CPU PSW, and the B-Display will contain the
instruction addressed by the Program Counter portion of the PSW
(A-Display).

7-9
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INSTR STOP
INDICATOR

OPERAND
READ STOP
INDICATOR

OPERAND
WRITE STOP
INDICATOR

OPERATOR
FAULT
INDICATOR

ERROR
INDICATOR

The INSTR STOP indicator is a 1-bit dispiay that defines the active
condition of the Instruction Stop logic. When the Instruction Stop is
active, a memory address is in the Address Compare register. When the
CPU fetches an instruction from that memory location, the CPU will halt
and the STOP indicator will illuminate.

The OPERAND READ STOP indicator is a 1-bit display that defines the
active condition of the Operand Read Stop logic. When Operand Read Stop
is active, a memory address is in the Address Compare register. When
the CPU performs a memory read from that memory location, the CPU will
halt and the STOP indicator will illuminate.

The OPERAND WRITE STOP indicator is a 1-bit display that defines the
active condition of the Operand Write Stop logic. When the Operand
Write Stop is active, a memory address is in the Address Compare regis-
ter. When the CPU performs a memory write to that location, the CPU will
halt and the STOP indicator will illuminate.

The Serial System Control Panel is equipped with an OPERATOR FAULT
indicator that illuminates when the panel detects an operator fault
condition. When the OPERATOR FAULT indicator 1lights, the rightmost
digit of the B-Display will indicate the source of the fault as follows:

Fault
Number Description
1. Does not Apply to the Serial Panel
2 Operation Not Allowed - Run on Lock Restrictions
3 Invalid Operand Source or Destination
4. A-Display Not Valid for Operation to be Performed
5 Invalid Extended Function
6 Special Extended Function Not Enabled
7. Does not Apply to the Serial Panel

The Serial System Control Panel is equipped with an ERROR indicator that
illuminates when a panel error is detected. When the ERROR indicator
lights, the rightmost digit of the B-Display will indicate the source
of the fault as follows:

Fault
Number Description

1. CPU Uart Error

Transmission Error other than CPU Uart
No Response from Memory

Nonpresent Memory

Parity Error in Memory

Write/Read Compare Error in Memory

N O BN

Bus Interchange or Memory is Broken
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Several indicators are available to the operator when the computer,
while in the PSD mode, enters the Halt mode or when the PSW is read
by the panel switches. They are as follows:

1. Bit 6 indicates last instruction executed was a right halfword.
2 Bit 7 indicates Arithmetic Exception.

3. Bit 8 indicates PSD mode if set or PSW mode if zero.

4 Bit 9 indicates Mapped if set or Unmapped if zero.

5. Bit 32 indicates Interrupts Blocked if set.

The following discussions provide step-by-step instructions for using
the controls and indicators of the Serial System Control Panel. Each
heading designates a specific function to be performed and the
sequential steps necessary to complete the function. Each discussion

includes two significant conditions necessary for each function: Panel
Lock position and CPU mode.

'Description of the Load B-Display from Hex keyboard and description of

the Load A-Display provide the primary functions of the Serial System
Control Panel that are necessary for all other functions. After these
descriptions are initially presented, they are referred to by title only
in subsequent descriptions.

1. The Panel Lock must be in the Unlocked mode.

2 The CPU can be in the Run or Halt mode.

3. Depress the KEYBOARD key on the Function keyboard.
4

Observe that the B-Display clears and the KEYBOARD indicator illum-
inates.

5. Enter the operand into the B-Display by depressing the correct
hex digit key on the Hex keyboard, one digit at a time.

6. Observe that the last digit entered from the Hex keyboard is loaded
into the four least significant bit positions of the B-Display and
that any previous contents of the B-Display is left-shifted by four
bit positions.

7. When the B-Display is full, or the complete operand has been enter-
ed into the B-Display, the operation is complete.

8. If the 32-bit capacity of the B-Display is exceeded, the four
most significant bit positions of the B-Dispiay will be lost as
each new digit is entered into the B-Display.

9. If a mistake is made while entering the operand, depress the KEY-
BOARD key on the Function keyboard and return to step 4.

The Load A-Display function can be divided into seven subfunctions that
described separately in the following descriptions. The seven sub-
functions are:

1. Write Memory Address

2. Write PSW (Program Status Word)

3. Read PSW (Program Status Word)



WRITE
MEMORY
ADDRESS

WRITE PSW

READ PSW
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-

Write PSD2
Read PSD2
Write Program Counter

Read Program Counter

The Panel Lock must be in the Unlocked mode.
The CPU can be in the Run or Halt mode.

Enter the memory address into the B?Display from the Hex keyboard.
(See Load B-Display from Hex keyboard.)

Depress the WRiTE

key on the Function keyboard.

Depress the %ﬁ key on the Hex keyboard.

Observe that the memory address is transferred from the B-Display
to the A-Display and that the MEMORY ADDRESS indicator illuminates.

The operation is complete. If a mistake was made during the se-
quence, return to Step 3.

The Panel Lock must be in the Unlocked mode

The CPU must be in the Halt mode.

‘Enter the PSW operand into the B-Display from the Hex keyboard.

(See Load B-Display from Hex keyboard.)

Depress the WRﬁTE key on the Function keyboard.

Depress the 2 key on the Hex keyboard.
PSW

Observe that the PSW operand is transferred from the B-Display
to the A-Display and that PSW indicator illuminates. At this time,
the PSW operand has also been loaded into the CPU Program Status
Word Register.

The operation is complete. If a mistake was made during the
sequence, return to Step 3.

The Panel Lock must be in the Unlocked mode.

The CPU must be in the Halt mode.

Depress the E%AQ key on the Function keyboard.

Depress the 5%W key on the Hex keyboard.

Observe that the Program Status Word is transferred from the CPU
Program Status Word Register to the A-Display and that the PSW
indicator illuminates.



WRITE PSD2

READ PSD2

WRITE
PROGRAM
COUNTER

READ
PROGRAM
COUNTER

The operation is complete. If a mistake was made during the se-
quence, return to Step 3.

The Panel Lock must be in the Unlocked mode.
The CPU must be in the Halt mode.

Enter the PSD2 (least significant word of the PSD) operand into
the B-Display from the Hex keyboard. (See Load B-Display from
Hex keyboard).

WRITE
¥

Depress the key on the Function keyboard.

Depress the E key on the Hex keyboard.
p3D2

The operation is complete. If a mistake was made during the se-
quence, return to Step 3.

The Panel Lock must be in the Unlocked mode.

The CPU must be in the Halt mode.

READ
X

Depress the key on the Function keyboard.

Depress the E key on the Hex keyboard.
P02

The operation is complete. If a mistake was made during the se-
quence, return to Step 3.

The Panel Lock must be in the Unlocked mode.
The CPU must be in the Halt mode.
Enter the Program Counter Value into bits 8-31 of the B-Display

from the Hex keyboard. (See Load B-Display from Hex keyboard.)

WRITE
¥

Depress the key on the Function keyboard.

Depress the éf key on the Hex keyboard.

Observe that bits 13-31 of the B-Display are transferred to the
A-Display and that the PROGRAM COUNTER indicator illuminates. At
this time, the Program Counter Value has been 1loaded into the
Program Counter portion of the CPU Program Status Word Register.

The operation is complete. If a mistake was made during the se-
quence, return to Step 3.

The Panel Lock must be in the Unlocked mode.

The CPU must be in the Halt mode.

Depress the READ key on the Function keyboard.
X



READ
MEMORY
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4. Depress the %C key on the Hex keyboard.

5. Observe that the Program Counter Value is transferred from the CPU
Program Status Word Register and transferred to bits 13-31 of the
A-Display and that the PROGRAM COUNTER indicator illuminates.

6. The operation is complete. If a mistake was made during the se-
quence, return to Step 3.

The Write Memory sequence is dependent on a valid address (Memory Ad-
dress, PSW, or Program Counter Value) in the A-Display. This value
can be set in the A-Display by using any of the subfunctions described
in the Load A-Display discussion.

1. The Panel Lock must be in the Unlocked mode.

2. Enter a Memory Address, PSW, or Program Counter Value into the
A-Display as described in the Load A-Display discussion.

3. Enter the operand to be stored in memory into the B-Display from
the Hex keyboard. (See Load B-Display from Hex keyboard.)

WRITE
e

4. Depress the key on the Function keyboard.

5. Depress th%ﬁﬁﬁ:)key on the Hex keyboard.

6. Observe that the operand in the B-Display remains unchanged and
that either the MEMORY DATA or INSTRUCTION indicator illuminates
as follows:

‘a. If the A-Display contains a memory address, the MEMORY DATA
indicator should illuminate.

b. If the A-Display contains either a PSW or Program Counter
Value, the INSTRUCTION indicator should illuminate.

7. The operation is complete. If a mistake was made during the se-
quence, return to Step 3.

The Read Memory sequence is dependent on a valid address (Memory Ad-
dress, PSW, or Program Counter Value) in the A-Display. This value can
can be set in the A-Display by using any of the subfunctions described
in the Load A-Display discussion.

1. The Panel Lock must be in the Unlocked mode.

2. Enter a Memory Address, PSW, or Program Counter Value into the
A-Display as described in the Load A-Display discussion.

3. Depress the INC 'A' & READ key on the Function keyboard.

4. Observe that the A-Display is incremented by four to the next
sequential memory address.

5. Observe that the MEMORY DATA or INSTRUCTION indicator illuminates
as follows:

a. If the A-Display contains a memory address, the MEMORY DATA
indicator should illuminate.



b. If the A-Display contains a PSW or Program Counter Value,
the INSTRUCTION .indicator should illuminate.

6. The operand in the B-Display should be the contents of the memory
location addressed by the A-Display.

7. If no mistakes occurred in the above sequence, return to Step 4
to read the next memory location.

8. If a mistake was made, the same memory address can be reread by
performing the Read Memory (Single Address) sequence beginning
with Step 4.

When using the Read Memory (Sequential Addresses) sequence, the first
address entered into the A-Display will not be read. To read the first
address, perform the Read Memory (Single Address) sequence, then enter
the Read Memory (Sequential Addresses) sequence beginning with Step 4.

INSTRUCTION The Instruction Step function causes the CPU to enter the Run mode and
STEP execute one software instruction. After the 1instruction has 'been
_executed, the CPU returns to the Halt mode.

The sequence for the Instruction Step function is as follows:
1. The Panel Lock must be in the Unlocked mode.
2. The CPU must be in the Halt mode.

3. If the CPU Program Status Word Register does not point to the
instruction to be executed, load a Program Counter or PSW Value
into the A-Display and CPU register as described in the Load A-
Display description.

4. Depress the INSTR STEP key on the Function keyboard.
5. Observe that the PANEL HALT indicator is illuminated.

6. The system halts with the updated PSW Value in the A-Display and
instruction addressed by the A-Display (PSW) in the B-Display.

7. To execute the next instruction, return to Step 4.

READ The Read Effective Address sequence causes the CPU to fetch the in-
EFFECTIVE struction addressed by the Program Counter of PSW Value in the A-Display.
~ ADDRESS The instruction fetched should be a memory reference instruction to

generate a valid effective address. After the instruction has been
fetched, the CPU calculates the instruction's effective memory address
by performing the indexing and indirect addressing specified by the in-
struction. When the address computations are complete, the CPU transfers
_the effective address to the Serial System Control Panel's B-Display.

The Read Effective Address sequence is as follows:
1. The Panel Lock must be in the Unlocked mode.
2. The CPU must be in the Halt mode.

3. Enter a PSW or Program Counter Value into the A-Display as de-
scribed in the Load A-Display discussion.

READ
X

4. Depress the key on the Function keyboard.
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CONVERT
ADDRESS

STOP
SEQUENCE

5. Depress the %ﬂ key on the Hex keyboard.

6. Observe that the EFFECTIVE ADDRESS indicator illuminates and the
effective address is loaded into the B-Display.

7. The operation is complete. If a mistake occurred, return to Step 3.

The Convert Address sequence causes conversion of a logical address in
the A-Display to a 24-bit physical address in the B-Display.

The Convert Address sequence is as follows:

1. The Panel Lock must be in the Unlocked mode.
2 The CPU must be in the Halt mode.

3. The CPU must be in the PSD mode.
4

Enter a PSW, Program Counter Value, or memory address in the A-
Display as described in the Load A-Display discussion.

5. Depress the BE%Q key on the Function keyboard.

6. Depress the Eﬁ%V key on the Hex keyboard.

7. The operation is complete. If a mistake occurred, return to Step 4.
The Stop sequence includes the Instruction Stop, Operand Read Stop, and
Operand Write Stop functions. Each function has its own key.on the
Function Keyboard and its own indicator to indicate when that function
is active.

