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FOREWORD

This manual is intended as a guide in learning how to program the
upper 3000 computer systems. It includes a hardware concept of

the systems, the use of the COMPASS programming language, and
the use of the SCOPE monitor. Step-by-step example problems, with
and without given solutions, are included to develop the capability of
using the language.

This manual is a major revision to and a replacement for the 3600

Computer System COMPASS Programming Guide and retains the

same publication number. It is now expanded to three volumes.

Volume I

This volume consists of three sections. The
first section deals with the introduction to the
systems. The second section deals with the
central processor. The third section deals with
problem-oriented exercises in which random

instructions are picked to solve problems.

Volume II

This volume consists of one section. The
instruction repertoire is divided into groups.
Groups 1-18 are hardware instruction groups,

and groups 19-25 are pseudo instruction groups.
Each group is followed by explanations of new

concepts and problems designed to use instruc-
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Volume 1II

This volume consists of two sections.

The

first section deals with the SCOPE system.
shows how to run jobs under the system and

It

explains new concepts such as overlay process-

ing and library preparation. The second section

contains several computer output listings obtain-

ed as a result of running the example problems

under SCOPE,

REFERENCES

3400 SCOPE / COMPASS Reference Manual
3400/3600/ 3800 Instant TAPE SCOPE

3600 Computer System Reference Manual

3600 COMPASS Reference Manual

3600 Instant COMPASS

SCOPE Reference Manual

3000 Series Peripheral Equipment Reference Manual

iv

Pub.
Pub.
Pub.
Pub.
Pub.
Pub.
Pub.

. 60057800
. 60059000
. 60021300
. 60052500
. 60056500
. 60053300
. 60108800



CONTENTS
VOLUME II

GROUPED INSTRUCTION PROBLEM SOLVING

GROUP 1, FULI WORD TRANSMISSION

1. Load A LDA
2. Load Q LDQ
3. Load A Complement LAC
4. Load Q Complement LQC
5. Store A STA
6. Store Q STQ
7. Transmit* XMIT

NEW CONCEPTS OF GROUP 1.
PROBLEM UTILIZING INSTRUCTIONS FROM GROUP 1

GROUP 2. ADDRESS TRANSMISSION

1. Load Index Upper LIU
2. Load Index Lower LIL
3. Store Index Upper SIU
4. Store Index Lower SIL
5. Substitute Address Upper SAU
6. Substitute Address Lower SAL
7. Enter Index ENI
8. Enter A ENA
9. Enter Q ENQ

NEW CONCEPTS OF GROUP 2.
PROBLEM UTILIZING INSTRUCTIONS FROM GROUP 2
GROUP 3. ADDRESS ARITHMETIC

1. Increase A INA
2. Increase Index INI

NEW CONCEPTS OF GROUP 3
PROBLEM UTILIZING INSTRUCTIONS FROM GROUP 3

GROUP 4. INDEXING

1. Index Skip ISK
2. Index Jump IJP

NEW CONCEPTS OF GROUP 4,
PROBLEM UTILIZING INSTRUCTIONS FROM GROUP 4

* Denotes 48-bit instruction



CONTENTS (Cont'd)

GROUP 5. FIXED POINT ARITHMETIC

Add

Subtract

Multiply Integer
Divide Integer
Multiply Fractional
Divide Fractional

ADD
SUB
MUI
DVI
MUF
DVF

NEW CONCEPTS OF GROUP 5
PROBLEM UTILIZING INSTRUCTIONS FROM GROUP 5

GROUP 6, REPLACE OPERATIONS

1. Replace Add RAD
2. Replace Subtract RSB
3. Replace Add One RAO
4. Replace Subtract One RSO

NEW CONCEPTS OF GROUP 6
PROBLEM UTILIZING INSTRUCTIONS FROM GROUP 6

GROUP 7. JUMPS AND STOPS

1. Unconditional Stop/Jump SLX
2. Selective Jumps SIX
3. A Jump AJP
4. Q Jump QJP
5. Selective Stops SSX

NEW CONCEPTS OF GROUP 7
PROBLEM UTILIZING INSTRUCTIONS FROM GROUP 7

GROUP 8. RETURN JUMPS AND STOPS

1. Unconditional Stop/Return

Jump RTJ/SRJ
2. Selective Return Jumps RJX
3. A Return Jump ARJ
4, Q Return Jump QRJ
5. Selective Stop/Return
Jumps SRX

NEW CONCEPTS OF GROUP 38
PROBLEM UTILIZING INSTRUCTIONS FROM GROUP 8

GROUP 9. REGISTER JUMPS

1.

Register Jump*

* Denotes 48-bit instruction

RGJP

vi

(%))
1
[y

i
why N == ON
Wy Wik O

!

il Lot or
1



CONTENTS (Cont'd)

2. Non-zero Bit Jump* NBJP 9-6
3. Zero Bit Jump* ZBJP 9-10
NEW CONCEPTS OF GROUP 9 9-15
PROBLEM UTILIZING INSTRUCTIONS FROM GROUP 9 9-16
GROUP 10. BANK JUMPS 10-1
1. Execute* EXEC 10-2
2. Unconditional Bank Jump* UBJP 10-6
3. Bank Jump Lower* BJPL 10-10
4. Bank Return Jump* BRTJ 10-14
5. Bank Jump and Set Index* BJSX 10-18
NEW CONCEPTS OF GROUP 10 10-23
PROBLEM UTILIZING INSTRUCTIONS FROM GROUP 10 10-25
GROUP 11. INTER-REGISTER 11-1
1. Register Operation ROP 11-2
2. Register Swap RSW 11-6
3. Register Transmit RXT 11-10
NEW CONCEPTS OF GROUP 11 11-15
PROBLEM UTILIZING INSTRUCTIONS FROM GROUP 11 11-17
GROUP 12. SHIFTING OPERATIONS 12-1
1. A Right Shift ARS 12-2
2. A Left Shift ALS 12-6
3. Q Right Shift QRS 12-10
4. Q Left Shift QLS 12-14
5. Long Right Shift LRS 12-18
6. Long Left Shift LLS 12-22
7. Scale A SCA 12-26
8. Scale AQ SCQ 12-30
NEW CONCEPTS OF GROUP 12 12-35
PROBLEM UTILIZING INSTRUCTIONS FROM GROUP 12 12-36
GROUP 13. LOGICAL OPERATIONS 13-1
1. Selective Set SST 13-2
2. Selective Clear SCL 13-6
3. Selective Complement SCM 13-10
4. Selective Substitute SSU 13-14

* Denotes 48-bit instruction

vii



CONTENTS (Cont'd)

5. Load Logical LDL
6. Add Logical ADL
7. Subtract Logical SBL
8. Store Logical STL

NEW CONCEPTS OF GROUP 13
PROBLEM UTILIZING INSTRUCTIONS FROM GROUP 13

GROUP 14, SINGLE PRECISION FLOATING POINT ARITHMETIC

1. Floating Add FAD
2. Floating Subtract FSB
3. Floating Multiply FMU
4. TFloating Divide FDV

NEW CONCEPTS OF GROUP 14
PROBLEM UTILIZING INSTRUCTIONS FROM GROUP 11¢

GROUP 15. SEARCH

1. Equality Search EQS
2. Threshold Search THS
3. Masked Equality Search MEQ
4. Masked Threshold Search MTH
5. Search Equality* SEQU
6. Search Masked Equality* SMEQ
7. Search Within Limits* SEWL
8. Search Magnitude Within Limits* SMWL
9. Locate List Element Upper* LSTU
10. Locate List Element Lower* LSTL
11. Scan¥* SCAN

NEW CONCEPTS OF GROUP 15
PROBLEM UTILIZING INSTRUCTIONS FROM GROUP 15

GROUP 16. STORAGE TEST

1. Storage Skip SSK
2. Storage Shift SSH

NEW CONCEPTS OF GROUP 16
PROBLEM UTILIZING INSTRUCTIONS FROM GROUP 16

GROUP 17. VARIABLE DATA FIELD TRANSMISSION

1. Load Byte* LBYT
2. Store Bytex* SBYT

* Denotes 48-bit instruction

viii



CONTENTS (Cont'd)

