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32-1. INTRODUCTION

32-2. This is the thirty-second issue of the AGCIS published to inform the
technical staff at MIT/IL and Raytheon about the Apollo guidance computer
(AGC) subsystems. The various Block II instruction types and the order

code structure of Machine Instructions are discussed in paragraphs 30-148
through 30-187 of Issue 30. Issue 32 analyzes the operations performed by
the Machine Instructions. Table 32-1 (shown below) briefly reviews Machine
Instruction types. Table 32-2 contains a functional description of all Machine
Instructions and table 32-3 lists all Machine Instructions alphabetically for

quick reference.

Table 32-1
MACHINE INSTRUCTION TYPES

Group ' Type
Regular Basic Instructions Sequence changing instructions
Instructions | Extra Code Instructions Fetching and storing instructions

Modifying instructions
Arithmetic and logic instructions

Channel Instructions
Special Instructions

Involuntary Interrupting Instructions
Instructions Counter Instructions

Peripheral Sequence changing test instructions
Instructions Display and load test instructions
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TABLE 32-2

MACHINE INSTRUCTIONS

A\

2

A\

Symbolic Sub- A
Instruction| Order Code instructions Description
Word Executed A
REGULAR INSTRUCTIONS
Sequence Changing Instructions
TC K 00. TCO " Transfer Control to K"
Takes next instruction from K and
stores return address (I+1) in Q.
TCF F 01.2 TCFO "Transfer Control to Fixed F"
01.4 Takes next instruction from F
0I.6 without changing c (Q).
CCS E 01,0 CCs0 ""Count, Compare, and Skip on E"
STD2 Branches according to c (E) and
stores in A the|c (E)|diminished
by one.

c(E) Transfers to
positive nonzero I+1
plus zero I+2
negative nonzero I+3
minus zero I+4

BZF F 16.2 BZFO0 "Branch on Zero to Fixed F"
16.4 STD2 Branches according to c(A).
16.6

c(A)

Transfers to

plus or minus|F
zero

non zero

(subinstruc-
tion STD2 is
not executed)

I+1 (subinstruc~

tion STD2 is
executed)

32-2
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MACHINE INSTRUCTIONS (cont)

A\

A\

A\

Symbolic Sub -
Instruction| Order Code | instructions Description
Word Executed
REGULAR INSTRUCTIONS
Sequence Changing Instructions (cont)

BZMF F 12.2 BZMFO "Branch on Zero or Minus to
12.4 STD2 Fixed F'" Branches according to
12.6 c(A).

c(A) Transfers to
zero or nega-| F (subinstruc-
tive nonzero tion STD2 is

not executed)
positive non- | I+1 (subinstruc-
Zero tion STD?2 is
.executed)
Fetching and Storing Instructions
CA K 03. CAO0 "Clear and Add K"

STD2 Enters c(K) into A.

Takes next instruction from I+1.
CS K 04. CS0 "Clear and Subtract K"

STD?2 Enters the complemented c(K)
into A. Takes next instruction
from I+1.

DCA K 13. DCAO "Double Clear and Add K"

DCAIl Enters c(K, K+1) into A and L.

STD2 Takes next instruction from I+1.

DCS K 14. DCSO0 "Double Clear and Subtract K'
DCs1 Enters the complemented c(K,
STD2 K+1) into A and L,

Takes next instruction from I+1,

32-3
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TABLE 32-2

MACHINE INSTRUCTIONS (cont)

A\

£\

/A

Symbolic Sub- A
Instruction| Order Code instructions Description
Word Executed A
REGULAR INSTRUCTIONS
Fetching and Storing Instructions (cont)
TS E 05.4 TS0 "Transfer to Storage E"
STD2 If A does not contain an overflow
quantity, instruction enters c(A)
into E and takes next instruction
from I+1.
If A contains a positive overflow,
instruction enters c(A) without
overflow bit into E, enters plus
one into A, and takes next instruc-
tion from I+2.
If A contains a negative overflow,
instruction enters c(A) without
overflow bit into E, enters minus
one into A, and takes next instruc-
tion from I+2,
XCHE 05.6 XCHO "Exchange A and E"
STD?2 Exchanges c(A) with c(E).
Takes next instruction from I+1.
LXCHE 02.2 LXCHO "Exchange L and E"
STD2 Exchanges c(L) with c(E).
Takes next instruction from I+1,
QXCHE 12.2 QXCHO "Exchange Q and E"
STD2 Exchanges c(Q) with c(E).
Takes next instruction from I+1,
DXCH E 05.2 DXCHO | '"Double Exchange A and E"
DXCHI1 Exchanges c(A, L) with c(E, E+1),
STD?2 Takes next instruction from I+1.
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TABLE 32-2
MACHINE INSTRUCTIONS (cont)
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A\

Symbolic
Instruction
Word

N

Order Code

A

Sub~
instructions
Executed

Description

REGULAR INSTRUCTIONS

Modifying Instructions

NDX E

NDX K

05.0

15.

NDXO0
NDX1

NDXXO0
NDXX1

"Index Next Basic Instruction
with E" Adds c(E) to c(I+1) and
takes sum as next instruction.

"Index Next Extra-Code Instruc-
tion with K"

Adds c(K) to ¢(I+2) and takes sum
as next instruction,

Retains the ONE in bit position
SQ-EXT,.

Arithmetic and Logic Instructions

AD K

SU E

MP K

06.

16.0

17.

ADO
STD2

SU0
STD2

MPO
MP1
MP3

"Add K"

Adds c(K) to c(A) and stores
sum in A.

T akes next instruction

from I+l.

"Subtract E"

Subtracts c(E) from c(A) and
stores the difference in A.
Takes next instruction

from I+1.

"Multiply K"

Multiplies c(K) by c(A) and
stores double precision pro-
duct in A and L (signs in A
and L agree).

Takes next instruction

from I+1.
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TABLE 32-2

MACHINE INSTRUCTIONS (cont)

A\

2\

A\

Symbolic Sub-
Instruction Order Code | instructions Description
Word Executed
REGULAR INSTRUCTIONS
Arithmetic and Logic Instructions (cont)
DV E 11.0 DVO ) "Divide by E' Divides double pre-
DV1 cision quantity c(A, L) by c(E),
DV3 stores quotient in A and remaind-
DV7 'A er in L., Takes next instruction
DVé from I+1. Signs of b(A) and b(L)
Dv4 & need not agree. Sign of remaind-~
STD% er equals sign of dividend.
ADS E 02.6 ADSO "Add to Storage E"
STD?2 Adds c(A) and c(E), stores sum
with overflow bit in A and
sum without overflow bit in E,
DAS E 02.0 DASO ""Double Add to Storage E'"
DAS1 Adds c(A, L) and c(E, E+1) and
STD2 stores sum without overflow bit
in E and E+1. Enters plus
one into A in case of positive
overflow, minus one in case of
negative overflow, and plus zero
in case of no overflow. .Enters
plus zero into L and takes next
instruction from I+1.
INCR E 02.4 INCRO "Increment E'
STD2 Adds plus one to c(E) and stores
incremented quantity in E,
Takes next instruction from I+1.
AUG E 12.4 AUGO "Augment E'"' Increases the
STD2 magnitude of the quantity con-

tained in E by one and stores the
augmented quantity in E. Takes
next instruction from I+1.
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MACHINE INSTRUCTIONS ({cont)
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A\

A

A\

Symbolic Sub- A
Instruction Order Code | instructions Description
Word Executed A
REGULAR INSTRUCTIONS
Arithmetic and Logic Instructions (cont)
DIM E 12.6 DIMO "Diminish E" Decrcases the

STD2 magnitude of the quantity con-
tained in E by one and stores
diminished quantity in E.

Takes next instruction from I+1.
MSU E 12.0 MSUO "Modular Subtract E"

STD2 Subtracts cyclic TWO's comple-
ment number in E from cyclic
TWO's complement number in A
and stores difference expressed
in ONE's complement number in
A, Takes next instruction from
I+1,

MSK K 07. MSKO "Mask with K''

STD?2 AND's c(A) with c(K) and stores
logical product in A, Takes
next instruction from I+1,

Channel Instructions
READ H 10.0 READO "Read H"

STD?2 Enters c(H) into A,

Takes next instruction from I+1,
WRITE H 10.1 WRITEO | "Write 1"

STD2 Enters c(A) into H.

T akes next instruction from I+1,
RAND H 10, 2 RANDO | "Read and AND H"

STD2 AND's c(A) and c(H) and stores
logical product in A, Takes
next instruction from I+l1,

32-7
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TABLE 32-2

MACHINE INSTRUCTIONS (cont)

A

A\

A\

Symbolic Sub- A
Instruction Order Code |instructions Description
Word Executed
REGULAR INSTRUCTIONS
Channel Instructions (cont)
WAND H 10.3 WANDO | "Write and AND H"

STD?2 AND's c(A) and c(H), and stores
logical product in A and H., Takes
next instruction from I+1.

ROR H 10.4 RORO "Read and OR H"

STD2 OR's c(A) and c(H), and stores
logical sum in A, Takes next
instruction from I+1.

WOR H 10.5 WORDO "Write and OR H"

STD2 OR's c(A) and c(H), and stores
logical sum in A and H.,

Takes next instruction from I+1,
RXOR H 10,6 RXORO "Read and Exclusive OR H"

STD2 Forms exclusive OR from
c(A) and c(H), and stores
result in A. Takes next in-
struction from I+1.

Special Instructions
EXTEND |00.0006 STD?2 "Extend"
Enters a ONE into bit position
SQ-EXT, The next instruction,
taken from I+1l, is an Extra-
Code Instruction.
INHINT |00.0004 STD2 "Inhibit Interrupt"

Sets inhibit interrupt switch in
Interrupt Priority Control to pre-
vent interruption of program
execution, Takes next instruc-
tion from I+1,

32-8
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MACHINE INSTRUCTIONS (cont)

A\

2\

A\

A

Symbolic Sub-
Instruction Order Code instructions Description
Word Executed
REGULAR INSTRUCTIONS
Special Instructions (cont)
RELINT |00.0003 STD2 "Release Inhibit Interrupt"
Resets inhibit interrupt switch
to allow program interruption
in favor of a programmed opera=-
tion of higher priority. Takes
next instruction from It+1.
RESUME |05.0017 NDXO0 "Resume Interrupted Program'
RSM3 Takes next instruction from loca-
tion 0017 and enters content of
location 0015 into Z. Thus, ex-
ecution of the interrupted pro-
gram section is resumed.
CYR . 0020 & "Cycle Right"
Cycles quantity, which is entered
into location 0020, one place to
the right.
SR . 0021 /N "Shift Right"
Shifts quantity, which is entered
into location 0021, one place to
the right.
CYL . 0022 A "Cycle Left"
Cycles quantity, which is entered
into location 0022, one place to
the left,
EDOP .0023 & "Edit Operator"

Shifts quantity, which is entered
into location 0023, seven places
to the right.
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TABLE 32-2

MACHINE INSTRUCTIONS (cont)

Symbolic Sub-
Instruction | Order Code instructions Description
Word Executed A
INVOLUNTARY INSTRUCTIONS
Interrupting Instructions
RUPT 10.7 RUPTO | "Interrupt Program Execution'
RUPTI Takes next instruction from
STD2 address supplied by Interrupt
Priority Control, Stores c(B)
in location 0017 and c(Z) in
location 0015,
GO 00, GOJ1 "Go'"
00. 4000 TCO Takes next instruction from loca-
tion 04000 in E Memory.
Counter Instructions
PINC C none PINC "Plus Increment C''
Adds one to c(C) and
stores incremented quantity
in C,

MINC C none MINC ""Minus Increment C"
Subtracts one from c(C) and
stores decremented quantity
in C,

DINC C none DINC "Diminish Increment C'" De-
creases the magnitude of the
quantity contained in C by one and
stores diminished quantity in C.

PCDU C none PCDU "Plus CDU C"

Adds one to cyclic TWO's com-
plement number in C and
stores incremented quantity in
C.

