


























































































































SEQUENTIAL CHARACTER ADDRESSING

ASSUME Sg =0

Y1 I|20 1 00|1 01| 00|00 Q|00 0 Q0|00 | OOOODOOQOD
A—- A ~ A — ANA——A ~~ —/
c=3 w=04 p=20p b=@ =0 s=0 y=010004

IF i=@ AND c=11 IN THE INDIRECT
WORD, SEQUENTIAL CHARACTER

P“”": ADDRESSING IS SPECIFIED.
001000 (00 1 1 1 L1101 1101111000101 100011001
3| Iy ?
BIT20 S —— _ <=—
— ~— —

\\\\

A |OOOOOOODOOOO0OO0Q000Q0000QQ0Q0D | | |

WHEN THE CHARACTER HAS BEEN TRANSFERRED, (p)—(w) —=>p OR p=16
AND WHEN REINITIATED WILL TRANSFER BITS 16 -19 TO THE APPROPRIATE

Ag REGISTER. IF (p)-(w)< @, 32-(w) —>p AND y + | —> y.

SINGLE CHARACTER INDIRECT ADDRESSING

IF i=0 IN THE INDIRECT
WORD, AND c=0l, SINGLE
CHARACTER ADDRESSING

IS SPECIFIED.
Y
FROM |0 |0 O | O I||l OO O OQ(0OQO0|0|00Q|I0OQ0CQQO0 | OO0OOO0OO0Q
IAW
3‘ \ — N A e /\‘_\f—‘M—v—) 0
w=05 p=16j0 b=0 =@ s=0 y=00100¢g
P
VYN
00100 |0 1l D 1l @1 V1 Q1 11Tl 1IOO1OII1IQO1IOQOOQOOI1 11O
31 — AN [
BIT I~ — S
\\\\\
A, 0000000000000 00D00000000000 111060

Figure 18. Examples of Indirect Addressing
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Indirect Addressing — When an instruction
specifying indirect addressing is executed in the
repeat mode, the indirect reference (and its
subsequent cascading) applies only for the first
execution. The resultant final address, from the
first execution in the repeat mode, will then be
modified (as defined by the repeat instruction) for
each subsequent execution. If the repeat mode is
interrupted, the indirect addressing (and cascading)
will be applied again only to the first execution
after returning from the interrupt routine.

Character Addressing — Single-character addressing
functions normally in the repeat mode. The
character operand is located in the same bit
positions in all memory words addressed. If the
repeat sequence is interrupted, the indirect
addressing and character definition sequence is
applied again to the first execution after returning
from the interrupt routine.

Sequential character addressing in the repeat mode
will operate as single-character addressing
throughout the repeat mode if it is allowed to
complete without interruption. If it is interrupted,

or upon completion of the repeat mode sequence, -

the p-designator of the indirect control word will
be modified by w, y will be advanced if p-w < O,
and the updated indirect control word stored back
in memory for the next execution after interrupt
return or for the next complete repeat sequence.

INTERRUPT CODE GENERATION

Interrupt codes are generated by both the IOC and
the processor. Code words associated with a
processor-detected interrupt are formed in the
central processor, and those associated with an
IOC-detected interrupt are formed in the IOC. The
IOC generates an 8-bit interrupt code for each
interrupt request; the processor honoring the
interrupt then assigns an additional 2-bit code (bits
9 and 8) that identifies the interrupting IOC. Table
10 lists the interrupts, with priorities, codes and
their origin.

Interrupt status code requests are sent on the
interface lines between the processor and 10C
when an interrupt generated by the IOC is
honored.
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Whenever an I0C generates a Class I or Class III
Illegal Instruction, Monitor Clock, or Central
Processor interrupt it sends an interrupt request to
all processors. Monitor interrupt (Class III)
requests are sent to the central processors that
allow Monitor interrupts on the interrupting
channel (processor-program controlled). The
processor which first responds to the interrupt
request is sent the interrupt code having the
highest priority within the initiating class presently
not locked out. Because this could be other than
the interrupt that generated the request, circuits in
the I0C hold queued interrupts, pending timely
response by a processor. A processor, responding
to an IOC interrupt request that has already been
acknowledged by another processor, will be sent a
NO OPERATION signal. It then continues its
operation without changing state.

Interrupts generated by the central processor must
be integrated with those generated by an IOC in
order to resolve all in an orderly manner. The
central processor therefore processes interrupts
according to Table 10 .

INPUT-OUTPUT CONTROLLER (l10C)
Priorities

Operations requested of the IOC are honored and
executed according to priorities arranged in two
groups. Buffered requests are those received on the
input/output channels; non-buffered requests are
initiated by the processor, or via controls within
the IOC such as the RTC and channel-associated
command chain. Table 15 lists these two groups.

If requests from both groups exist at the same
time, the 10C alternates execution between groups.
After a request has been honored, the request
priority sequence is reinitiated at its highest state.

Program Chains

A program chain is associated with each channel
function (data input, data output, external
function transfer, external interrupt). Chains are
formed, as required, from the 15 instructions in
the I0C repertoire. The sequencing through chains
and the transfers of information (data, interrupt
codes, and commands to external devices) are
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TABLE 10. INTERRUPT STATUS CODES
Priority Interrupt Status Code Class Action Taken When Processed
Pro?es§or, Status Code Bits* Generated
Class Vrjllthm 10C Interrupt 987 654 3210 By Store Load
ass
| | CP-Operand Memory Resume OOMMMMO0O0O00O0 CP (ASR)—l 41 If Power Tolerance
I 2 CP-IOC Command Resume KK0OO0OO 00001 CP (ISC)——=142 Interrupt: (140)— P
1 3 CP-Instruction Memory Resume OOMMMMOOLO CP P) — 143 If not Power Tolerance:
I 4 CP-10C Interrupt Code Resume KK0OO0O00O0011 Cp Set ASR bit positions: (NDRO O)— P
I 5 1 I0C Memory Resume (Queue) KKMMMMI1010 10C 19,14-9,7 (bootstrap)
1 6 2 Intercomputer Timeout (Queue) KKCCCC1011 10C Clear ASR bit pos. 6-0
I 7 Power Tolerance (Queue) 0000001111 CP
II 1 Inter Processor Interrupt (Queued) 0000 CP (ASR)— 145 If AUTO REC switched,
1I 2 Floating Point Error 0001 CpP (ISC)——146 if illegal instruction,
11 3 Illegal Instruction 0010 CP ®) — 147 and if BOOTSTRAP
II 4 Privileged Instruction Error 0011 CP switch
Not Assigned 0100 Ccp Set ASR bit positions: at 0: (NDRO 1) —P
I 5 Operand Breakpoint 0101 CP 18,13-9,7 (bootstrap) at 1: (NDRO2)—P
I 6 Operand Read or Indirect Addressing 0110 CP Clear ASR bit positions at 2: (NDRO 3)—P
Not Assigned 0111 CP 6-0
Not Assigned 1000 CP If not as above:
11 7 Operand Write 1001 CP (144) — P
11 8 Operand Limit 1010 Cp
I 9 Instruction Breakpoint 1011 CP
Not Assigned 1100 Cp
II 10 Instruction Execute 1101 CP
I 11 Instruction Limit 1110 Cp
1 12 Monitor Clock (Queued) 1111 CP
111 1 3 I0C Illegal CAR Instruction KKOOPPOOOO 10C (ASR) — 151
It 2 4 10C Illegal Chain Instruction KKCCCCOI1FF 10C (ISC) — 152
111 3 5 I0OC-Monitor Clock Interrupt KK000OO1010 10C P) — 153
I 4 6 IOC-CP Interrupt KK0OOOO111t1 10C (150)— P
It 5 7 10C External Interrupt Monitor KKCCcCC1100 IoC Set ASR bit positions:
1181 6 8 10C External Function Monitor KKcccCCl1101 I0C 17,12-9
111 7 9 10C Output Data Monitor KKCccCcClt11o0 10C Clear ASR bit positions:
111 8 10 I0C Input Data Monitor KKCcCcCC1111 10C 6-0
No change: ASR bit 7
v Executive Return (16-Bit code assigned through (ASR) — 155
program design) (ISC) — 156
® — 157 (154)—P
(Set ASR bit positions:
16,11-9
Clear ASR bit positions:
6-0
No change: ASR bit7
*Definitions: MMMM = Memory Bank (0-17)g FF = Function
CCCC = 10C Channel No. (0-17)g 00 = External Interrupt
KK = I0C No. (0-3) - Generated by CP 01 = External Function
that honors the interrupt 10 = Output
PP = CP No. (0-2) 11 = Input




TABLE 11 IOC CONTROL MEMORY BUFFER CONTROL WORD FORMAT

FORMAT 55 38|3736(35 |34 |3332}31 18117 0
CAP k c m byte FA CA
0-17 cA Current Address, the main memory address of the next word transferred,

31-18 FA

33-32 byte

transfer,
34
35 c

37-36 k

55-38 CAP

advanced each time a whole computer word is transferred.

Final Address, compare bits of the last word in the buffer. When the current
address is advanced to equal the final address, the buffer transfer terminates.

Byte, identifying the partial-word position in memory involved in the

Monitor Flag, when set, the buffer transfer termination generates an interrupt.

Chain Flag, when set, indicates that another command follows when this
command or buffer transfer terminates.

Partial-Word Designator, indicating the size of partial-word transfers (whole,
half, quarter or suppressed data) and dictating byte updating.

Command Address Pointer, the address of the next command in the chain.
When the current command or buffer transfer terminates with the Chain Flag
set, the next IOC instruction is read from this address.

controlled by the various fields in associated
control words in the TOC control memory (shown
in Table 11). These words are selected and loaded
according to the commands executed by the 1I0C.
Format and field definitions for the IOC
commands words are shown in Table 12.

Processor - |OC Non-Buffered Requests

Monitor Interrupt Control, IOC Monitor Clock
Control and Clock Read instructions, when
executed by the processor, are placed on the
operand bus with a code addressing the specified
IOC. The 10C accepts the instruction elements via
its CIR, translates the functions described, and
enters or reads the registers specified (RTC, Mon.
clock, Interrupt Lockout Register). RTC and
Monitor Clock data, when read, are transferred to
the processor on the operand bus.
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The processor instructions so handled are these:

07 1 Allow Enable Interrupt

07 2 Prevent Enable Interrupt

07 3 Load IOC Momnitor Clock

07 4 Initiate I/O

77 0 Store IOC Monitor Clock in A
77 1 Store Real Time Clock in A

Externally Specified Index (ESI) Buffer Transfers

Any input and output parallel channel pair may
operate in the ESI mode for input/output data,
external interrupt, and external function
transmission. The program must set the channel
active, with or without a monitor, when such
operation is desired. For output data or external
function operation, the Externally Specified Index
(address) is placed on the low-order 16 input data




Bit

lines and the OUTPUT or EXTERNAL
FUNCTION REQUEST (respectively) is set for
that channel. For input data and external interrupt
operations, the data are placed on the 16
high-order lines, the index placed on the 16 lower
order lines, and the INPUT DATA or EXTERNAL
INTERRUPT REQUEST is set for that channel. In
each case, the index specifies an address in the
lower 65K locations of main memory where the
buffer control word, as described in Figure 19, is
stored.

During the execution of an ESI-controlled transfer,
the 1IOC does not interpret the normal control
memory partial-word designator and the byte
fields. The terminal address designator, initial
address designator and the partial word designator
are processed and stored back in main memory.
The IOC responds with a word transfer and
appropriate acknowledge signal as in a normal
buffer transfer.

31,30,29 | 28 8] 17— 0

Final Compare Current Address

Address*

Partial Word Transfer Designator

0 0 1 Quarter Word (Bits 31-24) Q4

0 1 1 Quarter Word (Bits 23-16) Q3

1 0 1 Quarter Word (Bits 15- 8) Q2

1 1 1 Quarter Word (Bits 7- 0) QI
01 0 Half Word (Bits 31-16) H2

1 1 0 Haif Word (Bits 15- 0) HI

1 0 0 Whole Word - Data justified

right in memory.
0 0 O Suppress Data - No data transferred.

*Maximum ESI buffer size is 2048 addresses.

Figure 19, ESI Buffer Control Word Format
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Since many index addresses can be utilized by a
peripheral device to designate unique buffers for
individual subchannels, upon buffer transfer
termination the IOC stores the index address in the
low-order 16 bits of the memory word specified by
y in the instruction establishing the buffer. It is
therefore available to the program for subchannel
identification.

Externally Specified Address (ESA) Word Transfers

Any input and output channel pair may operate in
the ESA mode to retrieve or store data or
functions on a word-by-word basis. The peripheral
device specifies an address that must be in the
lower 65K words of storage for each input or
output word requested. An input channel activated
by the IOC program will respond to an ESA
input-data or external-interrupt request, and an
activated output channel will respond to an ESA
output-data or external-function request.

For output, the peripheral device places the
address on the lower 16 lines of the input cable
and signals via the OUTPUT DATA or
EXTERNAL FUNCTION REQUEST line on the
output cable., The IOC responds according to
internal priorities, and reads the memory address
specified; it then places the 32-bit contents on the
output cable and signals via the OUTPUT DATA or
EXTERNAL FUNCTION ACKNOWLEDGE
signals, respectively.