NEW CONCEPTS OF GROUP 17 17-11
PROBLEM UTILIZING INSTRUCTIONS FROM GROUP 17 17-13
GROUP 18. INPUT/OUTPUT 18-1
1. Connect* CONN 18-2
2. External Function* EXTF 18-6
3. Begin Read* BEGR 18-10
4. Begin Write* BEGW 18-14
5. Copy Status* COPY 18-18
6. Clear Channel* CL.CH 18-22
7. Input To A* IPA 18-26
NEW CONCEPTS OF GROUP 18 18-31
PROBLEM UTILIZING INSTRUCTIONS FROM GROUP 18 18-36
GROUP 19. LOCAL STORAGE ALLOCATION 19-1
1. Block Storage Reservation (Starting) BSS 19-2
2. Block Storage Reservation (Ending) BES 19-3
3. Octal Data Initialization OCT 19-4
4, Decimal Data Initialization DEC 19-5
5. Double Precision Data Initialization DECD 19-7
6. Binary-Coded-Decimal Data
Initialization BCD 19-8
7. Type Character Initialization TYPE 19-9
8. Variable Field Data Initialization @ VFD 19-10
9. Literals = MV 19-12
NEW CONCEPTS OF GROUP 19 19-15
PROBLEM UTILIZING INSTRUCTIONS FROM GROUP 19 19-16
GROUP 20. SUBPROGRAM LINKAGE 20-1
1. Entry ENTRY 20-2
2. External EXT 20-3
NEW CONCEPTS OF GROUP 20 20-4
PROBLEM UTILIZING INSTRUCTIONS FROM GROUP 20 20-12
GROUP 21. SPECIAL INSTRUCTIONS 21-1
1. Eguivalence EQU 21-2
2. Bank BANK 21-3
3. Enter Operand Bank ENQ 21-4
4., Call CALL 21-5

* Denotes 48-bit instruction

ix



CONTENTS (Cont'd)

NEW CONCEPTS OF GROUP 21
PROBLEM UTILIZING INSTRUCTIONS FROM GROUP 21

GROUP 22. GLOBAL STORAGE ALLOCATION
1. Block BLOCK
2. Common COMMON
3. Originate Relative Counter ORGR

NEW CONCEPTS OF GROUP 22

PROBLEM UTILIZING INSTRUCTIONS FROM GROUP 22

GROUP 23. PROGRAMMER MACROS
1. Macro MACRO
2. End Macro ENDM

NEW CONCEPTS OF GROUP 23

PROBLEM UTILIZING INSTRUCTIONS FROM GROUP 23

GROUP 24. ECHO AND IF INSTRUCTIONS
1. Echo ECHO
2. If Non-zero IFN
3. If Zero IFZ
4. If Inequalities IF, s
5. If Upper IFU
6. If Lower IFL
7. If True IFT, s
8. If False IFF, s
9., End If ENDIF

NEW CONCEPTS OF GROUP 24

PROBLEM UTILIZING INSTRUCTIONS FROM GROUP 24

GROUP 25. LIST CONTROL INSTRUCTIONS

1. No List NOLIST
2., List LIST

3. Space SPACE
4, Eject EJECT
5. Remark REM

6. Title TITLE
7. Brief BRIEF
8. Detail DETAIL

NEW CONCEPTS OF GROUP 25

PROBLEM UTILIZING INSTRUCTIONS FROM GROUP 25

22-4

23-1

23-2
23-3

23-4
23-5

24-2
24-3
24-4
24-5
24-6
24-17
24-8
24-10
24-11

24-12
24-14

25-1

25-2
25-3
25-4
25-5
25-6
25-7
25-8
25-9

25-10
25-11



GROUP 1

FULL WORD TRANSMISSION:



GROUP 1

FULL WORD TRANSMISSION

1. Load A LDA
2, Load Q LDQ
3. Load A Complement LAC
4, Load Q Complement LQC
5, Store A STA
6. Store Q STQ
7. Transmit XMIT

This group of instructions transmits one or more 48-bit words from one location to

another.

The first two instructions transmit a word from a storage address to a register. They

are called LOAD instructions. One storage cycle is required for each.
The second two instructions do the same thing; however, the complement of the mem-
ory word is transmitted from a storage address to a register. These are called LOAD

COMPLEMENT instructions., Again, one storage cycle is required for each.

The next two instructions, called the STORE instructions, transmit words from a reg-

ister to a storage address. One storage cycle is required for each instruction.

The last instruction is a memory-to-memory transfer. One or more words may be

transferred,

Normally, only the destination, not the source, is affected by the transmission.



The LOAD A Instruction

The LOAD A instruction is an instruction that transmits a 48-bit operand from an 18-bit

storage address to the A register. One memory reference is made.

The operation leaves the contents of the storage address unchanged. The initial con-

tents of the A register are replaced by the transmitted operand.

The 18-bit storage address is composed of a bank term a (within parentheses) and a
modified base address M where M = m + (Bb) + (VV). If the bank term is missing, the
current operand bank setting is assumed. The b and v index designators allow for

relative addressing. If they are not used, direct addressing is implied.

If CM is specified by the programmer, the complement of the operand is transmitted
to the A register; i.e., the operand is read from memory, complemented, and then

transferred to the A register.
If MG is specified by the programmer, the magnitude (absolute value) of the operand is

transmitted to the A register; i.e., the operand is read from memory, tested to obtain

its absolute value, and then transferred to the A register.
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LOAD A ] LDA

Hp 290

MACHINE
_ 47 23 0
T 1 I T T T T T 7
May be an |1|2|b| ooy IS N TR S O |
upper or
lower ~ NORMAL
instruction 47 23 0
T T T T T T T T T
\[ Lo g (ty2by ' l—|/
47 T 23 0
T T 1T T 1 | I —
l7 Pyt vg e 1715I514|312|'1°I 1,2,by 4 ym,; l AUGMENTED
v S L /
COMPASS

LOCN 'UPERAHGN,MUNHERS ADDRESS FIELD COMMENTS

I |
Ly LIDIAQIICJMI:/"IGI (12) [ TI Y F UG N RO N N N A S A B B Y S B N R B N B A
| |

L1234 (S |67 8)O10)i[12]>)4|i5]i6[17|1B[19]20]21][22]23|24]25}26]27{28)29]30|3) [32]33)34{35]36|37[38|39140[4, |42]43]44[45(46/47]48[4950]

Function code l l— Optional, second index designator.
_’ Zero or blank, use no index
Optional, transmit 1-6, use relative addressing.
complement of 7, use indirect addressing.
operand
P I—Optional, first index designator.
Optional, transmit ——— Zero or omitted, use no index.
magnitude of 1-6, use relative addressing.
operand 7, use indirect addressing.

Optional, base address.
Zero if omitted.
*, current program address.

Optional, bank term.

0-7, transmits number to Operand
Bank Register.

$, transmits bank number in which
base address resides to Operand
Bank Register.

*, transmits Instruction Bank
Register to Operand Bank Register.

Td bit not programmable




LDA

LOAD A FORMAT: LDA,CM, MG {a)m, b, v

M=m+ B+ ")

(M) ~A ;—>g1>
F
L No
@]
\WY
C M - A
H N4
A
R
T
Use L.ower
Was No Instruction At
Instruction (P) As Next
Lower ? Instruction
Yes
Use Upper
Instruction At
(P)+1 As Next
Instruction
LDA 1) (M) - A
2) Contents of M remain unchanged
LDA, CM 1) (M) ~ A
IE) 2) Contents of M remain unchanged
% LDA, MG 1) ()| - A
R 2) Contents of M remain unchanged
I
P
T
I
O
N

b
!
W
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LDA

PROBLEM:
L.oad A from address PRIME,

SOLUTION:
LOCN OPERATION,MODIFIERS ~ ADDRESS FIELD COMMENTS
| i
§ D N S S | LIDIAIIIIIIIIPIRIIIHIEIIlllllll‘lllllllll[llllljl
| [
ij2(3ja(s|6]7 8i9iojn ||zl-3|v41u5(xslw“alls120|2«|22|23120|25126xz7|zn|zspo|3|lszlsslsq351351371301391401« [42]43]44(45/46]47]48]49)50]
PROBLEM:

Load A from address PRIME modified by Index Register 3,

SOLUTION:
LOCN OPERATION,MODIFIERS ~ ADDRESS FIELD COMMENTS
| |
N LJDIAIIllllllPlRIIl”lEl'lgllllllllllllllllllllliLI\
| |
213 4]|516]7(8]9 rolu|12||31m1x5,»slnlw|ls[20121|22123120|25125|27|2l129|sop||32|53|34135|36|37|sa13914014-142;43[44|45|ae|471uja9lso|
PROBLEM:

Load A with the absolute value from address NUMBER,

SOLUTION:
LOCN OPERATION,MODIFIERS  ADDRESS FIELD COMMENTS
| 1
[ R Lipi/‘iﬂ/‘ﬁ&i111|N1U|H15151Q|11|1111~11111J|tlslelilJ
| |
i ]2]3 456 7 8} |olu||z||3|u1:5]v51|7||a||9]20121Izzlzslzqz:qzs(27|2§1:9po|31132133134135]3613”33139140144142143[44‘451461471-5‘\‘9150\
PROBLEM:
Load A from address NUMBER from the bank in which the LLDA
resides.
SOLUTION:
LOCN I OPERATION MODIFIERS  ADDRESS FIELD COMMENTS
| !
R N L1Dx/q|1111111(1*1,)|N|U1N1515|R11|||1|1|1|1111111;|41;
| |
ij2y3 (487 89 OV NZI3 1815 1617181912021 |22|23|24]25|26]27]28129|30]31 |32[33)34]35]36]37 |38 (39[60[41 [42(43]{44|45]46]|47/48:99]50;
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The LLOAD Q Instruction

The LOAD Q instruction is an instruction that transmits a 48-bit operand from an 18-

bit storage address to the Q register. One memory reference is made.