32-10
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TABLE 32-2
MACHINE INSTRUCTIONS (cont)

A\

£\

A\

A\

Symbolic Sub-
Instruction | Order Code [instructions Description
Word Executed
INVOLUNTARY INSTRUCTIONS
Counter Instructions (cont)

MCDU C none MCDU "Minus CDU C"

Subtracts one from cyclic
TWO's complement number
in C and stores decremented
quantity in C,

SHINC C none SHINC ""Shift Increment C'

Shifts ¢(C) one place to the left
and enters a ZERO into bit posi=~
tion 0 of C.

SHANC C none SHANC ""Shift and Add Increment C"
Shifts c(C) one place to the left
and enters a ONE into bit posi-
tion 0 of C.

PERIPHERAL INSTRUCTIONS
TCSAJ K 00. TCSAJ3 "Transfer control to specified
STD2 address K'' Takes next instruc=-
tion from address which is sup-
plied by GSE.
FETCH K | none FETCHO "Fetch K''; displays c(K) on GSE.
FETCHI1 Address K is supplied by
GSE.
STORE E none STOREOQ "Store E''; data supplied by GSE
STORE1 is entered into E by GSE. Address

E is also supplied by GSE.

32-11
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TABLE 32-2
MACHINE INSTRUCTIONS (cont)

A\ 2\ A\

Symbolic Sub- &
Instruction [ Order Code instructions Description
Word Executed

PERIPHERAL INSTRUCTIONS (cont)

INOTRD H | none INOTRD "In Out Read H'; displays c(H)

INOTLD H | nonec INOTLD "In Out Load H'; data supplied

on GSE. Channel address H is
supplied by GSE.

by GSE is entered into H by GSE.
Channel address H is supplied
by GSE.

> >

> [

32-12

Address symbol K can represent any address in the Central Processor
(CP), E Memory or F Memory.

Address symbol F can represent an address in F Memory only.

Address symbol E can represent an address in the CP or E Memory only.
Address symbol H can represent any channel address.

Address symbol C can represent any counter address.

Entered into SQ, or SQ and S.

The execution of each subinstruction, except DV0O and DV4, takes one
MCT or about 11.7 psec. DVO and DV4 together require 1 MCT.

Address symbol I represents address of instruction described.
Register symbols A, L, Q, B, S, SQ, and G refer to registers defined
in table 30-1.

Expression c(K) means ''content of location (or register) K"\

Execution of these seven subinstructions takes only six MCT's.

The code which can be used with any K or E instruction, is contained
in register S. Whenever address 0020, 0021, 0022, or 0023 is con-
tained in register S, register G cycles or shifts the quantity it receives
from a CP register before that quantity is transferred to one of the
four locations (paragraph 30-41).
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Table 32-3

MACHINE INSTRUCTIONS, ALPHABETICAL LISTING

Symbolic Order Code
Instructio Name and Type
Word 1 A
AD K 06. "Add K'"; an arithmetic instruction
ADS E 02.6 ""Add to Storage E'; an arithmetic instruction
AUG E 12. 4 "Augment E'"; an arithmetic instruction
BZF F 11. 2 "Branch on Zero to Fixed F''; a sequence
11. 4 changing instruction
11.6
BZMF F 16. 2 "Branch on Zero or Minus to Fixed F'; a se-
16. 4 quence changing instruction
16. 6
CAK 03. ""Clear and Add K'" a fetching instruction
CAE E 03. Alternate spelling of CA K when referring to
E Memory
CAF F 03. Alternate spelling of CA K when referring to
F Memory
CCS E 01.0 "Count, Compare, and Skip on E''; a sequence
changing instruction
COM 04. 0000 "Complement''; CS A
CS K 04. '"Clear and Subtract K'; a fetching instruction
CYL .0022 "Cycle Left'; a Special Instruction
CYR .0020 ""Cycle Right''; a Special Instruction
DAS E 02.0 "Double Add to Storage E'; an arithmetic
instruction
DCA K 13, "Double Clear and Add K''; a fetching instruc-
tion
DCS K 14, "Double Clear and Subtract K''; a fetching in-
struction
DCOM 14. 0000 "Double Precision Complement'’; DCS A
DDOUBL 02.0000 "Double Precision Double''; DAS A

32-13
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Table 32-3

MACHINE INSTRUCTIONS, ALPHABETICAL LISTING (cont)

Symbolic Order Code
Instruction Name and Type

Word é

DIM E 12. 6 "Diminish E'"; an arithmetic instruction

DINC C none "Diminish Increment C'"; a Counter Instruc-
tion

DOUBLE 06.0000 "Double''; AD A

DTCB 05. 2005 "Double Precision Transfer Control Both
Banks'"; DXCH Z

DTCF 05. 2004 "Double Precision Transfer Control Fixed
Bank''; DXCH FBANK

DV E 11.0 "Divide by E'; an arithmetic instruction

DXCH E 05. 2 "Double Exchange A and E'; a fetching and
storing instruction

EDOP .0023 "Edit Operator'’; a Special Instruction

EXTEND 00. 0006 "Extend''; a Special Instruction

FETCH K none "Fetch K'; a Peripheral Instruction

GO 00. "GO"; an Interrupting Instruction

INCR E 02.4 "Increment E'"; an arithmetic instruction

INDEX E 05.0 Alternate spelling for NDX E

INDEX K 15, Alternate spelling for NDX K

INHINT 00. 0004 "Inhibit Interrupt"; a Special Instruction

INOTLD H | none "In Out Load H'"; a Peripheral Instruction

INOTRD H | none "In Out Read H'; a Peripheral Instruction

LXCH E 02.2 "Exchange L and E'; a fetching and storing
instruction

MASK K 07. Alternate spelling of MSK K

MCDU C none "Minus CDU C'"; a Counter Instruction

32-14
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Table 32-3

MACHINE INSTRUCTIONS, ALPHABETICAL LISTING (cont)

Symbolic Order Code
Instruction Name and Type

Word A

MINC C none '"Minus Increment C''; a Counter Instruction

MP K 17 "Multiply K''; an arithmetic instruction

MSK K 07. "Mask with K''; a logic instruction

MSU E 12.0 ""Modular Subtract E'; an arithmetic instruc-]
tion

NDX E 05.0 "Index Next Basic Instruction with E''; a
modifying instruction

NDX K 15, "Index Next Extra-Code Instruction with K'’;
a modifying instruction

NOOP 03.0000 "No Operation (Erasable)'’; instruction is
stored in E Memory; CA A

NOOP TCF{I+1) '""No Operation (Fixed)'; where I is address
of instruction TCF (I+1) stored in F Memory

OVSK 05, 4000 "Overflow Skip”; TS A

PCDU C none "Plus CDU C'"; a Counter Instruction

PINC C none "Plus Increment C''; a Counter Instruction

QXCH E 12,2 "Exchange Q and E'; a fetching and storing
instruction

RAND H 10,2 '"Read and AND H''; a Channel Instruction

READ H 10.0 "Read H''; a Channel Instruction

RELINT 00. 0003 "Release Interrupt Inhibit'"; a Special In-
struction

RESUME 05.0017 "Resume Interrupted Program'’; a Special
Instruction

RETURN 00. 0002 "Return''; TC Q

ROR H 10, 4 "Read and OR H'; a Channel Instruction
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Table 32-3

MACHINE INSTRUCTIONS, ALPHABETICAL LISTING (cont)

Symbolic Order Code
Instruction Name and Type

Word /A

RUPT 10. 7 "Interrupt Program Execution'’; an Interrupt-
ing Instruction

RXOR H 10. 6 "Read and Exclusive OR H'; a Channel In-
struction

SHANC C none "'Shift and Add Increment C'; a Counter In-
struction

SHINC C none ''Shift Increment C'"; a Counter Instruction

SQUARE 17. 0000 "Square'’; MP A

SR .0021 "Shift Right'; a Special Instruction

STORE E none ''Store E''; a Peripheral Instruction

SU E 16. 0 "'Subtract E'; an arithmetic instruction

TCAA 05. 4005 "Transfer Control to Address in A'"; TS Z

TC K 00. "Transfer Control to K''; a sequence chang-
ing instruction

TCF F 0l.2 "Transfer Control to Fixed F'; a sequence

01.4 changing instruction
0l.6

TCR K 00. Alternate spelling of TC K (Transfer Control
Setting up Return)

TCSAJ K 00. "Transfer Control to Specified Address K'}
a Peripheral Instruction

TS E 05. 4 "Transfer to Storage E'; a storing instruction

WAND H 10. 3 "Write and AND H'"; a Channel Instruction

WOR H 10.5 "Write and OR H'; a Channel Instruction

WRITE H 10.1 "Write H'; a Channel Instruction

XCH E 05. 6 "Exchange A and E'; a fetching and storing

instruction
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Table 32-3

MACHINE INSTRUCTIONS, ALPHABETICAL LISTING (cont)

Symbolic Order Code
Instruction Name and Type
Word A
ZL 02, 2007 "Zero L'"; LXCH ZERO
zZQ 12. 2007 "Zero Q'"; QXCH ZERO

A Address symbol K can represent any address in the Central Pro-
cessor (CP), E Memory or F Memory,
Address symbol F can represent an address in F Memory only.
Address symbol E can represent an address in the CP or E Memory

only.

él Entered into SQ, or SQ and S.
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32-3. EXECUTION OF INSTRUCTIONS

32-4. The execution of all Machine Instructions is under the control of the
Sequence Generator (SQG). The initiation of instruction executions is
described in paragraphs 30-24 through 30-27. All Machine Instructions are
composed of one, two, three, or seven subinstructions, as indicated in the
third column of table 32-2. All but two subinstructions consist of twelve
actions, Refer to table 32-4 at the end of this section and paragrapn 30-21.
Subinstructions DV0 and DV4 together consist of twelve actions, An action
is defined as a set of control pulses generated by the SQG and may be com-
posed of zero, one, or several control pulses. One action occurs every
0.977 psec and the execution of one subinstruction takes 11. 7 psec which
equals one Memory Cycle Time (MCT).

32-5, EXECUTION OF SUBINSTRUCTIONS

32-6. When a Regular Instruction, instruction RUPT, instruction GO, or
instruction TCSAJ K is executed, the content of register SQ and the content
of the stage counter (ST) determine the subinstruction to be executed as shown
in columns three and four of table 32-4. Subinstruction STD2 (standard two)
is executed whenever the stage counter (ST) contains octal 2 regardless of the
contents of register SQ as indicated by the X symbols. If the stage counter
(ST) contains any other octal number than 2, a subinstruction is executed as
defined by the content of register SQ. Subinstructions of Regular Instruc-
tions with whole order codes are determined by the content of bit positions
EXT through 13 of register SQ while the content of bit positions 12 through

10 is irrelevant. Subinstructions of Regular Instructions with quarter codes
are defined by the content of bit positions EXT through 11 while the content

of bit position 10 is irrelevant. Subinstructions of Channel Instructions are
defined by the content of bit positions EXT through 10. (Refer to paragraphs
30-153 and 30-154.)

32-7. When a Counter Instruction is executed, the contents of register SQ

and the stage counter (ST) are irrelevant; the execution of Counter Instruc-

tions is determined by the setting of certain flip-flops only. When a Periph-
eral Instruction is executed, the setting of certain flip-flops and the content

of the stage counter (ST) determine the subinstruction being executed.

32-8. The twelve actions (1 through 12) of a DV subinstruction do not occur

in the same sequence as time pulses TOl through T12 are generated. Actions
1 through 3 of subinstruction DVO are caused by time pulses 1 through 3.
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Actions 4 through 12 and 1 through 3 of subinstructions DV1 through DV6
(table 30-4) are caused by time pulses 4 through 12, and 1 through 3 in that
sequence. Actions 4 through 12 of subinstruction DV4 are caused by time
pulses 4 through 12 and complete the last MCT. Thus, the execution of the
six DV subinstructions takes only five MCT's.

32-9. CONTROL PULSES

32-10. Control pulses are signals generated by the SQG which regulates data
flow within the Central Processor (CP) and the Input-Output Control. The
control pulses can be grouped in five categories: read pulses, write pulses,
direct read-write pulses, test pulses, and special pulses (paragraph 30-28).
All control pulses are defined in table 32-5 at the end of this section.