The sequence for the Stop functions is as follows:

1. The Panel Lock must be in the Unlocked mode.

2. The CPU must be in the Halt mode.

3. Enter the memory stop address into the B-Display from the Hex
keyboard.

4. Depress the INSTR STOP, OPRND R STOP, or OPRND W STOP key on the
Function keyboard.

5. Observe that the indicator for the Stop function selected by the
Function keyboard illuminates.

6. If the CPU is in the Run mode and the specified memory location
is accessed in the correct operating mode (Instruction Fetch,
Operand Read, or Operand Write), the following events should occur.
a. The PANEL HALT indicator should illuminate.

b.  The STOP indicator should illuminate.

c. The current contents of the CPU PSWR should appear in the
A-Display, and the PSW indicator should illuminate.
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CONTROL
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READ
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CONTROL
WITCHES

d. The instruction addressed by the Program Counter portion of
the PSW should appear in the B-Display, and the INSTRUCTION
indicator should illuminate.

7. To clear any active Stop function, perform the following steps:

a. Depress the Function keyboard key that corresponds to the
function to be cleared.

b. Observe that the corresponding Stop function indicator turns.

When using the Stop function, multiple Stop functions can be set by
entering the Stop functions sequentially; however, if a different Stop
address is entered with each Stop function, the most recently entered
Stop address will be used for all active Stop functions.

The Control Switches sequence is used to set or monitor the CPU
Control Switches that are stored in a dedicated memory location. The
Control Switches sequence is divided into the Write Control Switches
function that sets the Control Switches in the dedicated memory location

. and the Read Control Switches function that reads the contents of the

dedicated memory location.

1. The Panel Lock must be in the Unlocked mode.

2. Enter the Control Switch configuration inte bit positions 0-12 of
the B-Display from the Hex keyboard. (See Load B-Display from Hex
keyboard).

3. Depress the

!5§IE key on the Function keyboard.

4. Depress the C%Wg key on the Hex keyboard.

5. Observe that the CONTROL SWITCHES indicator illuminates. At this
time, the contents of the B-Display have been transferred to the
control switches dedicated memory location.

6. The operation is complete. If a mistake was made, return to Step 3.

1. The Panel Lock must be in the Unlocked mode.
2. The CPU can be in the Run or Halt mode.

3. Depress the BE%Q key on the Function keyboard.

4. Depress the ngg key on the Hex keyboard.

5. Observe that the CONTROL SWITCHES indicator illuminates, and the
contents of the control switches dedicated memory location are
transferred to the B-Display.

6. The operation is complete. If a mistake was made, return to Step 3.
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The Initial Program Load (IPL) sequence is a function of the Serial
System Control Panel and CPU firmware. The IPL sequence is as follows:

aoeon e

The Panel Lock must be in the Unlocked mode.
The CPU must be in the Halt mode.
Depress the SYSTEM RESET key.

Enter the peripheral device address of the IPL device into the
B-Display from the Hex keyboard. (See Load B-Display from Hex
keyboard.) Note: If an all-zeros device address is entered into the
B-Display, the CPU firmware will default to a firmware-specified
IPL device address.

Depress the INITIAL PROGRAM LOAD key.

When the IPL sequence is complete, the CPU will be in the Halt
mode. Any changes in the software program can be made at this
time.

The operation is complete.. Refer to the software description of
the Bootstrap program for operating instructions of the Bootstrap
program.

N
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SECTION Vil

SYSTEM INITIALIZATION

Initialization and configuration of a 32/70 Series System is accom-

plished through the use of the Initial Program Load (IPL) sequence.

This sequence initializes the system, sets up the I/0 configuration, and

boots in the operating system. The usual method of initializing the

system is through the use of the card reader to read in a deck of cards

containing the I/0 device configuration and assigned interrupt.organ--
ization. The IPL sequence is initiated by placing the Initial Con-

figuration Load (ICL) deck of cards in the card reader, setting up of

the address of the card reader on the system front panel, and depressing

the IPL button on the system front panel.

It should be noted that if the mode jumper on the CPU is set up for the
PSD mode, the CPU will come up in the PSD mode. If, when placing the
address of the IPL device in the B-Display of the front panel,
additional information is added, then the CPU can be made to come up in
the PSW mode of operation. The procedure for establishing the PSW mode
of operation is as follows:

1. If using either the parallel or serial front panel for data entry,
add 8000 to the device address (sets bit 16 to One). For example,
if the address of the card reader is 7800, then by the setting of
bit 16 to One (or adding 8000), the resultant address becomes
F800.

2. If using the serial front panel, entering a 55 plus the card reader
address results in the CPU coming up in the PSW mode. The re-
sultant address in the B-Display is then 00557800.

After the cards are read into the system, the SYSTEM RESET button is
depressed, the address of the device (disc) containing the operating
system is entered on the front panel, and the IPL button is again
depressed, thereby booting in the operating system.

The Initial Configuration Load (ICL) deck of cards contains three basic
record formats. The following sections provide descriptions for each
format.

Initial Configuration Load (ICL) records are read from a default or
selected peripheral device. The ICL records are converted into in
formation that is used to initialize the 256- x 32-bit Configuration RAM
(CR) contained in the 32/70 Series Central Processor Unit (CPU).:
Information contained in the CR is used by the CPU to address and main-
tain the status of the 128 possible devices and the 112 possible
interrupts.

Initial Configuration Load records must be in the following ASCII or
Hollerith formats:
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FORMAT #1

*DEVXX=FCILCASA (,NN)

where:

*DEV

XX

IL

CA

SA

()

NN

NOTE 1:

defines that the record contains a controller definition
entry.

is the hexadecimal address that will be used by macro level
input/output instructions to address the controller.

is a necessary delimiter. Each letter to the right of this
delimiter represents one hexadecimal digit (four binary
bits).

flags used by the CPU for input/output emulation. Presently,
this field is always zero.

defines the class of controller being emulated. Presently,

this field can contain one of the following values:

0 LINE PRINTER
CARD READER
TELETYPE
INTERVAL TIMER
PANEL

= Unassigned
ALL OTHERS
EXTENDED I/0

nmuwoninnu

MM WN -

is the hexadecimal interrupt priority level of the Service
Interrupt (i.e., priority levels 14;¢ through 23,¢) for the
defined controller.

is the hexadecimal controller address as defined by the hard-
ware switches on the IOM.

is the lowest hexadecimal device subaddress used by the con-
troller. This field 1is normally zero when more than one
device is configured.

denotes optional parameter.

is a delimiter that must be used when more than one device
is configured.

is a 2-digit hexadecimal number that specifies the number
of devices configured on the controller.

The subaddress (SA) field must reflect the following for the
Teletype, Line Printer, Card Reader (TLC) controller:

1. Card Reader is subaddress 0;¢.

2. Teletype is subaddress 1¢.

3. Line Printer is subaddress 2.

Y



FORMAT #2

FORMAT #3

EXAMPLES OF

INITIAL

CONFIGURATION
L

XINTXX RS

where: ,

*INT

XX

NOTE

NOTE

NOTE

NOTE

*END

defines that the record contains an interrupt definition
entry.

is the hexadecimal interrupt priority level that is to be
emulated.

is a necessary delimiter. Each letter to the right of this
delimiter represents one hexadecimal digit (four binary
bits).

is the hexadecimal RTOM board number to which the interrupt
XX is assigned.

is the hexadecimal subaddress on the RTOM board to which the
interrupt XX is assigned.

1: RTOM physical controller address 79;¢ is RTOM board number 1,
address 7A;¢ is RTOM board number 2, etc.

2: Real-Time Clock hardware is connected to subaddress 6i¢ on
the RTOM board.

3: Interval Timer hardware is connected to subaddress 4, on
the RTOM board.

4: RTOM physical controller addresses must be 79;¢ or above. This
convention allows a maximum of seven RTOM boards to be defined
on a single 32/70 Series system. Seven RTOM boards will sup-
port 112,, interrupt levels.

where:

*END

is the last record of an Initial Configuration Load (ICL) deck.
This record signifies the end of the load process.

A device entry:

*DEV04=0E140100,04

The device entry above specifies the following information:

1.

The 32/70 series input/output commands will address the controller
as 04,¢.

The ",04" is an optional parameter that specifies that there are
4,¢ devices on the controller. There will be four entries defined
in the Configuration RAM (CR). The input/output commands (i.e., CD
and TD) will address the devices as 4,5, 515, 615, and 7;4.

The controller is an "E" class controller.

The priority of the Service Interrupt (SI) is 144¢.

8-3
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Assigning a priority to a controller has the following implications:

a.
b.
c.

d.

5.

The Transfer Interrupt location for priority 14,¢ is 100;¢.

The Service Interrupt vector location for priority 14;¢ is 140;6.
The emulation IOCD will be stored at location 700;¢.

The interrupt control instructions (i.e., DI, EI, RI, AI, DAI)
will control the interrupt on the controller by addressing
priority 14,¢.

The physical address of the controller is 01,¢.

An interrupt entry (RTOM):
*INT28=16

The interrupt entry above specifies the following information:

1.

The -32/70 Series interrupt control instructions (i.e., DI, EI, RI,
AI, DAI) will control the interrupt on the RTOM by addressing
priority 28;¢.

The number of the RTOM board is 1.

The subaddress on the RTOM board is 6;¢ (jumpered logic subaddress
is 9). . :

A sample Initial Configuration Load (ICL) Deck is given in Figure 8-1.

& s



EXAMPLE

COMMENTS

(SEE NOTE)
*DEV04=0E150400, 02
*DEV08=0E160800, 04
*DEV10=0E181000,04
*DEV20=0E1A2000, 10
*DEV60=0E1E6000,08
*DEV78=01207800
*DEV7A=00217802
*DEV7E=02237801
*INTOO=1F
*INTO1=1E
*INT12=1D
*INT13=1C
*INT24=1B
*INT25=1A
*INT26=19
*INT27=18
*INT28=16
*INT29=17
*INT2A=15
*INT?8=14
*INT2C=13
*INT2D=12

*END

READ ASCII CARD READER IOCD
CARTRIDGE DISC WITH TWO PLATTERS
MOVING-HEAD DISC

9-TRACK MAG TAPE

GPMC

ADS

PRIMARY CARD READER
PRIMARY LINE PRINTER
PRIMARY TELETYPE

POWER FAIL/AUTO RESTART
SYSTEM OVERRIDE

MEMORY PARITY TRAP

CONSOLE INTERRUPT
NONPRESENT MEMORY
UNDEFINED INSTRUCTION TRAP
PRIVILEGE VIOLATION

CALL MONITOR

REAL-TIME CLOCK
ARITHMETIC EXCEPTION
EXTERNAL INTERRUPT
EXTERNAL INTERRUPT
EXTERNAL INTERRUPT
EXTERNAL INTERRUPT

LAST CARD

NOTE: THE FIRST RECORD IS DEVICE DEPENDENT AND REPRESENTS TWO
32-BIT WORDS, THE FIRST BEING ALL ZEROS AND THE SECOND
A VALID IOCD TO READ THE FOLLOWING RECORDS.

Figure 8-1. System Initial Configuration Load (ICL) Deck
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APPENDIX A
INSTRUCTION SET
(FUNCTIONALLY GROUPED)

The 32/70 Series instructions are listed alphabetically by mnemonic code within one of the
following functional groupings:

Load/Store Instructions

Branch Instructions

Compare Instructions

Logical Instructions

Register Transfer Instructions
Shift Operation Instructions

Bit Manipulation Instructions
Fixed-Point Arithmetic Instructions
Floating-Point Arithmetic Instructions
Control Instructions

Interrupt Instructions

Input/Output Instructions

Memory Management

Writable Control Storage

Each entry includes the following information:

Instruction Mnemonic
Operand Format
Operation Code
Instruction Function

The following symbols are used to denote required entries for operand formats:

N X< 0T 33-HQ00OT

Bit Number In General Register (0-31)

Bit Number In Memory Byte

Destination General Register (0-7)

Function

Memory Address

Channel Or Device Number

Protect Register Number

Source General Register (0-7)

Value of Operand For Immediate, Shift, and Condition Code Instructions
Index Register (1-3)

Indirect Addressing

Register Address Field for Special Instructions

Halfword instructions are denoted by # preceding the instruction mnemonic. The ha]fwordAinstruc-
tions are all interregister (except TRP and TPR) instructions: CALM, WAIT, HALT, and NOP.