The operation leaves the contents of the storage address unchanged. The initial con-

tents of the Q register are replaced by the transmitted operand.

The 18-bit storage address is composed of a bank term a (within parentheses) and a
modified base address M where M = m + (Bb) + (VY). If the bank term is missing, the
current operand bank setting is assumed. The b and v index designators allow for

relative addressing. If they are not used, direct addressing is implied.

If CM is specified by the programmer, the complement of the operand is transmitted to
the Q register; i.e., the operand is read from memory, complemented, and then

transferred to the Q register.

If MG is specified by the programmer, the magnitude (absolute value) of the operand is
transmitted to the Q register; i.e., the operand is read from memory, tested to obtain

its absolute value, and then transferred to the Q register.



H>=200M

LDQ

LLOAD Q
MACHINE
47 23 0
"rllslbl T T T 1 lﬁ]“
May be an I T T T ll B I T T N N
upper or
lower < > NORMAL
instruction 417 23 0
T T T T T T
¥r| L4114 |t,8,by | m, 17,
47 i 23 0
T T 1T T 1% T T
r7 Ty lpvge |7|sl5|4|3I2|I|011 6,y o oymy I AUGMENTED
S —
COMPASS
\ ~
\ N
A A A A
LOCN IUPERRTIUN,MUDIHERS ADDRESS FIELD COMMENTS
S TS s I I | LIDlQl:ICIMl’QlMIG-\ :(Ia'l)l‘h’l_;lbl;lvl | S O S S U N A S B : N S SN SN N SN U T |
|
i j2j3(4sy 6 7 8fs]iogn 1\2|t31141t5pe117119||9:2012\]22[2!‘24[25[25[2712512913013:132[)31!#155135137133|39|¢01u 424344 ]45]46]47]48]149|50]
e e e e el eV Vo

Function code

Optional, transmit
complement of
operand

Optional, transmit
magnitude of
operand

1-d bit not programmable

LOptional, second index designator,

Zero or blank, use no index.
1-6, use relative addressing.
7, use indirect addressing

Optional, first index designator.
Zero or omitted, use no index.
1-6, use relative addressing.

7, use indirect addressing.

Optional, base address.
Zero if omitted.
%, current program address.

Optional, bank term.

0-7, transmits number to Operand
Bank Register.

$, transmits bank number in which
base address resides to Operand
Bank Register.

*, transmits Instruction Bank.
Register to Operand Bank Register.




LDQ

LOAD Q

FORM/ DQ, CM, MG (a)m,b,v

CM

M=m + (8% + )

MG

Specified? Specified? (M) ~Q >(1)
F
L
(@]
\WY
C —
H (M) » Q
A
R
T
Use Lower
Was No Instruction At
Instruction - (P) As Next
Lower? Instruction
Yes
Use Upper
Instruction At
(P)+1 As Next
Instruction
LDQ 1) (M) -Q
2) Contents of M remain unchanged
LDQ, CM 1) (M) ~Q
D 2) Contents of M remain unchanged
Ié*? LDQ, MG 1 )| ~Q
C 2) Contents of M remain unchanged
R
I
P
T
I
O
N
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PROBLEM:
Load Q from address CONST +5.

SOLUTION:
LOCN OPERATION,MODIFIERS ~ ADDRESS FIELD COMMENTS
I I
Lo P& CENSTIRS
1 |
1121314816 |7 |8 9]0 i2|13)4]1S16]17|18{19]20|21|22|23)24125]26|27]28{29]30]31|32|33[34{35(36[37|3839|40[41 |42]43]44(45]46]47]48{4950]

PROBLEM:
Load Q from address CONST modified by Index Registers 2 and 3.

SOLUTION:
LOCN OPERATION,MODIFIERS ~ ADDRESS FIELD COMMENTS
I |
R R L1D1Q1||||111C¢W151T|.12|n3||x||J||.1|11|11||111111
l |
(12 3 j4]5 )67 (8]0l 12]3]14)15(16117]18{19)20|21]22(23]24|29(26[27]28129]30]31]32|33]34]35|36|37 36(39(40/41 |42]43[44|45]46]47|48]49]50]
PROBLEM:

Load Q with the absolute value from address ROOT.

SOLUTION:
LOCN OPERATION,MODIFIERS  ADDRESS FIELD COMMENTS
|
) T S T A | LIDIQI;I”IG—'!IIIIRI¢L¢ITIIIIIIIIllJIllil[illlJllliJ_J
]2 3|4 (S 6T 89 uoln||2143|MJV5[lslnlnl119:zolz~1zzlzs|u|2slzs127[2!12913\:”1|3z|n[34135136]37|3!]3914o:u142|4)1«]45145107“0149[50;
PROBLEM:
Load Q from address CONSTOR from the bank in which CONSTOR
resides.
SOLUTION:
LOCN OPERATION,MODIFIERS ~ ADDRESS FIELD COMMENTS

| I
) I B I | LIDIQIIllIill(l#l)lcl¢lNlSLﬂ¢lkllllﬁllllllillillJllll

| |

P2 34 S (€T ta[9fi0fin|I2]13]i4 15 i6]17)18]19]20]21]22)23124]25|26]27]|28]29]30|3+]32]33(34]35)36|3730139]40]4:|42]43]44/45]46]47 48]49)50]
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The LOAD A COMPLEMENT Instruction

The LOAD A COMPLEMENT instruction is an instruction that transmits the comple-
ment of a 48-bit operand from an 18-bit storage address to the A register. One

memory reference is made.

The operation leaves the contents of the storage address unchanged. The initial con-

tents of the A register are replaced by the transmitted operand.

The 18-bit storage address is composed of a bank term a (within parentheses) and a
modified base address M where M = m + (Bb) + (VY). If the bank term is missing, the
current operand bank setting is assumed. The b and v index designators allow for

relative addressing. If they are not used, direct addressing is implied.

If CM is specified by the programmer, the complement of the complement of the

operand is transmitted to the A register. Effectively it would be a LLOAD A instruction.
If MG is specified by the programmer, the negative value of the operand is transmitted
to the A register; i.e., the operand is read from memory, tested to obtain its absolute

value, complemented, and then transferred to the A register.

The CM and MG modifiers are seldom used for this instruction.



LOAD A COMPLEMENT LAC

Er L

MACHINE
_ 47 23 0
I T T I T T T T T 1 I
May be an 1,3)by  jmy ' R U N B I
upper or
lower < > NORMAL
instruction 47 23 0
T T T T To T T
\l R R T B I]'ISLbI 1My ]/
47 i 23 ' 0
T T T 77 T 1% 1
r7  fahpvge l7l5|5l4|3|21'l°| 1, 3b, | m J AUGMENTED
\_.._v_./\_v..l\ v _J
COMPASS

LOCN IUP[RHIUN,MUNFIERS ADDRESS FIELD COMMENTS

| |
U B B LnArcx,.ICIM',IMIGi 1(1“*1)m1_.|bi,|V| AR U T T T O Y B
| |

{j2 3|4 (5]6 7 18fofotrii2}i3jials {16718 (19]20]21|22|23(24{25]2627]28]2930]31|32]33|34{35|36|37(3639/40)4: [42]43]4¢|45/46]47]48|49|50]

Function code —J |—— Optional, second index designator.