32-11, A read pulse gates the content of a register or input-output channel
into the write amplifiers (WA's). Read pulses such as RA, RB, etc., read
the content of a specific register into the WA's. Read pulses RSC and RCH
read the content of that CP register or input-output channel into the WA's the
address of which is contained in register S. Read pulses R15, RI1C, etc.
enter certain octal quantities into the WA's.

>

32-12. A write pulse clears a register or input-output channel and gates
into it the data which is present at the WA's, i.e., the data which is gated
into the WA's by a read pulse at the same time. Write control pulses such
as WA, WB, etc., write into a specific register. Write pulses WSC and
WCH write into a register or channel which is defined by the content of reg-
ister S.

32-13. Direct read-write pulses copy the content of one register into an-
other register without using the WA's. Control pulse A2X, for example,
enters the content of register A into register X.

32-14. Test control pulses test the content of certain bit positions, set the
branch flip-flops accordingly and thus initiate branching operations. For
instance, control pulse TSGN tests the content of WA 16 (bit 16) and sets flip-
flop BR1 to ONE if WA 16 contains a ONE (minus sign).

32-15. Special control pulses are used to set stage counters, certain flip-
flops, to initiate certain operations, etc.

32-16. SUBINSTRUCTION STD2

32-17. Subinstruction STD2 (standard two) is used as a concluding subin-
struction with most Regular Instructions and instructions RUPT and TCSAJ K.
Its purpose is to increment by one the content of register Z, the program
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counter, and to call forward the instruction to be executed next. Subinstruc-
tion STD2 is executed when the stage counter (ST) contains 2.

32-18. Control pulses RZ and WY12 of action 1 (row 1 of table 32-4) clear
the Adder and enter bits 12 through 1 contained in register Z into Adder input
register Y. Pulse CI enters a carry bit into bit position 1 of the Adder, thus
adding a one to the quantity entered by pulse WY1l2. The incremented quan-
tity is returned to register Z by pulses RU and WZ of action 6. Before this
operation, register Z contained the address of the instruction to be executed
next, After the operation, register Z contains the address of the instruction
to be executed thereafter which becomes the ''address of the next instruction'
during the execution of the next instruction.

32-19. Control pulses RSC and WG of action 2 clear register G if no CP
register address (addresses 0000 through 0007) is contained in register S.
If register S contains a CP register address, the content of the specified CP
register is entered into register G. If register S contains an E memory
address (address 0010 through 1777), the content of the specified E location
is entered automatically into register G at time 4 by the E Memory (para-
graph 30-52). If register S contains an F memory address (addresses 2000
and above), the content of the specified F location is entered automatically
into register G at time 6 by the F Memory (paragraph 30-53). The informa-
tion being entered into register G is the instruction to be executed after the
current STD2 subinstruction. The content of register G is returned auto-
matically to an E memory location after time 10 if an E memory location is
addressed to restore the content of the location (destroyed during readout).

32-20. Control pulse RAD of action 8 normally generates control pulse RG.
Pulses RG, WB, and WS of action 8 enter the next instruction into register B
and its relevant address into register S, Control pulse NISQ of action 2,
causes the generation of pulses RB and WSQ at time 12, thus entering bits 15
through 10 of the next instruction into register SQ and initiating the execution
of the next instruction. See example in paragraphs 32-25 through 32-29.

32-21. DATA TRANSFER DIAGRAMS

32-22. The data transfer diagrams are used to describe the operation of
subinstructions, Figure 32-1, for instance, illustrates the execution of sub-
instruction STD2 discussed in paragraphs 32-16 through 32-20. Box F at

the top represents a location in F Memory if one has been addressed, box E,
a location in E Memory if one has been addressed, and box H an input-output
channel if one has been addressed. The subsequent boxes represent CP reg-
isters and the Adder with input registers Y and X, output gates (U), and
carry input flip-flop CI. The large box below register SQ represents the SQG.
The control pulses generated at the various actions are listed in this box,
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Figure 32-1. Subinstruction STD2
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The 3-bit stage counter (ST) and the 2-bit branch flip-flops (BR) are repre-
sented by two small boxes at the bottom. (Branch flip-flop BR1 contains the
high order bit and BR2, the low order bit.) Data shown in the registers prior
to action 1 indicate starting conditions.

32-23. The information flow caused by the control pulses is indicated by
vertical lines. Numbers in ellipses indicate data passing through the WA's,
Information moving between memory and register G does not pass through
the WA's, therefore, no ellipses are shown in the respective flow lines.
When data is gated directly from one register into another, no flow line is
shown. Broken flow lines are used to indicate information flow which may
occur under conditions different from those pertaining to the given numeric
example.

32-24. The 5-digit octal quantities used in boxes ¥, E, and CH represent
15 bit words (bits 15 through 1, no parity bit). Register S is able to store
12 bit addresses represented by 4 octal digits. Registers G, B, A, L, Q,
Z, Y, and X are able to store 16 bit words represented by 6 octal digits and
the same is true for the output gates (U) of the Adder. Register SQ is able
to store 7 bits expressed in fractional octal numbers, 4 bits or 2 octal digits
in front of the octal point, and 3 bits or 1 octal digit after the octal point.

32-25. EXAMPLE OF INSTRUCTION EXECU TIONS

32-26. The following sequence of instructions has been chosen as an example:

Location Instruction Code
2657 AD 1213 6.1213
2660 TC 3000 0.3000
2661 CS 2765 4, 2765
3000 CA 0375 3.0375

Let us assume that subinstruction ADO has been executed and that subinstruc-
tion STD?2 is being executed. Prior to time 1 of STD2, register Z and S con-
tain 2660, the address of instruction TC 3000 to be executed next, as indicated
in figure 32-1. Since address 2660 refers to F Memory, instruction TC 3000
(03000) is shown in the top box. The contents of registers G, B, A, Y, X,
and SQ, which remained from the execution of subinstruction ADO, are ir-
relevant. The stage counter has been set to 2 at the last time 12 to initiate
the execution of subinstruction STDZ.

32-27. Control pulse RZ of action 1 gates address 002660 into the WA's and

pulse WY 12 gates the content of WA's 12 through 1 into register Y. Pulse
WY12 also clears register X. Pulse CI forces a carry bit into bit position 1
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of the Adder and the quantity 002661 appears at the output gates (U). Pulses
RU and WZ of action 6 return the incremented address to register Z.

32-28. Since register S does not contain a CP register address, no CP reg-
ister is gated for read out at the occurrence of pulse RSC of action 2, the
WA's contain 000000, and pulse WG writes this quantity into register G, thus
clearing register G. Since register S also does not contain an E memory
address, nothing is entered into register G by E Memory at time 4. Because
register S contains address 2660 of F Memory, instruction TC 3000 contained
at location 2660 is entered into register G by F Memory at time 6. Since
register S does not contain an E memory address prior to time 6, no data

is restored in E Memory after time 10.

32-29. Control pulse RAD of action 8 is interpreted as RG and enters in-
struction TC 3000 into the WA's., Pulse WB enters the same instruction into
register B while pulse WS enters the relevant address into register S. Con-
trol pulses RB and WSQ, which are caused by pulse NISQ, enter 00. 3 into
register SQ at time 12. The stage counter is reset to 0. Thus the execution
of subinstruction TCO has been initiated.

(text continued on page 32-53)
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TABLE 32-4
CONTROL PULSES GENERATED AT VARIOUS ACTIONS

Actions
Row | Subinstruction o) il Remarks
No. Symbol EXT 16,1413 121110 321 1 2 3 5 6 7 8 9 10 11 12
1 STD2 X XXX XXX 010 RZ RSC RU RAD Follows any subinstruction which sets c(ST)= 2
WY12 WG Wz WB with control pulse ST2. Followed by next instruction.
Cl NISQ WS See note A
2 TCO 0 000 XXX 000 RB RSC RZ RU RAD Followed by instruction to which control is transferred.
WY12 WG WwQ Wz WB See note A.
Ci NISQ LN
3 TCFO 0 001 01X 000 RB RSC RU RAD Followed by instruction to which control is transferred.
0 001 10X 000 wY12 WG | 74 WwB See note A.
0 001 11X 000 Ci NISQ WS
4 CCs0 0 001 00X 000 RL10BB RSC RG &RZ RU RB AWY RU A If ¢(BR) = 0, c(G) is positive non-zero at time 5.
LN WG WB WY12 WZ WG RB WA
TSGN WS MONEX /2\ 11 ¢(BR) =1, ¢(G) is plus zero at time 5.
T™Z Cl
TPZG ST2 A If c(BR) = 2, c(G) is negative non-zero at time 5.
/A\RZ A\ WY /
WY12 $T2 /A\ 1f ¢(BR) =3, c(G) is minus zero at time 5.
PONEX
RZ &wv Followed by STD2.
Wy12 RC
PTWOX MONEX
Cl
ST2
/A\RZ A\ Wy
WY1z §T2
PONEX
PTWOX
5 | BzF0 1 001 01X 000 | Ra TPZG RSC A - |A - /\ Rz /N 1fc(BR) = 00r 2, c(A) is non-zero at times 1 and 2.
1 001 10X 000 WG WG EN
1 o001 11x |ooo | TseN . ST2 /2\ 1 c(BR)=10r3, c(A) is plus or minus zero at
™Z /AR |/ R /2\RAD times 1 and 2.
grlz e :? If ¢ (BR) = X0, BZFQ i followed by STDZ.
NISO If c(BR) = X1, BZFO is followed by instruction to
which control is transferred.
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CONTROL PULSES GENERATED AT VARIOUS ACTIONS (cont)

. . ¢(5Q) c(ST) Actions
Row | Subinstruction
No. Symbol EXT 16,1413 121110 321 1 2 3 5 6 7 8 9 10 11 12
6 BZMFO 1 110 o1x |ooo| Ra TPZG RSC A—  |A\A- /N\Rz /N 1fc(BR) =0, c(A) is positive non-zero at times
1 110 10X 000 WG WG WS 1and?2
1 110 11X 000 [ TSGN . ST2 If ¢(BR) = 1, c(A) is plus zero at times 1 and 2.
T™MZ sz‘ Zfl 125 RAD
B RU A If c(BR) = 2, ¢ (A) is negative non-zero at times
LN\p12 | /N= A\WNE 1 and 2
Cl WS If ¢(BR) = 3, c(A) is minus zero at times 1 and 2
VON [\ AR
7 If ¢(BR) = 0, BZMFO is followed by STD2
If c(BR) £ 0, BZMFQ is followed by instruction to
which control is transferred.
7 CA0 0 011 XX X 000 RSC RG RZ RB RB Followed by STD2.
WG WB WS WG WA
ST?2
8 €S0 0 100 XXX 000 RSC RG RZ RB RC Followed by STD2.
WG WB WS WG WA
ST?2
9 DCAO 1 011 XXX 000 RB RSC RG RU RB RB Followed by DCAL.
wy12 WG WB WS WG wL
MONEX ST1
cl
10 DCAL 1 011 XX X 001 RSC RG RZ RB RB Followed by STD2
WG WB WS WG WA
ST?2
11 DCSO 1 100 X X X 000 RB RSC RG RU RB RC Followed by DCS1
WY12 WG iB WS WG wL
MONEX ST1
cl
12 DCS1 1 100 X X X 001 RSC RG RZ RB RC Followed by STD2.
WG WB WS WG WA
ST?2
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TABLE 32-4
CONTROL PULSES GENERATED AT VARIOUS ACTIONS (cont)

c(SQ) c(ST) Actions
Row | Subinstruction Remarks
No. Symbol EXT 161413 121110 |[321 1 2 3 4 5 6 7 8 9 10 11 12
13 | TS0 0 101 10X |000 | RLIOBB RSC R | ARz | A= RU RB RZ /\ Ifc(BR) =0, Al6,15 = Qor 3 at time 3.
WS WG WB Wy12 Wz WSC Ws
v | /A\Rz | Arel WG $T2 — [\ fc(BR) =1, Al6,15 = 1attine 3
WY12 WA |
I /\ I c(BR) =2, AI6,15 = 2 at tirie 3
ARz | Aric
Wy 12 WA Followed by STD2.
Cl
14 XCHO 0 101 11X [000 | RLIOBB RSC RA RG RB RZ Followed by STD2.
WS WG W8 WA WSC WS
WG ST2
15 LXCHO 0 010 01x |o00 | RLIOBB RSC RL RG RB RZ Followed by STDZ.
WS WG WB WL WSC WS
WG ST2
s QXCHO 1 010 01X |000 | RLoBB RSC RQ RG RB RZ Followed by STD2.
WS WG W8 WQ WSC Ws /
WG ST2
17 DXCHO 0 101 01X 000 RL10BB RSC RL RG RB RU ST1 Control pulse Cl at time 1 causes 000001 plus 177776
95 WG W8 WL WsC WS to result in 000000 instead of 177777.
wy12 WG WwB Followed by DXCHI.
MONEX .
Cl
18 DXCHI 0 101 01X ool | RLIOBB RSC RSC RG RB RZ Followed by $TD?.
WS W6 W8 WA WSC WS
WG ST2
19 NDX0 0 101 00X 1000 RSC TRSM RG RZ RB STI Normally followed by NDX1. Followed by RSM3 if
WG W8 WS WG ¢(S) = 0017 at time 5.
20 NDXI 0 101 00X 001 | RZ RSC RB RA RZ RU RG RU RB RU Followed by indexed Basic Instruction
WY12 WG wz wB WA Wz wy ws WA WwB See note A at end of table.
Cl NISQ A2X
21 NDXX0 1 101 XXX [000 RSC RG RZ RB $T1 Followed by NOXXI.
WG W8 Ws WG
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TABLE 32-4
CONTROL PULSES GENERATED AT VARIOUS ACTIONS (cont)