For input, the peripheral device places data or
interrupt information on the high-order 16 lines,
places the address on the lower 16 lines and signals
via the INPUT or EXTERNAL INTERRUPT
REQUEST line, respectively, of the input cable.
The 10C responds according to internal priority,
stores the 32 bit contents (data and address) at the
address specified, and signals via the INPUT
ACKNOWLEDGE line. When responding to an
EXTERNAL INTERRUPT REQUEST, the I0C
also sets INTERRUPT ENABLE line.



TABLE 12. 10C COMMAND WORD FORMAT

FORMAT 31— 26(25 24123 —20119 | 18117 0
f k i om ¢ y
Field Definition
f Function code of the command
k Partial word designator: specifies whole, half, quarter or suppressed word transfer
i Channel number designator
m Monitor designator; if set, a monitor interrupt is requested at buffer termination
c Chain flag; if set, another instruction follows
y Address designator; specifies an 18-bit address of the operands.

NOTES:

The Instruction Repertoire is detailed in a later section of this book.

I0C command codes 10 through 16 interpret k as indicated by Tables 13 and 14.

I0C command codes 22 and 24 used the combined k and j fields (kj) to address control memory locations.

IOC command codes 17, 25, and 26 use the combined k and j fields (kj) to identify a bit position in main memory address y.
IOC command codes 20, 23, and 27 do not interpret the k, j, and m fields; they are not used.

31 18 |17 0
Final Address Buffer
Compare Bits Initial
Address

Figure 20. Main Memory Buffer Control Word Format
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TABLE 13. k-FIELD INTERPRETATION: IOC COMMAND CODES 10, 11 & 13

AND ASSOCIATED CONTROL MEMORY WORDS

Memory Change BCW
Transfer Channel Bits Word Bits Current Byte
k Value Description Transferred Transferred Address Bits
0 Data Suppression 31-0 31-0 once for
(32 bits) Output: all zeros f—— each -
Input: — no data transfer
Ist quarter word 7-0 *——'r——' 31-24 once for 0
2nd quarter word 70 —— 23-16 every 1
1 3rd quarter word 70 <——%————- 15- 8 four 2
4th quarter word 70 ——4+—— 7-0 transfers 3
(8 bits) |
l
2 Ist half word 15-0 <—-—:—» 31-16 once for 0
2nd half word 15-0 o——-{—» 15- 0 every two 1
(16 bits) : transfers
|
. I
3 whole word 310 ———— 310 once for -
(32 bits) { each
} transfer
L

TABLE 14. k-FIELD INTERPRETATION: IOC COMMAND CODES 12, 14,15 & 16

Code 15 Code 16
Code 12 Code 14 Request Buffer Activate
Transfer Terminate Termination Command Chain
External Buffer Monitor Using CMW
k Value Functions Transfer for Interrupt for assigned to
Force one Data Data Data
word input input input
Transfer one Data Data Data
word when output output output
requested
Transfer External External External
many words Function Function Function
as requested output output output
Not used External External External
Interrupt Interrupt Interrupt
input input input
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TABLE 15. 10C REQUEST PRIORITIES

NONBUFFERED REQUESTS

REQUEST

PRIORITY REQUEST TITLE ACTION WHEN PROCESSED
1 Clock Request Decreases the IOC monitor clock
count by 1 and increases the real-
time clock count by 1
2 Processor instruction for IOC and Performs the function as commanded.
interrupt status code requests
2a Processor No. 1 Request
2b Processor No. 2 Request
2¢ Processor No. 3 Request
3 Processor Command Address Performs the function as commanded.
request
3a Processor No. 1 Request
3b Processor No. 2 Request
3¢ Processor No. 3 Request
4 Chain commands (channel Performs the function as commanded
associated) according to normal channel priority
BUFFERED REQUESTS
Channel dependent buffer request (includes EI, EF, outputs, and input)
la External interrupt request (occurs Performs a one-word External
when. an external device sets the Interrupt Code transfer as
EXTERNAL INTERRUPT REQUEST governed by the relevant CMR
line) Buffer Control Word.
Ib External Function Request (occurs Performs a one-word External
when an external device sets the Function Code transfer as governed
EXTERNAL FUNCTION by the relevant CMR buffer Control
REQUEST line) Word.
1c Output Data Request (occurs when Performs a one-word data output
an external device sets the OUTPUT transfer as governed by the CMR
DATA REQUEST line) buffer control word.
1d Input Data Request (occurs when Performs a one-word input data

an external device sets the INPUT
DATA REQUEST line)

input transfer as governed by the
relevant CMR Buffer Control Word.
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No

Is there any

request for an
active channel

Select Highest
Priority

First by channel,
then by function

Buffer priority
evaluation by chan-
nel and then by
function (EI, EF,
OD, ID)

\ 4

Update byte field,
and if appropriate,
the CA field in
Control Memory
Word

Y

Transfer non-
suppressed whole
or partial words
to or from
memory

Y
Is buffer
completed

No

Is there a clock

Is there an
interrupt request
from a CP

No

\ 4

Is there a CP
instruction to
process

l Yes

Process instruction
of highest-priority
requesting CP (0-2)

Y

IA) 5 o = FA /

Yes

Is Chain Flag
set in Control
Memory Word

Yes

Deactivate chain
and data

Enable execution
of one more
instruction in this
chain

CAR

€

s

\[*/

update to perform Yes C)

Send highest priority
interrupt within class
(I or III) to highest
priority CP request-
ing (0-2)

?

transfers
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>¢ Is this
instruction No Process
Initiate 1I/O. . instruction
(07 4)
Yes
\
Put address in CAR
(0-2) and activate P A




Add 1 to No Is there a

real-time clock Is t'here a CAR Chain Instruction No
active Request active
\ Yes Yes
\ 4 \ 4
Is monitor clock No . .
ti it I— Process instruction Process instruction
active (positive) from highest-priority from highest-priority
active CAR (0-2) active chain (by
Yes channel, then function)
\ 4
(e
Decrease monitor i -~
clock count by 1
Is the instruction \ Yes
L, i an In1t1ate Buffer
Did monitor clock \ No X ' (t=10,11,12, or ly
become inactive A)
(negative) 9 ¥
y
Yes No Is the instruction Yes Deactivate chain and
Set Chain Active ' channel; select CM
£= 16 address by f and j
Set Monitor Clock
Interrupt request l
[ Transfer k, ¢, and m-
Y — CAP of CMW designators from in-
Process the s}ellgctedtpy kj; set struction to control
instruction chain active memory.
SO€ v
r Transfer BCW from
address y to CMW31_O
Nof 1Is the Chain Flag\ Yes
of the instruction v
- set
A 4 S Activate channel
Deactiva.e CAR or CﬁR + d‘l —»= CAR or
chain controlling (ciiflr‘lollr;%sfcoen) A4
this instruction CAP 4+ 1—= CAP CAR + 1—= CAP of this
chain, or (depending on
l \J\. control source) CAP + 1 of
- chain selecting this instruc-
tion-» CAP of this chain

No Was @ Yes e

entered last

Figure 21. Sequences of IOC Processing
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REPERTOIRE OF INSTRUCTIONS

Conventions and Abbreviations

The following symbols and definitions help to describe instructions in the AN/UYK-7 repertoire.

SYMBOL DEFINITION
@) Contents of the quantity within parentheses
) Complement of the quantity within parentheses
| | Absolute value
Compare
X or - Multiply
+ Divide
- Minus
+ Plus
= Equal
# Not equal
> Greater than
> Greater than or equal to
< Less than
< Less than or equal to
© Logical AND or logical product defined as:
101
0100
1101
@ Inclusive OR or logical sum defined as:
o1
0j01
1 11
® Exclusive OR or logical difference defined as:
01
001
1 10
a Instruction field usually designating an accumulator or index register.
A, Accumulator designated by the q field.
Ay Accumulator designated by the b field.
af4 Instruction field designating the combined a and f4 fields use to specify a control
memory register.
ak Instruction field designating the combined a and k fields used to specify a bit position
or a control memory register.
b Instruction field designating an index or accumulator register.
B, Index register designated by the a field.
By, Index register designated by the b field.
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SYMBOL DEFINITION

c Instruction field designating indirect addressing word type; or the chain flag in
input/output controller commands.

C Input/output channel.

CA Capable of indirect word character addressing; Current address in CMR

Gj Input/output channel designated by the f field.

CD Hardware compare designﬁtor.

CMR Control memory register.

DSwW Designator status words.

EF External function.

EI External interrupt.

f Instruction field designating the major function code.

f f39 fa Instruction fields designating sub-function code.

i Instruction field designating indirect addressing.

1/0 Input/output.

10C Input/output controller.

i Instruction field designating an I/O channel.

k Instruction field partial word designator or I/O function.

kj Instruction field designating the combined k and j fields used to specify a bit position
or control memory register in IOC instructions.

m Instruction field designating a shift count; monitor flag in an 10C command.

n Used as a subscript indicating a bit position; for example, (A )n

NI Next instruction.

OD Overflow designator.

p Indirect word bit position designator.

P Program Address Register.

PL Privileged instruction executable only when the processor is in the Interrupt
(executive) State.

R Capable of being repeated.

RTC Real-time clock.
Instruction field designating a base register.
Base register.

S, Base register designated by the a field.

Sp Base register designated by the b field.

S¢ Base register designated by the s field.

sy Instruction field representing s and y fields in combination.

U U-Register (program control register).

UF ULTRA/3?2 assembler format (defined on coding card)

w Indirect word character length designator.

y Instruction operand field designating an address or value.

Y Effective address formed by y + (Bb) + (Ss)'

Y Effective operand as qualified by k (or p and w when applicable).
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Processor
This section lists the instructions for the processor in the following format.
o Instruction Word format designation, assembler code, octal code, instruction name,
symbolic summary, and execution time in microseconds

o Text defining the instruction in detail
e Notes and/or examples, if any

11 OR 01 0 Inclusive OR MDA — A, 1.5

Set each bit position in A, where the corresponding bit position in (Y) is set. Other bits in A, remain
unchanged.

11 SC 011 Selective Clear Ap ® ) — A, 1.5

Clear each bit position in A, where the corresponding bit position in (Y) is set. Other bits in A, remain
unchanged.

I MS 012 Selective Substitute (Y), — (Ayy]p, When 1.5
(Agy =1

For each bit position set in Aa substitute the corresponding bit from (Y) for the corresponding bit in Aa+ 1>
leaving the remaining bits in A, 1, and all bits in A, unchanged. -

II XOR 013  Exclusive OR (Y) ® (A) — A, 1.5
Complement e;ch bit in A, where the corresponding bit position in (Y) is set. Other bits in A, remain
unchanged.

11 ALP 014 Add Logical Product AgpDT(Y) © (A — Ay 1.5
Add the logical product of (Aa) and (Y) to (Aa+1). Store the result in Aa+i . ‘

II LLP 015 Load Logical Product ) © (A) — A, 1.5
Form the logical product of (Y) and (A,). Store the result in A,.

11 NLP 01 6 Subtract Logical Product (Aa+1) -(Y)® (Aa) — Aa+l 1.5
Subtract from (Aa+1) the logical product of (Y) and (Aa)' Store the result in Aa+l'

I LLPN 017 Load Logical Product Next ) OMA) — A 1.5
Form the logical product of (Y) and (A,) and store the resultin A, . (A,) remain unchanged.

II CNT 020 Count Ones Number‘of 1-bits in (Y) — A, 7.5%

Count the number of 1-bits in (Y) and enter the countin A,.

*Execution time is independent of overlap operation
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II XR 02 2 Execute Remote Y) — U 1.5

Execute the whole or upper-half word instruction at address Y without changing the count in the program
address register.

11 XRL 02 3 Execute Remote Lower (Y)159 —U 1.5

Execute the lower half-word instruction at address Y without changing the count in the program address
register.

11 SLP 02 4 Store Logical Product (A o Agpp) — Y 1.5
Form the logical product of (A,) and (A, 41). Store the result in Y; leave the A registers unchanged.

I1 SSUM 025 Store Sum (APt (Ayp) — Yand A i 2.0
Add (A and (Aa+1). Store the sum in Y and Aa+l' (Aa) remains unchanged.

I SDIF 02 6  Store Difference (Ag41)-(A)) — Yand A, 2.0
Subtract (Aa) from (Aa+1). Store the result in Y and Aa+1 and leave (Aa) unchanged.

11 DS 027 Double Store A (Ag1Ay) — YHLY 3.0

Form a double-word operand with (Aa+1) at the high-order half and (A,) at the low-order half. Store it in
Y+1 and Y, with Y+1 containing the high-order half.

11 ROR 03 0 Replace Inclusive OR KO (A)) — Yand also A, 2.5

Set each bit position in A, where the corresponding bit position in (Y) is set. Other bits in A, remain
unchanged. Store the result in both A, and Y.

1 RSC 031 Replace Selective Clear (Ap) ® (Y) — Y and also A, 2.5

Clear each bit position in A, where a corresponding bit position in (Y) is set. Other bits in A, remain
unchanged. Store the result in both A, and Y.