A-1



LOAD/STORE INSTRUCTIONS

Operand
Mnemonic Format
LB d,*m,x
LD d,*m,x
LH d,*m,x .
LW d,*m,x
LF d,*m,x
LEA ' d,*m,x
LEAR d,*m,x
LA d,*m,x
LI d,v
LMB d,*m,x
LM d,*m,x
LMH d,*m,x
LMW d,*m,x
LNB d,*m,x
LND d,*m,x
LNH d,*m, X
LNW d,*m,x
STB Sy*m,x
STD S, *m,X
STH Sy¥m,x
STW . S,*m, X
STF S, ¥m,Xx
STMB Ss*m,X
STMD S, *m, X
STMH Sy*m,x
STMW S,*m,X
ZMB *m,X
M *m,x
IMH *m, x
IMW *m, X
#1IR d

MEMORY MANAGEMENT INSTRUCTIONS

Operand
Mnemonic Format
#SEA
#CEA
LMAP d
#TMAPR s,d

Op Code Page
ACO8 6-10
AC00 6-13
ACO0 6-11
AC00 6-12
CCoo 6-28
D000 6-23
8000 6-24
3400 6-25
€800 6=-22
B0OO8 6-14
B0QO 6-17
B0OOO 6-15
B0OOO 6-16
B408 6-18
B400 6-21
B400 6-19
B400 6-20
D408 6-29
D400 6-32
D400 6-30
D400 6-31
DCOO 6-37
D808 6-33
D800 6-36
D800 6-34
D800 6-35
F808 6-39
F800 6-42
F800 6-40
F800 6-41
0Co0 6-43
Op Code Page
000D 6-59
000F 6-60
2007 6-61
2C0A 6-62

# Indicates Halfword Instruction
* Indicates Indirect Addressing

Instruction Function

Load Byte

Load Doubleword

Load Halfword

Load Word

Load File

Load Effective Address
Load Effective Address Real
Load Address

Load Immediate

Load Masked Byte

Load Masked Doubleword
Load Masked Halfword
Load Masked Word

Load Negative Byte
Load Negative Doubleword
Load Negative Halfword
Load Negative Word
Store Byte

Store Doubleword

Store Halfword

Store Word

Store File

Store Masked Byte
Store Masked Doubleword
Store Masked Halfword
Store Masked Word

Zero Memory Byte

Zero Memory Doubleword
Zero Memory Halfword
Zero Memory Word

Zero Register

Instruction Function

Set Extended Addressing
Clear Extended Addressing
Load MAP

Transfer MAP to Register



BRANCH INSTRUCTIONS

Operand
Mnemonic Format Op Code Page Instruction Function
BCF v, *m,x FO00 6-73 Branch Condition False
BCT v,*m,X ECOO 6-74 Branch Condition True
BFT *m, X F000 6-75 Branch Function True
BIB d,m F400 6-77 Branch After Incrementing Byte
BID d,m F460 6-80 Branch After Incrementing Doubleword
BIH d,m F420 6-78 Branch After Incrementing Halfword
BIW d,m F440 6-79 Branch After Incrementing Word
BL *m, X F880 6-76 Branch and Link
BU *m, X EC00 6-72 Branch Unconditionally
. COMPARE INSTRUCTIONS
Operand
Mnemonic Format Op Code Page Instruction Function
CAMB d,*m,x 9008 6-83 Compare Arithmetic with Memory Byte
CAMD d,*m,x 9000 6-86 Compare Arithmetic with Memory Doubleword
CAMH d,*m,x 9000 6-84 Compare Arithmetic with Memory Halfword
CAMW d,*m,x 9000 6-85 Compare Arithmetic with Memory Word
#CAR s,d 1000 6-87 Compare Arithmetic with Register
Cl d,v C805 6-88 Compare Immediate
CMMB d,*m,x 9408 6-89 Compare Masked with Memory Byte
CMMD d,*m,x 9400 6-92 Compare Masked with Memory Doubleword
CMMH d,*m,x 9400 6-90 Compare Masked with Memory Halfword
CMMW d,*m,x 9400 6-91 Compare Masked with Memory Word
#CMR s,d 1400 6-93 Compare Masked with Register
LOGICAL INSTRUCTIONS
Operand
Mnemonic Format Op Code Page Instruction Function
ANMB d,*m,x 8408 6-95 AND Memory Byte
ANMD d,*m,x 8400 6-98 AND Memory Doublword
ANMH d,*m,x 8400 6-96 AND Memory Halfword
ANMW d,*m,x 8400 6-97 AND Memory Word
#ANR s,d 0400 6-99 AND Register and Register
EOMB d,*m,x 8C08 6-106 Exclusive OR Memory Byte
EOMD d,*m,x 8C00 6-109 Exclusive OR Memory Doubleword
EOMH d,*m,x 8C00 6-107 Exclusive OR Memory Halfword
EOMW d,*m,x 8C00 6-108 Exclusive OR Memory Word
#EOR s,d 0C00 6-110 Exclusive OR Register and Register
#EORM s,d 0co8 6-111 Exclusive OR Register and Register Masked
ORMB d,*m,x 8808 6-100 OR Memory Byte
ORMD d,*m,x 8800 6-103 OR Memory Doubleword
ORMH d,*m,x 8800 6-101 OR Memory Halfword
ORMW d,*m,x 8800 6-102 OR Memory Word
#ORR s,d 0800 6-104 OR Register and Register
#ORRM s,d 0808 6-105 OR Register and Register Masked

# Indicates Halfword Instruction
* Indicates Indirect Addressing

A-3



REGISTER TRANSFER INSTRUCTIONS

Operand
Mnemonic Format Op Code
#XCR s,d 2C05
#XCRM s,d 2C0D
TPR r,p FB80
#TRC s,d 2C03
#TRCM s,d 2C0B
#TRN s,d 2C04
#TRNM s,d 2C0C
TRP s,p FBOO
#TRR s,d 2C00
#TRRM s,d 2C08
#TRSW s 2800
#TRSC s,d 2COE
#TSCR s,d 2COF

SHIFT OPERATION INSTRUCTIONS

Operand
Mnemonic Format Op_Code
#NOR d,s 6000
#NORD d,s 6400
#SCZ d,s 6800
#SLA d,v 6C40
#SLAD d,v 7840
#SLC d,v 7440
#SLL d,v 7040
#SLLD d,v 7C40
#SRA d,v 6C00
#SRAD d,v 7800
#SRC d,v 7400
#SRL d,v 7000
#SRLD d,v 7C00

-

BIT MANIPULATION INSTRUCTIONS

Operand
Mnemonic Format Op Code
ABM c,*m,x A008
#ABR d,b 2000
SBM c,*m,x 9808
#SBR d,b 1800
TBM c,*m,x A408
#TBR d,b 2400
ZBM c,*m,x 9C08
#1BR d,b 1C00

DOANOADOND DO DD
HPODBDPDROICT ORI OG

# Indicates Halfword Instruction
* Indicates Indirect Addressing

-
Lg
o

[
CTOANONONK PpPwoOooOW,

Page

6-113
6-114
6-115
6-116
6-119
6-118
6-117
6~120
6-121
6-124
6-123
6-122
6-125

Page

6-132
6-133
6-128
6-129
6-134
6-135
6-130
6-131

Instruction Function

Exchange Registers

Exchange Registers Masked

Transfer Protect Register to Register
Transfer Register Complement

Transfer Register

Complement Masked

Transfer Register Negative

Transfer Register Negative Masked
Transfer Register to Protect Register
Transfer Register to Register
Transfer Register to Register Masked
Transfer Register to PSWR

Transfer Register to Scratchpad
Transfer Scratchpad to Register

Instruction Function

Normalize
Normalize Double

Shift
Shift
Shift
Shift
Shift
Shift
Shift
Shift
Shift
Shift
Shift

and Count Zeros

Left Arithmetic

Left Arithmetic Double
Left Circular

Left Logical

Left Logical Double
Right Arithmetic

Right Arithmetic Double
Right Circular

Right Logical

Right Logical Double

Instruction Function

Add Bit in Memory
Add Bit in Register
Set Bit in Memory
Set Bit in Register
Test Bit in Memory
Test Bit in Register
Zero Bit in Memory
Zero Bit in Register



FIXED-POINT ARITHMETIC INSTRUCTIONS

Operand

Mnemonic Format Op Code  Page

ADI d, v €801 6-150
ADMB d, m X B808 6-140
ADMD d, m X B800 6-143
ADMH d,*m,x B800 6-141
ADMW d,*m,x B800 6-142
#ADR s,d 3800 6-144
#ADRM s,d 3808 6-145
ARMB S *m, x E808 6-146
ARMD S» *m, x E800 6-149
ARMH s, *m, X E800 6-147
ARMW s, *m,x E800 6-148
SUI S,V €802 6-157
SUMB d, m, X BCO8 6-151
SUMD d, m X BCOO 6-154
SUMH d, m X BCOO 6-152
SUMW d,*m,x BCOO 6-153
#SUR s,d 3C00 6-155
#SURM s,d 3C08 6-156
MPMH d,*m,x €000 6-159
MPMW d,*m,x cooo 6-160
#MPR s,d 4000 6~161
MPI d,v €803 6-162
MPMB d,*m,x coos8 6-158
DVI d,v c804 6-167
DVMB d,*m,x C408 6-163
DVMH d,*m,x €400 6-164
DvVMwW d,*m,x €400 6-165
#DVR s,d 4400 6-166
#ES d 0004 6-168
#RND d 0005 6-169

FLOATING-POINT ARITHMETIC INSTRUCTIONS

Operand

Mnemonic Format Op Code Page

ADFD d,*m,x E008 6-173
ADFW d,*m,x E008 6-172
SUFD d, m X E000 6-175
SUFW d, m X E000 6-174
MPFD d, m X E408 6-177
MPFW d, m X E408 6-176
DVFD d, m X E400 6-179
DVFW d,*m,x E400 6-178

# Indicates Halfword Instruction
* Indicates Indirect Addressing

Instruction Function

Add Immediate

Add Memory Byte

Add Memory Doubleword

Add Memory Halfword

Add Memory Word

Add Register to Register

Add Register to Register Masked
Add Register to Memory Byte

Add Register to Memory Doubleword
Add Register to Memory Halfword
Add Register to Memory Word
Subtract Immediate

Subtract Memory Byte

Subtract Memory Doubleword
Subtract Memory Halfword
Subtract Memory Word

Subtract Register from Register
Subtract Register from Register Masked
Multiply by Memory Halfword
Multiply by Memory Word
Multiply Register by Register
Multiply Immediate

Multiply by Memory Byte

Divide Immediate

Divide by Memory Byte

Divide by Memory Halfword
Divide by Memory Word

Divide Register by Register
Extend Sign

Round Register

Instruction Format

Add Floating-Point Doubleword

Add Floating-Point Word

Subtract Floating-Point Doubleword
Subtract Floating-Point Word
Multiply Floating-Point Doubleword
Multiply Floating-Point Word
Divide Floating-Point Doubleword
Divide Floating-Point Word
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CONTROL INSTRUCTIONS

Operand ‘
Mnemonic Format Op Code Page Instruction Function
BRI *m, X F900 6-181 Branch and Reset Interrupt
LPSD d,*m,x F980 6-182 Load Program Status Doubleword
LPSDCM d,*m,x FA80 6-183 Load Program Status Doubleword and Change Map
#CALM v 3000 6-192 Call Monitor
DAE 000E 6-198 Disable Arithmetic Exception Trap
EAE 0008 6-197 Enable Arithmetic Exception Trap
EXM *m,x A800 6-187 Execute Memory
EXR s C807 6-185 Execute Register
EXRR S €807 6-186 Execute Register Right
#HALT 0000  6-188 Halt
#LCS 0003 6-184 Load Control Switches
#NOP 0002 6-190 No Operation
RDSTS d 0009 6-195 Read CPU Status Word
SvC IND,CALL# €806 6-193 Supervisor Call
#SIPU 000A 6-191 Signal IPU
#SETCPU s 2C09 6-194 Set CPU Mode
#WALT 0001 6-189 Wait

INTERRUPT INSTRUCTIONS

Operand
Mnemonic Format Op Code Page Instruction Function
ACI S,V FC77 6-207 Activate Channel Interrupt
Al v FCo3 6-204 Activate Interrupt ‘
#BEI 0006 6-211 Block External Interrupts
DACI S,V FC7F 6-210 Deactivate Channel Interrupt
DAI v FCo4 6-206 Deactivate Interrupt
DCI S,V FC6F 6-209 Disable Channel Interrupt
DI v FCo1 6-205 Disable Interrupt
ECI S,V FC67 6-208 Enable Channel Interrupt
EI v FCOO0 6-202 Enable Interrupt
RI v FC02 6-203 Request Interrupt
#UEI 0007 6-212 Unblock External Interrupts
iINPUT/OUTPUT INSTRUCTIONS
Operand
Mnemonic Format Op Code Page Instruction Function
(00)] n,f FC06 6-216 Command Device
0 n,f FCO5 6-217 Test Device
SI0 S,V FC17 6-218 Start I/0
TIO S,V FC1F 6-219 Test 1/0
STPIO S,V FC27 6-220 Stop I/0
RSCHNL S,V FC2F 6-221 Reset Channel
HIO S,V FC37 6-222 Halt I/0
GRIO S,V FC3F 6-223 Grab Controller
RSCTL S,V Fca7 6-224 Reset Controller
ECWCS S,V FC4F 6-225 Enable Channel WCS Load
WCWCS S,V FC5F 6-226 Write Channel WCS

WRITABLE CONTROL STORAGE INSTRUCTIONS

Operand
Mnemonic Format Op Code Page Instruction Function
#WWCS s,d 000C 6-65 Write WCS
#RWCS S, 0008 6-66 Read WCS
#JIWCS *m, X FACO 6-67 Jump WCS

# Indicates Halfword Instruction
* Indicates Indirect Addressing

A-6



APPENDIX B
HEXADECIMAL-DECIMAL CONVERSION TABLE

The following table contains the necessary information for direct conversion of decimal and hexadecimal numbers
in these ranges:

Hexadecimal Decimal
00000 to O1FFF 000000 to 008191
To convert a hexadecimal number to a decimal value, locate all but the last digit of the hexadecimal value in the left-
most column of the table, then follow that.line of figures to the right to the column under the last digit of the hexa-

decimal value. At this intersection is the decimal value of the hexadecimal number.