Row | Subinstruction Remarks
No. |  Symbol EXT 161413 121110 | 321 1 2 3 4 5 6 7 8 9 10 11 12 -
22 NDXX1 1 101 XXX 001 RZ RSC RB RA RZ RU RG RU RB RU Followed by an indexed Extra Code Instruetion.
WY12 WG Wz WB WA Wz WY Ws WA WB
cl NISQ A2X EXT
23 | ADO 0 110 XXX |o000 RSC RG RZ RB RB RU Followed by STD2.
We W8 Ws WG Wy WA
ST2 A2X
2 | suo 1 110 00X |o000 RSC RG RZ RB RC RU Followed by STD2.
WG WB Ws WG Wy WA
$T2 A2X
25 | wmPo 1 111 XXX |o000 RSC RA /\ R8 RG Rz | A\ re RU /N WA /N Itc(BR) = 0or 1, AlG = 0 at time 3.
WG WB WL WB WS WY WB _
e TSN oo /2\ I c(BR)=20r 3, Al6 = 1 at time 3.
NEACON /A\ If c(BR) =0, Al§ = 0 and GI6 = 0 at time 7.
/A Re /A RB $TL RBI
WL WY RIC /A If c(BR)= 1, A6 = 0 and G16 =1 at time 7.
i WA
A L6 /o\ If c(BR) =2, Al6 = 1 and G16 = 0 at time 7.
;5 /6\ I c(BR) =3, Al =1 and GI§ =1 at time 7.
Cl /I If ¢(BR)= 0o 1, UL6 = 0 at time 10,
L\ R
Wy If ¢(BR) =2 or 3, U16 =1 at time 10.
Followed by MP1.
2% | WPl 1111 xxx |oo1 ] zp ZAP ZIP ZAP 2IP ZAP 1P ZAP 2IP ZAP I Followed by MP3,
$T1
ST2
27 | wp3 1 111 xxx |oi1 | zap zIp ZAP RSC RZ RU A\ — RAD RA R A\ — /N Ifc(BRY=00r 1, L15 = 0at time 6.
NISQ WG W12 Wz WB
i L5 | A\ R8 Ws /A RU /\ Ifc(BR)=20r3, L15=1at time 6.
NEACOF Wy WA
A2X Followed by next instruction.
See note A.
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TABLE 32-4
CONTROL PULSES GENERATED AT VARIOUS ACTIONS (cont)

c(SQ) c(ST) _ Actions
Row | Subinstruction Remarks
No. Symbol EXT 16,1413 12,11,10 | 3,21 1 2 3 4 9 10 11 12

/\ Ifc(BRY=20r3, Al6 = 1 ai time 2.
/2 DvsT

/ / / Followed by DVI after action 3.

\

5 1
” % ’ / %
8 | Dvo 1 001 00X |000| RA /A Re | Ru 7 / 7 / , /\ 1fc(BR) = 0or 1, Al6 = 0 at time 2.
WB wa | we
TSGN ™Z | STAGE ;
™Z DVST 7 / /

29 DVl 1 001 00X 001

/ / 7 /N RL RB RU RG /A\Re | /\ re RU RL RU- | /N 11 c(BR) = 00r 2, c(A)at time 2 of DVO is
WB Wy WL RSC WYy WA wB WYD WL non-zero.
minus zZero.
A RL ARC TSGN A — RC A Ifc(BR)=0o0or1, Al6 =0 at time 2 of DVO or
: W8 WY WA L16 = 0 at time 4 of DVI.
, TSGN BISX 215 /A If ¢(BR) = 2 or 3, Al6 = L at time 2 of DVO or
/ 7 / Z16 & L16 = 0 at time 4 of DVI1.
. If c(BR) =0 or 2, no overflow at time 8.
] % 7 7 %
29 DVl 1 001 00x 001 L2GD RG RU & If ¢(BR) =1 or 3, overflow at time 8.
(cont) RB WL WB
WYD TSGU STAGE A Ifc(BR)=0o0r1, GI6 = 0 at time 9.
Il;lZ;(L DVST Ifc(BR)=2or3, Gl6 =1 at time 9.

A Ifc(BR)=0o0r1, Ul6 = 0 at time 2.
/\ cLxc .
[& Ifc(BR)=20or 3, U6 =1 at time 2.

AN RBIF / / // / A // Followed by DV3 after action 3,

30 DV3 1 001 00X 011 L2GD RG RU L2GD RG RU L2GD RG RU A If ¢c(BR)="0or 1attime5, 8, or 11, Ul6 = 0.

RB WL WB RB WL WB RB WL WwB
WYD A TSGU WYD TSGU WYD TSGU /2\ I c(BR)=20r 3 at time 5. 8, or 11, U1 = 1.
CLXC

A2X ax | /N cLxe A2X /N cuxe

7
% / i /2\ RBIF | b /A RBIF o /2\ RBIF

/A\ If ¢(BR) =0 or 1, Ul6 = 0 at time 2.

30 DV3 1 00l 00X [o011 | L2GD RG RU % a7 /

(cont) RB WL WB

\

WYD TSGU STAGE A Ifc(BR)=20r3 Ul6 =1 at time 2.
A2X DVST
PIFL A CLXC Followed by DV7 after action 3.

o 5
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TABLE 32-4
CONTROL PULSES GENERATED AT VARIOUS ACTIONS (cont)

Row | Subinstruction <50 D Actions
Remarks
No. Symbol EXT 16,14,13 121100 |3,21 1 2 3 4 5 6 7 8 9 10 11 12
g;/ 7 7
31 DV7 1 001 oox |11l L26D RG RU L26D RG RU L2GD RG RU
RB WL W8 RB WL W8 RB WL WB
WYD TSGU WYD TSGU WYD TSGU
ax | /N cuxe A2X /\ cuxe A2X CLXC
PIFL PIFL PIFL
/\ RBIF /A RBIF /2 RBIF /N 1fc(BR)=0or 1, Ul6 =0 at time 5, 8, 11 or 2.
2 ‘ ‘
7
31 DV7 I 001 00X |111 | LD RG RU ¢?7 //// % /// /A Ifc(BR)=20r 3, UI6 =1 at time 5, 8, 11, or 2.
(cont RB WL wB
WYD TSGU STAGE Followed by DV6 after action 3.
A2X DVST
Prt | A\ cLxe
A e / 7 7
A 4 % 7 7 %
) DV6 1 001 00X |110 //// ;;?77 L2GD RG RU L26D RG RU L26D RG RU
RB WL WB RB WL W8 RB WL WB
WYD TSGU WYD TSGU WYD TSGU
ax | A\ cuxe A2X CLXC AX CLXC
PIFL PIFL PIFL |
////// 7 /\ RBIF /2\ RBIF /\ RBIF /N fc(BRy=00r 1, Ul6 = 0at time 5, 8, 11, or 2.
4
B DV6 1 001 o0o0x |1lo| L2aD RG RU §§/ 27’ ,/// % % v /// Z /\ Ifc(BR)=20r3, Ul6 =1 at time 5, 8, 11, or 2.
(cont RB WL WB
WYD TSGU STAGE Followed by DV4 after action 3.
A2X DVST
PEL | /N cLxe /////////
/\ RBIF /}// ///// //////
% # % 2
33 DV4 1 011 00X [100 222?” ¢ L2GD RG RZ |\ — RZ RU /6\ RC /\ 1 c(BR) = 0 or 1 at time 5, U16 = 0.
RB W8 Tov WS W8 WL /\ 1t c(BR)= 2 or 3 at time 5, 16 = 1.
WYD WA /A Re ST2 W | A\ — ,
/A\ If c(BR) = 0 at time 7, U16,15 = 00 or 11.
A2X TSGU WA TSN
PIFL /A\ RC RSTSTG ZCXIfNBR)-lmtme7lH615 .
WA /3\ 1f c(BR) = 2 at time 7, U16, 15 = 10.

.

/N cuxe
/2\ RBIF

Ifc(BR)=0or1 at time 10, Z16 = 0.
Ifc(BR) =2 or 3 at time 10, Z16 = 1.
Followed by STD2 after time 12.
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CONTROL PULSES GENERATED AT VARIOUS ACTIONS (cont)
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Row | Subinstruction o680 il Actions
No. Symbol EXT 16,1413 121110 | 321 1 2 3 4 5 6 7 8 9 10 11 12
34 ADSO 0 010 11X 000 RL10BB RSC RG RU A WA RZ RC RU A Ifc(BR)=0, Ul6,15 =00 or 11 at time 7.
[N WG wy WwsC WS T™Z WA
AX WG $T2 /\ I c(BR) = 1, U16,15 = 01 at time 7
TOV é& WA
RBI & If ¢(BR) = 2, U16,15 = 10 at time 7,
A WA RC and TMZ at time 9 have no effect.
RIC Followed by STD2.
35 DASO 0 010 00X 000 | RLIOBB RSC RA RL RU RG RB RL RU A RA A If ¢(BR) =0, U16,15 =00 or 11 at time 9.
'S WG WB WA WL wy WA WB wsC wy '
WY12 AZX WG $T1 /A 1fc(BR) =1, U16,15 = 01 at time 9
MONEX Tov RA
i Wy /A\ If c(BR) = 2, U16,15 = 10 at time 9.
PONEX
ST1 Followed by DASI.
& RA
wy
MONEX
§T1
3% DASL 0 010 00X 001 | RLIOBB RSC RU RG RU A WA RZ RC A wL A — A If c(BR) =0, U16,15 = 00 or 11 at time 7.
N WG WA Wy WG WS T™Z
A2X wscC & WA ST2 @ — A RU A If c(BR) =1, U16,15 =01 at time 7.
TOV RBI WA
A If c(BR) =2, U16,15 = 10 at time 7.
& WA
RIC /A If ¢(BR) = 0 or 2,T(B)Z 177777 at time .
& If c(BR)=1or 3, T(B)= 177777 at time 9.
Followed by STD2.
37 INCRO 0 010 10X 000 RL10BB RSC RG PONEX RU RZ TSGN, TMZ, and TPZG of action 5 have no effect.
' N WG Wy WSC WS If U16,15 = 01, WOVR of action 7 requests execution
TSGN WG ST2 of PINC 0024 if ¢ (S) = 0025,or RUPT if ¢ (S) = 0026,
™Z WOVR 0027, or 0030.
TPZG

Followed by STD2.
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TABLE 32-4

CONTROL PULSES GENERATED AT VARIOUS ACTIONS (cont)