11 RMS 032 Replace Selective Substitute (Y), —* A1 When 2.5

(Aa)n =1;then (Aa+l) —Y

Substitute bits from (Y) for corresponding bits in (Aa+1) where bits in (Aa) contain 1’s. Store the results in
both At and Y, leaving (Aa) unchanged.

11 RXOR 033 Replace Exclusive OR Y) @ (Aa) —— Y and also Aa 2.5

Complement each bit in A, where the corresponding bit position in (Y) is set. Other bits in A, remain
unchanged. Store the result in both Y and Aa'

1 RALP 034 Replace A + Logical Product (Ayt(Y) O (A)) — Yand 2.5
also Ay

Add the logical product of (Y) and (Aa) to (Aa+1)' Store the results in both Y and Aa+1'
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11 RLP 035 Replace Logical Product YY) © (A,) — Y and also Ast 2.5
Form the logical product of (Y) and (A,). Store the result in Y and Agt1-
11 RNLP 03 6 Replace A - Logical Product Ay -(Y) O (Aa) ——sYand also 2.5
A
at+l

Subtract from (A, ) the logical product of (Y) and (A,). Store the result in Y and Asi-

11 TSF 03 7 Test and Set Flag If (Y)31=0. 1 — Y3 and set 2.5
CD EQUAL
If (Y)31=1 leave it set and set
CD UNEQUAL

Test bit 31 of (Y). If it is 0, set bit 31 of (Y) and set the compare designator to EQUAL (set bit position 2
of ASR). If bit 31 of (Y) is 1, leave it unchanged and set the compare designator to UNEQUAL (clear bit
position 2 of ASR).

11 DL 050 Double Load A Y+1,Y) — A 1, A, 3.0

Load the double-length word, from (Y+1) at the high-order half and (Y) at the low-order half, in A, 1,
holding the high-order half, and A, the low-order half.

I DA 051 Double Add A (Y41, Y) +(Agy1. Ay — A A, 3.0

Add the double-length word, in (A,4;) at the high-order half, and (A,) at the low-order half, to the
double-length word from (Y+1) and (Y), which has (Y+1) as the high-order half. Store the result in Ayt
and A, with A, 14 holding the high-order half.

11 DAN 052 Double Subtract A (Agr1A - (YFLY) — A 1A, 3.0
From the double-length word in (A1) at the high-order half and (A,) at the low-order half, subtract the
double-length word from (Y+1) and (Y), which has (Y+1) at the high-order half. Store the result in A,
and A,, with A, holding the high-order half.

I DC 053 Double Compare (Ags1Ay) 1 (Y+1,Y); Set CD 3.0
Compare the double-length word in (A, 1) at the high-order half, and (A,) at the low-order half, with the

double-length word from (Y+1) and (Y), which has (Y+1) at the high-order half. Set the comparison
designator as follows:

If (Ayy1,A,) = (Y+1,Y) set ASR bit 2 (EQUAL)

If (A4 1,A,) # (Y+1,Y) clear ASR bit 2 (UNEQUAL)

If (A,y 1,A,) = (Y+1,Y) set ASR bit 1 (GREATER THAN OR EQUAL TO)
If (Agy1,A,)< (Y+1,Y) clear ASR bit 1 (LESS THAN)

Both ASR bits will reflect comparison results.
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II LBMP 054 Load Base and Memory Protection (Y)j7.9 —* S, (Task); 5.75
(Y+1)y9.0 — SPR,
s — SIRy19:17;
v+Bp)15.0 — SIRyi50

Load the task base register specified by a with the low-order 18 bits of (Y). Load the associated storage
protection register (also specified by a) with the low-order 21 bits of (Y+1). Load the associated segment
identifications register (specified by a) with the s value in bits 19-17 and the relative address quantity
Y"'(Bb)lS-O in bits 15:0.

RESTRICTIONS: The relative address quantity must be an even number or an Illegal Instruction Interrupt
will be generated. If in the Task State, three conditions must prevail, or a Privileged Instruction Error
Interrupt will be generated:

1) Bit 8 (Load Base Enable) of the Active Status Register must be set.

2) The s-field must be 7.

3) The a-field must not be 7.

Table 16 illustrates the Storage Protection Register format.

1 i 1
; (Y+1) or (Ag41) ! (Y) or (A,) 5
31 M 0 | 31—Sign—16 1 15 C 0

1
One’s-Complement Mantissa (M) One’s-Complement Characteristic (C)
1.0 > M} 2 % (Normalized) 432767 2 C 2 -32767

Mantissa is normalized so that (Y+1 )31 #(Y+1 )30-and (A, 11)31 + (Au+1)30

Figure 22. Normalized Floating-Point Word Format

II FA 06 0 Floating-Point Add 6.25%

Operands must be normalized before entry. Add the floating-point number in Y+1 and Y to the
floating-point number in A,;q and A,. Leave the normalized sum mantissa in A, and the adjusted
characteristic in A,,.

11 FAN 06 1 Floating-Point Subtract 6.25%
Operands must be normalized before entry. Subtract the floating-point number in Y+1 and Y from the

floating-point number in A,,{ and A,. Leave the normalized difference mantissa in Agy 1 and the adjusted
characteristic in A,,.

*Execution time is independent of overlap operation
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TABLE 16. STORAGE PROTECTION FORMAT AND EXAMPLES

201 19 |18 17| 16| 15

I OR | OW| IA | IR R

Maximum allowable displacement; number of words protected
minus 1. Final address=(S) + R

When set, the interrupt group of B and S registers specified in the
indirect control word are used for addressing.

When set, indirect addressing is permitted.

When set, storing operands is permitted.

When set, reading operands is permitted.

When set, executing instructions is permitted.

Assume: 1. Task State
0 1 5 0 0 0
2. $)3= 000 001 101 000 000 000
0 0 4 0 0 0
3 _ | rlorlow|ia| = R
- @PR3=14l1l0]o]| o 0 000 100 000 000 000
0 0 3 0 0 0
4. B)y = 0 000 011 000 000 000
Lower Limit = (8)3 = 015000 (octal)
Upper Limit = (S)3+ R=021000 (octal)
Class II
Type of Net Address | Within SPR Ref. Interrupt
Reference Referenced | Limits? Enabled? | Allowed? Generated
Instruction, 016000 Yes Yes Yes None
P=3, P;=001000 =1
Instruction, 022000 No Yes No Instruction
P=3, P;=005000 =1 limit
Operand Read 017000 Yes Yes Yes None
s=3, b=0, i-0, y=002000 OR=1
Operand Read 022000 No Yes No Operand
s=3, b=2, i=0, y=002000 OR=1 limit
Operand Read 017000 Yes No No Operand read
s=3, b=0, i=1, y=002000 1A=0 or indirect addressing
Operand Write 017000 Yes No No Operand
s=3, b=0, i=0, y=002000 Oow=0 Write
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11 FM 062  Floating-Point Multiply 10.0"

Operands must be normalized before entry. Multiply the floating-point number in A, and A, by the
floating-point number in Y+1 and Y. Leave the normalized product mantissa in A,41 and the adjusted
characteristic in A,.

1 FD 06 3  Floating-Point Divide 17.0%

Operands must be normalized before entry. Divide the floating-point number in A, ,; and A, by the
floating-point number in Y+1 and Y. Leave the normalized quotient mantissa in A,41 and the adjusted
characteristic in A,.

ROUNDING OF FLOATING POINT RESULTS

Mantissa rounding is performed (A,;) according to the status of the intermediate double-length result in the
arithmetic section for add, subtract and multiply; and according to the value of the remainder in divide
operations. The final sum or difference mantissa in (A, ) is rounded as follows:

1. If bit 31 of the 64 bit intermediate sum or difference equals 1 and (A,41) are positive, 1 is added to
(Aa+1)'
2. If bit 31 of the 64 bit intermediate sum or difference equals 0 and (A,41) are negative, 1 is subtracted from

(Aa+1)'

3. If not 1 or 2 above, (A, ;) are not changed.

4. If overflow results in 1 or 2 above (A, ) are shifted right one place, 1 is added to the characteristic
exponent in A, and the mantissa sign bit in A, 41 is restored.

Rounding of a product mantissa is done before final sign correction.
1 is added to (A,4;) if bit 31 of the 64 bit intermediate product equals 1; otherwise (A,4+1) are not changed.
Rounding of a quotient mantissa is done before final sign correction.
1. If the remainder is equal to or greater than one-half the divisor and there is no overflow, 1 is added to
(Aa+1)'

2. If bit 31 of the quotient in A, 4| equals 1, (A, ) are shifted right one place, (Aa+l)0 before shifting, is
added to the shifted (A, +1) and 1 is added to the characteristic exponent in A, .

I FAR 064 Floating-Point Add with Round 6.251

Operands must be normalized before entry. Add the floating-point number in Y+1 and Y to the
floating-point number in A,;; and A,. Leave the rounded and normalized sum mantissa in A, 41 and
adjusted characteristic in A, '

Il FANR 065 Floating-Point Subtract with Round 6.25%

Operands must be normalized before entry. Subtract the floating-point number in Y+1 and Y from the
floating-point number in A, and A,. Leave the rounded and normalized difference mantissa in A,4q and
the adjusted characteristic in A,.

*Execution time is independent of overlap operation
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II FMR 06 6 Floating-Point Multiply with Round 10.07

Operands must be normalized before entry. Multiply the floating-point number in A, and A, by the
floating-point number in Y+1 and Y. Leave the rounded and normalized product mantissa in A,+1 and the
adjusted characteristic in A,.

I FDR 067 Floating-Point Divide with Round 17.0%

Operands must be normalized before entry. Divide the floating-point number in A, and A, by the
floating-point number in Y+1 and Y. Leave the rounded and normalized quotient mantissa in A, and the
adjusted characteristic in A,.

II XS 07 0  Enter Executive State sy + (By)15.0 — CMRI156 4.0
a=0

Generate a Class IV Executive Return interrupt and transfer Y = sy +(Bb)1 5.¢ to the interrupt status code

word location, 156, for the Executive State.

NOTE: When the interrupt is honored: (ASR) — CMR address 155
(P). — CMR address 157
ASR interrupt lockout bits remain unchanged
and (CMR154) — P

II IPI 07 0  Interprocessor Interrupt 4.0
a=1 (Privileged)

Generate a Class Il interrupt to all processors whose assigned number (7 through 0) corresponds to an
individual bit position of Y7 q that is set. Y = sy + (By,)15.. Ignore a self-interrupt thus generated if bit
position 15 of Y is set. Otherwise honor the self-interrupt. Bits 14-8 of Y are not used.

11 AFEI 071 Allow Enable Interrupt 2.0
(Privileged)

Allow interrupt requests in the IOC specified by a (a= 0,1, 2 or 3;4-7 are not used) on each channel whose
number corresponds to the bit position setin Y{5.. Y =sy +(By)150.

II PEI 07 2 Prevent Enable Interrupt 2.0
(Privileged)

Prevent interrupt requests in the IOC specified by a (a = 0, 1, 2 or 3; 4-7 are not used) on each channel
whose number corresponds to the bit position in Y5 q that is set. Y = sy + (By)15.0-

11 LIM 07 3  Load IOC Monitor Clock Y — 10C, Monitor Clock 3.0
Load the monitor clock in the I0OC specified by a (a=0, 1, 2, or 3; 4-7 are not used) with Y, The value
Y = sy + (By)1 5.0 determines the monitor clock action. If Y is negative the clock is disabled; if zero the

IOC immediately generates a Class III JOC-CP interrupt to all processors connected to that IOC. If Y is
positive the clock count-down function is enabled.

*Execution time is independent of overlap operation

52



11 IO 074 Initiate I/O Y — 10C, 3.5

Initiate a chain in the IOC specified by a (a = 0, 1, 2, or 3; 4-7 are not used) and transmit Y to the
command address register of that IOC. Y is the address of an I0C instruction.

II IR 075 Interrupt Return 3.0

Return control to the processor state specified by the designator storage words. Restore the ASR and P
from the designator storage words assigned to this interrupt state. Control Memory designator storage
words transferred when returning from:

ClassI interrupt; (141) — ASR;(143) — P
Class II interrupt; (145) — ASR;(147) — P
Class IIl interrupt; (151) — ASR;(153) — P
Class IV interrupt; (155) — ASR;(157) — P

11 RP 076 Repeat 1.5
Repeat the next instruction in the program sequence (B7) times. If (B7) = 0, skip the next instruction. If
(B7) # 0, repeat the next instruction (By) times and decrease (B7) by one each time the next instruction is

executed until either (B7) becomes zero or the condition specified by the a-designator is satisfied as follows:

TERMINATE REPEAT CONDITIONS

Special a
value in Repeat Terminate repeated Terminate repeated
instructions non-compare instructions compare instructions

0 If(A)#0 If CD set to #

1 If(A)=0 IfCD set to =

2 If(A)=20 If CD set to >

3 If (A)< O If CD setto =

4 Do not terminate IfCD setto<

5 If (A) is even parity on If CD set to <
write into memory

6 If (A) is odd parity on write If CD set to Outside Limits
into memory

7 Do not terminate If CD set to Within Limits
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sy is the increment or decrement to the repeated instruction address for each execution. Designators and
fields in the repeat and in the repeated instructions, or associated indirect address words, are interpreted as

follows:
The repeat instruction The repeated instruction
If repeat instruction designators are designators are
Contains: interpreted as: interpreted as:
b = 0 (Special) Y=sy, a 16-bit signed The operand address Y=y + (By) +
constant A (Sy) for all Read, Store, and Replace
instructions. A + (By,) — By, each
execution
b # 0 (Special) Y=sy, a 16-bit signed The operand address Y=y + (Bb) +
constant A (Ss) for Read and Store instructions and
for the read portion of the Replace
instruction; for the store portion of
Replace instruction Y =y + (By) + (Sg).
Then A + By, — By each execution.
I LA 10 Load A Y — A, 1.5
Load A, with Y
1 LXB 11 Load A and Index B Y — Aa; (Bb)IS-O +1 — By, 1.5

Load Aa with Y. Add 1 to the lower 16 bits of (Bb) and put the result in Bb'

I LDIF 12 Load Difference

Y-(Ap — Agrs (A= (Ays 1.5

Subtract (A,) from Y; put the result in A {. (A,) remain unchanged.