Zero or blank, use no index.
Optional, transmit 1-6, use relative addressing.
complement of 7, use indirect addressing.
operand

Optional, first index designator.
Optional, transmit —— Zero or omitted, use no index.
magnitude of 1-6, use relative addressing.
operand 7, use indirect addressing.

Optional, base address.
Zero if omitted.
*, current program address.

Optional, bank term.

0-7, transmits number to Operand
Bank Register.

$, transmits bank number in which
base address resides to Operand
Bank Register,

*, transmits Instruction Bank

1 -

Register to Operand Bank Register.

Td bit not programmable




LAC

LLOAD A COMPLEMENT FORMAT:

CM
Specified?

LAC,CM, MG

MG
Specified ?

(a) m,b,v

M=m + (B®) + (v")

)

Yes Yes
(M) > 02 }—YeS
F
L
(@]
W
C
M) - A
H S\ (M)
A
R
T
Use Lower
Was No Instruction At
Instruction = (P) As Next
Lower ? Instruction
Yes
Use Upper
Instruction At
(P)+1 as Next
Instruction
LAC 1) (M) ~A
2) Contents of M remain unchanged
LAC, CM 1) (M) —A
D 2) Contents of M remain unchanged
E
S LAC, MG 1) Neg. (M) ~A
C 2) Contents of M remain unchanged
R
I
P
T
I
(@)
N
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LAC

PROBLEM:
Load A with the complement of the operand at address BILKO.

SOLUTION:
LOCN OPERATION,MODIFIERS ~ ADDRESS FIELD COMMENTS
| ‘ |
I N N | L}AlcllilllllBlIll-IKIﬁ’lllllllllJlllxIlIiIlJlJl!ll
| i
123145 {6]7 8|90 14z||31|4115|16||7|w[ls|2012:]22123[24[25[:,|27|25|29]30|!||32133134|35]35137]55[59]40|-r142143“4145|<6147|43149pc|

PROBLEM:

Load A with the complement of the operand at address BILKO
modified by Index Register 4.

SOLUTION:
LOCN OPERATION,MODIFIERS ~ ADDRESS FIELD COMMENTS
| i
S I B S S | LIAICIIIIIIlIBIIILllqlﬁl/qlqlJillll'lIILlIIIlIIlllllx
| |
t|2|3(4[5]6 7|89 |o|u||z|u‘|4|4slns||7|rejrs12012-[zz;u[zqzslzslznznlzslsop-132133130135|36137pe|39|¢0141ch14;144L¢s[45|47|u[49pc|
PROBLEM:

Load A with the complement of an operand at an address specified in
Index Register 5.

SOLUTION:
LOCN OPERATION,MODIFIERS ~ ADDRESS FIELD COMMENTS
| |
R R N T U | LAlcllIlllllql-;llllllllllll'IIIlIJllllilll!ll
| i
tl2y3jeysieqr sfstiogn 1.211311‘115[nslnlu1:9|2o|zu122123]zqzslzs[ulzqzspoxs-lszlnpqsspspnnpslcc;« ]42]43]44]45[46147[48[49]50;

PROBLEM:

Load A with the complement of an operand at address BAKER
modified by Index Registers 1 and 2,

SOLUTION:
LOCN OPERATION,MODIFIERS ~ ADDRESS FIELD COMMENTS
| i
[ LAAlcilIIlillBAlKIEqul/lglllllIIJllllllllIlllllllt
| i
tl2i3 (45|67 189 voiupzlujuuslvs|wl;s1|9;zoizvlzz‘zaizqzs[zs(271251291301:-132133130(35|36,‘3713513914014 [42]43{44|45/46(47|48[49/50,;

[anry
[}
[y
w




The LOAD Q COMPLEMENT Instruction

The LOAD Q COMPLEMENT instruction is an instruction that transmits the complement
of a 48-bit operand from an 18-bit storage address to the Q register. One memory

reference is made.

The operation leaves the contents of the storage address unchanged. The initial con-

tents of the Q register are replaced by the transmitted operand.

The 18-bit storage address is composed of a bank term a (within parentheses) and a
modified base address M where M = m + (Bb) + (VY). If the bank term is missing, the
current operand bank setting is assumed. The b and v index designators allow for

relative addressing. If they are not used, direct addressing is implied.

If CM is specified by the programmer, the complement of the complement of the

operand is transmitted to the Q register. Effectively it would be a LOAD Q instruction.
If MG is specified by the programmer, the negative value of the operand is transmitted
to the Q register; i.e., the operand is read from memory, tested to obtain its absolute

value, complemented, and then transferred to the Q register.

The CM and MG modifiers are seldom used for this instruction.
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T RE

LOAD Q@ COMPLEMENT

MACHINE
~ 47 23 0
| |7 |b i T T T T T T L
May be an 1,7y ymy, [N T N N S R
upper or
lower ~ NORMAL
instruction 47 23 0
[ T T T T T 1 | T 1 —l
g A I N N B 1,)71by 1 1m] | P
47 T 23 0
B P L B 11
r7 pfythyvgo mSIs:t-lsfzmoll y by oy ymy J AUGMENTED
J
A\
COMPASS \
\ ~
At P
LOCN IUPERATIUN,MGNFIERS ADDRESS FIELD COMMENTS
| |
I T N B B Llaﬁl;lclMl:ﬂMlGl I(Iavl)l"m;lbl;lvl S O S S N N N U IS T N S T S O N S O B
| |
v 2 3 4|56 |7tejofioqniz)i3)ia]isi61i7])18119)20]21{22123|24]25]26)27]|28]29]30}3132]33]34/35{36]37]38{39]40|4)42]43|44|45/46]47)48(49{30]

Function code —]
Optional, transmit

complement of
operand

Optional, transmit
magnitude of
operand

Td bit not programmable

u——;

L

Optional, second index designator.
Zero or blank, use no index.

1-6, use relative addressing.

7, use indirect addressing.

Optional, first index designator.
Zero or omitted, use no index.
1-6, use relative addressing.

7, use indirect addressing.

Optional, base address.
Zero if omitted.
*, current program address.

Optional, bank term.

0-7, transmits number to Operand
Bank Register.

$, transmits bank number in which
base address resides to Operand
Bank Register.

*, transmits Instruction Bank
Register to Operand Bank Register

1-15



LQC

LOAD Q COMPLEMENT FORMAT: LQC,CM,MG (a) m,b,v

CM MG

M=m+ B+ @)

Specified ? Specified? (M) =~ Q (l )
Yes Yes
(M) > 09 p—2€8
F
L No
O
W
C M) ~
H ,\/ ( Q
A
R
T
Use Lower
Was No Instruction At
Instruction = (P) As Next ‘
Lower ? Instruction
Yes
Use Upper
Instruction At
(P)+1 As Next
Instruction
LQC 1) (M) +Q
2) Contents of M remain unchanged
LQC, CM 1) (M) -Q
D 2) Contents of M remain unchanged
E
S LQC! MG 1) Neg. (M) -Q
g 2) Contents of M remain unchanged
I
P
T
I
O
N
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| LQC
PROBLEM:

Load Q with the complement of the operand at an address specified
by Index Register 4.

SOLUTION:

LOCN OPERATION, MODIFIERS ~ ADDRESS FIELD COMMENTS

|
I A L@QLllJnnlml‘/lllll1|1111|111111111111111111
|

1J2)3j4(sje T 8]sliog llZ]l)|N||$||ﬁ|I7]Il1!9|20|2!]22123]2‘[25[26[?7[2']29[!0‘)'|32|33]3![!5]35]!7(!0]39]QOJM 142]43]44[45[46]47[48[49(30]

PROBLEM:

Load Q with the complement of an operand at address HOMER, but
indirectly.

SOLUTION:

LOCN OPERATION, MODIFIERS ~ ADDRESS FIELD COMMENTS

I
N A U WO O S| LlalcllllIlllHldIMlElKl‘l7llllllllllllllllllll}llll

1213 4516 7189 wlu||z|-s|u1|s|-q|7|u||s|zo]znjzzns]zqzslzs]zr|z|1u|:o|sn|sz|n|54|ss;sqsnsapslcolm|¢z|~31u|~slcs|n|u\49]50]

PROBLEM:

Load Q with the complement of an operand at address SNODGRASS
from the bank in which the LQC resides.