N c(SQ) ¢(ST) Actions
Row | Subinstruction Remarks
No. Symbol EXT 16,1413 121110 |3,21 1 2 3 4 5 6 7 8 9 10 11 12
3 | AuGo 1 010 10X |000 | RL0BB RSC Re | /N Ponex| Ru RZ /N I c(BR)=0or 1, GI6 = 0 at time 6.
Wws WG wy wsC WS
TSGN é_ HMONEX WG ST?2 & ifc(BR)=2o0r3, Gl6 = latilme 6.
T™Z WOVR TMZ and TPZG of action 5 have no effect. If
TPZG U16, IS = 11, WOVR of action 7 requests execution of
PINC 0024 if ¢(S) = 0025 or RUPT if c(S) = 0026,
0027, or 0030.
Followed by STD2.
39 DIMO 1 010 11X |o000 | RLIOBB RSC Re | A\ monex| Ru RZ /N 1 c(BR) = 0, ¢(6) s positive nan-zero at time §
ws e Wy WwsC Wws
TSGN A PONEX| we ST? A If ¢(BR) = 2, ¢(G)is negative non-zero at time 6.
™Z WOVR zf& . .
If ¢(BR) =1 or 3, ¢(G) is plus or minus zero at
TPZG [&—- time 6.
WOVR at time 7 has no effect.
Followed by STD2.
40 MSUQ 1 010 00X 000 | RLIOBB RSC RG RC RUS RZ RB Zﬁ;-— RUS zf; Ifc(BR)=0o0r 1, U5 =0 at time 7
Wws WG WwB WY WA WS WG WA
Cl TSGN ST2 /A\RA /2 1 c(BR)=20r 3, UI5 = 1 at time 7
A2X wy
MONEX Followed by STD2.
41 MSKO 0 111 XXX 1000 RSC RA RC RG RZ RC RU RC * Followed by STD2.
WG WB WA W8 Wws RA WB WA
ST2 wy
42 READO 1 000 000 000 | RLIOBB RA Wy RCH RB RA RZ Followed by STD2.
: WS WB WwB WA WB WS
ST2
13 WRITEO 1 000 001 000 | RLIOBB RA wy RCH RA RA RZ See note B. Followed by STD2
WS WwB WwB WCH w8 Wws
WG ST2
44 RANDO 1 000 010 000 | RLIOBB RA RC RCH RC RA RC RZ Followed by STD2.
WS WB wy WwB RU wB WA Wws
WA ST2
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TABLE 32-4
CONTROL PULSES GENERATED AT VARIOUS ACTIONS (cont)

¢(SQ) c(ST) Actions
Row | Subinstruction —
No. Symbol EXT 16,1413 121110 | 321 1 2 3 4 5 6 7 8 9 10 11 12
45 WANDO 1 000 011 000 RL10BB RA RC RCH RC RA RC RZ See note B. Followed by STD2.
WS WB WYy WB RU WB WA WS
WA WCH ST2
46 RORO 1 000 100 000 RL10BB RA RB RCH RB RA RZ Followed by STD2.
WS wB WY WB RU WB WS
WA ST?
47 WORO 1 000 101 000 RL10BB RA RB RCH RB RA RZ See note B, Followed by STD2.
N WB WY WwB RU WB WS
WA ST2
WCH
48 RXOR0 1 000 110 000 RL10BB RA RC RCH RA RG RZ RC RU RC Followed by STD2.
WS WB. RCH WB RC wB WS WG WB RG
WY WG ST2 WA
49 RSM3 0 101 00X 011 R15 RSC RG RB RAD Followed by instruction at return address.
WS WG wZ WG WB See note A.
' NISQ WS
50 RUPTO 1 000 111 000 R15 RSC RZ ST1 RSC at action 2 has no effect.
WS WG WG Followed by STD2.
51 RUPTI 1 000 111 001 R15 RSC RRPA RZ RB RSC at action 2 has no effect.
RB2 WG Wz LN WG Followed by STD2.
WS ST2 KRPT
52 GOJ1 0 000 XXX 001 RSC RSTRT Initiated by signal GOJAM. RSC at action 2 has no
WG WS effect.
W8 Followed by TC 4000.
53 PINC X X XX XXX XXX| RSCT RSC RG PONEX RU RB See note C. RSC of action 2, TSGN, TMZ, and TPZG
: WS WG WYy WSC LN of action 5, and WSC of action 7 have no effect. If
TSGN WG U16,15 = 01, WOVR of action 7 requests the execution
™Z WOVR of PINC 0024 if c(§) = 0025, or RUPT if c(S) = 0026,
TPZG 0027, or 0030.
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TABLE 32-4
CONTROL PULSES GENERATED AT VARIOUS ACTIONS (cont})

c(8Q) c(ST) Actions
Row | Subinstruction Remarks
No. Symbol EXT 16,1413 121110 | 3,21 1 2 3 5 6 7 8 g 10 11 12
5 MINC X XXX XXX XXX RSCT RSC RG MONEX RU RB See note C. RSC of action 2, TSGN, TMZ, and TPZG
WS WG WY WsC WS of action 5, and WSC and WOVR of action 7 have no
TSGN WG effect.
T™Z WOVR
TPZG
55 DINC X XXX XXX XXX RSCT RSC RG A MONEX RU RE See note C.
Ws WG xéN PaUT xg ¥ /A 1 c(BR) =0, ¢ (6) is positive non-zero,
™Z A PONEX|  WOVR /2\ 1 ¢(BR) = 2, ¢(G) is negative non-zero,
TPZG MOUT
& Z20UT A ifc(BRy=1or 3, c(G)is pius or minus zero.
RSC of action 2, and WSC and WOVR of action 7
have no effect.
5% PCDU X XXX XXX XXX RSCT RSC RG Cl RUS RB See note C. RSC of action 2, TSGN, TMZ, and TPZG
WS WG WY WSC WS of action 5, and WSC and WOVR of action 7 have no
TSGN WG effect.
T™Z WOVR
TPZG
51%# MCcou X XXX XXX XXX RSCT RSC RG MONEX RUS RB See note C. RSC of action 2, TSGN, TMZ, and TPZG
WS WG LA Cl WSC WS of action 5, and WSC and WOVR of action 7 have no
g TSGN WG effect.
™Z WOVR
TPZG
58 SHINC X XXX XXX XXX RSCT RSC RG RUS RB See note C. RSC of action 2, and WSC and WOVR of
WS WG WYD WSC Ws action 7 have no effect. TSGN of action 5 requests
TSGN WG RUPT if ¢(S) is 0045 and GI6 = 1.
WOVR
59 SHANC X XXX XXX XXX RSCT RSC RG RUS RB See note C. RSC of action 2, and WSC and WOVR of
[N WG WYD WsC W3S action 7 have no effect. TSGN of action 5 requests
TSGK WG RUPT if c(S) is 0045 and G16 = 1.
Cl WOVR
60 TCSAJ3 0 000 000 011 RSC WS See note D. An address is sent to the WA’s from an
WG Wz external source at time 8.
ST2 Followed by STDZ.

32-43/32-44






FR~2-132

TABLE 32-4
CONTROL PULSES GENERATED AT VARIOUS ACTIONS (cont)

Row | Subinstruction ¢(SQ) c¢(ST) Actions
Remarks
N Skt EXT 161413 1211,10 |321 1 2 3 4 5 6 7 8 9 10 11 12
61 FETCHO X XXX XXX 000 R6 RSC WSC WS See note D. A bank number is sent to the WA's from
WS WG an external source at time 4; a memory address is
wy sent to the WA's at time 8.
ST Followed by FETCHI.
62 FETCHI X XXX XXX 001 RSC RG RB RBBK , See note D. The quantity contained in the WA's at
WG WS time 7 and/or time 10 can be displayed on external
U2BBK equipment.
63 STORED X XXX XXX 000 R6 RSC WSC WS See note D. A bank number is sent to the WA's from
WS WG an external source at time 4; a memory address is
wy sent to the WA's at time 8.
STl Followed by STOREL.
64 STORE1 X XXX XXX 001 RSC WSC RG RB WG RBBK See note D. A quantity is provided for loading from
’ WG WS an external source at times 4 and 9.
U2BBK
65 INOTRD X XXX XXX XXX WS RSC RCH RB See note D. A channel address is sent to the WA's
WG WS from an external source at time 1; the quantity con-
tained in the WA’s at time 5 can be displayed on
external equipment.
66 INOTLD X X XX XXX XXX WS RSC RCH WCH RB See note D. A channel address is sent to the WA's
WG WS from an external source at time 1, and a quantity is
is sent at time 7.
NOTES: A.  If c¢(G) = 000003 (RELINT), 000004 (INHINT), or 000006 (EXTEND), control pulse RAD causes the genera-

tion of control pulses RZ and ST2, and subinstruction STD2 is executed next. If G contains any other
quantity, control pulse RAD causes the generation of control pulse RG and the next instruction is executed.

The ONE entered into bit position 10 of register § has no effect on addressing channel locations.

Counter Instructions are executed after any time 12 provided the execution of an interrupting or Peripheral
Instruction is not being requested. Each Counter Instruction delays program executioft for one MCT.

Peripheral Instructions are initiated by a signal from the GSE. Normally the AGC timegpunter is stopped
at time 12 before and after the execution of an instruction.
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Table 32-5
CONTROL PULSES

Pulse Purpose

A2X Copies bits 16 through 1 of register A directly (not through
WA's) into bit positions 16 through 1 of register X.

B15X Enters a ONE into bit position 15 of register X.

C1 Inserts carry bit into bit position 1 of the Adder. This adds
the quantity one to the content of the Adder if no bit is carried
around (from bit positions 16 to bit position 1).

CLXC Clears register X if flip-flop BR1 contains a ZERO. (Used in
instruction DV E.)

DVST Modifies the content of the stage counter (ST) by complementing

XT

E
GeLs /N

KRPT
Ll16
L2GD

MONEX

MOUT

the content of the next higher bit position as shown below:

Binary Octal
000 0 \
001 1 '
011 3
111 7
110 6 )
100 4

Enters a ONE into bit position EXT of register SQ.

Copies bits 16, 15 through 4, and 1 of register G directly (not
through WA's) into bit positions 16, 12 through 1, and 15 of
register X.

Resets interrupt priority cell.
Enters a ONE into bit position 16 of register L.

Copies bits 16 and 14 through 1 of register L directly (not
through WA's) into bit positions 16 and 15 through 2 of register
G; enters a ONE into bit position 1 of register G if pulse MCRO
is generated.

Clears register X and enters ONE's into bit positions 16 through
2.

Causes the generation of one minus drive pulse.
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Table 32-5
CONTROL PULSES (cont)

Pulse Purpose

NEACOF Permits end around carry upon completion of subinstruction
MP3,

NEACON Inhibits end around carry (also during WYD) until NEACOF.

NISQ Causes loading of next instruction into register SQ (implies RB
and WSQ at time 12). Also resets the stage counter (ST) to 0;
frees certain restrictions; permits execution of instruction RUPT
and of all Counter Instructions.

PIFL Prevents writing into bit position 1 of register Y on control
pulse WYD if bit position 15 of register L. contains a ONE.
(Used in instruction DV.)

PONEX Clears register X and enters a ONE into bit position 1.
POUT Causes the generation of one plus drive pulse.

PTWOX Clears register X and enters a ONE into bit position 2.

R15 Enters 000015 into WA's.

RIC Enters 177776 (minus one) into WA's.

R6 Enters 000006 into WA's,

RA Reads bits 16 through 1 of register A into WA's 16 through 1.
RAD Reads address of next instruction. RAD appears at last time

8 of an instruction and is normally interpreted as RG. If the
next instruction is INHINT, RELINT, or EXTEND, RAD is
interpreted as RZ and ST2 instead.

RB Reads bits 16 through 1 of register B into WA's 16 through 1.
RBI1 Enters 000001 into WA's,

RBIF Enters 000001 into WA's if flip-flop BR1 contains a ONE.
RB2 Enters 000002 into WA's.