1 ANA 13 Subtract A
Subtraet Y from (A,); put the result in A,.
I AA 14 Add A

Add Y to (A,); put the result in A,,.

| LSUM 15 Load Sum

Add Y to (A,); put the result in A, ;. (A,) remain unchanged.

I LNA 16 Load Negative

Load A, with the one’s complement of Y.
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1 LM 17 Load Magnitude | Y 1.5
Load A, with the absolute value of Y. Complement whole-, half- or quarter-words when Y3 equals 1.

I LB 20 Load B Y — B, 2.0
Load the lower 16 bits of Ba with Y. If a=0, no operation results.

I AB 21  AddB (Bi50+tY — B, 2.0

Add the lower 16 bits of (B,), zero-extended, to Y. Put the result in the lower 16 bits of B,. If =0, no
operation results.

I ANB 22 Subtract B B)is0-Y — B, 2.0

Subtract Y from the lower 16 bits of (B,), zero-extended. Put the result in the lower 16 bits of B,. Ifa=0,
no operation results.

1 SB 23 Store B B)iso —Y 1.5
Store the lower 16 bits of (B,) at memory address Y. If a = 0, the value zero is stored at Y.

I SA 24 Store A A — Y 1.5
Store (A,) at memory address Y.

| SXB 25 Store A and Index B (Ay)) — Y;(Bp)150+1 — By 1.5

Store (A,) at memory address Y. Add 1 to the lower 16 bits of (By); put the result in the lower 16 bits of
Bb'

I SNA 26 Store Negative A)'— Y 1.5
Store the one’s complement of (A,) at memory address Y.
1 SM 27 Store Magnitude | (Aa)l — Y 1.5

Store the absolute value of (A,) at memory address Y. Complement whole or partial words when (A,)3
equals 1.

I BZ 32 Clear Bit 0 — (V) 2.5

Clear the bit position in memory address Y that corresponds to the value in the combined ak field. Values O
through 37 octal are permitted for ak.

I BS 33 Set Bit I — (V) 2.5

Set the bit position in memory address Y that corresponds to the value in the combined ak field. Values 0
through 37 octal are permitted for ak.

I RA 34 Replace Add Y + A — Y and also A, 44 2.5

Add Y to (Ap) and store the result in both Aa-H and Y. (A,) remain unchanged.
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I RI 35 Replace Increment Y —A; 25
(Aa) +] —» Aa and also Y

Load A, with Y. Add 1 to (Aa) and store the result in both Ajand Y.
I RAN 36 Replace Subtract Y-(A;)) — Yandalso A,y 2.5
Subtract (A,) from Y and store the result in both A,y and Y. (A,) remain unchanged.

I RD 37 Replace Decrement Y —A,; 2.5
(Ap)-1 — Ajandalso Y

Load A, with Y. Subtract 1 from (Aa) and store the result in both Ajand Y.
I M 40 Multiply A (A - Y — A4, 7.5%

Multiply (A,) by Y. Put the result in the double-length register formed by A,;; and A,, with the
high-order half in A, .

I D 41  Divide A (Agi1A) + Y — A, 14.5%
Rem. — A,

Divide the contents of the’double-length register formed by A, and A,, by Y. Put the quotient in A, and
the remainder in A, ;. If the quotient exceeds 31 data bits and one sign bit, indicate as fixed-point
overflow in the ASR (divide overflow).

I BC 42 Compare Bit to Zero () : O Set Ch 1.5

Compare to zero the bit in (Y) that corresponds to the value in the combined ak field and set the compare
designator to EQUAL or UNEQUAL as the result indicates. Values 0 through 37 octal are permitted for ak.

I CXI 43 Compare Index Increment Bs0:X 2.0
If 2Y,0 — B,,CDind.OL
If<Y,B,)+1!—B,CDind. WL

Compare (B,) to the lower-order 16 bits of Y. If (B,) are equal to or greater than Y, set the compare
designator to OUTSIDE LIMITS and clear B,. If (B,) are less than Y, increase (B,) by 1 and set the
compare designator to WITHIN LIMITS. : :

I C 44 Compare (Aa) 1Y Set CD 1.5

Compare (A,) with Y. Set CD as follows:
If (A, =Y, set ASR bit 2, (EQUAL)
If (A,) # Y, clear ASR bit 2, (UNEQUAL)
If (A)2Y, set ASR bit 1, (GREATER THAN OR EQUAL TO)
If (A,)< Y, clear ASR bit 1, (LESS THAN)

Both ASR Bits will reflect comparison results.

*Execution time is independent of overlap operation

56



I CL 45 Compare Limits (Aur) XY, (A : 1.5

Y
> (A,), CD ind. WL
orY < (Aa), CD ind.OL

Compare (Aa+1) and (Aa) with Y and indicate the comparison result in the ASR as follows:
If Y lies between the two A values or is equal to (A,) indicate WITHIN LIMITS; otherwise,
indicate OUTSIDE LIMITS.

I CM 46 Compare Masked (Ap) OY:(Au4p) SetCD 1.5

Compare the logical product of (Aa) and Y with (Aa+1). Indicate the result in the ASR comparison
designator as follows:

If (Agy1) = (A © Y, set ASR bit 2; (EQUAL)

If (Agy1) # (Ay) © Y, clear ASR bit 2; (UNEQUAL)

If (Ay41) = (A,) © Y, set ASR bit 1;(GREATER THAN OR EQUAL TO)
If (A, 1) <(Ay) © Y, clear ASR bit 1; (LESS THAN)

(A,) remain unchanged. Both ASR bits will reflect comparison results.
I CG 47 Compare Gated |§_{ - (Aa)l :(Aggp) SetCD 1.5

Compare the absolute value of the difference between Y and (Aa) with (Aa+l)° Indicate the comparison
result in the ASR as follows:

If]| Y - (Ay)] = (Ag41), set ASR bit 2; (EQUAL)

1f] Y - (A)| # (A 1), clear ASR bit 2; (UNEQUAL)

If| Y - (A,)| > (A 1), set ASR bit 1;(GREATER THAN OR EQUAL TO)
If| Y - (A,)] <(Ap1), clear ASR bit 1; (LESS THAN)

(A,) remain unchanged. Both ASR bits will reflect comparison results.

OPERAND INTERPRETATIONS FOR JUMP INSTRUCTIONS (FORMAT III)

k is not used
When i = 0 the jump address Y =y + (By,) + (Sy)
When i = 1 the indirect control address Y =y + (By) + (SS).

Indirect addressing continues through all indirect control words until i = 0 is encountered.
Depending on the c-field in the indirect control word the jump address will be Y =y + (By) + (Sy),
Y = sy + (Sb) or Y =gy + (Bb)_l 50t (S) as specified by (Bb)19-17 as designated by those
respective fields in the indirect control word. A request for character addressing in the indirect
control word for a Format III instruction is not allowed. These are jump instructions.
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I JEP 500 Jump on Even Parity (Ap) ® (Ag+1)s 2.0
If ODD parity, do NI;
If EVEN parity, Y — P

Form the logical product of (A,) and (Aa+l)' If the count of one bits in the result is ODD, execute the
next instruction; otherwise, transfer Y to the P-register for a program jump. (See box, page 57.)

III 110) 501 Jump on Odd Parity (A,) ® (Agt1)s 2.0
’ If EVEN parity, do NI;
If ODD parity, Y — P

Form the logical product of (A,) and (A,41). If the count of ones in the result is EVEN, execute the next
instruction; otherwise, transfer Y to the P-register for a program jump. (See box, page 57.)

III DJZ 502 Jump on Double Precision Zero If (A41,A,) 7 0,do NI 2.0
If (Ag41,A)=0,Y — P

Form the double-length operand with (A,;;) and (A,). If the operand is not zero, execute the next
instruction; otherwise, transfer Y to the P-register for a program jump. (See box, page 57.)

111 DINZ 50 3 Jump on Double Precision Not Zero If (A ;1,A,) #0,Y — P 2.0
If (A,41,A,)=0,do NI

Form the double-length operand with (Aa+1) and (Aa)' If the operand is zero, execute the next instruction;
otherwise, transfer Y to the P-register for a program jump. (See box, page 57.)

I Jp 510 Jump A Positive If(A)) 2 0,Y —P, 1.5
otherwise do NI

Test (A,)3q for algebraic sign. If (A,) are negative, execute the next instruction; otherwise, transfer Y to
the P-register for a program jump. (See. box, page 57.)

111 IN 511 Jump A Negative If(A) <0, Y —P, 1.5
‘ otherwise do NI

Test (A,)3; for algebraic sign. If (A,) are positive (zero included), execute the next instruction; otherwise,
transfer Y to the P-register for a program jump. (See box, page 57.)

II1 JZ 512 Jump A Zero If(A)=0,Y —P, 1.5
otherwise, do NI

Test (A,) for zero. If it is not zero, execute the next instruction; otherwise, transfer Y to the P-register for a
program jump. (See box, page 57.)

I INZ 513 Jump A Not Zero If (A,) +0,Y— P, 1.5
otherwise, do NI

Test (A,) for zero. If it is zero, execute the next i_nstruction; otherwise, transfer Y to the P-register for a
program jump. (See box, page 57.)
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III LBJ 520 Load B and Jump ®+1—B,;Y—P 1.8

Save the address of the next instruction by loading it into B,; transfer Y to the P-register to effect a
program jump, (i.e., transfer (P), 5.0 to Bal and (P)1g9.17to B ). (See box, page 57.)

5-0 419-17
Il  JBNZ 521 IndexJumpB If (B,)1 5.0 = 0, do NI, 1.8
otherwise (B,)159-1 —> By;
Y—P

Test the lower 16 bits of (B,) for zero. If (B,) are zero, execute the next instruction; otherwise, decrease
(B,) by 1 and transfer Y to the P-register for a program jump. (See box, page 57.)

11 JS 522 Jump sy+B [sy + (Bb)IS-O] zero ext. and 1.5
®Bp)ig-17— P

Transfer Y to the P-Register for a program jump as follows:
Transfer sy + (By,) 5.9 to Py5_g, the d-field
‘Transfer (By)19.17 to Pyg_17, the s-field
(The resultant jump address is sy + (Bp)15-0 + (S) as designated by (B,)19.17-)

I JL 523 Unconditional Jump Lower Y—P; (YY) — U, 1.5

Transfer Y to the P-Register for a program jump and execute the instruction stored in the lower half of that
address. (See box, page 57.)

[11 JNF 530 Jump On No Overflow IfOD#1,Y— P 1.5
a=0 If OD =1, clear it and do NI

If the fixed-point overflow designator is set, clear it and execute the next instruction. Otherwise, transfer Y
to the P-Register for a program jump. (See box, page 57.)

H1 JOF 530  Jump On Overflow IfOD=1,clearitand Y — P 1.5
a=1 IfOD # 1,do NI

If the fixed-point overflow designator is not set, execute the next instructruction. Otherwise clear the
designator and transfer Y to the P-Register for a program jump. (See box, page 57.)

I1 JNE 531 Jump On Not Equal If CD =,do NI 1.5
a=0 IfCD#,Y— P

If the compare designator indicates EQUAL (ASR bit position 2 is set), execute the next instruction. If the
CD indicates UNEQUAL, transfer Y to the P-Register for a program jump. (See box, page 57.)

I JE 531 Jump On Equal If CD #, do N1 » 1.5
a=1 IfCD=,Y—P

If the compare designator indicates UNEQUAL (ASR bit position 2 is cleared), execute the next
instruction. If the CD indicates EQUAL, transfer Y to the P-Register for a program jump. (See box, page 57.)
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I1I JG 531 Jump On Greater Than IfCDs 2 and#,Y— P 1.5
a=2 Otherwise, do NI

If the compare designators do not indicate GREATER THAN (ASR bit position 1 cleared OR position 2
set), execute the next instruction. If the CD indicates GREATER THAN OR EQUAL AND UNEQUAL
(ASR bit position 1 set AND position 2 cleared), transfer Y to the P-Register for a program jump. (See
box, page 57.) '

11 JGE 531 Jump On Greater Than IfCD’s 2 or=orboth,Y — P 1.5
a=3 Or Equal Otherwise, do NI

If the compare designators do not indicate GREATER THAN OR EQUAL, execute the next instruction. If
the CD’s indicate either GREATER THAN OR EQUAL OR EQUAL (ASR bit position 1, OR bit positions
1 and 2 are set), transfer Y to the P-Register for a program jump. (See box, page 57.)