Example: Convert hexadecimal 3EC to decimal.
\ 3 A E A c,

o \ 2 3 ] 5 (] 7 8 9 A 8 @_ ] € 4

03  000¥2 00093  ODOUSC  ODOSS  OOORSE 000897  OOOJSE  000RGS 001000 001001 001002 001003 ( 001004 ) 001005 001006 001007

Answer = 001004 decimal

For decimal to hexadecima! conversion as in the example, first find the decimal value {1004} in the table, then con-
struct the hexadecimal value from the hexadecimal characters above the column and in the left-most column.

For numbers outside the range of the table, add the following values to the table figures:

Hexadecimal Decimal
3000 12288
4000 16384
5000 20480
6000 24576
7000 28672
8000 32768
9000 36864
A000 40960
8000 45056
C000 . ‘ 49152
D000 52248
EO0O , 57344
FO00 61440

B-1



B-2

uggg

§agRgeggegsse

002!
0022
0023
0024

0026
ox?
o028

0024
o028
0o02¢C

002¢
002F

0031
0032
0033
0034
0035
0036
0032
oo»

003A
oode
003C
0030

003F

0041
00482
0043

00y

0049
004

00sC
Q00

000768
000784

000816

001024
001040
001056
001072
Q01088
001104
001120
001136
001152
001168
0G1184
001200
00'218
001237
001248
Q0264

000257
000273
000289

00032?
000337
000353
000369
000385
000401
000417
000433
000449

00048!
000497

000513

000545
000561
000577
000593

000625

000657
000673
00C689
000705
00022t
000737
000753

000769
000785
000801
000817
000833
000849
000865
000881
000897
000913

000945
000961
000977
000993

001009

00102%
001041
001057
001073
001089
001108
onn
001137
001153
001169
00118S
001201
001217
001233
001249
001265

HEXADECIMAL-DECIMAL NUMBER CONVERSION TABLE

000002
000018
000034

000082

000114
000130
000146
000162
000178
000194
000210
000226
000242

000274

000322

0co370

001026
001042
001058
001074
001090
001106
001122
[ 1% ]
001154
001170
001186
001202
001218
00123e
001250
001266

000003
000019
000035
00025 ¥
000067
000033

000115
00013t
000147
000163
000179
000195
000211
000227
000243

000259
000275
000291
000307
000323
000339
000355
000371
000387

000419
000435
000451
000467

000499

000515
000531
000547
000563
000579
000595
00061t
000627
000643
000659
000675
000691
000707
00G723
000739
000755

001027
001043
001069
001075
001091
001107
001123
001139
Q01155
001174
001187
001203
001219
00123%
001251
001287

000020
000036
000052

000100
000116
000132
000148
000164
000180
000196
000212
000228
00024¢

000260
000276
000292

00032¢
000340
000356
000372
€00388

000420
000436
000452

000516

000724

000756

000772
000788

000820
000852
000684

000318
000932

000964

001012

001028
001044
001060
001076
001092
001108
001124
001140
001156
01172
001188
001204
001220
001236
001252
001268

00002
000037

000069

000101
000117
000133
000149
000265
000181
000197
000213
000229
000245

000517
000533

000565
000581
000597
000813

000661
000677
000693
000709
000725
000741
000757

000773
000789

000821
000837
000853

w0901
000917
000933
000949

000981
000997
001013

001029
001045
001061
001077
001093
001109
001125
001141
001157
00vi73
001189
001205
00122t
001237
001253
001268

000022
000038
000054
000070

000102
000118
000134
000150
000166
000182
000198
000214
000230
000248

000262
000278
000294
000310
000326
000342
000358
000374

000518
000534
000550

000582

000614
000630

000678

000710
000726
000742
000758

000774
000790

000822
000830

000870

000918

001030
001046
001062
001078
001094
001110
001126
001142
001158
oot17e
001190
001206
001222
001238
001254
001270

000007
000023

000071
000087
000103
000119
000135
000151
000167
000183
00199
000215
000231
000247

000263
000279

000311
000327
000343
000359
000375
000391

000423
002439

000471
000487

000519
000535
000551
000567
000583

000615
000631
000647
000663
000679

000711
000727
000743
000759

001031
001047
001063
001079
001095
001111
001127
001143
001158
001175
001191
001207
001223
001239
001255
001271

000024

000056
000072

000104
000120
000136
000152
000168
000184

000216
000232
0002¢8

000520
000536
000552

000616

000760

000776
000792

000824
000840

000872

000920
000936
000952

0010000
001016

001032
001048
001064
001080
001096
001112
001128
001144
001160
001176
001192
001208
00122¢
001260
001256
001272

000025
000041
000057
000073

000105
000121
000137
000153
000169
000186
000201
000217
000233
000249

000285
000281
000297
000313
000329
000345
000361
000377
000333

000425
GOoe41
000457
000473

000521
000537
000553

000601
000617
000633
000649

000581
000697
000713
000729
000745
000761

000777
000793
000809
000825
000841
000857
000873
000889
000905
000921
000837
000953
000969
000985
001001
00107

001033
001043
001055
001081
001097
00113
001129
001145
001161
001177
001193
001209
001228
001241
001257
001273

000154
000170
000186
000202
600218

000250

000282

00314
000330q
000346
000382
000378

000410
000426
000442

000474
C00430

000522

000714
000730
000746
000762

000970

001002
001018

001034
001050
001066
001082
001098
001114
001130
001146
001162
001178
001194
001210
001226
001242
001258
001274

000267
000283

000315
000331t
000347
000363
000379

000411
000427
000443
000459
060475
000491
000507

000523
00053
000555
000571
000587

000619

000651
000667
000683

000715
000731
000747
000763

001035
001051
001067
001083
001099
001115
001131
001147
001163
001179
001198
001211
001227
001243
001259
001278

c

000012

000076
000032
000108
000124
000140
000156

000172 -

000188

020220
000236
000252

000432

000716
000732
000748
000764

000780
000796
000812
000828

000876
000892

000324

000972

001004
001020

001036
001052
001068
001084
001100
001116
001132
001148
001164
01180
001196
001212
001228
0012¢4
001260
001276

]

000013

000061
000077

000109
000125
000141
000157
000173
000199

000221
000237
000253

000525
000541
000557
000573

000621t

000653
000669

000701
000717
000733
000749
000765

000973

001005
001021

001037
001063
001080
001085
001101
001117
001133
001149
001165
001181
001197
001213
001229
001245
001261
001277

000174
0G0190

000222
000238

000270

000302
000318
000334

000366
000382

000414
000430

006478

000510

000526
000542
000558
000574

000622
000638

000670

000702
000718
000734
000750
000766

000782
000798
000814

000878
000910
000942
000974

001006
001022

001033
001064
001070
001086
001102
001118
001134
001150
001166
001182
001198
001214
001230
001246
001262
001278

000527
000543

000575
000591
000607
000623
000639

000671
000687
000703
000719
000735
000751
000767

000975

001007
001023

001030
001055
001071
001087
001103
00 1Ie
001135
001181
001 167
001183
001199

. 003215

001231
001242
001263
001279




005
0052
0053
0054
0055
0056
0057

005A
0058

0050
005€
005F

0061
2062
0063

0065

0067

w68

0060
006E

0070
0071
0072
0073
0074
0075
0076
0077
0078
oor9
007A
oore
007C
0070
007
QO7F

g

SRR R EEEE

0G1280
001296
001312
001323
001348
00! 60
001376
001392
001408
001424
001440
001456
001472
001488
001504
001520

001536
001552
001568
001584
001600
001616
001632
001648
001664
0C 1680
001696
001712
001728
0Gt744
00760
001776

001792
001808
001824
001840
001856
001872
001888
001304
001920
201936
001952
001968
001984
002000
002016
002032

002272

HEXADECIMAL-DECIMAL NUMBER CONVERSION TABLE (Cont'd)

001231
001297
001313
0013

00! 345
001361
001377
001333
001409
001425
001441
001457
001473
001489
001505
001521

001537
001553
001569
001589
06'60!
001617
001633
001643
0016€5
001681
001697
001713
00129
001745
001761
001777

001793
001809
01825
001841
001857
001873
001889
001905
001921
001937
001953
001969
001985
002001
002017
002033

002305
002321
002337
0C22%3
0623€3
062385
0G2401
0c2417
002433
0Cze43
0023€5
0c2481
0CT497
0C2913
002529
002545

001282
001298
001314
001330
00) 346
001362
w1378
0C1394
00:410
001426
aC1e42
00:458
001474
001490
001506
001522

00538
001554
001570
001586
001602
001618
001€E34
001650
001666
001632
001608
001714
001730
001746
001762
001778

001794
001810
001826
001842
001858
001874
001890
001906
001922
001938
001954
001370
001986
002002
002018
0C2034

002050
002066
002082

002114
002130
002146
002182
0c2178
002194
002210
002226
002242

002274
002290

001283
001299
001315
001331
001347
001363
001379
001395
00141
00:427
001443
001459
001475
001491
001507
001523

001519
001555
001571
00587
001603
001619
001635
001651
001867
001683
001699
001715
001731
001747
001763
0011779

001795
01811
001827
001843
001859
001875
001831
001907
001923
001939
001955
001971
001987
002003
002019
0C203%

002051

002083
002099
002115
002131
002147
002163
002179
002195
002211
002227
062243
002259
002275
0c2231

002307
002223
002239
00?355
0c2371
002387
002403
002419
00243
002451
0C2467
0c2423
aCT499
s
[+ %54}
0G547

001284
001300
00316
001332
001343
001364
001380
007396
001412
001428
00444
001460
001476
001432
001508
001524

001540
0C 1556
001572
001588
00604
001620
001636
001652
001668

001700
0017:6
001732
001748
001764
001780

001796
00182
01828
001844
003860
001876
061892
001908
001924
0019340
001956
0c1972
001988
002004
0c2020
002036

002052

002784
0G2100
002116
002132
0CZie8
00264
002180
02196
002212
002228
0C2244
€22

0c2276
0c2292

0C2308
062324
0C2343
0C23%s
2272
002388
0C2304
002429
0G243€
0c24s2
0czes8
qC24E
0C2e50
oce g
0e2e

ocrees

001285
001301
201347
001333
001349
001365
001381
och 397
003413
00429
001445
[+ 3013
00ter?
001493
01509
001525

061541
001557
001573
001589
001605
001621
001637
001653
001669
001685
00170
ociy
001733
001749
001765
00i 781

001797
00ta13
001829
0c1845
001861
001877
001893
001909
001325
001941
001957
00973
0C:989
0CZ00%
002021
002037

002063

0Cc2085
002101
002117
002133
002149
002165
002181
002197
002213
02229
0C2245
0C226!
062271
0ci292

I3
0C222¢
0oc?a
02397
0C23i3
0C2383
0C2405
02421
002437
ocres3
ocreel
22685
x28C

001286
001302
001318
001334
00i 350
001 366
001382
00398
001414
001430
001446
001462
001478
001434
001510
001526