RBBK Reads the BB (both bank) configuration into the WA's, i.e.,

copies the content of bit position 16 of register FBANK into
WA's 16 and 15, the content of bit positions 14 through 11 of
register FBANK into WA's 14 through 11, and the content of
bit positions 11 through 9 of register EBANK into WA's 3
through 1.
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Table 32-5
CONTROL PULSES (cont)

Pulse Purpose

RC Reads the complemented content of register B (bits 16 through
1 of C) into WA's 16 through 1.

RCH Reads the content of the input-output channel specified by the
contents of register S; bit 15 is read into WA's 16 and 15, and
bits 14 through 1 are read into WA's 14 through 1.

RG Reads bits 16 through 1 of register G into WA's 16 through 1.

RL Reads bit 16 of register L into WA's 16 and 15, and bits 14
through 1 into WA's 14 through 1.

RLI10BB Reads low 10 bits, i.e., bits 10 through 1 of register B into
WA's 10 through 1; replaces c(S), which includes a quarter code,
by a 10 bit address.

RQ Reads bits 16 through 1 of register Q into WA's 16 through 1.

RRPA Enters into the WA's the address of a RUPT Transfer Routine
supplied by the Interrupt Priority Control.

RSC Reads the content of the CP register specified by the content of
register S; bits 16 through 1 are read into WA's 16 through 1.

RSCT Enters into the WA's the address of a counter address supplied
by the Counter Priority Control (paragraph 30-94).

RSTRT Enters 004000 (Block II start address) into WA's.

RSTSTG Resets the stage counter to 0 (refer to DVST).

RU Reads bits 16 through 1 of Adder output gates (U) into WA's 16
through 1.

RUS Reads bit 15 of Adder ou put gates (U) into WA's 16 and 15, and
bits 14 through 1 into WA's 14 through 1.

RZ Reads bits 16 through 1 of register Z into WA's 16 through 1.

ST1 Sets stage 1 flip-flop to ONE at next time 12,

ST2 Sets stage 2 flip-flop to ONE at next time 12,

STAGE Causes the execution of next subinstruction as defined by the

content of the stage counter (ST).
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Table 32-5
CONTROL PULSES (cont)

Pulse

Purpose

TL15
T™™Z

TOV

TPZG

TRSM

TSGN

TSGN2

TSGU

UZ2BBK

WA

Copies bit 15 of register L into flip-flop BR1.

Tests the content of the WA's for minus zero: if bits 16 through
1 are all ONE's, flip-flop BR2 is set to ONE; otherwise BR2 is
set to ZERO.

Tests the content of WA's 16 and 15 for overflow: set flip-flops
BR1 and BR2 to 01 in case of positive overflow, or to 10 in case
of negative overflow.

Tests the content of register G for plus zero: if bits 16 through
1 are all ZERO's, flip-flop BR2 is set to ONE; otherwise the
content of BRZ2 is not changed.

Tests signals XT1/ and XB7 of selection logic for the resume
address (0017) during the execution of subinstruction NDXO0: if
0017 is present, subinstruction RSM3 is executed next by setting
c(ST) = 3; otherwise subinstruction NDX1 by setting c(ST) = 1.

Tests content of WA 16 for sign: if a ZERO, flip-flop BR1 is
set to ZERO; if a ONE, flip-flop BR1 is set to ONE without
changing the content of flip-flop BR2.

Tests content of WA 16 for sign: if a ZERO, flip-flop BR2 is
set to ZERO; if a ONE, flip-flop BR2 is set to ONE without
changing the content of flip-flop BR1.

Tests content of output gate Ul6 of Adder for sign: if a ZERO,
flip-flop BR1 is set to ZERO; if a ONE, flip-flop BR1 is set to
ONE.

Copies bits 16 and 14 through 11 of the Adder output gates (U)
into bit positions 16 and 14 through 11 of register FBANK, and
bits 3 through 1 (of U) into bit positions 3 through 1 of register
EBANK. U2BBK may be inhibited by signal MONWBK, which is
generated if register BBANK is addressed.

Clears register A and writes the content of WA's 16 through 1
into bit positions 16 through 1.
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Table 32-5
CONTROL PULSES (cont)

Pulse

Purpose

waLs /N

WB

WCH

wG

Clears register A and writes the content of WA's 16 through 3
into bit positions 14 through 1. If bit position 1 of register G
contains a ZERQO, the content of bit position 16 of register G

is entered into bit positions 16 and 15 of register A; if bit posi-
tion 1 of register G contains a ONE, the content of output gate
U 16 of the Adder is entered into bit positions 16 and 15 of
register A, WALS also clears bit positions 14 and 13 of reg-
ister L, and writes the content of WA's 2 and 1l into these bit
positions.

Clears register B and writes the content of WA's 16 through 1
into bit positions 16 through 1.

Clears the output channel specified by the content of register S
and writes the content of WA's 16 and 14 through 1 into bit
positions 15 through 1.

Clears register G and writes the content of WA's 16 through 1
into bit positions 16 through 1, except if register S contains
addresses 0020 through 0023 in which case the WA content is
cycled or shifted (paragraph 30-41).

Clears register L. and writes the content of WA's 16 through 1
into bit positions 16 through 1.

Tests the content of WA's 16 and 15 for positive overflow: if
register S contains 0025, counter 0024 is incremented; if reg-
ister S contains 0026, 0027, or 0030, instruction RUPT is ex-
ecuted.

Clears register Q and writes the content of WA's 16 through 1
into bit positions 16 through 1.

Clears register S and writes the content of WA's 12 through 1
into bit positions 12 through 1.

Clear the CP register specified by the content of register S and
writes the content of WA's 16 through 1 into bit positions 16
through 1.

Clears register SQ and writes the content of WA's 16 and 14
through 10 into bit positions 16 and 14 through 10.
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Table 32-5
CONTROL PULSES (cont)

Pulse Purpose
WY Clears registers X and Y and carry flip-flop CI; writes the content
of WA's 16 through 1 into bit positions 16 through 1 of register Y.
Wyl2 Clears registers X and Y and carry {lip-flop Cl; writes the content
of WA's 12 through 1 into bit positions 12 through 1 of register Y.
WYD Clears registers X and Y and carry flip-flop Ci, writes the coatent
of WA's 16 and 14 through 1 into bit positions 16 and 15 through 2
of register Y; writes the content of WA 16 into bit position 1 of reg-
ister Y cxcept in SHINC sequence, or unless bhi. position 15 of reg-
ister L. contains a ONE at PIFL, or if end arouv .« carry is inhibited
by control pulse NEACON.
wWZ Clears register Z and writes the content of W/ s 16 through 1 into
bit positions 16 through Il.
715 Enters a ONE into bit position 15 of register Z.
216 Enters a ONE into bit position 16 of register Z.
ZAP Causes the generation of control pulses RU, G2LS, and WALS
(used in instruction MJP? K).
z1P Causes generation of control pulses A2X and L2GD (used in instruc-
tion MP K); performs read/write operations depending on the con-
tent of bit positions 15, 2, and 1 of register LL as shown:
L15 L2 L1 Read Write Carry Remember
0 0 0 - WY - -
0 0 1 RDB WY - -
0 1 0 RB WYD - -
0 1 1 RC WY Cl MCRO
1 0 0 RB WY - -
1 0 1 RB wWYD - -
1 1 0 RC WY CI MCRO
1 1 1 - WY - MCRO
If MCRO occurs, a ONE is entered into L15
ZOUT | Stops the generation of drive pulses.

A This pulse does not appear inthe pulse sequences; refer to ZAP.

A This pulse does not appear in the pulse sequences; refer to NISQ,
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Figure 32-2. Subinstruction TCO
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(1) Retain c(Q).

(2) Set c(B) = c(F) = f, f being the instruction stored at location F,
Set c(S) = relevant address of f.
Set c(SQ) = order code of f.

(3) Set c(Z) =F + 1.

Point (2) implies that instruction f is executed next.

32-41. There are no restrictions on instruction TCF F, or special cases,
except that F must represent an address in F Memory.

32-42., The execution of subinstruction TCFO is similar to that of subinstruc-
tion TCO except for action 3 which has no control pulse (row 3 of table 32-2).
The content of register Q is not changed. The relevant address contained in
register B is incremented by one and entered into register Z.

32-43, INSTRUCTION CCS E

32-44, Instruction CCS E (Count, Compare, and Skip on E) is a Basic
Instruction which is represented by order code 01.0 and a 10=-bit address,.
Instruction CCS E consists of subinstructions CCS0 and STD2, the execution
of which takes two MCT's,

32-45, Instruction CCS E examines the data stored at location E in E Mem~
ory (or in a CP register) and branches accordingly, The operation CCS E
with 0024 =E 17777 can be formulated as follows:

If c(E) is positive non-zero, i.e., if 00001 = c(E) = 37777:

(1) Set c(A) = c(E) -1.

(2) Set c(B) = c(I+1) = j, Ibeing the address of instruc-
tion CCS E, and j being the instruction stored at
location (I+1).

Set c(S) = relevant address of j.
Set c(SQ) = order code of j.

(3) Set c(Z) =b(Z)+1 = I+2,

(4) Restore c(E) = b(E) and c(I+1) = b(I+1) if E and/or
(I+1) represent an address in E Memory.

If ¢(E) is plus zero,i.e., if c(E) = 00000:

(1) Set c(A) = 000000

(2) Set c(B) = c¢(+2) = j, I being the address of instruc-
tion CCS E, and j being the instruction stored at
location (I+2).

(3) Set c(Z) =b(Z)+2 = I+3.
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(4) Restore c(E) = b(E) and c¢(I+2) = b(+2) if E and/or
(I+2) represent an address in E Memory.

If c(E) is negative non-zero, i.e., if 40000 =c(E) =77776:

(1) Set c(A) = ;(E) -1, ¢ for complemented content.

(2) Set c(B) = c(H3) = j, I being the address of instruc-
tion CCS E, and J being the instruction stored at
location (I+3).

Set ¢(S) = relevant address of j.
Set c(SQ) = order code of j. .

(3) Set c(Z) =b(Z) +3 = I+4

(4) Restore c(E) = b(E) and c(I+3) = b(I+3) if E and/or
(I+3) represent an address in E Memory.

If ¢c(E) is minus zero, i.e., if c(E) = 17777:

(1) Set c(A) = 000000,

(2) Set c(B) = c(+4) = j, I being the address of instruc~-
tion CCS E, and j being the instruction stored at
location (I+4).

Set c(S) = relevant address of j.
Set c(SQ) = order code of j.

(3) Set c(Z) =b(Z)+4 = I+5,

(4) Restore c(E) = b(E) and c(I+4) = b(I+4) if E and/or
(I+4) represent an address in E Memory.

I

Point (2) of all cases implies that the respective instruction j is
executed next,

Special Cases of CCS E:

a. CCS A, a very useful instruction, examines the data in A;
however, the b(A) is changed.

b. CCS L, CCSQ, and CCS Z follow the rules of paragraph 32-45,

c. CCS EBANK, CCS FBANK, and CCS BBANK also follow fhe
rules of paragraph 32-45; however, the particular read and
write operations must be observed.

d. CCS ZERO has no purpose.

e. Instructions CCS E with 0010 <= E < 0017 follow the rules of
paragraph 32-45.

f. Instructions CCS E with 0020 < E < 0023 also follow the rules
of paragraph 32-45 except that c(E) is edited during restoring.
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Figure 32-3. Subinstruction CCS0, Branch on Quantity Greater than Plus Zero
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Figure 32-4. Subinstruction CCS0, Branch on Plus Zero
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Figure 32-6.

Subinstruction CCS0, Branch on Minus Zero
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32-47. When instruction CCS E is executed, action 1 of subinstruction CCSO0
(row 4 of table 32-2) enters the relevant address of instruction CCS E into
register S. At time | of the first subinstruction, register B always contains
the instruction to be executed. At time 2 or 4, the quantity to be tested is
entered into register G, Action 5 enters the quantity into register B and sets
the branch flip-flops accordingly., Actions 7 and 8 increment the content of
register Z by 0, 1, 2, or 3 to specify a new '"next address'' and enter it into
register S. Action 9 returns the tested quantity to register G for restoring
in memory. Action 10 diminishes the tested non-zero quantity by one and
action 11 enters the diminished quantity into register A. Subinstruction STD2
increments the content of register Z by one and calls forward the instruction
defined by the previous content of register Z,

32-48. The execution of subinstruction CCS0 of CCS 0300, with location
0300 containing a quantity greater than plus zero, is illustrated in figure
32-3, Figures 32-4, 32-5, and 32-6 illustrate the execution of the same
instruction with location 0300 containing different quantities (plus zero, less
than minus zero, and minus zero).