I JLT 531 Jump on Less Than If CD indicates < ,Y — P; 1.5
a=4 Otherwise, do NI

If the compare designator does not indicate LESS THAN, execute the next instruction. If the CD indicates
LESS THAN (ASR bit position 1 cleared), transfer Y to the P-Register for a program jump. (See box,page57.)

I JLE 531 Jump on Less Than If CD indicates < or = or both, 1.5
a=5 Or Equal Y — P; otherwise, do NI

If the compare designators do not indicate either LESS THAN OR EQUAL, execute the next instruction. If
the CD indicates either LESS THAN OR EQUAL (ASR bit position 2 set OR bit position 1 cleared),
transfer Y to the P-Register for a program jump. (See box, page 57.)

111 JINW 531 Jump Outside Limits IfCDisOL,Y — P; 1.5
a=6 Otherwise, do NI

If the compare designator does not indicate OUTSIDE LIMITS, execute the next instruction. If the CD
indicates OUTSIDE LIMITS (ASR bit position O cleared), transfer Y to the P-Register for a program jump.
(See box, page 57.)

11 w 531 Jump Within Limits IfCDisWL,Y — P; 1.5
a="7 otherwise, do NI

If the compare designator does not indicate WITHIN LIMITS, execute the next instruction. If the CD
indicates WITHIN LIMITS (ASR bit position O set), transfer Y to the P-Register for a program jump. (See
box, page 57.)

I RJ 532 Return Jump : P)+1—Y;Y+]1 — P 3.0
a=0

Store the contents of P +1 in address Y. Transfer Y+1 to the P-Register to effect a program jump. (See

box, page 57.)

1T RIC 532 Return Jump P+l —Y;Y+1—> P, 3.0
a=1,2,0r3 o per JUMP switch selected
otherwise do NI
If JUMP switch a is selected, store the contents of P +1 in Y. Transfer Y+1 to the P-Register to effect a
program jump. If switch a is not selected, execute the next instruction. (See box, page 57.)
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111 RISC 532 Return Jump P)+1—Y; Y+l —P
a=4,5,6,o0r7 Stop per STOP switch selected; ‘
(Privileged) otherwise, execute jump without stop

Store the contents of P, +1, in Y; transfer Y+1 to the P-Register; and, if a=4 or STOP switch a is selected,
stop the computer. When the computer is started again, execute the jump. (See box, page 57.)

111 J 533 Manual Jump Y—P 1.5
a=0

Transfer Y to the P-Register and execute the whole or upper-half-word instruction stored at that address.
(See box, page 57.)

III JC 533 Manual Jump Y — P per JUMP switch selected 1.5
a=1,2,o0r3 otherwise, do NI

If JUMP switch a is selected, transfer Y to the P-Register for a program jump. Execute the whole or
upper-half-word instruction stored at that address. (See box, page 57.)

111 JSC 533 Manual Jump Y—P
a=4,5,6,or7 Stop per STOP switch selected;
(Privileged) otherwise, execute jump without stop

Transfer Y to the P-Register and, if a=4 or STOP switch a is selected, stop the computer. When the
computer is started again, execute the jump. (See box, page 57.)

I LCT 54 Load CMR Task (Y) — CMR, 1.5

Load the contents of memory address Y into the control memory register specified by the combined ak
field. Values for ak from 00 through 77 are permitted as follows:

00-17 for Task State

20-27 for Interrupt State only (privileged)
30-57 not available

60-77 for Interrupt State only (privileged)

NOTE: If this instruction is executed in the repeat mode, the
instruction is privileged and cannot be interrupted;
the ak value is increased by 1 with each execution.

I LCI 55 Load CMR Interrupt Y) — CMRak+100 1.5
(Privileged)

Load the contents of memory address Y into the control memory register specified by the combined ak
field plus 100. Values of ak from 00 through 27 and from 40 through 77 are permitted. (Registers 130-137
are not available.)

NOTE: Changing the base register designated by PS will cause a program jump.
Also see note under 54.
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I SCT 56  Store CMR Task (CMR,) — Y 1.5

Store the contents of the control memory address specified by the combined ak field in memory address Y.
Values of ak from 00 through 77 are permitted as follows:

00-17 for Task State

20-27 for Interrupt State only (privileged)
30-57 not available

60-77 for Interrupt State only (privileged)

(See note under code 54.)

I SCI 57 Store CMR Interrupt (CMR 141000 — Y 1.5
(Privileged)

Store the contents of control memory address, specified by the combined ak field plus 100, in memory
address Y. Values of ak from 00-27 and 40-77 are perm1tted (Register addresses 130-137 are not available).
(See note under code 54.)

IV-A HSCT 60  Store CMR in A (CMR ¢ ) — Ay 1.75
=0 (Task) 4

Store the contents of the control memory address specified by the combined af4 field in the A-register
specified by the b field. Values of af4 from 00 through 77 are permitted as follows:

00-17 for Task State

20-27 for Interrupt State only (privileged)
30-57 not available

60-77 for Interrupt State only (privileged)

For addresses 11-17 (index registers) only the low-order 16 bits are transferred.

IV-A  HSCI 60 Store CMR in A (CMR ¢ 11000 — Ap 1.75
o i=1 (Interrupt) 4 .
(Privileged)

Transfer the contents of the control memory register specified by the combined af4 field plus 100 to the
A-register specified by the b field. For addresses 11-17 (index registers) only the low-order 16 bits are
transferred. Values for af4 from 00 through 27 and 40-77 are permitted. (Register addresses 130-137 are
not available.)

IV-A  HLCT 61 Load CMR from A (Ap) — CMRéf 1.75
. 4
i=0 (Task)

Load the control memory register specified by the combined afy field with the contents of the A-Register
specified by the b field. Values of af4 from 00 to 77 are permitted as follows:

00-17 for Task State

20-27 for Interrupt State only (privileged)
30-57 not available

60-77 for Interrupt State only (privileged)

For addresses 11 through 17 (index registers) only the low-order 16 bits are transferred.
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IV-A  HLCI 61 Load CMR from A (Ap) — CMR,4¢ 1100 1.75
i=1 (Interrupt) 4
(Privileged)

Load the control memory register specified by the combined af4 field plus 100 with the contents of the
A-register specified by the b field. Values for afy4 from 00-27 and 40-77 are permitted. For addresses 111
through 117 (index registers) only the low-order 16 bits are transferred. (Register addresses 130-137 are not
available.)

IV-B  HLC 62 Shift Left Circular 1.75

Shift (A,) circularly to the left according to the m field shift count definition in Figure 23 . The maximum
shift is 63 places.

b-field

m-field bit numbers

shift count

bit interpretations shift count in By,

_

IR M A
N

|l

shift count in Ab

Figure 23 . m-Field Interpretation for Shift Instructions (codes 62-67)
IV-B  HDLC 63 Shift Double Left Circular 1.75

Shift the double-length word with (A,41) at the high-order half and (A,) at the low-order half circularly to
the left, according to the m-field shift count definition in Figure 23. The maximum shift is 63 places.

IV-B HRZ 64 Shift Right Fill Zeros 1.75

Shift (Aa) to the right according to the m-field shift count definition in Figure 23. Drop bits at low-order
end and fill with zeros at the high-order end. The maximum shift is 63 places.

IV.B HDRZ 65 Shift Right Double, Fill Zeros 1.75
Shift the double word with (A,4+1) at the high-order half and (A,) at the low-order half to the right
according to the m-field shift count definition in Figure 23. Drop bits at the low-order end and fill with
zeros from the high-order end. The maximum shift is 63 places.

IV-B1 HRS 66 Shift Right Sign Fill 1.75

Shift (A,) to the right according to the m-field shift count definition in Figure 23. Drop bits at the
low-order end and fill the high-order end with the sign bit from (A,)31- The maximum shift is 63 places.
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IV-B  HDRS 67 Shift Right Double, Sign Fill ' 1.75

Shift the double word with (Aa+1) at the high-order half and (A,) at the low-order half to the right
according to the m-field shift count definition in Figure 23. Drop bits at the low-order end and fill the
high-order end with the sign bit from (Aa+l )31. The maximum shift count is 63 places.

IV-A  HSF 700  Scale Factor 2.25

Shift (Aa) circularly to the left until (A3 + (Ay)30- Count the number of places shifted and store the
count in Ay. If a=b, the word is normalized but no shift count is stored. If (A are all ones or all zeros,
the maximum shift count, 37g, is stored.

IV-A  HDSF 701  Double Scale Factor 2.25

Shift the double-length word with (A,41) as the high-order half and (A,) as the low-order half circularly to
the left until (Ay41)31 # (Az+1)30- Count the number of places shifted and store the count in Ay,. If a or
a+1 = b, the word is normalized but no shift count is stored. If (A,,1, A,) are all ones or all zeros, the
maximum shift count, 77g is stored.

IV-A  HCP 702 Complement A (A))'— A, 1.1
Complement (A,) and leave the results in A,.
IV-A HDCP 703  Double Complement A (Aut1A9) — ApA, 1.1

Complement the double-length word with (A, 1) at the high-order end and (A,) at the low-order end; store
the result in the double-length register A, 41, A,.

IV-A HOR 710 Logical Sum (A @ (A — A, 1.0

Set each bit position in A, where the cotresponding bit in Ay, equals 1 (Inclusive OR). Other bits in A, and
all bits in Ay, remain unchanged.

IV-A HA 711  Sum (A +(Ap) — A, 1.0

Add (A,) to (Ay) and store the result in A,. If a=b, (Ay,) are changed by the addition; otherwise, they are
not.

IV-A HAN 712 Difference (A -(Ap) — Ay 1.0
Subtract (A,) from (A,) and store the result in A,. If a=b, (A,)~0. se,
IV-A HXOR 713 Logical Difference (A ©) (Ap) — A, 1.0

Complement each bit in A, where the corresponding bit in Ay, equals 1 (Exclusive OR). Other bits in A,
and (if a#b) all bits in Ay remain unchanged. If a=b, (A,)f= 0.
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IV.- A HAND 715 And (Aa) O) (Ab)—» Aa 1.0
Form the logical product of (Aa) and (Ay). Store the result in A,, leaving (Ay) unchanged.
IV-A HM 740  Multiply Register (A - (Ap) — Ay, A, 7.75%

Multiply (A,) by (Ayp); store the double-length product in Aa+1 and A,, with A, holding the high-order
half. (Ay,) are not changed unless b=a or at1.

IV-A HD 741  Divide Register L A A + (Ap) — Ay 15.0"
Rem. —_— Aa+1

Divide the double-length word with (A,41) at the high-order half and (A,) at the low-order half by (Ap).
Store the quotient in A, and the remainder in A, 1. (A},) are not changed unless b=a or a+1.

IV-A  HRT 74 2  Square Root V(Aa.,_l, Ay — Ay 15.0
Residue —» Ab+1

Take the square root of the double-length word With (Aa+1) at the high-order half and (Aa) at the

low-order half. Store the root in Ab and the residue in Ab+1' (Aa) remain unchanged unless a=b or b+1;

and (Aa+1) remain unchanged unless b=a or a+1.

IV-A HLB 743 Load B, with By (B)15.0— B, 1.75

Load the low-order 16 bits of By, into the corresponding bit positions in B,. If a = 0, no operation results.

IV- A HC 74 4  Compare, Register (A,):(Ap); Set CD 1.1
Compare (Aa) with (Ab). Indicate the result in the ASR comparison designator as follows:

If (A,) = (A}), set ASR bit position 2; (EQUAL)

If (A,) = (Ay), clear ASR bit position 2; (UNEQUAL)

If (A,) 2(Ay), set ASR bit position 1;(GREATER THAN OR EQUAL TO)
If (A,) <(Ay), clear ASR bit position 1; (LESS THAN)

Both ASR bits will reflect comparison results.
IV. A HCL - 745 Compare Limits, Register (Ap):(Ag4 & (A,); Set CD 1.75
Compare (Ay,) with (A,41) and (A,). Indicate the comparison result in the ASR as follows:

If (A,+1) > (Ap) 2 (Ay), clear ASR bit position 0; (WITHIN LIMITS)
If (Ay) 2 (Az4q) or (Ay) > (Ap), set ASR bit position 0; (OUTSIDE LIMITS)

*tExecution time is independent of overlap operation.
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IV-A HCM 746  Compare Masked, Register (Age1) © (Ap:(Ap); Set CD 1.1

Compare the logical product of (A,1) and (A,) with (Ay,). Indicate the comparison result in the ASR as
follows:

If (Ay41) ©O) (A,) = (Ap), set ASR bit position 2; (EQUAL)

If (A1) © (A,) 7 (Ay), clear ASR bit position 2; (UNEQUAL)

If (A 1) © (A= (Ay), set ASR bit position 1; (GREATER THAN OR EQUAL TO)
If (Aa+1) ® (A< (Ab), clear ASR bit position 1; (LESS THAN)

Both ASR bits will reflect comparison results.
IV-A HCB 7477  Compare By with B, (Bp)15-.0:(B,)15.05 Set CD 2.0
Compare the 16-bit indexing fields of (Bb) and (Ba)' Indicate the comparison result in the ASR as follows:

If (B,) = (B,), set ASR bit position 2; (EQUAL)

If (By,) # (B,), clear ASR bit position 2; (UNEQUAL) ’

If (By,) 2 (B,), set ASR bit position 1; (GREATER THAN OR EQUAL TO)
If (By) < (B,), clear ASR bit position 1; (LESS THAN)

Both ASR bits will reflect comparison results.
IV-A  HSIM 770 Store IOC Monitor Clock in A (Monitor Clock)IOC — Ab 3.0
a

Load Ay, with the contents of the monitor clock in the IOC designated by a. Values for a=0-3 are permitted
and 4-7 are not used.