001542
001558
001574
001590
001606
001622
001638
001654
001670
001686
001702
001718
001734
001750
001766
001782

001738
00814
001830
001846
001862
001878
0018954
001910
001926
001942
001958
001974
001990
002006
002022
0Cc2038

002310
002326
007342
0c2358
002378
0C2290
002406
oce22
002428
ocr4ata
0cz4ard
0C2486
AI9L2
:x508
0crc3e
0C29%0

00:543
00559
001575
001531
001607
001623
071639
001655
001671
001687
001703
001719
001735
001751
001767
001783

owir9e
1815
001831
001847
001863
001879
0018395
001911
001927
001943
001959
001975
001991
002007
002023
002039

002055
002071
002087
0021C3
062119
002135
002151
002167
002183
002199
002215
067231
002247
002263
002279
002235

007311
002327
302343
002353
002375
062391
0C2407
002423
002439
0C245%
oc2ery
ocle8?
0C2.C3
c251y
0025
002551

001288
001304
00320
o336
001352
0G11s8
001324
001420
001416
0G1432
0C1448
001464
001480
001496
001512
061528

001544
001560
061576
001592
001608
00:624
001640
001656
001672
001688
001704
001720
001736
001752
001768
001784

007800
001816
001832

002056
002072
002788
002104
002120
002136
002152
002168
002184
002200
002216
002232
002248
002264
002280
0C2296

002312
002328
002344
0C2380
002376
0C7392
0G2408
002424
062440
002456
002472
002483
0C 25Ca
002423
0crs2e
0C2%¢2

00289
001305
001321
001337
001353
001369
001385
0C1401
00417
001433
001443
001465
001481
001497
00i513
001529

001545
001561
061577
001593
001609
001529
001641
00657
00673
001689
001705
0072
001737
001753
001769
001785

001801
001817
001833
001849
001865
001881
001897
001913
001929
001945
001961
001977
001993

002025
002C41

002057
002673
002089
002105
002121
002137
002153
002169
002185
002201
002217
062233
0C2249
0C22€5
0c2281
00229/

9

0r2313
002329
002245
0c2%€!
oc2377
002393
0C24C3
0r242%
0c2441
22457
02473
2483
0C25C%
ocis2y
0ces3?
0C2553

001290
001306
001322
0C1338
001354
001370
001386
001402
001418
NC1434
001450
001466
001482
00:478
001514
001530

00546
201562
o5is’8
001594
001619
001626
001642
001€58
001674
001630
001706
001722
001738
001754
00127720
001786

001802
001818
001834
001850
001866
001882
001898
001914
0C1530
001946
001962
001378
001994
00200
002C26
02042

002074
002090
002106
0C2122
00238
002154
002170
002186
002202
002218
002234
007250
002266
0172282
0cz298

001291
001307
001323
001339
001395
001371
001387
001403
001419
001435
001451
001467
001483
oc1499
01§15
001531

001547
001563
001579
001595
001611
001627
001643
001659
001675
001691
001707
001723
001739
001755
001771
001787

001803
001819
001835
001851
001867
001883
001899
001915
001931
001947
001963
001979
001995
002011
002027
002043

002059
002075
002091
002107
002:23
002139
002155
002171
0c2187
002203
002219
002235
002251
002267
002283
002799

waTNs
002331
002347
007363
062379
202395
oc24n
002427
0r2443
02859
002415
20733
o ore bl
0cre23
Iz
202595

201292
001108
001324
001340
001356
001372
001388
001404
001420
001436
001452
001488
001484
001500
001516
001532

001548
001564
001580
001596
001612
001628
001644
001660
001676
001692
001708
00172¢
0C1740
001756
001772
001788

i

001804
001820
001836
001852
001868
001884
001900
201916
001932
001948
001964
001980
001996
002012
002028
002044

002060
00207¢
002092
002108
002124
002140
002156
002112
0C2'88
002204
002220
002236
002252
002268
002284
002300

002316
002332
002348
02364
002380
002396
002412
002428
002444
0024850
0C2476
007492
oczs0e
007524
0c2540
062556

001293
001309
001325
001341
001357
001373
001389
001405
001421
001437
001453
0C1469
001485
001501
001517
001533

001543
001565
001581
001597
001613
001629
001645
001661
061677
001693
001709
001725
001741
001757
001773
001789

001805
001821
001837
001853
001869
001885
001901
001917
001933
001949
001965
001981
001997
002013
002029
002045

00206 1
002077
002093
002109
002125
002141
002157
002173
002189
002205
oc221
002237
002253
002269
002285
002301

002317
002333
002 349
002365
002381
002387
002413
002429
002445
00246
002477
0G7493

30525
00val
002557

001294
001310
001326
001342
001358
001374
001390
001406
001422
001438
001454
001470
001486
001502
001518
001534

001550
001566
001582
001598
001614
001630
001646
001662
001678
001694
001710
001726
001742
001758
001774
001790

001806
001822
001838
001854
001870
001886
001902
001918
001934
001950
001966
001982
001998
002014
002030
002046

002062
002078
002094
02110
002126
0G2142
002158
002174
002190
002206
022722
0C2238
002254
002270
002286
002302

002318
002334
002350
002366
002382

002414
002430
007446
on24€2
oc2478
0C7494
002510
0c2528
002542
©Cz958

001295
001311
001327
001333
001359
001378
001391
001407
001423
001439
001455
001471
001487
001503
001519
001535

001551
001567
001583
001539
001615
0C1631
001647
001663
001679
001695
001711
001727
001743
001759
001775
001791

001807
001823
001839
001855
001874
001887
001903
001919
001935
001951
001967
001983
00193y
002015
002031
002047

002063
004079
002045
00211
002122
002143
002159
002175
002191
002207
02223
n0229
002255
20221
002287
002303

002319
007138
002351
002367
007283
002309
007415
022431
002647
002463
032479
002495
00251}
002527
007942
002532
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aoas

00A3
ooAs

00AY

GoAS

00AD

ooaF

o0k
0082
O0E 3
J0E4
00ES
ook s
Qog?
€8
o089
cofa
- 1]
weC
L {-]
WeE
o085

00278¢

003072

003104
003120
003136
003152
0o32¢2
003184

©o3218
003232
003248
03264
003780
00379¢
003312

o328

003380
033768
003382

003424
303440

003472

003504
003820

00862

g 2]
0C 3800
003818
00832
003048
053664

203686
®12
™3728
203744
303160
oo
o792

onm2e

HEXADECIMAL-DECIMAL NUMBER CONVERSION TABLE (Cont'd)

002817
002833
002849

002881
002897
002913
002929
002945
002961
002877

003025
003041
003087

003073
003089
003108
003121
003137
003153
003109
003188
003201
003217
003233
003248

003281
003297
003313

003346
203381
03377
003293

003425
003441
003487
003473
L3 ]

052!
031837
03883
avs

303685
Q03801
WIS
03833
Q03649
0C 666
oles!
ocee?
03”13
203229
003748
aclrer
37
w3793
Q0308
WwIs

002874

002708
002722
002728
002754
002770
002788
002802

002818
002834

002866
002882

002914
002930

002062
002978

003010
003028
003042
003058

003074
003000

‘003108

003122
003138
003154
003170
003106

003218
003234

003266
003282
003298
003314

003854

003602
003818
30634
0C 3850
00 3886
003682

00718
203730
01748
003782
203778
003784
20310
wIs2e

002774
002787

002819
002835
002851
002867

002809
00291S
002931

002083
002979
002995
003011
003027
003043

003078
00308 1
003107
003123
003139
003155
003171
003187
003203
003219
003236
003251
003287
003283

003318

093331
003347

003379
00339%
003411
003427
003443
003459
003475
003481
003507
003523
003539

00871

02387
003803
ac3sts
00363
0851
063687
Q03683

Q03718
@3N
03767
Q03783
0037279
003795
co3
w2

002708
002724
002740

002772
002788

003076

003108
003124
003180
003158
003172
003188

003220
03238
003252
003268
003284
003300
003318

003588
003820

003652
003888
003684
003700
00371
003732
001748
003784
003790
003796
002812
003828

002821
002853

002888
002901
002917

003077
003093
003109
063125
003144
003157
003173
003189
003205
003221
003237
003253

003285
003307
0031317

003333
003349
003366
003381
003387
003413
003429

003481
003477
003493

003925
003541
003657
003673

003078

003110
003126
003142
003158
00317¢
003190

003238

003270

003318

003334
003360

003382
003398
003414
03430

003482
003478

003510
003526
003542

002674

003806
003622
003638
003854
003870
003686
003702
003718
003734
003730
003766
003782
003798
oolete
00BN

003079

003111
0a3127
003143
003159
003175
003191
003207
003223
003239

003271
003287
003303
003319

003335
003351
003367
003383
003398
003415
003431
003447
003463
003479

003511
003527
003543
003559
003575

003591
003607

003639
003655
003671
003687
003703
003719
003738
003751
oc3767
002783
0039w
Q0381S
003831

003080

003112
003128
003144
003160
003176
003192
003208
003224
003240
003256
003272
00388
003304
003320

003338
003352
003368
0034

003416
003432

003464
003480

003512
003528
003544
003560
003576

003592
003608
003624
003640
003666
003672
003888
003704
003720
003736
003752
001768
003784
©0380C
wi8te
003832

002585
002603
002617
002633

002665
002681
002607
Q02713
002729
002745
002761
002777
002763

003081
003097
003113
003128
003185
003161
003177
003193

003225
003241
003287
003273
003289
003305
003321

003337
003363
003369
003385
003401
003417
003433
003449

003481
003487
00313
003529
003545
003561
003577

003593
003609
003625
003641
003657
003673
003689
003705
003721
003737
003753
001769
003785
003801
00341
003833

002570

002602
002618
002634

002688
002682

002714
002730
002748
002762
002778
002794
002810

003338

003370
003388

003418
003434

003456
003482
003498
003514
003530
003546

003578

003610
003626
003842

003674

003706
003722
003728
003754
on3770
003786
003802
003818
003834

02827

002859
002875
002891
002907
002923

002965
002971
002987

003019
003035
003051
003067

003083

003115
003131
003167
003163
003179
003195
003211
003227
003243
00325%
003275
003291
003307
003323

00333

003371
003387

003419
003435
003451
003487
003483
003499
003515
003531
003547
003563
003574

003595
003611
00362?
003643
003659
00367%
00369
003707
003723
003739
003755
002774
003787
003603
oo3ste
003335

003084
002100
co3116
003132
003148
003164
003180
003196
003212
003228
003244
003280
003276
003292

003324

003596
003612
003628
003644

003876
003692

003724
003740
0037%
003777
003787
003804
003820
00383¢

002217

002749

002781
002797
002812

003085
033101
003117
003133
003149
003185
003181
003197
003213
003229
003285
003261
003277
003293

003325

003597
003613
003629
003645
003661
003677
002693
003709
003725
003741
003757
003773
0U3r8y

00382
00383°

g .
3

gl HH

003086
003102
003118
003134
003150
003186
003182
Q003198
003214
003230
003246

003278

003310
003326

003598
003616
00362
003646
003662
0c3s78

003710
003726
003742
003758
003774
00378¢C

003822
003838

002942

00297S
002001

002071

003087
003103
003119
003135
00315
002167
003183
00319%
003218
003231
003247

003279

00331 ¥
00327

003599
002615
003631
003847

003679

003711
003722
003743
003750
003775
003791
003307
003823



00F 0

00F2
00F 3

00F S
00F ¢
[ 2]
00Fs
(4]
OOF A
o0F 8
00FC
00F O
O0F €
OOF F

0100
010V
0102
03
0104
a0
008
00?7
o
0109
010A
Q108
0:0C
0100

0w

o0
o
012
013
otve
ons
orte
os1?
oig
ony
oA
ons
onc
(31}
[ 1311
onE

020
o2

0122
023
0124
012%
0126
02

(1} ]
0
ona
0128
crc
0120
012€
012¢

0130
0131
03
€113
c1ie
L1k
0138
o1y
0138
[k
013A
0128
013
0130
013€
013F

004352
004384

004416
004432

004480

004512
004528
004544
004560
004576

HEXADECIMAL-DECIMAL NUMBER CONVERSION TABLE (Cont'd)

004641
004657
004673
004689
004706
00471
204737
004753
004769
004785
004801
004817
004833

004881
004837
004913
004929
004945
00496+
004977
004993

005025
005041
005057
005073

005108

004354
004370
004386
00es18

304450

© 004438

004514
004530

004562
004578
004594

004610

004642
004658
004674

004706
004722
004738
004754
004770
004786
004802
004818

004850

004882

004914
004930

004346"

004962
004378

005010
005026
005042

005074
005090
005106

003843
003859
003875
003891
003907
003923
003938

003971
00Jver?