32-49, INSTRUCTION BZF F

32-50. Instruction BZF F (Branch on Zero to Fixed F) is an Extra Code
Instruction which is represented by order code 11.2, 11.4, or 11,6 and a 12
bit address. The address contains a ONE in bit position 11 or 12 or in both,
The order code is composed of 11. plus the two address bits mentioned,
Instruction BZF F must be preceded by Special Instruction EXTEND which
enters a ONE into bit position EXT of register SQ., (Code 1. is taken from
bit positions 16, 14, and 13 of register B, and entered into the corresponding
bit positions of register SQ.) Instruction BZF F consists of subinstruction
BZFO only if branching occurs, and of subinstructions BZF¥0 and STD2 if no
branching occurs; consequently, the execution of instruction BZF F may take
one or two MCT's.

32-51. Instruction BZF F examines the data contained in register A and
takes the next instruction from location F in F memory if register A contains
zero. The operation BZF F with 2000 = F < 7777 can be formulated as fol-
lows:

If c(A) is nonzero, i.e., if 000001 < c(A)< 077777 or
100000 = c(A) < 177776:

(1) Retain c(A)

(2) Set c¢(B) = ¢c(I+1) = j, I being the address of instruc-
tion BZF F, and j being the instruction stored at
location (I+1).
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Set c(S) = relevant address of j.
Set c(SQ)= order code of j.
(3) Set c(Z) = b(Z)+1=I+2
(4) Restore c(I+1) = b(I+1) if (I+1) represents an address
in E Memory.

Point (2) implies that instruction j is executed next.

If c¢(A) is zero, i.e., if c(A) = 000000 or c(A) =177777:

(1) Retain c(A)
(2) Set c¢(B) = c(F) = {, { being the instruction stored at
location F.
Set c(S) = relevant address of f.
Set c(SQ) = relevant address of {.
(3) Set c(7) = F+1.

Point (2) implies that instruction f is executed next.

32-52. There are no restrictions on instruction BZF F, or special cases,
except that F must represent an address in F Memory.

32-53, When instruction BZF F is executed, action 1 of subinstruction BZFO0
(row 5 of table 32-2) enters the content of register A into register G. Actions
1 and 2 set the branch flip-flops (BR) to 0 or 2 if a non-zero quantity has been
entered, or to 1 or 3 if the quantity zero has been entered into register G.

If a non-zero quantity has been entered, the address of the next instruction is
copied from register Z into register S by action 8 and subinstruction STD2
increments the content of register Z and calls forward the next instruction.

If registers A and G contain 000000 or 177777 at time 2, the relevant address
F of instruction BZF F contained in register B is incremented by one by
action 5 and entered into register Z by action 6. (Compare with actions 1

and 6 of subinstruction TCO0,) At time 6, the instruction stored at location ¥
is entered into register G and copied into register B by action 8. Action 8
also enters the relevant address of the instruction into register S and enters
its order code into register SQ at time 12.

.32-54, The execution of subinstruction BZF0 of BZF 6055, with A contain-
ing 004765, and location 6055 containing instruction CA 0221 (30221), is illus-
trated in figure 32-7, Figure 32-8 illustrates the execution of the same
instruction when A contains 000000, When A contains any negative quantity
such as 176543, BR is set to 2 by control pulse TSGN, Otherwise, figure
32-7 applies. When A contains 177777, BR is set to 3 by control pulses TSGN
and TMZ; otherwise figure 32-8 applies.
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Figure 32-7. Subinstruction BZFO0, With Register A Containing

a Positive Non-Zero Quantity
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32-55, INSTRUCTION BZMF F

32-56. Instruction BZMF F (Branch on Zero or Minus to Fixed F) is an
Extra Code Instruction which is represented by order code 16.2, 16.4, or
16.6 and a 12 bit address. The address contains a ONE in bit position 11 or
12, or in both, The order code is composed of 16, plus the two address bits
mentioned. Instruction BZMF F must be preceded by Special Instruction
EXTEND which enters a ONE into bit position EXT of register SQ. Instruc=-
tion BZMF F consists of subinstruction BZMFO0 only if branching occurs, and
of subinstruction BZMFO0 and STD2 if no branching occurs; consequently, the
execution of instruction BZMF F may take one or two MCT's,

32-57. Instruction BZMF F examines the data contained in register A and
takes the next instruction from location F in FF Memory if register A contains
zero or a negative non-zero quantity. The operation BZMF F with 2000 = F
= 7777 can be formulated as follows:

If c(A) is positive non~-zero, i.e., if 000001 =< c(A) < 077777:

(1) Retain c(A),

(2) Set c(B) = c(I+1) = j, I being the address of instruc-
tion BZF F, and j being the instruction stored at
location (I+1),

Set c(S) = relevant address of j.
Set ¢(SQ) = order code of j.

(3) Set c(Z) =b(Z)+1 = I+2.

(4) Restore c(I+1) = b(I+1) if (I+1) represents an address
in E Memory.

Point (2) implies that instruction j is executed next.

If c(A) is not positive non-zero, i.e,, if c(A) = 000000 or
100000 = c(A) = 177777:

(1) Retain c(A)
(2) Set c(B) = c(F) = £, f being the instruction stored at
location F,
Set c(S) = relevant address of f.
Set c(SQ) = relevant address of f.
(3) Set c(A) = F+1,

Point (2) implies that instruction f is executed next.

32-58. There are no restrictions on instruction BZMF F, or special cases,
except that F must represent an address in F Memory.
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32-59, The execution of instruction BZMF F is similar to that of instruc-
tion BZF F. Both subinstructions BZF0 and BZMFO set the branch flip-flops
by actions 1 and 2; however, depending on the content of the branch flip-flops,
actions 5, 6, and 7 operate differently. Refer to rows 5 and 6 of table 32-4.
When A contains a positive non-zero quantity, subinstruction BZMFO sets

BR to 0 and no branching occurs. When A contains plus zero, a negative
non-zero quantity, or minus zero, BR is set to 1, 2, or 3, respectively, and
branching occurs.

32-60. FETCHING AND STORING INSTRUCTIONS

32-61, INSTRUCTION CA K

32-62. Instruction CA K (Clear and Add K) is a Basic Instruction which is
represented by order code 03. and a 12 bit address. Instruction CA K con-
sists of subinstructions CAO and STD2, the execution of which takes two
MCT's. Alternate spelling CAF K is permitted when K refers to a location
in F Memory, and CAE K when K refers to a location in E Memory or a CP
register.

32-63. Instruction CA K clears register A and enters into it the data stored
at location K, The operation CA K with 0024 = K = 7777 can be formulated
as follows:

(1) Set c(A) = c¢(K)

(2) Set c¢(B) = c(I+1) = j, I being the address of instruc-
tion CA K, and j being the instruction stored at
location (I+1),

Set c(S) = relevant address of j.
Set c(SQ) = order code of j.

(3) Set c(Z) = b(Z)+1 = +2.

(4) Restore c(K) = b(K) and c(I+1) = b(I+1) if K and/or
(I+1) represents an address in E Memory.

Point (2) implies that instruction j is executed next.

32-64. Special Cases of CA K:

a. CA A (alternate code NOOP, for no operation) has no effect.
b. CAL, CAQ, and CA Z follow the rules of paragraph 32-63.

c. CA EBANK, CA FBANK, and CA BBANK can be used; however,
the particular read and write operations have to be observed.

d. CA ZERO enters 000000 into A.
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e. Instructions CA K with 0010 = K < 0017 follow the rules of
paragraph 32-63.

f. Instructions CA K with 0020 = K = 0023 also follow the rules
of paragraph 32-63, except that the c¢(K) is edited during
restoring.

32-65, When instruction CA K is executed, action 2 of subinstruction CAOQO
(row 7 of table 32~4) enters the desired quantity into register G if this quan-
tity is stored in a CP register. Otherwise, register G is cleared and the
desired quantity is entered by E Memory at time 4, or by F Memory at time
6. Action 7 copies this quantity into register B, and action 10 copies the
quantity (from register B) into register A, Action 9 returns the quantity to
register G for restoring in E Memory. Subinstruction STD2 increments the
content of register Z by one and calls forward the instruction defined by the
previous content of register Z.

32-66. The execution of subinstruction CA0 of CA0400, with location 0400
containing 44444, is illustrated in figure 32-9,

32-67. INSTRUCTION CS K

32-68. Instruction CA K (Clear and Subtract K) is a Basic Instruction which
is represented by order code 04. and a 12 bit address. Instruction CS K

consists of subinstructions CS0 and STD2, the execution of which takes two
MCT's.

32-69. Instruction CS K clears register A and enters into it the complement-
ed data stored at location K. The operation CS K with 0024 = K = 7777 can
be formulated as follows:

(1) Set c(A) = ¢(K), ¢ for complemented content,

(2) Set c(B) = c(I+1) = j, I being the address of instruc-
tion CS K, and j being the instruction stored at
location E(I+1),

Set c(S) = relevant address of j.
Set c(SQ) = order code of j.

(3) Set c(Z) =b(Z)+1 = I+2,

(4) Restore c(K) = b(K) and c(I+1) = b(I+1) if K and/or
(I+1) represents an address in E Memory.

Point (2) implies that instruction j is executed next,

32-70. Special Cases of CS K:
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a. CS A (alternate code COM, for complement) complements the
content of A,

b. CSL, CAQ, and CA Z follow the rules of paragraph 32-70,

c. CS EBANK,CA FBANK, and CA BBANK can be used; however,
the particular read and write operations must be observed.

d. CS ZERO enters 177777 into A.

e. Instructions CS K with 0010 = K = 0017 follow the rules of
paragraph 32-69.

f. Instructions CS K with 0020 = K = 0023 also follow the rules of
paragraph 32-69, except that the c(K) is edited during restoring.

32-71. The execution of instruction CS K is similar to that of instruction
CA K (compare instructions CA 0 and CS 0 in rows 7 and 8 of table 32-4),
Action 10 of CAO takes the desired quantity from the normal read side of
register B and enters this quantity into register A, Action 10 of CS0O takes
the desired quantity from the complement read side of register B and enters
the complemented quantity into register A,

32-72. INSTRUCTION DCA K

32-73, Instruction DCA K (Double Clear and Add K) is an Extra Code Instruc-
tion which is represented by order code 13, and a 12 bit address. Instruc-
tion DCA K must be preceded by Special Instruction EXTEND which enters a
ONE into bit position EXT of register SQ. (Code 3. is taken from bit posi-
tions 16, 14, and 13 of register B and entered into the corresponding bit
positions of register SQ.) Instruction DCA K consists of subinstructions
DCAO, DCAIl, and STD2, the execution of which takes three MCT's.

32-74. Instruction DCA K clears registers A and L. and enters into them the
data stored at locations K and K+1, respectively., The operation DCA K with
0024 = K = 7776, excluding the last address of any E or F Memory bank,
(tables 30-3 and 30-4) can be formulated as follows:

(1) Set c(A) = c(K)
Set c(L) = c(K+1)
(2) Set c(B) = c(I+1) = j, I being the address of instruction
DCA K and j being the instruction stored at location
(I+1).
Set c(S) = relevant address of j.
Set c(SQ) = order code of j.
(3) Set c(Z) = b(Z)+1 = I+2,
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(4) Restore c(K) = b(K), c(K+1) = b(K+1), and c(I+1) = b(I+1)
if K, (K+1) and/or (I+1) represent an address in
E Memory.

Point (2) implies that instruction j is executed next.
32-75. Special cases of DCA K:

DCA A has no purpose.

b. DCA 0010 (DCA ARUPT) and DCA 0013 (table 30-4) are useful
and follow the rules of paragraph 32-74.

c. Any DCA K with 0000 = K = 0022 must be used with extreme
care so as not to destroy stored data; K must not be 0023 in
order to prevent destruction of data in counter T2. Whenever
locations 0020 through 0023 are involved, the content is edited
during the restoring operation.