IV-A HSTC 771 Store Real-Time Clock in A (Real-Time Clock)IOC — Ab 3.5
a

Load Ay, with the contents of the real-time clock in the IOC designated by a. Values of a=0-3 are permitted
and 4-7 are not used.

IV-A HPI 774  Prevent Class III Interrupts 2.25
(Privileged)

Set the Class I1I interrupt lockout and hold all pending interrupts in that class.

IV-A  HAI 775  Allow Class III Interrupts 2.25
(Privileged)

Clear the Class III Interrupt Lockout but not the individual channel interrupt enable logic.

IV-A  HALT 776 STOP Processor 2.25
a=0 (Privileged) :

Stop processor operation and light the STOP 4 indicator.
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IV-A  HWFI 77 6  Wait for Interrupt 2.25
a=1

Stop processor-memory references until an interrupt is received from any class not currently locked out.
Process the interrupt. Resume normal operations after returning from the interrupt routine with the
instruction following this HWFI,

Input-Output Controller

This section lists the instructions for the input-output controller in the following format.

e Assembler code, octal code, instruction name, symbolic summary, and execution time in microseconds
o Text defining the instruction in detail
e Notes

IB 10 Initiate Input Buffer On C; (y) — CMRq,; 3.25
] . 3
Activate Input

Transfer (y) and the m, c and k fields to the input buffer control word at control memory address 0+j and
activate the input buffer on channel j.

OB 11 Initiate Output Buffer On Cj (y) — CMR20+j; 3.25
Activate Output

Transfer (y) and the m, ¢ and k fields to the output buffer control word at control memory address 20+
and activate the output buffer on channelj.

FB 12 Initiate EF Buffer On Cj (y) — CMR40+J~; Activate EF 3.25

Transfer (y) and the m, ¢ and k fields to the external function buffer control word at control memory
address 40+ and activate the external function buffer mode on channel j.

XB 13 Initiate EI Buffer On Cj (y) — CMR60+j; Activate EI 3.25

Transfer (y) and the m, ¢ and k fields to the external interrupt buffer control word at control memory
address 60+ and activate the external interrupt buffer mode on-channel ;.

TIB 14 Terminate Input Buffer On Cj ‘ 3.0
k=0

TOB 14 Terminate Output Buffer On Cj 3.0
k=1

TFB 14 Terminate External Function Buffer On Cj 3.0
k=2

TXB 14 Terminate External Interrupt Buffer On Cj 3.0
k=3

Terminate the transfer operation designated by k on the channel designated by j, suppress the related
monitor interrupt, and terminate the associated chain if the buffer was active. If the buffer was not active,
allow the chain to continue; and, in addition, if m=0, suppress a presently-queued monitor interrupt, but
if m=1, allow a presently-queued monitor interrupt.
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IMIR 15 Set Input Monitor Interrupt On Cj 2.5
k=0
OMIR 15 Set Output Monitor Interrupt On Cj 2.5
k=1
FMIR 1S Set External Function Monitor Interrupt On C; ' 2.5
k=2
XMIR 15 Set External Interrupt Monitor Interrupt On Cj 2.5
k=3
Set the monitor interrupt request (to all processors not locked out) for the input/output transfer type
designated by k and for the channel designated by j. y is not used.

AIC 16 Activate Input Chain On Cj 2.5
k=0

AOC 16 Activate Output Chain On C; 2.5
k=1 - ! y — CMR)0+j(bits 55-38);

AFC 16 Activate External Function Chain On C; Activate Chain 2.5
k=2

AXC 16 Activate External Interrupt Chain On Cj 2.5
k=3

Transfer y to the command address pointer (bits 55-38) at CMR ()1, and activate the corresponding chain.

(Set the chain active on channel j for the operation specified by k.) !
TBZ 17 Test Bit Zero 4.0
m=0 (¥)gjm
\ If =, SKIP;
TBS 17 Test Bit Set If #, do NI . 4.0

m=1

Compare the bit in (y) specified by the combined k and j fields to the bit in the m field. If the two are
equal, skip the next instruction (the pointer field is indexed by 2); if they are unequal, do the next
instruction (the pointer field is indexed by 1). The combined kj field is interpreted as a counter whose value
“numerically corresponds to the bit in (y) in the range 00 through 37g (k values of 2 and 3 are not
permitted).

JI0 20 Jump (Input/Output) (y) — CMRj55_35 or CAR 2.5

If the address of this instruction was in the Command Address Register, transfer y to that CAR; if the
address was in the command address pointer (bits 55-38) of a control memory word, transfer y to that
CAP. The c-field of this instruction must be 1, to execute the jump. The next instruction in this I/O
sequence is read from (y).

LICM 22 Load I0C Control Memory (y) — CMRkj(bits 31-0) 3.25
Transfer (y) to the 32 low-order bits of the control memory register specified by the combined % and j

fields. These fields are interpreted as a combined counter, whose value numerically corresponds to the
control memory address in the range of 00 through 77g.
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ILTC 23 Load Real-Time Clock (y) — RTC 4.0
Load the real-time clock with (y).
SICM 24 Store IOC Control Memory (CMRkj)3 10—V 2.75

Store in address y the contents of the 32 low-order bits of the control memory register specified by the
combined k and j fields. These fields are interpreted as a combined counter, whose value numerically
corresponds to the control memory address in the range of 00 through 77g.

IBS 25 Set Bit 1 — (y)kj 3.25

Set the bit in (y) specified by the combined k and j fields. These fields are interpreted as a combined
counter, whose value numerically corresponds to the bit of (y), in the range 00 through 37g (k=2 and 3 are
not permitted).

IBZ 26 Clear Bit 0 — (y)kj 3.25

Clear the bit in (y) specified by the combined k and j fields. These fields are interpreted as a combined
counter, whose value numerically corresponds to the bit of (y), in the range 00 through 37 8 (k=2 and 3 are
not permitted).

ITSF 27 Test and Set Flag (y)31:1 3.25
If =, CAR+1 or CAP+1——CAR or CAP

If #, CAR+2 or CAP+2—— CAR or CAP
and 1 —* (y)31

Test bit 31 of (y). If it is 1, execute the next instruction (current pointer address plus 1 to pointer). If it is
0, set the bit position and skip the next instruction (current pointer address plus 2 to pointer).
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AN/UYK-7 COMPUTER

REPERTOIRE OF INSTRUCTIONS

Time}
Code Mnemonic NAME DESCRIPTION F CA R UF uS
010 OR Inclusive OR (Selective Set A) (Y) o (Aa)—>Aa n Yy y 2 1.5
011 SC Selective Clear A (Aa) o (Y)'—=>Aa Yy 2 1.5
012 MS Selective Substitute (Y)n=>(Aa+1)n for all {Aa)n=1; (Aa)i=(Aa)t n vy y 2 1.5
013 XOR Exclusive OR (Sel. Comp. A)  (Y) & (Aa)=>Aa; (Aa)n'—>(Aa)n for (Y)n=1 n vy y 2 1.5
014 ALP Add Logical Product (Aa+1) + (Y) o (Aa)=>Aas1; (Aali=(Aa)s Ny y 2 1.5
015 LLP Load Logical Product (Y) o (Aa)=>Aa n vy y 2 1.5
016 NLP Subtract Logical Product (Aa+1)=(Y) o (Aa)=>Aa+1; (Aa)i=(Aa)f Iy y 2 1.5
017 LLPN Load Logical Product Next (Y) o (Aa)=>Aa+1; (Aa)i=(Aa) n yy 2 1.5
020 CNT Count Ones No. of Bits Set in (Y)—>Aa n Yy 2 157
022 XR Execute Remote (Y)=>U I N N 38 1.5
023 XRL Execute Remote Lower (Y)—=>U I N N 8 1.5
024 SLP Store Logical Product (Aat1) o (Aa)=>Y; (Aa)i=(Aas;
(Aa1i=(Aa41)f Yy y 2 15
025 SSUM Store Sum (Aa)+({Aar1)—>Aar1 & Y; (Aa)i=(Aa)t nm Yy y 2 2.0
026 SDIF Store Difference (Aat+1)—(Aa)=>Aat1 & Y; (Aa)i=(Aa)t im Y y 2 2.0
027 DS Double Store A (Aat1, Aa)=>Y+1, Y N N N 2 3.0
030 ROR Replace Inclusive OR (Y) @ (Al>Aa & Y n Yy 2 2.5
031 RSC Replace Selective Clear (Aa) o (Y)'=>Aa & Y Y y 2 2.5
032 RMS Replace Selective Substitute  (Y)n—>(Aax1)n for all (Aa)n=1;
Then (Aa+1)—>Y; (Aa)i=(Aalf n Yy y 2 25
033 RXOR Replace Exclusive OR (Y) 3 (Aa)=>Aa & Y; (Aan'>Ra & YforYp=l Il N Y 2 2.5
034 RALP Replace A+Logical Product  (Aat+1)+(Y) o (Aa)—>Aa+1 & Y; (Aa)i=(Aa)f Iy y 2 2.5
035 RLP Replace Logical Product (Y) o (Aa)=>Y & Aa+1; (Aali=(Aa)f n Yy y 2 25
036 RNLP Replace A—Logical Product  (Aa+1)—(Y) o (Aa)=>Aa+1 & Y; (Aa)i=(Aa) n Yy 2 25
037 TSF Test and Set Flag If (Y)31=0, CD Set EQUAL. 1=>Y31 I N Y 38 2.5
If (Y)31=1, CD Set UNEQUAL.
050 DL Double Load A (Y41, Y)=>Aa+1, Aa N N 2 3.0
051 DA Double Add A (Aa+1, Aa)+(Y+1, Y)=>Aa+1, Aa i N N 2 3.0
052 DAN Double Subtract A (Aa+1, Aa—(Y+1, Y)=>Aa41, Aa H N N 2 3.0
053 DC Double Compare Compare (Aa+1, Aa) to (Y+1,), Set CD I N N 2 30
054 LBMP Load Base and Memory (Y)17-0->Sa; (Y-+1)20-0—>SPRa; Y=>SIRa I N N 2 5.75
Protection Privileged if; ASR bit 8 =0, s # 7 or a=7
060 FA Floating-point Add Shift (Aa4+1) or (Y+1) Right such that (Aa)=(Y) H N N 2 6.251
(Aa41)+(Y+1)=>Aat1; Normalize
061 FAN Floating-point Subtract Shift (Aa+1) or (Y41) Right such that (Ra)=(Y) 1l N N 2 6.257
(Aa4-1)—(Y+1)=>Aa+1; Normalize
06 2 FM Floating-point Multiply (Aa)+(Y)=>(Aa) i N N 2 1007
(Aa+1) o (Y+1)=>Aat1; Normalize
063 FD Floating-point Divide (Ag)—(Y)=>(Aa) I N N 2 17.0%
(Aas+1)=(Y-+1)=>Aas1; Normalize
064 FAR ~  Floating-point Add with Round Same as FA with (Aa41) rounded I N N 2 6.251
065 FANR Floating-point Subtract w/Rd. Same as FAN with (Aa1) rounded I N N 2 6.251
06 6 FMR Floating-point Multiply w/Rd. Same as FM with (Aa1) rounded I N N 2 100t
067 FDR Floating-point Divide w/Rd. ~ Same as FD with (Aa41) rounded I N N 2 170%
070 a=0 XS Enter Executive State sy+(Bp)—>CMR 156; Enter class IV (Executive) 1IN N 11 40
07 0*a=1 IPI Interprocessor Interrupt Send Class Il interrupt to processors n {0-7) n N N 11 4.0
IF bit n of sy+(Bp)=1
07 1*#* AEl Allow Enable Interrupt Allow Monitor interrupts from 10Ca on
Channels n; IF bit n of sy+(Bb)=1 I N N 6 2.0
07 2% PEI Prevent Enable Interrupt Prevent Monitor interrupts from 10Ca on
Channels n; IF bit n of sy+(Bp)=1 I N N 6 20
07 3** LIM Load 10C Monitor Clock sy+(Bp)=>10Ca MON CLK I N N 6 3.0
07 4** 10 Initiate 1/0 Initiate [0Ca at address Y I N N 2 35
07 5* IR Interrupt Return Return to State Specified by ASR storageDSW Il N N 9 3.0
076 RP Repeat Repeat N.I.B7 Times; sy of Repeat added to Bp
of N.I. after each cycle. See Repeat Conditions 1l N N 6 1.5
10 LA Load A Y—>A, 1Y Yy 1 15
11 LXB Load A and Index B Y—>Aa; (Bb)+1->Bp I Y N 1 15
12 LDIF Load Difference Y—(Aa)=>Aax1; (Aa)i=(Aa)f I Yy 1 1.5
13 ANA Subtract A (Ag)~Y=>Aa I Y vy 1 1.5
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REPERTOIRE OF INSTRUCTIONS (CONT.)