SOLUTION:

LOCN OPERATION,MODIFIERS ~ ADDRESS FIELD COMMENTS

|
I U U LI&C | | 1(1*|)|51N1¢1D16|R1915'|31 Y S T O T Y Y S O
| i

V]2 [|3[4|5]86)7;8]|9 |0|>11:2||)||411!Ilcllrlll||9]zo]m12212312”25]26|27123|29|!0]3|132])3130]35”‘(!7|38139[40[«|421431A4]45]45[1”43[49150;

PROBLEM:
Load Q with the complement of an operand at address SNODGRASS -
3.
SOLUTION:
LOCN OPERATION,MODIFIERS ~ ADDRESS FIELD COMMENTS

|
U T | Ll&[clllIXIllglNlleélRIAJSlsJ—l:j'!ll!lllllllllllIlIlII

| |

112 3(ejsye{r8iefioqu lszp”upspslnlu]vs|zolzl122]23|u|zslzslzrlzulzspopi|32|x)|3q!5|u|31|ss|ss|col«1421os|u145105|A7|.l[49|50}

[y



The STORE A Instruction

The STORE A instruction is an instruction that transmits a 48-bit operand from the A

register to an 18-bit storage address. One memory reference is made.

The operation leaves the contents of the A register unchanged unless the modifier CL

is specified (see below). The contents of A replace the contents of the storage address.

The 18-bit storage address is composed of a bank term a (within parentheses) and a
modified base address M where M = m + (Bb) +(VY). If the bank term is missing, the
current operand bank setting is assumed. The b and v index designators allow for

relative addressing. If they are not used, direct addressing is implied.

If CM is specified by the programmer, the complement of the contents of A is trans-

mitted to the storage address.

If MG is specified by the programmer, the magnitude (absolute value) of the contents

of A is transmitted to the storage address.

If CL is specified by the programmer, the contents of A are cleared after the operand

has been transmitted to the storage address.



H> 200"

] STA

STORE A
MACHINE
("~ 473 T 23 N D B S 2~
May be an |2|0 P m | [ N B R B ,
upper or
lower > NORMAL
instruction 47 23 0
l T T T T T 1 I T T 1 ]
b v vy 1230by ) oymy g ]
47 23 0
T T 1T T 11t T 1
l arythyvge |716I5|413I21'|°]2 O,by y ymy I AUGMENTED
J
COMPASS
LOCN IDP[RATIUN,MGNFIERS ADDRESS FIELD COMMENTS

|
I U B SxT\Ai‘}iCIMA-)ICILIQXMIGI x(xﬁglha;:bleVl G U Y N N O I O S W

v g2 3 a5 6t 6]o]ogqi2)i3qia)rsiiejiriiey19120|21)22]23{24]25{26(27]28129|30]3:|32|33)34|3536)37(36|39]4014. [42[43[44]a5/46]47]4B8[39]50]

Lv._/
Function code——]

Optional, transmit
complement of
operand

Optional, clear
(A) after
transmission
of operand

Optional, transmit

magnitude of
operand

Td bit not programmable

—

——

I—Optional, second index designator.
Zero or blank, use no index,
1-6, use relative addressing.

7, use indirect addressing.

L——— Optional, firstindex designator.
Zero or omitted, use no index.
1-6, use relative addressing.
7, use indirect addressing.

Optional, base address.
Zero if omitted.
*, current program address.

Optional, bank term.

0-7, transmits number of
Operand Bank Register.

$, transmits bank number in
which base address resides to
Operand Bank Register.

%, transmits Instruction Bank
Register to Operand Bank
Register.




STA

STORE A

FORMAT: STA, CM, CL, MG (am b ve M=m+ B+ ")

F
L
@)
W
C Was Use Lou{er
A o { e e B O
R
T ;Jse Upper at
(B
STA 1) (A)—-M
2) Contents of A remain unchanged
STA, CM 1) (A) -M
D 2) Contents of A remain unchanged
E
3 STA, MG 1) () ~m
g 2) Contents of A remain unchanged
1!) STA, CL 1) (A)~M
T 2) Contents of A are cleared after transmission
I
O
N
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BEEYZ XD

PROBLEM:

STA

Store A at five memory locations forward.

SOLUTION:

LOCN

COMMENTS

T W N T T |

OPERATION,MODIFIERS ~ ADDRESS FIELD
|

|
nglAllllIlII*J+l;llllllllllllllllllllllllllll]

123 4|86 7 8]9

10|11 {12]13114 108 (16]17]16]19)20]21)22)23}24]25[26]27(28]29[30}31(32|33]|34{35]36|37 36)39]40[4: |42[43[44]|45]46]47|48]49{50]

PROBLEM:

Store A at address COUNTER and then clear A.

SOLUTION:

LOCN

OPERATION,MODIFIERS ~ ADDRESS FIELD COMMENTS
|

| N

I 23345617 8|9

5‘ITLAI'ICILIllI:Cl'¢lL}1"ll-r1E.lRlllllll‘llllllllllIllllll
|

1011 ]12}13])14 15161718 19(20]21]22|23]24]25]26{27{28{29]|30{31]32|33|34{35]36|37[38|39]40{41 |42]43|44][45]|46]47{48[4930]

PROBLEM:

Store the absolute value of A at an address specified in Index
Register 1.

SOLUTION:

LOCN

OPERATION,MODIFIERS ~ ADDRESS FIELD COMMENTS

| T I

| [
gJTlAl;]”IGlllll?llllllllllIlllJlLlLllllllJJlllll

| j2 1314816 7 89

101112 ]13]i4)15|t6]17]i8)19]20]21)22(23]24(25}26|27]28]29[30)31)32]|33]34{35|36(3738|39{40/4 |42 [43]|44[45]|46](47{48]|49 (50,

PROBLEM:

Store A indirectly at SAVE,

SOLUTION:

LOCN

COMMENTS

| T T |

OPERATION,MODIFIERS  ADDRESS FIELD
SIT.(AIIlllll:slﬂlvlljl7llliulJJll!lllllllllllllll

1l2]3]4js6|7je]9

10§ f12]13[14)15)16]i7)18{19120]21)22123({24[25]2627|28129{30]3) (32|33 34|35)36)37 (3839|4041 [42]43]44]|43/46(47]48]4930]
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The STORE Q Instruction

The STORE Q instruction is an instruction that transmits a 48-bit operand from the Q

register to an 18-bit storage address. One memory reference is made.

The operation leaves the contents of the Q register unchanged unless the modifier CL is

specified (see below). The contents of Q replace the contents of the storage address.

The 18-bit storage address is composed of a bank term a (within parentheses) and a
modified base address M where M = m + (Bb) + (VV). If the bank term is missing, the
current operand bank setting is assumed. The b and v index designators allow for

relative addressing. If they are not used, direct addressing is implied.

If CM is specified by the programmer, the complement of the contents of Q is

transiitted to the storage address.

If MG is specified by the programmer, the magnitude (absolute value) of the contents of

Q is transmitted to the storage address.

If CL is specified by the programmer, the contents of Q are cleared after the operand

has been transmitted to the storage address.
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STORE Q | STQ

H> 250

MACHINE
47 23 0
I LR A B A
May be an 2 1,by oy I T NN T S N
upper or
lower > NORMAL
instruction 417 23 0
T T T T T 1 l L ]
L1 vy J2314by 3 ymy g P
47 T 23 0
I | T TT T ttt ¥ | 1
l7 Ly vge 171615|4|3I2m°[2 y1aby oy omy J AUGMENTED
A\
COMPASS
LOCN IUPERATII]N,MODIFIERS ADDRESS FIELD COMMENTS
| i
O T T R Y SITlQi’Icinl}ICILi,l”lsl l(l"l)lml;lblz.lvl | I Y N S S T W VN T T O O S
[ |
‘12314 (S |6(7 (8]9]OIl{i2]13]i4]|15{16|i7)IB|19]20]21[22]23/24(25|26[27{28]29[30}3132(33|34[35]36{37 (3839|4041 |[42]43{44]45]46/47]48]49{50]
S, Wy WA S W [ v W
Function code ——I l—— Optional, second index de signator.
Zero or blank, use no index.
Optional, transmit 1-6, use relative addressing.
complement of 7, use indirect addressing.
operand,
I— Optional, first index designator.
Optional, clear — | Zero or omitted, use no index.
(Q) after 1-6, use relative addressing.
transmission 7, use indirect addressing.
of operand.
Optional, base address.
Optional, transmit ————— Zero if omitted.
magnitude of *, current program address.
operand.

Optional, bank term.

0-7, transmits number to
Operand Bank Register.

$, transmits bank number in
which base address resides to
Operand Bank Register,

*, transmits Instruction Bank
Register to Operand Bank
Register.