32-76. When instruction DCA K is executed, first the content of location
(K+1) is entered into register L. by subinstruction DCAOQ, then the content of
location K is entered into register A by subinstruction DCAl., The Yul Pro-
gramming System accomplishes this by replacing instruction DCA K with
code DCA (K+1) which is wired into the program. As the AGC executes sub-
instruction DCAQO, relevant address (K+1) is available first and decremented
by one. Subinstruction DCAIl then uses the decremented address K. For
execution of subinstructions DCAQ and DCA1l, refer to rows 9 and 10 of table
32-4, When double precision quantities are taken from memory, K must not
be equal to the last address of any E or F memory bank in order to allow K+l
to be a legal address.

32-77. The execution of instruction DCA 0132 is illustrated in figures 32-10
and 32-11. It is assumed that this instruction is stored at location 2103,
Location 0132 contains quantity 33461 and location 0133 contains quantity
11231, Note that registers B, G, and S contain relevant address 0133 at the
start of subinstruction DCAO instead of 0132, Thus, E Memory enters the
quantity 11231 into register G at time 4 and actions 7 and 10 bring the quantity
into register L. Action 1 decrements address 0133 and action 8 enters the
decremented address 0132 into register S. At time 4 of subinstruction DCAIL,
E Memory enters the quantity 33461 into register G and actions 7 and 10
bring this quantity into register A, Action 8 enters the address of the next
instruction stored in register Z into register S as usual, and subinstruction
STD?2 increments the content of register Z and calls forward the next instruc-
tion,
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Figure 32-10. Subinstruction DCAO
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32-78. INSTRUCTION DCS K

32=79. Instruction DCS K (Double Clear and Subtract K) is an Extra Code
Instruction which is represented by order code 14, and a 12 bit address.
Instruction DCS K must be preceded by special instruction EXTEND which
enters a ONE into bit position EXT of register SQ. Instruction DCS K con-
sists of subinstructions DCS0, DCS1, and STD2, the execution of which takes
three MCT's,

32-80. Instruction DCS K clears registers A and L, complements the data
stored at locations K and K+1, and enters this data into registers A and L,
respectively. The operation DCS K with 0024 = K = 7776, excluding the last
address of any E or F memory bank (tables 30-3 and 30-4), can be formulated
as follows:

(1) Set c(A) = c(K)
Set c(L) = c(K+1)
(2) Set c(B) = c(F1) =j, Ibeing the address of instruction
DCA K and j being the instruction stored at location
(I+1),
Set c(S) = relevant address of j.
Set c(SQ) = order code of j.
(3) Set c(Z) =b(Z) +1 = I+2.
(4) Restore c(K) = b(K), c(K+1) = b(K+1) and c(I+1) = b(I+1)
if K, (K+1), and/or (I+1) represents an address in
E Memory.

Point (2) implies that instruction j is executed next.
32-81. Special cases of DCS K:

a. DCS A, (alternate code DCOM, for double precision complement)
complements the contents of registers A and L,

b. DCS 0010 and DCS 0013 (table 30-4) may be useful and follow
the rules of paragraph 32-80,

c. Any other DCS K with 0000 = K = 0022 must be used with extreme
care so as not to destroy stored data; K must not be 0023 in
order to prevent destruction of data in counter T2, Whenever
locations 0020 through 0023 are involved, the content is edited
during the restoring operation,

32-82. The execution of instruction DCS K is similar to that of instruction
DCA K. Compare rows 11 and 12 of table 32-4 with rows 9 and 10.
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In action 10 of subinstructions DCS0 and DCS1, the control pulse RB is re-
placed by pulse RC to read the complemented quantity instead of the non-
complemented quantity out of register B.

32-83, INSTRUCTION TS E

32-84., Instruction TS E (Transfer to Storage E) is a Basic Instruction which
is represented by order code 05.4 and a 10 bit address. Instruction TS E
consists of subinstructions TS0 and STD2, the execution of which takes two
MCT's.

32-85., Instruction TS E enters the content of register A into location E of
E Memory (or a CP register) and skips if A contains an overflow bit, The
operation TS E with 0024 = E = 17777 can be formulated as follows:

If register A does not contain an overflow bit:

(1) Set c(E) = c(A).
Retain c(A).

(2) Set c(B) = c¢(I+1) = j, I being the address of instruction
TS E, and j being the instruction stored at loca-
tion (I+1).

Set c(S) = relevant address of j.
Set c(SQ) = order code of j.

(3) Set c(Z) =b(Z)+1 = I+2,

(4) Restore c(It+1l) = b(I+1) if (I+1) represents an address
in E Memory.

If register A contains an overflow bit:

(1) Set c(E)
Set c(A)

I

c(A) except for overflow bit,
000001 if A contained a positive overflow,
Set c(A) = 177776 if A contained a negative overflow.
(2) Set ¢(B) = c(+2) = j, I being the address of instruc-
tion TS E, and j being the instruction located at (I+2)
Set c(S) = relevant address of j.
Set c(SQ) = order code of j.
(3) Set c(Z) =b(Z)+2 = I+3,
(4) Restore c(I+2) = b(I+2) if (I+2) represents an address
in E Memory.

]

1]

Point (2) of both cases implies that the respective instruction j is
executed next,

32-86, Special Cases of TS E:
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a. TS A (alternate code DVSK, for overflow skip) retains c(A),
including any overflow bit.

b. TS L and TS Q are useful. Registers L. and Q also store
an overflow bit contained in A; however, bits 16 through 13 of
c(Z) are cleared during the execution of STD2,

c. TS Z (alternate code TCAA, for transfer control to address in
A) is similar to TS L and TS Q.

d. TS EBANK, TS FBANK, and TS BBANK can be used; however,
the particular write operations must be observed.

e. TS ZERO has no purpose.

f. Instructions TS E with 0010 < E =< 0017 follow the rules of
paragraph 32-56.

g. Instructions TS E with 0020 = E = 0023 also follow the rules of
paragraph 32-85 except that the data to be stored is edited as it
is entered into location E.

32-87. When instruction TS E is executed, action 1 of subinstruction TS0
(row 13 of table 32-4) replaces the quantity contained in register S by the 10
bit address, thus erasing the quarter code contained in register S. Action 3
enters the content of register A into register B, and sets the branch flip-
flops if the quantity entered contains an overflow bit. If no overflow bit is
contained, actions 4 and 6 do not change the address contained in register Z.
This address is entered into register S by action 8 and made available for
subinstruction STD2., If an overflow bit is contained in register A at time 3,
actions 4 and 6 increment by one the address contained in register Z and
action 8 enters this incremented address into register S. In this case, sub-
instruction STD2 calls forward the instruction stored at the ''second next"
location.

32-88. If the quantity originally contained in register A does not include an
overflow bit, this quantity is copied from register B into register G by

action 7. If the relevant address E of instruction TS E represents a CP
register address, action 7 also copies the quantity into the addressed CP reg-
ister. If address E represents an E Memory location, the quantity is entered
into the addressed location at time 10.

32-89. If the quantity originally contained in register A includes an overflow
bit, this quantity is also entered into register G by action 7, and into a CP
register if required. Otherwise, the same quantity (but without the overflow
bit) is entered into E Memory at time 10. Furthermore, action 5 replaces
the overflow quantity in register A by quantity 000001 in case of positive over-
flow, or by 177776 in case of negative overflow.
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Figure 32-12. Subinstruction TS0, Without Overflow Bit in Register A

32-77



FR-2-132

F
E 00411 ¢ 00000 03511
H
s |4200 Tws 0200 WS & 2755
000200
. S
6 |o0s4200 WG 4000000 ¥ 000411 weTo435n ]
t W
| @435@
1 Sior.
T
B |054200 éRLI0BB | WBTO435II RBl
| |
—_— T — — —1-
= = — T y -
oooo@ 6435n) @oooo»} 643@ 6027%
= b e nucastil S st \’l’"// S
f l l f
A |043sil RSC ¢ RA WA ¥ 00000 ¥ WsC
| 1
T 1
L RSC$ Y wsc
] {
Q RSC ¢ ¥ wsc
: |
l |
z |oo2754 RSC® RZT wz ?002755 ¥ wsc orz
@2754 002755
u |oo2754 002755 Rul
Y |o02753 WYI2 Y002754
x |000000 ©000000
cI cle I
sq |05.4
ACTION I 2 3 4 5 6 7 8 10 I 12
RLIOBB  RSC RA RZ RBI RU RB RZ
ws WG WB wyiz wa wz wsc ws
Tov cI WG sT2
sT |o 5
BR |0 | 0
2725A

Figure 32-13. Subinstruction TS0, With Positive Overflow Bit in Register A

32-78



FR-2-132

32-90. The execution of subinstruction TS0 of TS 200, with A containing no
overflow bit, is illustrated in figure 32-12. Figure 32-13 illustrates the
execution of the same instruction when A contains a quantity with positive
overflow. In case of negative overflow, control pulse R1C replaces pulse
RB1 of action 5.

32-91. INSTRUCTION XCH E

32-92. Instruction XCH E (Exchange A and E) is a Basic Instruction which

is represented by order code 05.6 and a 10 bit address. Instruction XCH E

consists of subinstructions XCHO and STD2, the execution of which takes two
MCT's.

32-93, Instruction XCH E exchanges the data contained in register A with
the data stored at location E of E Memory (or in a CP register). The opera-
tion XCH E with 0024 < E < 1777 can be formulated as follows:

(1) Set c(A) = b(E)

Set c(E) = b(A) except the overflow bit which is lost.

(2) Set c¢(B) = ¢c(I+1) = j, I being the address of instruc-
tion XCH E, and j being the instruction stored at
location (I+1).

Set c(S) = relevant address of j.
Set c(SQ) = order code of j.

(3) Set c(Z) = b(Z)+]1 = I+2.

(4) Restore c(I+1l) = b(I+1) if (I+1) represents an address in
E Memory.

Point (2) implies that instruction j is executed next.
32-94, Special Cases of XCH E:

a. XCH A has no purpose.

b. XCHUL, XCHQ, and XCH Z exchange data without losing an
overflow bit.

c. XCH EBANK, XCH FBANK, and XCH BBANK can be used, but
the particular read and write operations must be observed.

d. XCH ZERO sets c(A) = 000000,

e. Instructions XCH E with 0010 = E = 0017 follow the rules of
paragraph 32-93,

f. Instructions XCH E with 0020 = E = 0023 also follow the rules
of paragraph 32-94 except that b(A) is edited as it is transferred
to location E.
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Figure 32-14. Subinstruction XCHO
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32-95. When instruction XCH E is executed, action 1 of subinstruction
XCHO (row 14 of table 32-3) replaces the quantity contained in register S by
the 10 bit address, thus erasing the quarter code contained in register S.
The quantity stored at location E is entered into register G at time 2 or 4 and
into register A by action 5. The quantity originally contained in register A
is entered into register B by action 3 and transferred to location E at time 7.
Action 8 enters the address of the next instruction into register S and subin-
struction STD2 calls forward the next instruction as usual.

32~96. The execution of subinstruction XCHO of XCH 0430 is illustrated in
figure 32-14. The overflow bit originally contained in register A is lost on
the way to location 0430 in E Memory. The sign bit originally contained in
location 0430 moves into bit position 16 as the quantity is entered into regis-
ter Q.

32-97, INSTRUCTION LXCH E

32-98. Instruction LXCH E (Exchange L and E) is a Basic Instruction which
is represented by order code 02.2 and a 10 bit address. Instruction LXCH E
consists of subinstructions LXCHO and STD2, the execution of which takes
two MCT's,

32-99, Instruction LXCH E exchanges the data contained in register L with
the data stored at location E of E Memory (or in a CP register). The opera-
tion LXCH E with 0024 = E = 1777 can be formulated as follows:

(1) Set c(L) = c(E).

Set c(E) = b(L)) except the overflow bit which is lost.

(2) Set c(B) = c(I+1) =j, I being the address of instruction
LXCH E, and j being the instruction stored at loca-
tion (I+1).
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