004019

004051
004067

004115
004131
004147
004163
004179
004195
004211
004227
004243
004259
004275
004291
004307
004123
004339

004595

004611
004627
004643
004659
004675
004681
004707
004723
004739
004755
004771
004787
004803
004818

004851

004867
004883

004915
004931
004947
004963
004979
004995
005611
005027
005043

005075
005091
005107

004100
004118
004132
004148
004164
004180
004196
004212
004228
Q04244

004276
004292

004324
604340

004372

004612
004628

004660
004676

004708
004724
004740
Q04756
004772
004788

004820

004852

004367
004373
004389

004421

004677
004603
004709
004725
004741
004757
004773
004789

004821
004837
004853

004102
004118

004388
004374
004300

004422
004438

004470

004592
004518
004534
004550

004582

004614
004630

004662
004678

004710
004728
004742
004758
0042774
004790

004822
004838
004854

004870
004886
004902
004918
004334
004350
004966
004982

N0%0V4
005030
005046
005062
005078
005094
005110

003847
003883

003911

004103
Q04119
004 135
004151
004167
004183
004199
004215
004231
004247
004263
004279

Qo431
004327
004343

004359
Q04375
004391

004423
004438
004458
00447y
004487
004503
004519
004538
004551
004567
004583
004509

0046815
004631
004647
004663
004679

004711
004727
004743
004759
004775
004791
004807
004823

[
003848
003964
003830
003896
003912
003528
003944
003980
003976

002962
004008
004024
004040
004056
004072
004088

004104
004120
004138
004152
004168
004184
004200
004218
004232
004248
004264
004280
004296
004312

004344

004872

004904
004920
004936
004952

04984

005016
005032
005048
005064
005080
005296
005112

004073

004105
004121
004137
004153
004168
004188
004201
004217
004233
004249
004265
004281
004297
004313
004328
004345

004381
004377
004393

004425
004441
004457
004473
004489

004521
004537
004553

004585
004601

004617
004633
004549

004681
004697
004713
004729
004745
004761
004777
004793

004825

004857

004873
004889

004321
004937
004953
004969
004985
005001
005017
05023
005043
0US06%
00508 ¢
005097
005113

0041068
004122
004138
004154
004170
004186
004202
004218
004234

004266
004282
004298
004314
004330
004346

004762
304778
004794
004810
004826

005114

004107
004123
004139
004155
OoD417y
004187
004203
004219
004235
004251
004267
004283
004299
004315
004331
004347

004363
004379

004411
004427
004443

00647%

004507
004523
004539

004571
004587
004603

Q04875
004891
00490/
00492 3
0049 39
004355
004371
004987
05003
005019
00503
005051
005067
005083
005099
Q05118

004012

004076
004092

004108
004124
004140
004156
004172
004 188
004204
004220
004236q
004252
004268
004284
004300
004316
004332
004348

004876
004892

NA324
004940
Q04956
204212
004388

005016
005092

005100
005116

03853

0n388S
0080
003917
003%33

003985
003981
003987
004013
004029
004045
00408}
004077

004365
00438
004397
004413
004429

04461
004477
004493

0N4826
004541
004557
004573
204589

004621
04637
004653

00 10V
onany
004733
0CA 749
V0465
004 '8 Y
Q047197
004813

QOaB4S
004861

o0esr ¥
oCers?
e
004529
094t
004957
a5 2
004989

eic O]
205037
205053

00508%
Q05101
00s117

00WSe
00m’0
001886
002902
oo
00734
001950

003082
00098
004018
004030

004078

004110
004128
004142
004158
004174
004190
004206
004322
004238
004254
004270

004302
004318
004334
004350

004366
004 382
004398
o04sr s
004430
004446
004462
004478

004510
004528
004542

ooy e
004590

004822
ruse
DoAshe
(20 0
X388
0Da 2
2078

o0 150
U047 86
004 THY
04798
0048 14
004830
04846
UARE2

et ]
Wet3e
W0
004926

003838
00IsTY
a0e?

003818
0030
003981
003067
003083
I
00408

006047

004079

008111
004127
004143
004159
004178
004191
004207
004223
004230
004255
004271
004287
004303
004319
004338
004351

003337
004383
004399
004415
004431
00as4?
004463
004479

004511
527
204543

xa578
ra591
807

004623
4639
pegt a1
a7t
002587
24 1Y
AT 1R
LG4TS
4751
4787
W4783

a8
rad
[ot 2
004863

2C4879

TN
X927
ua34)

SAG Ty
004991
205007
festern )
Lo icten ]
005071
005087
08103
005119
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ote0
o161

0102
ey
0144
ores
ores
0rer

0reg
o169
018A
ores
014C
0140
or4€

0r4F

0150
0151
0182
0153
0154
0188
0158
0157
01%8
0189
015A
0158
015C
0150
018
018F

o180
0181
0162
0183
0184
ores
o1ss
0167
ores
0o
016A
ores
o1ec
0180
018€
018F

oo
017y
0172
0
0174
o3
o17e
(1204
os
(13 ]
1379
(14 ]
oe
0170
017€
o1IF

0180
o

0192

083
0184

018s
0186
o'er
alss
0169
o1sa
oiss
018C
0180
oreE
0I8F

005120
005136
005152
005168
005184
005200
005216
005232
005248

005280
005296
005312
005328
005344

005376
005392

005424

006466
005472

005504
008520
005538
005552
006508
005584

008712
005728
005744
005760
005778
005792

005824

005872

005952

006144
006160
006176
006192
006208
006224
006240
006256
006272
Ooos2se
006304
006320
006336
006352
006368
00628¢

HEXADECIMAL-DECIMAL NUMBER CONVERSION TABLE (Cont'd)

005121
005137
005153
005160
00518S
005201
005217
005233
005249
005265
005281
003297
005313
005329
005345
00536!

005617

005633
006649

005681
005607
005713
005729
005745
005781
005777
005793

005841
006857
005873

005905
005821
006937
005953
005969
00598S
008001
006017
006033
006049

006081
006097
006113
006129

006145
006161
006177
006193
006209
006225
006241
006257
006273
006289
006305
00632
006137
006153
006369
006385

005378
005394
005410
005426
005442
005458
005474

005506
005522

005554
005570
006586
005602
005618

005908
005822

005970

006114
006130

005146
006162
006178
006194
006210
006726
006242
006258
06274
006290
006306
006322
006138
0061354
006370
006 386

005123
005139
005155
005171
005187
005203
005219
005235
005251
005267
005283

005315
005331
005347
006363

005379
005395
005411
008427
005443
005459
005475
005491
005507
005523
005539
005555
005571
005587
005603
006619

005891
005907
006923

005955
005971
005987

006019
006035
006051
006067
006083

00611S
006131

006147
006163
006179
006195
006211t
006227
006243
006259
00627%
V0€291
006307
006323
006339
006355
006371
006387

005124
005140
005156
005172
005188

005220
005236
005252
005268
005284

005316
005332
005348
005364

005380

005412
005428
005444
005460
005476
005492
005508
006524

006556
005572

0065604

006652

005684
005700
005716
005732
005748
005764
005780
005796
005812
005828

005876

008100
006118
006132

006148
006164
006180
006196
006212
006228
006244
006260
006276
006292
006308
006324
006340
0061356
0061372
006388

005125
005141
005157
005123
005189

005221
005237
005253
005269
005285
005301
005317
005333
005349
005365

005381
005397
005413
005429
005445
005461
005477
005493
005509
005525
006541
005557
05573
005589
005605
005621

006149
006 165
006181
006197
006213
006229
006245
006261
006217
006293
006309
006325
006341
006187
006373
006389

005126
005142
005158
005174
005190

005222
005238
005254
005270
005286
005302
005318

005350
005368

005382
005398
005414
005430
005446

005478
00549¢
005510
005526
005542

005574

005606

006670

005702
006718
005734
005750
005766
005782
605798
005814
005830

005862
005878

910
005926
005942
005958
005974
005990

006022
008038
006054
006070

006102
006118
006134

006150
006166
006182
006198
006214
006230
006246
006262
006278
00€294
006310
00€326
006342
006358
006374
006390

005127
005143
005159
005175
005191
005207
005223
005239
005255
005271
005287
005303
005319

005381
005367

005383

005415
005431
005447
005463
005479
005495
006511
005527
005543
005559
005575
005591
005607

005911
005927
005943
005959
005975
005991

006023
006039
006055
006071t
006087
006103
006119
006135

006151
006167
006183
006129
006215
006231
006247
006263
006279
006295
006311
006327
02€343
006359
006375
006391

005128
005144
005160
005176
005192
005208
00522¢
005240
005256
005272
005288
005304
005320

005362
005368

005384

005416
005432
005448

005480

005512
005528
005544
005560
005576
005592

005624

005640

005672

005704
005720
005738
005752
005768
005784

005816
005832

005912
005928
005344
005960
005976
005992

006024
006040
006056
008072

006104
006120
006136

006152
006168
006184
006200
006216
006232
006248
006264
006282
006296
006312
006328
006344

006376
006392

005129
005145
005161
005177
005193
005209
005225
005241
005257
005273
005289
005305
005321
005337
005353
005368

005385
005401
005417
005433
005449
005465
005481
005497
005513
005529
005545
005561
00557
005593

005625

005641
005657
005673

005705
005721
005737
005753
005769
005785
005801
005817
005833
005849
005865
005881

005897
005913
005929
005945
005961
005977
005993

006025
00604 1
006057
006073

006105
006121
006137

006153
006163
006185
006201
006217
006233
006243
006265
006281
006297
00€3:3
006329
00€345
006361
006377
006393

005386

005418
005434
005450
005466

005498
005514
005520
005546
005562
005578
005594
005610
005626

005642

005674

005706
005722
005738

005770
005786

005818
005834
005850
005866
005882

005914
005930
005946
005962
005978

006010
006026
006042

006074

006106
006122
006138

006154
006170
006186
006202
006218
006234
006250
006266
006282
006238
006314
006330
006346
006382
006378
006394

005131
005147
005163
005179
005195
005211
005227
005243
005259
005275
005291
005307
005323
005339
005365
005371

005387
005403
005419
005435
005451
005467
005483

005515
005531
005547
005563
005579
005595
005611
005627

005643

005675
005691
065707
005723
005739
005755
005771
005787
005803
005819
005835
005851
005867
005883

915
005931
005947
005963
005979

006011
006027
006043
006059
006075
006091
006107
006123
006139

006155
006171
006187
006203
006219
006235
006251
006267
006283

006315
006331
006347
006363
006379
006395

005388

005420
005436
005452
005468
005484
005500
005516
005532
005548
005564
005580
005596
005612
005628

005660
005676
005692
005708
005724
005740
005756
005772
005788

005820
005826
005852

005884

916
005932
005948
005964
005980

006012
006044
006076
006108

006124
006140

005289

005421
005437
005453
005469
005485
005501
005517
005533
005549
005565

00558)

005597
005613
005629

005645
005661
005677
005693
005706
005725
005741
005757
005773
005789

005821
005837
005853

005885

005901
005917
005933
005949

005981
005997
006013

006045
00606 1
006072

006109
006125
00614

006157
006173
006189
006205
006221
006237
006253

006285
006301
006317
006333
006349
006365
006381
006397

005134
005 150
005168
005182

005646q
005662
005678

005710
005726
005742
005758
005774
005790

005822
005838
005854
005870
005866

006110
006126
006142

005135
Q05151
005167
005183
005199
005215
00523
oUsS247
005263
005279
005296
00863 1
005327
005343

003378

005647
005663
005679

005711
005727
005743
005759
005775
005791

005823
005839

005871
005887

005303
05919
005935
00595+
005967
005983

006015
006031
006047

006079

006111
006127
006143

00E 159
006175
006191
006207
006223
006229

00627t
005287

006319
006335
00635t
006367
006383
006399



0180
o
(4] -]
0183
0r9¢
0198
0198
0197
o198
(1]
(]
0198
owc
0190
019€
019F

01A0
01A1
01A2
013
O1As
01AS
01A8
o1
01A8
01A9
01AA
01A8
01AC
01AD
01AE
O1AF

0100
(] 1]