Td bit not programmable




STQ

STORE Q FORMAT: STQ,CM, CL, MG (a) m, b, v M=m+ B+ (")
F
L
(o]
W
C No l ;,':set Lo:{er .
R
T Use Upp.er
(YT ag Mot
Instruction
STQ 1) (@ ~M
2) Contents of Q remain unchanged
STQ, CM 1) Q@ ~M
D 2) Contents of Q remain unchanged
E
S STQ, MG 1) [(Q] =M
C 2) Contents of Q remain unchanged
R
II3 STQ, CL 1) (Q~M
T 2) Contents of Q are cleared after transmission
I
O
N
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VECYE P X

I STQ

PROBLEM:
Store Q at address SMOKEY modified by Index Registers 2 and 3.

SOLUTION:
LOCN OPERATION, MODIFIERS  ADDRESS FIELD COMMENTS
| 1
Ly SrTlin|||11|S|”1diKlE|Y|;12|-.131|11x11||1|111|11|||x:
| |
P2 3jaysis 7 8|s o 1121314 ]15|16]17)18[19)20)21/22]23/24(25]26)27|28)29|30}31|32]|33]34|35|36/37 |36 39) 40| 4 [42]43]44]45/46/47)40]49/50]

PROBLEM:
Store the complement of Q at address BEAR.

SOLUTION:
LOCN OPERATION,MODIFIERS ~ ADDRESS FIELD COMMENTS
| !
N I U | slﬂ@l}lclﬂll!llglglﬂlglllllllllllllvlllllilllllllll
! |
1213 )a)316 |7 89 fi0)iii12]13)14(i5[16)17 18 119420121/22|23124)25(2627(26129|30|31)32]33)34|35)3637[38{39|40)41 424344 45[46[47[48[49[50]
PROBLEM:

Store Q at one memory location forward of the address specified
in Index Register 3.

SOLUTION:
LOCN OPERATION,MODIFIERS ~ ADDRESS FIELD COMMENTS
! |
) Y Y | SJTIQIIlll|llllql3||IlIlllllllllllllllIIIIIIIII
| |
123415167 (8]9 |0|u||2||s|14|ls|It||1]|||l9|zo|zr122|23]e‘12$126[21[2!129130[3!132]:3[3!]351!6]!7130]!914011\102|45|44|¢5|46|47|la|09|50]

PROBLEM:

Store Q at an address which is five memory locations backward
from an address specified in Index Register 1.

SOLUTION:
LOCN OPERATION,MODIFIERS ~ ADDRESS FIELD COMMENTS
| |
||1||1517-1@1J11¢11"15-151111|111111&!111111t11111|||11
| |
'j2 3 jejsj6 7 8|9 lofll]lzub]nt]tsl(ﬁI|7|I.|l!|20[?'|22123|2Q|25|26]2712.]29[30]!!|32|!3L34[35|55]371!B|!9140|4l]42]43|00|l5)061‘7[40¢‘9\50)
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The TRANSMIT Instruction

The TRANSMIT instruction transmits a word or a group of words from one area of
memory to another area of memory. The operation leaves the contents of the source

area unchanged.

If CM is specified by the programmer, the complement of the source is transmitted to

the destination address.

If MK is specified by the programmer, the source is masked with the contents of Q

before being transmitted to the destination address.

If PC is specified by the programmer, the source is incremented by the contents of A
in fixed point format before being transmitted to the destination address.

If AUG is not specified by the programmer, only one word is transmitted. The source
address is (a) m and the destination address is (i) n. The index registers are not

significant.

If AUG is specified by the programmer, five index registers must be set up before

executing this instruction.

(Bl) = number of words to transmit

(B2) = gource address modifier (normally zero to start)
(B3) = jncrementer for B2 (normally 1 for sequential words)
(B4) = destination address modifier (normally zero to start)
(B5) = incrementer for B4 (normally 1 for sequential words)
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Hr=2mOom

TRANSMIT XMIT
47 23 0
T 1 T T T
MACHINE L5|3|ax | My o g2 syiy oy g0
\4
COMPASS
\
I /—"—'\\|r—J‘-—\
LOCN OPERATION MODIFIERS  ADDRESS FIELD COMMENTS
| . i
R XWzLTuiClM.lAnUiél |(1“1,)m|,.1_(1l1)m1 N S W S T T T T Y O O B R
| |
AN IR o MK
i |
NN AR Lo PG 1
I |
11203415167 8|9 0] |i2]13{14]15;16]17}18]19120]21]22]23]24]|25|26|27|28]29,30|31[32]33]34|3536]37 |38 [39|40|4: 42[d3[44[45[46]47]48]4950]

N ]
Function code ——-I l l—Des‘cination address.

Optional modifier

CM, Transmit

Bank of destination address.

0-7, actual bank number.

Compliment . . . ;

) $, bank in which destination
MK, mask with Q address resides.
PC, Add to constant in A *, bank in which XMIT resides.

Blank, Transmit normally

Optional modifier

Source address.

Bank of source address.

Transmit according to B1-B5

0-7, actual bank number,

Blank, transmit one word

$, bank in which source address
resides.

*, bank in which XMIT resides.




XMIT

HopemQsor™

TRANSMIT

N

~.

FORMAT

N 1 Yes PC Yes | (m) + (A) »n
\\1‘)——»4 (B = no LS Specified? In Bank i
N N
No

T [resdin
mh=1-8 r—)‘rFrom Bank a
I .l

XMIT, CM, AUG )
v (2dm. () n M= (B9
PC 9 4
— E— No=n4(8Y)
AUG \ No_ | Read (m) ! oM \_ves,l (m) ~n —
Specified? | _’] From Bank a | \Specified ] | in Bank 1|
N J
Yes _
Use Upper 1
N Instruction at
Vesy L (m) Q) - (P) + 1 as Next Fxit
Instruction
No — ._]

—EO
(m) =n
4"@“”"

1 /o

mcmm B
@K
Specified” |

Yes [(m) - N
In Bank i

li—’l

= 2 3 2

Yes JL(M) (Q) =+ . {B%) + (B)) ~B ~
In Bank i [ (B4 + (B -pt 1

no

Fce

1PC
qu ified”
—

INo

Yes J(M) + (A) » N
In Bank i

f
__,Wr?“?_J

n Bank i

ZO0mHg~3IQnNHT

XMIT
XMIT,
XMIT,
XMIT,
XMIT,

CM
MK
PC
AUG

Transmit one word

Transmit complement of one word

Transmit one word with contents of Q as mask
Transmit one word with value in A as constant

Transmit block of words according to Bl - B5
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wEC Y2 > XE

| XMIT
PROBLEM:

Transmit an operand from Bank 2 address HOKEY to Bank 3
address POKEY.

SOLUTION:
LOCN OPERATION,MODIFIERS ~ ADDRESS FIELD COMMENTS
|
| O T S S | IMIIITI | N T | l(lJL)l”l'dKlElYl;l(l—?l)lPl’dlKlERYl 11} : O TN Y TN N S N A |
vj2 3jeys s 7 8is]oju ||2||3||4||s|u|l1lxl1:;:zo[zqzzlzs]!qzslz&lnlnlzolsopl]32‘33134|!3|3‘|3713l139100:« [42]43[44]45]46]47}46}49|50]

PROBLEM: Given: (Q) = +77B

Extract the lowest six bits from Bank 5 address MURTLE and place
the result in Bank 6 address TURTLE,

SOLUTION:
LOCN OPERATION, MODIFIERS  ADDRESS FIELD COMMENTS
U XIHIIIT;IHIKI 1 1 :(ISI)I,’IUIRITILIEI;I(I‘I)ITJUIRITILIEl 1 : | O U S T N S T S |
vl2j3(agss )7 s|sfioqu 1121:31-4|nsps|-7|ulnsizolzllunannlu|n|zq591:o|s-pzlnlulss]:spr]ulnlao:c- ]42]43[44]45/46]47]48149(50]

PROBLEM: Given: (Bl)=100, (B2)=0, (B3)=1, (B} =0, (B9 =1

Transmit the 100 words from Bank 1 address BLOCK to Bank 1
address TABLE.