Timet
Code Mnemonic NAME DESCRIPTION F CA R UF uS
14 AA Add A (Aa)+Y—>Aa Y Yy 1 1.5
15 LSUM Load Sum (Aa)+Y—=>Aa11; (Aa)i=(Aa)t I Y Y 1 1.5
16 LNA Load Negative Y'—=>Aa I Y Y 1 1.5
17 LM Load Magnitude |Y|—>Aa I Y Y 1 15
20 LB Load B Y—=>Ba I Y Y 1 2.0
21 AB Add B (Ba)+Y—>Ba; Ba zero extended I Y Y 1 2.0
22 ANB Subtract B (Ba)—Y—>Ba; Ba zero extended 1Y Y 1 2.0
23 SB Store B (Ba)—>Y I Y Y 1 1.5
24 SA Store A (Aa)—=>Y I Y Y 1 15
25 SXB Store A and Index B (Aa=>Y; (Bb)+1—>Bb I Y N 1 1.5
26 SNA Store Negative (Aa)'—=>Y I Y Y 1 1.5
27 SM Store Magnitude [{(Aa) |=>Y Yy v 1 15
32 BZ Clear Bit 0—>Yak I N Y 3 25
33 BS Set Bit 1->Yak I N Y 3 2.5
34 RA Replace Add (Aa)+Y—=>Aa+1 & Y; (Aa)i=(Aa)f Y Y 1 25
35 Rl Replace Increment Y+1=>A &Y Y Y 1 25
36 RAN Replace Subtract Y—(Aa)=>Aat1 & Y; (Aali=(Aa)t I Y Y 1 2.5
37 RD Replace Decrement Y-1>Az &Y I Y Yy 1 25
40 M Multiply A (Aa) « Y=>Aa11, Aa I Y Y 1 151
41 D Divide A (Aa+1, Aa)+Y—>Aa; remainder—>Aa 1 | Y Y 1 145%
42 BC Compare Bit to Zero If {Y)ak=0, CD Set EQUAL I N Y 3 1.5
If (Y)ak=1, CD Set UNEQUAL
43 CXi Compare Index Increment If (Ba) > Y, CD Set OUTSIDE, 0—Ba Y Y 1 20
If (Ba) < Y, CD Set WITHIN, (Ba) +1—>Ba
14 C Compare Compare {Aa) to Y, Set the CD I Y Y 1 1.5
45 CL Compare Limits If (Aat1) > Y > (Aa), Set CD within I Y Yy 1 1.5
46 CcM Compare Masked Compare (Aa+1) to (Aa) o Y, Set the CD Y Y 1 1.5
47 CG Compare Gated Compare | Y—(Aa) | to (Aay1), Set the CD I Y Y 1 15
500 JEP Jump on Even Parity If (Aat+1) © (Aa) is Even Parity, jumpto Y I N N 1 2.0
501 JopP Jump on Odd Parity If (Aa+1) o (Aa) is Odd Parity, jumpto Y m N N 1 2.0
50 2 DJZ Jump Double Precision Zero  If (Aa41, Aa)=0, jump to Y m N N 1 2.0
50 3 DINZ Jump Double Precision Not
Zero If {Aa+1, Aa)#0, jump to Y I N N 1 2.0
510 JP Jump A Positive If (A2) >0, jump to Y im N N 1 1.5
511 IN Jump A Negative If (Aa) <0, jumpto Y fHm N N 1 1.5
512 iz Jump A Zero If (Aa)=0, jump to Y m N N 1 1.5
513 INZ Jump A Not Zero If (Aa) #0, jumpto Y M N N 1 1.5
52 0 LBJ Load B and Jump P+ 1~>Ba, jumpto Y I N N 1 18
521 JBNZ Index Jump B If (Ba) #0, then (Ba)—1—>Ba, jump to Y i N N 1 1.8
52 2 JS Jump sy+B Jump to sy+(Bb) Im N N 13 1.5
523 JL Unconditional Jump Lower Jump to the Lower of Y H N N 12 1.5
530a=0 JNF Jump on No Overflow If OD is not Set, jump to Y; Clear OD M N N 12 15
530a=1 JOF Jump on Overflow If OD is Set, jump to Y; Clear OD m N N 120 15
531a=0 JNE Jump on Not Equal IfCD #, jumpto Y He N N 12 15
531a=1 JE Jump on Equal IfCD =, jumptoY i N N 12 1.5
531a=2 JG Jump on Greater Than IfCD >, jumpto Y i N N 12 1.5
531a=3 JGE Jump on Greater Than or
Equal IfCD >, jumptoY m N N 12 1.5
531a=4 JLT Jump on Less Than IfCD <, jumpto Y Im N N 12 1.5
531a=5h JLE Jump on Less Than or Equal  1f CD <, jumpto Y i N N 12 1.5
531a=6 JNW Jump Outside Limits If CD Qutside Limits, jump to Y MmN N 12 1.5
531la=7 IW Jump Within Limits Hf CD Within Limits, jump to Y Il N N 12 1.5
532 RJ Return Jump a=o0 P4+1=>Y, jump to Y+1 M N N 12 3.0
532 RIC Return Jump a=1, 2, 3 If switch a is Set, P+1—>Y, jump to Y+1; Mm N N 1 3.0
otherwise N.I.
53 2* RISC Return Jump a=4, 5, 6, 7 If switch a is Set, Stop; P+1—=>Y,
jump to Y+1 at restart W N N 1 3.75
533 J Manual Jump a=0 JumptoY . m N N 12 1.5
533 JC Manual Jump a=1, 2, 3 If switch a is Set, jump to Y ; otherwise N.1. I N N 1 15
53 3* JSC Manual Jump a=4, 5, 6, 7 If switch a is Set, Stop; Jump to Y at restart W N N 1 2.25
54/ LCT Load CMR Task (Y)>CMRak I N Y 3 1.5
55* LCI Load CMR Interrupt (Y)—>CMRak+100 I N Y 3 1.5
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REPERTOIRE OF INSTRUCTIONS (CONT.)

’ Time}
Code Mnemonic NAME DESCRIPTION F CA R UF u$
56/ SCT Store CMR Task (CMRak)—>Y I N Y 3 15
57* SCI Store CMR Interrupt (CMRak-100—>Y I N Y 3 1.5
60y/i=0  HSCT Store CMR in A (CMRata)—>An IVA N N 4 175
60%=1 HSCI Store CMR in A (CMRat4.+100)—>Ab IVA N N 4 1.75
61y/i=0  HLCT Load CMR from A (Ab)=>CMRats IVA N N 4 175
61*i=1 HLCI Load CMR from A (Ap)—>CMRaf4+100 IVA N N 14 175
62 HLC Shift Left Circularly {Aa) Left Shifted End Around—>Aa IVB N N 10 175
63 HDLC Shift Left Circularly Double  (Aa+1, Aa) Left Shifted End Around—>Aa+1, AaIVB N N 10 1.75
64 HRZ Shift Right Fill Zeros (Aa) Right Shifted, Zero Fill=>Aa IVB N N 10 1.75
65 HDRZ Shift Right Double, Fill Zeros (Aa+1, Aa) Right Shifted, Zero Fill=>Aay1,Aa IVB N N 10 1.75
66 HRS Shift Right Fill Sign (Aa) Right Shifted, Sign Fill-=>Aa IVB N N 10 1.75
67 HDRS Shift Right Double, Fill Sign = (Aa+1, Aa) Right Shifted Sign Fill=>Aay1, A2 IVB N N 10 1.75
700 HSF Scale Factor Normalize (Aa) Shift Count—>Ap IVA N N 5 225
701 HDSF Double Scale Factor Normalize (Aa+1, Aa) Shift Count—=>Ap IVA N N 5 2.25
702 HCP Complement A (Aa)'—>Aa IVA N N 7 1.1
703 HDCP Double Complement A (Aa41, Aa)'=>Aaq1, Aa. IVA N N 7 11
710 HOR Logical Sum (Aa) @ (Ab)=>Aa; (Ab)i=(Ab) IVA N N 5 1.0
711 HA Sum (Aa) + (Ap)—>Aa IVA N N 5 1.0
712 HAN Difference (Aa) — (Ap)—>Aa IVA N N 5 1.0
713 HXOR  Logical Difference (Aa) & (Ap)—>Aa IVAN N 5 10
715 HAND AND (Aa) o (Ap)—>Aa; (Api=(An) IVA N N 5 1.0
740 HM Multiply Register (Aa) « (Ap)—>Aa+1, Aa IVA N N 5 7.751
741 HD Divide Register (Aa+1, Aa)=(Ap)—>Aa; Remainder—>Aa+1 IVA N N 5 150%
742 HRT Square Root V/(Aat1, Aa)=>Ab; Residue—>Ap41 IVA N N 5 150f
743 HLB Load Ba with Bp (Bb)=>Ba IVA N N 5 1.75
744 HC Compare, Register Compare (Aa) to (Ab), Set CD IVA N N 5 1.1
745 HCL Compare Limits, Register If (Aa1) > (Ab) > (Aa), Set CD in Limit IVA N N 5 1.75
746 HCM Compare Masked, Register ~ Compare (Az+1) o (Aa) to (Ap), Set the CD IVA N N 5 1.1
7417 HCB Compare Bp with Ba Compare (Bp) to (Ba), Set the CD IVA N N 5 2.0
77 O0** HSIM Store 10C Monitor Clock in A (10Ca MON CLK)—>Ap IVA N N 5 30
771 HSTC Store Real-Time Clock in A (10Ca RTC)—>Ap IVA N N 5 35
77 4* HPI Prevent Class Il Interrupts ~ Set Class |11 Interrupt Lockout IVA'N N 9 2.25
77 5* HAI Allow Class 111 Interrupts Clear Class 111 interrupt Lockout VA N N 9 2.25
77 6*i=0 HALT Stop Processor Stop CPU (4-Stop); Continue at Restart IVA N N 9 2.25
77 6%i=1  HWFI Wait for Interrupt Cease Memory References until Interrupted IVA N N 9 2.25
ULTRA/32 PSEUDO INSTRUCTIONS
10 ZA Clear A 0—=>Aa I N Y 7 1.5
20 ZB Clear B 0—>Ba Il N Y 7 20
20 NOOP No Operation 0—>-Bg I N Y 9 20
23 Sz Store Zeros 0—>-Y Iy Y 12 15
74 3 HNO Half Word No Operation {Bo)=>Bo IVA N N 9 1.75
ULTRA/32 FORMATING MNEMONICS

- HK Half Word Constant (Variable field becomes next halfword) - — =16 -
- W Indirect Word (c=10) - - — 8 —
- IWS Indirect Word, Special Base (c=00, ¢1=0) - - =1 -
- IWB Indirect Word, Special Index (c=00, c1=1) - - =1 -
- IWC Indirect Word, Character (c=01) - - — 14 -
— IWCI Indirect Word, Character Increment (c=11) - — — 14 -
— wp Memory Protection (see SPR format) - — =15 —

ULTRA/32 CODING FORMATS (UF)

(An Asterisk (*) Preceding y Indicates Indirect Addressing)

No. Variable Field | No. Variable Field { No. Variable Field | No. Variable Field No. Variable Field | No.  Variable Field
1 aykbs 4 afy, b 7 a 10 a, m (shift by m) 11 sy, b 14 y,w,p,b,s