0182

(] ~]

o184
0188
0188
0187

ows
0180
0184
oss
oec
0180
018€
O18F

01co
01CH
01c2
01c3
01ce
0Ccs
oics
0c?
([~ ]
01ce
o1CA
oics
occ
01CO0
0'CE
oI1CF

0100
c10%
0102
0103
01De
0108
0106
0107
008
(11 ]
010A
0108
010C
0100
(1]
O'0F

L HUHHH

008672

008704
008720
008738
008752

008784

00ss'é

00742¢
007440
007456
007472
00748

007520
007538
007552

007584
007600
007616
007632
007648
007664

HEXADECIMAL-DECIMAL NUMBER CONVERSION TABLE (Cont'd)

000657
008673

008705
Q08721
008737
006753
008700
008768
006801
008817
008832
006848

00888t
008897

007160
007188
007201
007217
007233
007249
007265
007281
007297
007313
007229
007345
00738
007377
007303
007400

HLHHH

ugogun

E“

006674

008708
008722
008738

008770
006708
008802
008818

008014

000062
000078

007010

007042
007068
007074
007000
007108
007122
007138
007154

007171
007187
007203
007219
007235
00725t
007267
007283
007299
007315
007331
007347
007363
007379
007395
007411

007427
007443
007459
007475
007431
007507
007523

007555
007574
067587
007603
007613
00763s
007651
a07667

i - HEERRERERRRREEEE -

1

007428
007444
007480
Q07478
007492
007508
007524
007540

007572
007588
007004
007620
007636
007652
oor668

008661
008677

006708

006741
008757
008773

007429
007445
007461
0G1477
007493
007509
007525
007541
ac7ss?
007573
007589
007605
007621
007637
007683
007600

i-

006422

i

008470

]

006502

Hill

008814

007430
007446
007462
007478
L7494
007510
007526
007542

007574
007608
007622
007638

007870

00es79

008711
006727
008743
008759
008778
008791
008807

000871
006887

007431
007447
007483
007479
007495
007511
007527
007543
007559
007575
007591
007607
007623
007639
007665
007671

BE - EREDRERBARICENNE -

g§88888
gﬁ':gi‘ii

i

008441
008473

008521

000663

008601
008617
008633

006881
008897
008713

008745
006761
008777
008793

008825
008841
006857
006873

007433
007448
007468
007481
007497
007513
007529
007545
007581
007577
007583
007609
007625
007641
007657
007673

006810

007182

008411

006475

000971
008987

007019
007061
007083
007118
007131

007147
007163

c
008412

i

008476

i

006701
008717

008941
000073

007006
007024

007083

007086
007101
007117
007133
007149
007166

07437
007453
007480
007486
0c7501
007517

Q07549
007565
007581
007587
007613
007629
007645
007661
07677

H U T
s8R¥3ke H

HHHE
:

L

o
-

HEEH T
R EHEH LR

8888
2ee8

007168

38418
008431

008719

006738
008781
008767
008783

008816
008801

-

B-7



B-8

01E0
.11 3]
0182
(113 ]
Orke
(111}
orgs
07
(111 ]
[ 111 ]
0rEA
0l
0rEC
010
OVEE
OreF

01F0
L1143
O1F2
[113)
0174
0VFS
0rFe
[ 112]
o1F8
(14 )
0rFA
o1F0
016C
O1F0
01FE
OrFs

HEXADECIMAL-DECIMAL NUMBER CONVERSION TABLE (Cont'd)

cores
ooree?
001743
007728
00774
007781
o777
007793

007828
J07041
007867
007873
oorsee

007821

008113
008129
008145
[ 1] }}
008177

008114
008130
008148
008162
oos178

007971

008115
008131
008147
008183
008179

007940
007956
007972

007686
007701
Q7117
007733
007768
007788
008t
007797
007813
007829
007845
007861
007877

007909
007e23

007942
007958
007974

008182

co7eR?
007703
007719

00775
007767
007783
007798
007915
007831
007847
007863
007879

00201
007827

008119

008151
000187
003183

007688
007704
007720
007738
007752
007768
007784
007800
007816
007832

007064

007898
007912

007944
007960
007976
007992

008024

002072 -

008104
008120
008138
008152
008168
008184

1

007689
007705
007721
007737
207753
007789
007785
007801
007817
007833
007849
007865
007881
007897
007013
007929

007945
007961
007877

007948
007962
007978

008010
008042
008074

008108
008122
008138
006154
008170
008188

007691
007707
007723
007739
[ 2240
007771
007787
007803
002619
007835
007851
007867
007883

007318
007931

007947
007963
007979
007995
008011

008043
008075

008107
008123
008139
008155
008171
008187

008172
008188

]

007708
007728
Q02741
007752
007773
007789
07808
007821
207837
007853
007069

00790t
007917
007933

007949
007965
007981
007907
008013

008081
008077

008100
008125
008141
008157
008173
008189

007960
007086
007982

008014

008110
008128
008142
008158
oost74
008190

007861
007087
007983
007900
00801S

008047
008079

008111
008127
008143
008158
008175
00819




APPENDIX C

HEXADECIMAL CONVERSION TABLE

Converting to hexadecimal may be simplified by using the following table.

To convert (61275) 10 to hexadecimal, using the table: the table entry closest to, but riot greater than,(61275) g is
(61184) 4, which equals (EF00) g from the table. Subtracting 61,184 from the original number (61275-61184) ¢
leaves a remainder of (91) 1o, which equals (5B) 1. Therefore, (61275} 1g = (EF58)¢¢.
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APPENDIX D
HEXADECIMAL ADDITIONS

In the following Hexadecimal Addition Table, all values represent the result of an addition of a hexadecimal character
from the column across the top and the column down the left side. The result of the addition is found where the two
characters to be added intersect within the table. All values above the slanted line represent the result of an addition
with no carry generated; all those values below the slanted line represent the result of an addition with a carry of one
generated into the next character position of the hexadecimal result.

HEXADECIMAL ADDITION TABLE
ol 1|2|3|a|s5|6|7|8|9|A|B|C|D|E]|F
1] 2|3|a|s5|6|7|8|o[Aa[Blc|[D]E|[E]O
2| 3]a|s|e]7]|8|o]alB|c|D|]E|ESf0]
3]l als|e|7]8[9]lAalB]c|D]E]Ef0]|1]2
a|ls{e|7|s8lo{afelc|{o]e|lefo]l1]2]s
s 6|l 7]8|olAalBlc|{ole{efo]i1]2[3]a
6| 7]8|o|lalBlc|lo|e|lefol1]2]3]a]s
7] 8lolAalB{c|plE|FEfo|1]|2]3]a]s]6
glolafBlc|o|eE|Eefo|1]|2]|3|a]|s5]|6]7
9l AlB|lc{o|E|]Efo]1[2]|3|a]|s]|6 |78
Als|lc|olelefo|l1]2]3[a|s]|e6[7][8]9
Blc|o[e|{efo|l1|2]|3]af[s]e|7|8]9]aA
clole|efo|1|2]3]a]s|[e|7]8|9]|Aa]sB
o]l e| ef0 2(3|a|ls|e|7]8|lofAa]B]C )
el efo|l1]2{3|als|{e6|7]8[a][Aa]lB|cCc]|D
Ffol1]2|3|a|s|[ef7|8|o|[a|B|[c|D]E

D-1/D-2






~
2

233 ®aN -

128

256
512
1024
2048

4086
8 192
: 16 384
32768

65536
131072
262 144
524 288

1048576
2007 152
4 194 304
8 388 608

18777 216
33554 432
67 108 864
134217728

268 435 456
536 870 912
1073741 824
2147 483 848

4 294 967 296
8 589 934 592
17 179 869 184
34 359 738 368

68 719 476 736
137 438 953 472
274 877 906 944
549 755 813 888

1099511627 776
2 199 023 255 552
4398 046511 104
8 796 093 022 208

17 592 183 044 416
35 184 372 088 832
70 368 744 177 664
140 737 488 355 328

281 474 976 710 656
562 949 953 421 312
1 125 899 906 842 624
2251799 813 685 248

4 503 590 627 370 496
9 007 199 254 740 992
18 014 398 509 481 984
36 028 797 018 963 968

72 067 594 037 927 938
144 115 188 075 855 872
288 230 376 151 711 744
576 460 752 303 423 488

1 152 $21 504 606 846 976
2 305 843 009 213 893 952
4 611 686 018 427 387 904
9223 372 036 854 775 608

O® VNG Ss WN-O 3

APPENDIX E

NUMERICAL INFORMATION

P2
10
os
035
0125

00625
003125
0.015 628
0.007 8125

0.003 906 26
0.001 953 125
0.000 976 562 5
0.000 488 281 26

0.000 244 140 625
0.000 122 070 3125
0.000 061 035 156 25
0.000 930517 578 126

0.000 015 258 789 062 §
0.000 007 629 394 531 25
0.000 003 814 697 265 625
0.000 001 907 348 6328125

0.000 000 953 674 316 406 25
0.000 000 476 837 158 203 125
0.000 000 238 418 579 101 5625
0.000 000 119 209 289 550 781 25

0.000 000 059 604 644 775 390 625
0.000 000 029 802 322 387 695 3125
0.000 000 014 901 161 193 847 656 25
0.000 000 007 450 530 596 923 828 125

0.000 000 003 725 290 298 461 914 0625
0.000 000 001 862 645 149 230 957 031 25
0.000 000 000 931 322 574 615 478 515 625
0.000 000 000 465 661 287 307 739 257 8125

0.000 000 000 232 830 643 653 869 628 906 25
©.000 000 000 116 415 321 826 934 814 453 125
0.000 000 000 058 207 660 913 467 407 226 562 §
0.000 000 000 029 103 830 456 733 703 613 281 25

0.000 000 000 014 551 915 228 366 851 B0O6 640 625
0.000 000 000 007 275 957 614 183 425 903 320 3125
0.000 000 000 003 637 978 807 091 712 951 660 156 25
0.000 000 000 001 818 989 403 545 856 475 830 078 125

0.000 000 000 000 909 494 701 772 928 237 915 039 062 5
0.000 000 00C 000 454 747 350 886 464 118 957 51953125
0.000 000 000 000 227 373 675 443 232 059 478 759 765 625
0.000 000 000 000 113 686 837 721 616 029 739 3798828125

0.000 000 000 000 056 843 418 860 808 014 869 689 941 406 25
0.000 000 000 000 028 421 709 430 404 007 434 844 970 703 125
0.000 000 000 000 014 210 854 715 202 003 717 422 485 351 562 5
0.000 000 000 000 007 105 427 357 601 001 858 711 242 675 781 25

0.000 000 000 000 003 552 713 678 800 500 928 355 621 337 890 625
0.000 000 000 000 001 776 356 839 400 250 464 677 810 668 946 3125
0.000 000 000 000 000 888 178 419 700 125 232 338 905 334 472 656 25
0.000 000 000 000 000 444 089 209 850 062 616 169 452 867 236 328 126

0.000 000 000 000 000 222 044 604 925 031 308 0B4 726 333 618 164 062 5
0.000 000 000 000 000 111 022 302 462 515 654 042 363 166 809 082 031 25
0.000 000 000 000 000,055 511 151 231 257 827 021 181 583 404 541 015 625
0.000 000 000 000 000 027 755 575 615 628 913 510 590 791 702 270 507 812§

0.000 000 000 000 000 013 877 787 807 814 456 755 295 395 851 135 253 906 25
0.000 000 000 000 000 006 938 893 903 907 228 377 647 697 925 567 626 953 125
0.000 000 000 000 000 003 469 446 951 953 614 188 823 848 962 783813 476 562 5
0.000 000 000 000 000 00t 734 723 475 976 807 094 411 924 481 391 906 738 281 25

0.000 000 000 000 000 000 867 361 737 988 403 547 205 962 240 695 953 369 140 625
0.000 000 000 000 000 000 433 680 868 994 201 773 602 981 120 347 976 684 570 3125
0.000 000 000 000 000 000 216 840 434 497 100 886 801 490 560 173 988 342 285 156 25
0.000 000 000 000 000 000 108 420 217 248 550 443 400 745 380 086 924 171 142578 125

TABLE OF POWERS OF TWO

E-1/E-2






1

72
152

23
163
DEN

8ACT

68

17 592
281 474
503 599
057 594
921 504

17
EB
918
5AF3
8D7E
86F2
4578
B6B3
2304

16
268
294
719
511
186
976
627
037
606

98
5F5

3B9A
5408
4876
D4AS
4E72
107A
A4Ch
6FC
5D8A
A764
89E8

65
048
777
435
967
476
627
044
710
370
927
846

536
576
216
456
296
736
776
416
656
496
936
976

APPENDIX F

TABLE OF POWERS OF SIXTEEN
n 16"
0 0.10000 00000 00000 00000 x 10
! 0.62500 00000 00000 00000 x 107
2 0.39062 50000 00000 00000 x 1072
3 0.24414 06250 00000 00000 x 107°
4 0.15258 78906 25000 00000 x 1074
5 0.95367 43164 06250 00000 x 1070
6 0.59604 64477 53906 25000 x 107
7 0.37252 90298 46191 40625 x 10°°
8 0.23283 06436 53869 62891 x 1070
9 0.14551 91522 83668 51807 x 1070
10 050949 47017 72928 23792 x 1072
n 0.56843 41886 08080 14870 x 107°
12 0.35527 13678 80050 09294 x 1074
13 0.22204 46049 25031 30808 x 1077
14 0.3877 78780 78144 56755 x 107°
15 0.86736 17379 88403 54721 x 107'°