SOLUTION:
LOCN OPERATION, MODIFIERS  ADDRESS FIELD COMMENTS
| )
L1111 MIT, AUG | IGIQIBILIACIKI}l(llI) T ABLE | : I S A A
vz 3jajsj6 7 8lsjogn pzlulupslns]n,ulrs:zolz-‘ulzsuqzslnlznznlzspopn|sz|nlups|3s;n|3:1:9|4o:4- 142]43]44]45[46[47]48]49{50;

PROBLEM: Given: (Bl) =10, (8%) = carp, 8% =1, 8% = ziLch, 8% =1

Transmit the 10 words starting at CARD to the 10 locations starting
with ZILCH. Both are in Bank 3,

SOLUTION:
LOCN OPERATION,MODIFIERS  ADDRESS FIELD COMMENTS
i !
| T T A | l”lII-TJ?IAlUlél i I(IBI)IQI(I.BII)I O I TN T NS TN TN NN SN N T T N N Y T T T N T A |
| 1
1j2p3]s1s]6j78}9 10f' JI2)i8 11415 |16117]18}19120|21)22)23]24125]26|27(28)29]30|3132|33{34]35[36|3736|39]40[4: [42[43]|44[45]46{47[48]{49{50]
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NEW CONCEPTS OF GROUP 1

The first group contains relatively few new concepts. 48-bit words are transmitted
from a source to a destination. The source always remains as it was except on the
STA and STQ instructions when CL is specified as a modifier. In this case the regis-

ter is cleared after the transmission takes place.

Operands can be complemented as they are transferred. The 1's complement format

is used. This algebraically changes the sign of the operand.

The magnitude (absolute value) can also be transferred. Inthis case a check is made
on the sign of the operand. If it is negative, it is complemented during transmission.
If it is positive, it is a normal transmission. In either case the positive form is trans-

ferred.
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Problem 1:

A 10, 000 word table in memory starting at address TAB contains operands both positive
and negative. Replace every positive operand with zero and every negative operand
with its absolute value.

Flowchart:

Is First Or
Next1 Operand Replace 10, 000 Operands}Yes
Positive? With Zero Checked?

Replace With
Complement

Problem 1 could be solved by coding in the following manner:

LOCATION | OPERATION, MODIFIERS ADDRESS FIELD B COMMENTS
| . [
vgaiscatsiecrzedsleipir e e o ryw e do0 (20 7129 00 0 s ae e 2800 | 30130132 05 24130 106 537 30538 00 B el ian | €3 ) 6aias {40 |40 [ en ey SIS 02183 (98 (50 | 6. 8T8 15040 ;o112 a8 | 64 (45 0k 4T 0N 48 10N 120|TE
N FDEMT o ATEST i
5 i i - wurk\)‘ I J‘I’LESIT’ ik “ L LR} R S WS ] SN T O A DR R T L Lt i1 | ST OG- UL VU S § i
TEST . o | 1BSS o oo s i
v E0Q . o e e
. eI N T B s
EXT . JUDA o TABy L il
e AT MT L MDfus \PAS @R MEG . . o o oo
plus ... IIsT@ .. \TRA.L. ... ... ... .. ipgs ,
R B 757 S 177 S R
IS, . | STA, CH .. T48, 1 . WEG e
TR . | ISK .. .. .8999,./ ‘ L i ,
BT TEST ‘ ki
e JEMO e

Somewhere within this subprogram would also be included the symbol TAB in the
location field with a declaration of the prestored data or area reserved.
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Student Problem 1A:

Using the XMIT instruction, transmit 10 words starting at address CARD to an area
starting at address CARD1. As each word is transferred, extract the lower 9 bits
(zero out the upper 39 bits) of each word.

Flowchart:

Problem 1A could be solved by coding in the following manner:

LNEEEBENERTRESTN L1 LU AT FS ST L B L IR T e R RN At TE T TR TR e O T R e EE T ] R TR I I T T I T T I T I T
P WO SN WU S T WY y U T ik B VU S SOV DU NN SN WU SN SN N W T S S S 1 O l i O O RN OV NN SO S SS S L NSNS SO S S | i jmd, S
1
i L b) TS S WS S W U WU ST TS S SN S NI S NN i FORE SN RO W S SR WSS N0 S0 VT S WO S S S WA B i
L. L.b L boikb L 1 L Lob i i i 1 i1 1 J. [N S N W S A | i i bk
i
i P -1 - l [} Ll i ] 1.1 1 i ' i Lodd 1 loi i S Y O B §
i {
$ ; ldod i SRR RO TN O WU NNV I DA | ISR ¢ Lol
i
bl L et L i s Loddedoind O ! . :
Ll i i fid i il | SRR SRR AR o bkt
| 1
i Ll d L L : TR ek L ' n It
Ll i 1 : i folod iy i Lt
i i il | - L ke i L 1o i
I
i Ll I il L Lol Lol L i
|
L i ; i Ldedd b Lt A Ll SR W SO0 S U VO SR S S SR
i i il 4 1 N DS S TS N W S S S S W L 1.1 Lidedeldo d L Lot I 4 e dodL
i S ] A, L L b d ) T ok k. L S U W W W W | dod b F NI NN N N S T N WA U T 4
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GROUP 2

ADDRESS TRANSMISSION



GROUP 2

ADDRESS TRANSMISSION

1. Load Index Upper LIU
2. Load Index Lower LIL
3. Store Index Upper SIU
4, Store Index Lower SIL
5. Substitute Address Upper SAU
6. Substitute Address Lower SAL
7. Enter Index ENI
8. Enter A ENA
9. Enter Q ENQ

This group of instructions transmits 15-bit quantities that may be either addresses or
operands.

The first two instructions transmit a portion of a memory word to an index register,
requiring one storage cycle.

The second two instructions transmit the contents of an index register to a portion of a
memory word at a storage address, leaving the rest of the memory word untouched.
One storage cycle is required.

The next two instructions transmit the lower address portion of A to a portion of a

memory word, leaving the rest of the memory word untouched, Again, one storage
cycle is required.

The ENTER instructions transmit a 15-bit quantity to a register. No storage cycle is
required for these instructions.



The LOAD INDEX UPPER Instruction

The LOAD INDEX UPPER instruction is an instruction that transmits a 15-bit quantity
from the upper address portion of a memory word to an index register specified by

index designator b. One memory reference is made.

The operation leaves the contents of the storage address unchanged. The 15-bit upper

address portion of the memory word replaces the contents of the index register.

The memory word is found at an 18-bit storage address composed of a bank term a
(within parentheses) and a modified base address M where M = m + (vV). If the bank
term is missing, the current operand bank setting is assumed. The v index designator

allows for relative addressing. If it is not used, direct addressing is implied.

If CM is specified by the programmer, the complement of the upper address portion of

the memory word is transmitted to the index register.

If MG is specified by the programmer, the magnitude (absolute value) of the upper

address portion of the memory word is transmitted to the index register.

The CM and MG modifiers are seldom used for this instruction.



HP>290T

LOAD INDEX UPPER

| LIU

MACHINE
g 7 23| T T T 1 %~
T-T. 7T
May be an l5l2lb|4 P my I L1t 1 1 1
upper or J
lower ~ NORMAL
instruction 47 23 0
T I — T
\l [T T N N T B l5|2|b| L1y |—|J
47 T 23 0
R R S Y | T 1
|7 p Ty lpvgo |7|SIle|3I£|'|°l 9,2,b, , m | ] AUGMENTED
COMPASS
LOCN IUP[RHIDN,MIJUIFIERS ADDRESS FIELD COMMENTS

t

1
I | LlIiljk;lclM’INIGl 1(14-1) |7m,|bnl.|V| S N N T O O I IO
!

Li2)3 )45 (6T |efofiofii]i2]|i3]i4]15]16)|17]i8|19]20]21)22)23]|24]25]26{27]28]29{30]31]32|33|34]35|3637 3839|404 ;431.3144]45‘46147133|49|5o|

Function code ——-I

Optional, transmit
complement of
operand

Optional, transmit
magnitude of
operand

Td bit not programmable

L

Optional, second index designator.
Zero or blank, use no index.

1-6, use relative addressing.

7, use indirect addressing.

Optional, first index designator.
Zero or omitted, use no index.
1-6, use as destination register.
7, use indirect addressing.

Optional, base address.
Zero if omitted.
*, current program address.

Optional, bank term.

0-7, transmits number to Operand
Bank Register.

$, transmits bank number in which
base address resides to Operand
Bank Register.

*, transmits Instruction Bank
Register to Operand Bank Register.




LIU

LOAD INDEX UPPER FORMAT: LIU,CM,MG (a) m,b,v M =m + (VY)

b
Mgy =B _’@

CM
Specified ?

MG

Enter Specified?