2 avybs 5 ‘ab 8 ybs a, b, 1 (shift by Bp) {12 y, k b, s 15 1,1, 0r, ow, ia, ir
3 akyh,s 6 a, sy b 9 None a, b, 2 (shift by Ap) | 13 sy, k, b. 16 e
*Privileged *CPU=>10C Instr.—Privileged /Privileged when ak=2X, 6X or 7X

tExecution time independent of overlap operation
1Times shown assume 1.5 »s memory with operands not in same bank as instructions (overlapped).
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I/0 CONTROLLER COMMANDS
Code Mnemonic NAME DESCRIPTION UF** | Time us
10 1B Initiate Input Buffer on Cj {y)=>CMA* 0 ; Activate Input 1 3.25
11 0B Initiate Output Buffer on Cj (y}>CMA* 20.+.; Activate Qutput 1 3.25
12 FB Initiate External Function Buffer on Cj (y)—=>CMA* 40.j; Activate EF 1 3.25
13 XB Initiate External Interrupt Buffer on Cj (y)=>CMA* 60+j; Activate El 1 3.25
14 k=0 TIB Terminate Input Buffer on Cj Terminate Input ) m=0 Suppress 2 3.0
14 k=1 TOB Terminate Output Buffer on Cj Terminate Output { Queued Interrupt; 2 3.0
14 k=2 TFB Terminate External Function Buffer on Cj Terminate EF m=1 Allow Queued 2 3.0
14 k=3 TXB Terminate External Interrupt Buffer on Cj Terminate El (Interrupt 2 3.0
15 k=0 IMIR Set Input Monitor Interrupt Request on Cj Set Input Monitor Interrupt on Chan j 3 25
15 k=1 OMIR Set Output Monitor Interrupt Request on Cj | Set Qutput Monitor Interrupt on Chanj | 3 2.5
15 k=2 FMIR Set EF Monitor Interrupt Request on Cj Set EF Monitor Interrupt on Chan j 3 2.5
15 k=3 XMIR Set EI Monitor Interrupt Request on C) Set EI Monitor Interrupt on Chan | 3 2.5
16 k=0 AlC Set Input Chain Active on Cj : ( y—=>Command Address Pointer Field 4 2.5
16 k=1 AOC Set Qutput Chain Active on Cj (bits 55-38) of CMA* 20k+j; 4 2.5
16 k=2 AFC Set External Function Chain Active on Cj Activate Chain 4 2.5
16 k=3 AXC Set External Interrupt Chain Active on Cj 4 2.5
17 m=0 TBZ Test Bit Zero If (y)k=0, SKIP; Else NI 7 4.0
17 m=1 TBS Test Bit Set If ()i # 0, SKIP; Else NI 7 4.0
20 JIO Jumptoy y—>Command Address Pointer or CARY [ 6 2.5
22 LICM Load 10C Control Memory (y)=>10C Control Memory Address kj 5 3.25
23 ILTC Load Real-Time Clock {y)—>Real Time Clock 6 4.0
24 SICM Store 10C Control Memory (10C Control Memory);—>y 5 2.75
25 IBS Set Bit 1=>yy 5 3.25
26 IBZ Clear Bit 0=y 5 3.25
27 ITSF Test and Set Flag 1=>ya1; If (y)s; was Originally Cleared, 6 3.25
Skip; Else NI
FORMATING MNEMONICS
- BCW Buffer Control Word 8 —
— BCWE Buffer Control Word ESI 9 —
**LTRA FORMAT
{Command Address Register 1—j,y, k c,m 4—j,y,c 7—kj, y (|=buffer
*Control Memory Address 2—j,¢c,m 5—kj, y, ¢ 8—y, | length)
3= ¢ 6=y, c 9y, I, k
k—DESIGNATOR DEFINITIONS
k=0 k=1 k=2 k=3
f=10, 11, 13 | Suppress data Pack Quarter word Pack Half word Whole word
f=12 Force One Word (y) is EF One Word Buffer (y) is EF Multi Word Buffer Not Used

NORMAL BUFFER CONTROL WORD FORMAT

[ 31

18]17 0]

Final Address
Compare Bits

Current Address

10C COMMAND WORD FORMAT

ESI BUFFER CONTROL WORD FORMAT
31 29[ 28 18] 17 0 |
Partial Word| Final Address Current
| Designator | Compare Bits |_Address
Partial Word Designator Definitions
31 30 29
X|X|1 Quarter Word XX=00 next word 31-24
01 next word 23-16
X|111/0 Half Word 10 next word 15- 8
X=0 next word 31-16 | 11 next word 7- 0
X=1 next word 15- 0
11010 Full Word
0i010 Suppress Data

Maximum ESI Buffer is 2048 Words

73

31 2625 2al23 a0]19]18]17 o]
Partial | Chan. “Operand
Word No. | Address y
Desig. (0-17) Chain Flag ¢
| Function Code f| _k j | Monitor Flag m
10C CONTROL MEMORY WORD FORMAT
55 38| 37 36| 35| 34| 33 32|31 18|17 ﬂ
Command | Partial Final | Current
Address Word | Byte | Buifer Address
Pointer Desig. Monitor Interrupt Flag
_ | Chain Flag
10C CONTROL MEMORY ASSIGNMENT
Address Use
.0-17 Input
20-37 Output
40-57 External Function
60-77 External Interrupt




FLOATING POINT FORMAT (each word is one’s complement) REPEAT CONDITIONS
|' Sign Fill =+ | 14 0 | \ + ] 30 0| a Non-Compare Instructions
Characteristic (exponent) in Aaor Y Mantissa in Aay1 0or Y+1 0 | Terminate if A # 0
1 | Terminate if A =0
INSTRUCTION WORD FORMATS 2 | Terminate if A > 0
Format | 3 | Terminate if A <0
31 2625 23[22 20]19 17[16f15 13[12 o] 4 | Do not terminate
f a K b i S y 5 | Terminate if (A) is even parity on
write into memory
Format il 6 |Terminate if (A} is odd parity on
(31 2625 23[22 20019 1716]15 1312 0] write into memory
- 7 | Do not terminate
f a fp b i S y
Format 111 a Compare Instructions
31 26]25 23]2221[20[19 17]16[15 13[12 0] 0 |Terminate if CD set to 3
f a f3  z b i s y 1 | Terminate if CD set to =
2 | Terminate if CD set to >
. Format IV A Format IV B 3 |Terminate if CD set to >
31 26(25 23122 20]19 17|16 31 26025 23|22 16 4 | Terminate if CD set to <
151009 706 43 1|0 15 10{ 9 7|6 0 5 | Terminate if CD set to <
f a fa b i f 3 m 6 Telrim?ate if CD set to outside
NORMAL INDIRECT ADDRESS WORD FORMAT 7 |Terminate if CD set to within limit
(31 30[29 25]24 20[19 17[16]15 13[12 0]
c ” " b i s y FORMAT | INSTRUCTION k—FIELD INTERPRETATION
k| Memory to Arithmetic (Read) [Arithmetic to Memory (Store)
SPECIAL INDIRECT ADDRESS WORD FORMAT 0| sy SE+(Bo}=> A 150 SE Not Used
31 30] 29] 28 20]19 17]16 15 0 | [1] (Y15.00>A1s0 SE {A15.0)=>Y15.0; Y31.16—Un
¢ c1 X b i d 2 (Y31-16)>A15-0 SE (A15-0)—>Y31-16; Y15-0—Un
f—Function Code s—Base Register 3| (YaLo—>As0 {Az1.0>Ys19
f f3 fa—Subfunction Codes w—Field Width 3 7oA ZE (Ar0>¥r0;  YaL8—Un
. o 5| (Y15-8)=>A7.0 ZE (A7-00=->Y15.8;, Y31-16~Un
a—Accumulator Register p—Bit Position Y7.0—Un
k—Operand Interpretation y—Operand Address 61 (Y23.16)=>A7.0 ZE {(A7.00=>Y23.16; Y31.24—Un
b—Index Register x—Not Used Y15-0—Un

| i—Indirect Bit d—16 Bit Displacement

~

(Y31-20)>A7.0 ZE (A7-00—>Y31-21; Y23-0—Un

z—Not Used—Must be Zero
m—Shift Designator
Bit 26 Function
0 | Shift by count 25—20
1 | Shift by Bp if 25=0
1 | Shift by Ap if 25<1

c1—Special Indirect Subfunction
0—Y=d+(Sh)
1—Y=d+(Bn}+(S) as specified
by (Bb)1g-17

c—Addressing Designator
00—Indirect Special
10— Indirect Normal

k—Field Interpretation for Replace Instructions:
Read Cycle—Same as memory to arithmetic.

Store Cycle—Same as arithmetic to memory. For Repeat,
with b of repeat instruction not zero, Y
will be modified by Se and not
Ss for store cycle.

SE—Sign Extended; ZE—Zero Extended; Un—Unchanged

b is specified by bits 23—21

01—Single Character
11—Sequential Character

SYMBOL DEFINITIONS

UF—Ultra Format
(A)n—Contents of A, bit n
CD—Compare Designator

CMR—Control Memory Register
F—Format

CA—Character Addressable
R—Repeatable

DSW—Designator Storage Word |CW— Initial Condition Word

Y—Address formed by y-+(Bb)+(Ss)

Y—0perand (Y} (Whole word or
partial word) or Y, depending on k

o—Logical product (AND)

o—Logical sum (Inclusive OR)

3—Logical difference (Exclusive OR)
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INTERRUPT STATUS CODES

oo

—

(%}
*
*

INTERRUPT

—
=

Q
j=N

CENTRAL PROCESSOR CONTROL
MEMORY ADDRESS ASSIGNMENT

CP—Operand Memory Resume
CP—I0C Command Resume
CP—Instruction Memory Resume
CP—10C Interrupt Code Resume
10C Memory Resume
Intercomputer Timeout

O|XXXoOoXO|w

o|lxxxXoxo|ow
oloE2Eoc=2o=|—d
oc=Eoc=Eo=E o
oloEoEo=ZE|vnd
So=2o=2o=~®

Power Tolerance (never locked out)

I
]
I*

Interprocessor Interrupt
Floating Point Error

CP lllegal Instruction Error
Privileged Instruction Error
Not Assigned

Operand Breakpoint Match
Operand Read or Indirect Addressing
Not Assigned

Not Assigned

Operand Write

Operand Limit

Instruction Breakpoint Match
Not Assigned

Instruction Execute
Instruction Limit

CP Monitor Clock

H1*
Hn*
I1*
11*
H*
I*
I1*
I*

10C lllegal CAR Instruction K K
10C lllegal Chain Instruction K K
10C Monitor Clock KK
10C CP Interrupt KK
10C External Interrupt Monitor KK
10C External Function Monitor KK
10C Output Data Monitor K K
10C Input Data Monitor

P e S OO = e R S O OO OO0 OO Ol w
PR, OO R OO0 R OOOOO0O|I—R OO OoOOO|N
—_—_ OO~ MO~ OO~ — OO~ OO | e o o

OO oO™
OOOOO0COO™

HFOROFOTOIFRFORO—ROROFRORO—O—OIFRIrFrOoO—OoO—oOolo

v

Executive Return 16 bit code assigned thru program

*Queued

*+Definitions: PP—CPU NO. (0-2)

FF=00—EXT. INT
MMMM—Memory Bank (0-17)
CCCC—I0C Channel {0-17)
KK—10C NO. (0-3)

10—0UTPUT
11—INPUT

MEMORY PROTECTION REGISTERS

Storage Protection Register (SPR)

2019 ]18]17]16]15 0

| [OR[OW[IA| IR R
Displacement Value

Use Interrupt B&S
Registers during Indirect Addressing*

Allow Indirect Addressing*
Allow Operand Writing*
Allow Operand Reading*
Allow Instruction Execution*
*Qperation Allowed if Bit is Set

Segment Identification Register (SIR)
20119 171615 0

SIR SIR4
16 Bit Displacement
Base Register Designator

BREAKPOINT REGISTER

[19]18]17 Comparison Address Bits 0]
0 0 —Disabled
0 1 —Instruction address
1 0 —Operand address
1 1 —Instruction and operand addresses

75

01—EXT. FCT.

Task Mode

Address Use Bits
0-7 Accumulator (A) registers 0-7 32
10 Unassigned 19
11-17 | Index (B) registers 1-7 19t
20-27 | Base (S) registers 0-7+* 18
30-57 | Unassigned (not usable) -
6x Breakpoint register** 20
7x Active status register** 23

Interrupt Mode

Address Use Bits
100-107 | Accumulator (A) registers 0-7 32
110 | CP monitor clock register 19*
111-117 {Index (B) registers 1-7 19%
120-127 | Base (S) registers 0-7 18
130-137 | Unassigned (not usable) -
140  [ICW—Ciass | 20
141 | DSW—Class | ASR storage 20
142 | DSW—Class | interrupt status code 20

143 | DSW—Class | P—storage 20 |
144 [ICW—Class 1 20
145 | DSW—Class 11 ASR storage 20
146 | DSW—Class Il interrupt status code 20

| 147 | DSW—Class Il P—storage 20 |
150 | ICW—Class I} 20
151 DSW—Class 111 ASR storage 20
152 | DSW—Class il interrupt status code | 20

| 153 | DSW—Class 111 P—storage 20 |
154 [ICW—Class IV 20
155 | DSW—Class IV ASR storage 20
156 | DSW—Class IV interrupt status code 20
157 | DSW—Class IV P—storage 20
160-167 | Storage Protection Registers (SPR) 0-7 | 21

170-177 | Segment ldentification Registers

(SIR) 0-7 21

*Clock is Low order 16 bits,
**Not Addressable in the Task Mode.
(Privileged instruction error will occur)
tLower 16 hits used for index and arithmetic functions.
Upper three. bits used only as a base-register desig-
nation.

ACTIVE STATUS REGISTER

Bit Designator
22-20 | Central Processor Identifier
i | St i
tate .
17 | Statelll Hardwired
16 State IV
15 Upper—Ilower
1 Class | lockout
13 Class Il lockout
12 Class 11 lockout
11 Base (s} register selector :

10 Accumulator /B register selector
9 Memory lockout inhibit

Load base enable

Bootstrap mode

8
7
6-4 Programmable spate bits
3 Fixed point overflow indicator
2 0—Not equal 1—Equal
1 0—Less than 1—G.T. or equal
0 0—Within limits 1—0Qutside limits
Bits 9-11 1—Interrupt mode
0—Task mode
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