TABLE OF POWERS OF TEN
n 10"
0 1.0€00 0000 0000 0000
! 0.1999 9999 9999 999A
2 028F5 C28F 5C28 F5C3 x 167
3 0.4189 3748 C6A7 EF9E x 162
4 06808 BBAC 710C B296 x 167
5 0.A7C5 AC47 1847 8423 x 1674
6 0.10C6 F7A0 BSED 8D37 x 16
7 0.1AD7 F29A BCAF 4858 x 167
8  02AF3 1DC4 6118 73BF x 160
9 04488 2FA0 9B5A 52CC x 167
10 06DF3 7F67 S5EF6 EADF x 167°
11 OAFEB FFOB CB24 AAFF x 16
12 0.1197 9981 2DEA 1119 x 167
13 0.ac25 C268 4976 81C2 x 16°'°
14 2.2009 370D 4257 3604 x 167
15 0.480E BE7B 9D58 566D x 18 2
16 0734A CASF 6226 FOAE x 1679
17 08677 AA32 36A4 B449 x 16
18 01272 5DD1 D243 ABAl x 167 %
19 0.1033 C94F B6D2 AC35 x 167

F-1/F-2






APPENDIX G

ASCII INTERCHANGE CODE SET WITH CARD PUNCH CODES

Row Col 0 1 2 3 4 5 6 7
Bit Positions
4 o+-o0 0 0 0 0 0 0 0
s 1——0 0 0 () 1 1 1 1
6 2—f—0 0 1 1 [V} ] 1 1
7 3—4——0 1 0 1 0 1 0 1
|
U;&; 0 NUL DLE SP 0 e P P
120981  12-11981 Nopunch O 84 12 81 12117
0001 1 SOH DC! ! 1 A Q a Q
12.9-1 11941 1287 1 1221 18 1201 12118
0010 2 STX oC2 " 2 B8 R b r
12.92 1192 87 2 122 nse 12.0-2 12119
0011 3 ETX oc3 # 3 c 3 c s
1293 1193 83 3 123 02 1203 1102
0100 4 EoT DC4 $ 4 D T d t
97 984 1183 4 124 03 1204 1103
0101 5 ENQ NAK % 5 E u e u
0985 985 084 5 125 04 12-05 1104
0110 6 ACK SYN & 6 F v t v
0986 92 12 6 126 0§ 1206 1105
o 7 BEL ET8 : 7 G w g w
0987 096 85 7 127 06 1207 11-06
1000 8 8s CAN ( 8 H X h x
11.96 1198 1285 8 128 07 1208 11-07
1000 9 HT EM ) 9 1 Y i y
1295 11981 1185 9 129 08 1209 11.08
1010 A LF sus L g : J 2z j 2
095 987 1184 82 11 09 1211111 1109
1011 8 vT ESC + ; K ( k
12983 097 1286 1186 112 1282 12112 120
1100 C FF FS . < L \ ! !
12984 11984 083 1284 113 082 121113 121
101 D CR Gs . - M ] m }
12985 11985 1 86 114 1182 12114 1190
110 E SO RS . > N A n -
12.986 11986 1283 086 115 1187 12115 11.01
1 f Si us / ? o - 0 DEL
12987 11.987 0-1 087 16 085 12116 1297




G-2

Some positions in the

Control Characters:

NUL
SOH
STX
ETX
EOT
ENQ
ACK
BEL
BS
HT
LF
vT
FF
CR
so
sl
DLE
DC1
DC2

ASCIHI 18M 029

! |

{ ¢

1 !

A >
Null DC3
Start of Heading (CC) DC4
Start of Text (CC) NAK
End of Text (CC) SYN
End of Transmission (CC) ETB
Enquiry (CC) CAN
Acknowledge (CC) EM
Bell (audible or attention signal) SS
Backspace (FE) ESC
Horizontal Tabulation (punch card skip) (FE) FS
Line Feed (FE) GS
Vertical Tabulation (FE) RS
Form Feed (FE) -US
Carriage Return (FE) DEL
Shift Out SP
Shift in (CC)
Data Link Escape (CC) (FE)
Device Control 1 (1S)

Device Control 2

ASCH code chart may have a different graphic representation on various devices as:

Device Control 3

Device Control 4 (stop)
Negative Acknowledge (CC)
Synchronous Idle (CC)

End of Transmission Block (CC)
Cancel

End of Medium

Start of Special Sequence
Escape

File Separator (IS)

Group Separator (IS)

Record Separator (iS)

Unit Separator (IS)

Delete

Space (normally nonprinting)
Communication Control
Format Effector

Information Separator



MNEMONIC

32/70 SERIES INSTRUCTIONS BY OP CODE

DESCRIPTION

HALT

WALT

NO OPERATION

LOAD CONTROL SWITCHES

EXTEND SION

ROUND REGISTER

BLOCK EXTERNAL INTERRUPTS

UNBLOCK EXTERNAL INTERRUPTS

ENABLE ARITHMETIC EXCEPTION TRAP
READ CPU STATUS WORD

START 1PU

SET EXTENDED ADDRESSING

DISABLE ARITHMETIC EXCEPTION TRAP
CLEAR EXTENDED ADDRESSING

AND REGISTER AND REGISTER

OR REGISTER AND REGISTER

OR REGISTER AND REGISTER MASKED
EXCLUSIVE OR REGISTER AND REGISTER
2ERO REGISTER .
EXCLUSIVE OR REGISTER AND REGISTER MASKED
COMPARE ARITHMETIC WITH REGISTER
COMPARE MASKED WITH REGISTER

SET BIT IN REGISTER

ZERO BIT IN REGISTER

ADD BIT IN REGISTER

TEST BIT IN REGISTER

TRANSFER REGISTER TO PSWR™

TRANSFER REGISTER TO REGISTER
TRANSFER REGISTER COMPLEMENT
TRANSFER REGISTER NEGATIVE
EXCHANGE REGISTERS

LOAD MAP

TRANSFER REGISTER TO REGISTER MASKED
SET CPU MODE

TRANSFER MAP TO REGISTER

TRANSFER REGISTER COMPLEMENT MASKED
TRANSFER REGISTER NEGATIVE MASKED
EXCHANGE REGISTERS MASKED

TRANSFER REGISTER TO SCRATCHPAD
TRANSFER SCRATCHPAD TO REGISTER
CALL MONITOR

LOAD ADDRESS

ADD REGISTER TO REGISTER

ADD REGISTER TO REGISTER MASKED
SUBTRACT REGISTER FROM REGISTER
SUBTRACT REGISTER FROM REGISTER MASKED
MULTIPLY REGISTER BY REGISTER
DIVIDE REGISTER BY REGISTER
NORMALIZE

NORMALIZE DOUBLE

SHIFT AND COUNT ZEROS

SHIFT RIGHT ARITHMETIC

SHIFT LEFT ARITHMETIC

SHIFT RIGHT LOGICAL

SHIFT LEFT LOGICAL

SHIFT RIGHT CIRCULAR

SHIFT LEFT CIRCULAR

SHIFT RIGHT ARITHMETIC DOUBLE

SHIFT RIGHT LOGICAL DOUBLE

SHIFT LEFT LOGICAL DOUBLE

LOAD EFFECTIVE ADDRESS REAL

AND MEMORY NALFHORD

AND MEMORY

AND MEMORY DOUBLENORD

AND MEMORY BYTE

OR MEMORY HALFWORD

OR MEMORY WORD

OR MEMORY DOUBLEWORD

OR MEMORY BYTE

EXCLUSIVE OR MEMORY HALFWORD
EXCLUSIVE OR MEMORY WORD

EXCLUSIVE OR MEMORY DOUBLEWORD
EXCLUSIVE OR MEMORY BYTE

COMPARE ARITHMETIC WITH MEMORY HALFWORD
COMPARE ARITHMETIC WITH MEMORY WORD
COMPARE ARTTHMETIC WITH MEMORY DOUBLEWORD
COMPARE ARITHMETIC WITH MEMORY BYTE
COMPARE MASKED WITH MEMORY HALFWORD
COMPARE MASKED WITH MEMORY WORD
COMPARE MASKED WITH MEMORY DOUBLEWORD
COHPARE MASKED WITH MEMORY BYTE

SET IN MEMORY

ZERO BIT IN MEMORY

ADD BIT IN MEMORY

TEST BIT IN MEMORY

EXECUTE MEMORY

LOAD HALFWORD

=

LOAD WORD
LOAD DOUBLEWORD
LOAD BYTE

PAGE

6-188
6-189

OP_CODE

MNEMONIC

LMH
LMW
LMD
LMB

DESCRIPTION

LOAD MASKED HALFWORD

LOAD MASKED WORD

LOAD MASKED DOUBLEWORD
LOAD MASKED BYTE

LOAD NEGATIVE HALFWORD
LOAD NEGATIVE WORD

LOAD NEGATIVE DOUBLEWORD
LOAD NEGATIVE BYTE

ADD MEMORY HALFWORD

ADD MEMORY WORD

ADD MEMORY DOUBLEWORC
ADD MEMORY BYTE

SUBTRACT MEMORY HALFWORD
SUBTRACT MEMORY WORD
SUBTRACT MEMORY DCUBLEWORD
SUBTRACT MEMORY BYTE
MULTIPLY BY MEMORY HALFWORD
MULTIPLY BY MEMORY WORD
MULTIPLY BY MEMORY BYTE
DIVIDE BY MEMORY HALFWORD
DIVIDE BY MEMORY WORD
DIVIDE BY MEMORY BYTE

SUBTRACT IMMEDIATE

MULTIPLY IMMEDIATE

DIVIDE IMMEDIATE

COMPARE IMMEDIATE

SUPERVISOR CALL

EXECUTE REGISTER RIGHT

EXECUTE REGISTER

LOAD FILE

LOAD EFFECTIVE ADORESS

STORE HALFWORD

STORE WORD

STORE DOUBLEWORD

STORE BYTE

STORE MASKED HALFWORD

STORE MASKED WORD

STORE MASKED DOUBLEHORD

STORE MASKED

STORE FILE

SUBTRACT FLOATING-POINT WORD
SUBTRACT FLOATING-POINT DOUBLEWORD
ADD FLOATING-POINT WORD

ADD FLOATING-POINT DOUBLEWORD
DIVIDE FLOATING-POINT WORD

DIVIDE FLOATING-POINT DOUBLEWORD
MULTIPLY FLOATING-POINT WORD
MULTIPLY FLOATING-POINT DOUBLEWORD
ADD REGISTER TO MEMORY HALFWORD
ADD REGISTER TO MEMORY WORD

ADD REGISTER TO MEMORY DOUBLEWORD
ADD REGISTER TO MEMORY BYTE
BRANCH UNCONDITIONALLY

BRANCH CONDITION TRUE

BRANCH CONDITION FALSE

BRANCH FUNCTION TRUE

BRANCH AFTER INCREMENTING BYTE
BRANCH AFTER INCREMENTING HALFWORD
BRANCH AFTER INCREMENTING WORD
BRANCH AFTER INCREMENTING DOUBLEWORD
ZERO MEMORY HALFWORD

ZERO MEMORY WORD

ZERO MEMORY DOUBLEWORD

ZERO MEMORY ‘BYTE

BRANCH AND LINK

BRANCH AND RESET INTERRUPT

LOAD PROGRAM STATUS DOUBLEWORD

LOAD PROGRAM STATUS DOUBLEWORD AND CHANGE MAP

ENABLE INTERRUPT
DISABLE INTERRUPT
REQUEST INTERRUPT
ACTIVATE INTERRUPT
DEACTIVATE INTERRUPT
TEST DEVICE

RESET CHANNEL

HALT 1/0

GRAB CONTROLLER

RESET CONTROLLER

ENABLE CHANNEL WCS LOAD
WRITE CHANNEL WCS

ENABLE CHANNEL INTERRUPT
DISABLE CHANNEL INTERRUPT
ACTIVATE CHANNEL INTERRUPT
DEACTIVATE CHANNEL INTERRUPT
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