Yes Yes

ZO0—=H9g—=xmOnNmU

F
L
O
W
C
H
A
R
T
Use Lower
;}letsruction No Instruction At
L 5 (P) As Next
ower .
Instruction
Yes
Use Upper
Instruction At
(P)+1 As Next
Instruction
LIU 1) (M), ~B°
UA
2) Contents of MUA remain unchanged
LIU, CM 1) (Mg, ~BP
2) Contents of MUA remain unchanged
b
LIU, MG 1) ‘(M)UAI B

2) Contents of M remain unchanged

UA




nHECYEZ > X

LIU

PROBLEM:

Load Index Register 1 with the upper address portion of the word
at address MORTIMER.,

SOLUTION:
LOCN OPERATION, MODIFIERS ~ ADDRESS FIELD COMMENTS
1
[ R S T T I—IIIUitl1Illlﬁl’lRI]’lIl”lEIKIqllllll!llllll:illl}11111
|
| |23 4|56 T 8|9 nolwilziwslmlws;ve|r71xs119|2012:122123|z-125|2512712012913013-132]33|3<|35|35p71!5|!9140:4>HzlaslulasiaepquMspo]
PROBLEM:

Load Index Register 6 with the upper address portion of the word at
address SNERD modified by Index Register 5.

SOLUTION:

LOCN OPERATION,MODIFIERS ~ ADDRESS FIELD COMMENTS

|
S T T S N | LIIIUII|lllIIS}NIEIRIDl-)lél;IﬁIllI'll!llll\'11[II‘I

| |

L 12134456 |7 |89 0] |2[13]14|15]16]17]i8|19]20|21[22]23{24]25]26(27]28/29]|30]31[32]33|34)35]36|37{3839|40]4 [42]43]4445/46(47]48]49/50}

PROBLEM:

Load Index Register 2 with the upper address portion of the word at
the address specified by Index Register 4.

SOLUTION:
LOCN OPERATION MODIFIERS ~ ADDRESS FIELD COMMENTS
| |
I S O S 2 L’I‘u"}lfl'l;ilai‘}l‘llii"iLiiii'illlIIiliilij]IJ-
| !
123 4 (5]6]7 8] ‘Ol‘lJ’Z’[l!jllj'ﬁ||C[|7[l§|I9]20|2'122|23'24]25126]Z7|2!|29[!013!13?133130[35135”7]58139]40[‘\‘42]43]‘41‘5[‘5}47\451“915(%

PROBLEM:

Load Index Register 5 with the upper address portion of the word at
an address four memory locations backward from this instruction.

SOLUTION:
. —
LOCN OPERATION MODIFIERS  ADDRESS FIELD COMMENTS
[ |
N O T | LII1U11illlli¥J‘l4l;l*rlllllllll'llllllJl%llexl
| |
'l2[3j4jsjejrisjsfojn ]|Z]l3]'ﬁl‘5|'61171181'9120[2!122[2![20125]26|2712!129130|3I|32|3313ll)5|36137]38139140]&162)43“4145416147)43‘49;56‘




The LOAD INDEX LOWER Instruction

The LOAD INDEX LOWER instruction is an instruction that transmits a 15-bit quantity
from the lower address portion of a memory word to an index register specified by

index designator b. One memory reference is made.

The operation leaves the contents of the storage address unchanged. The 15-bit lower

address portion of the memory word replaces the contents of the index register.

The memory word is found at an 18-bit storage address composed of a bank term a
(within parentheses) and a modified base address M where M = m + (VV). If the bank
term is missing, the current operand bank setting is assumed. The v index designator

allows for relative addressing. If it is not used, direct addressing is implied.

If CM is specified by the programmer, the complement of the lower address portion of

the memory word is transmitted to the index register.

If MG is specified by the programmer, the magnitude (absolute value) of the lower

address portion of the memory word is transmitted to the index register,

The CM and MG modifiers are seldom used for this instruction.
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H>2m0o

LOAD INDEX LOWER ] LIL

MACHINE
47 23 0 -
T T T T T T T T 7
May be an I5|3|b| Loy I [ R R N B A
upper or
lower >~ NORMAL
instruction 47 23 0
I T I 1 ] i 1 | 1 I
l [T R N T B I5 13/by 1 jmj ﬂ y
47 1 23 0
[7 T T T I | ]
[ R O T l?ﬁlWlesz 5334b 1 4 1my AUGMENTED
N U v /
COMPASS

\ ~
LOCN 'UPEMTIUN,MI]NHERS ADDRESS FIELD COMMENTS

| t
T R B S LlIlLl;lclMl; 1H1G1 1(141) lh_[;lbl’qlvl I T S T U T U U IO S0 0 W A O I
| |

Lf2 434|567 |8F9]10)il[12]i3)i4|i5[16]i7]18]19]20]21]22}23|24|25(26]27{28(29]30|31|32]33|34[35|36{37|38{39]40|4s 4214344 |45]46]47]48)49|50)

Function code—] l— Optional, second index designator.

Zero or blank, use no index.
Optional, transmit 1-6, use relative addressing.
complement of 7, use indirect addressing.
operand

Optional, first index designator.
Optional, transmit —— Zero or omitted, use no index.
magnitude of 1-6, use as destination register.
operand 7, use indirect addressing.

Optional, base address.
Zero if omitted.
*, current program address.

Optional, bank term.

0-7, transmits number to Operand
Bank Register.

$, transmits bank number in which
base address resides to Operand
Bank Register.

*, transmits Instruction Bank
Register to Operand Bank Register.

Td bit not programmable




LOAD INDEX LOWER FORMAT: LIL,CM,MG

(a) m,b,v

M=m+ (V")

b
My =B (1)
Sy Y
(M)] 4 > 02}—255
F No
L
O
W
C ~<>————-) (M) 1A ~BP
H
A
R
T -
Use Lower
Was No Instruction At
Instruction - (P) As Next '
Lower ? Instruction
Yes
Use Upper
Instruction At
(P)+1 As Next
Instruction
b
LIL 1) (M)LA B
2) Contents of MLA remain unchanged
LIL, CM 1) G0, ~BP
2) Contents of M remain unchanged
D LA
b
g LIL, MG 1) |(M)LA1 -B
C 2) Contents of MLA remain unchanged
R
I
P
T
I
O
N




R

LIL

PROBLEM:

Load Index Register 1 with the lower address portion of the memory
word at address CHAREAD.,

SOLUTION:

LOCN OPERATION, MODIFIERS  ADDRESS FIELD COMMENTS

t

;
[ U A LT, )y 1C1/'/|41/?1[|A|Dl, IR L1
| i

tj2]3j4|5)617 8] 5 0 lnzlwslupslnsln]:u|ns|20121l22123|24|25|zslzvlza|zslsc|3-132[331:4|3s|3spr|supspo“: |42]43]44[45[46]|47]48]49}50]

PROBLEM:

Load Index Register 2 with the lower address portion of the memory
word at address CARACDEF + 3.

SOLUTION:
LOCN OPERATION,MODIFIERS ~ ADDRESS FIELD COMMENTS
| |
B TS T S Ll'rlLl I I S | ICIAIKlAlClDlElFH'IBl;IZI § N T S O S S O S A
| |
1234|567 (8]s \OIKI"21!11'4Il&lls1171\0||9120]2!122123|24|?5|2612712.119[30]!V132]3313Q1}5|36137]!9|39|O0|44142|45|44|‘5]08107|‘3{09150]

PROBLEM:

Load Index Register 3 with the lower address portion of the memory
word at address CALFIDNT modified by Index Register 4,

SOLUTION:
LOCN OPERATION,MODIFIERS ~ ADDRESS FIELD COMMENTS
|
S I Y S T B | LIIILI T D N S ICIAILIF;IIDlNi-rJ;I:”I}I"II S T I W N | : D I T U S T T |
| |
t]2]3j4 516|785 10]()]421!3]!0115116117110||9120|2||22123[20125[26|27|Za|29|30]!1|3213313l|35|35137\38139|40141|42143141]Qs”s“?]‘al‘?[b(l:
PROBLEM:

Load Index Register 5 with the lower address portion of the memory
word at an address specified in Index Register 6.

SOLUTION:
LOCN OPERATION MODIFIERS ~ ADDRESS FIELD COMMENTS
| i
N S N T LlIlLIillllll}lgl-‘)léllllllllﬂlllllllllillIlllill
| |
PJ2y3jeaqsi6 7 i8]e ’Oll'jl?]l]]iA]lﬁl'S]”llS[’9]20]2!]22125[2‘]15|28]27]2.1291301&'32133[3’135|36137]38139[4014\"2ll!llll‘slls147[0!{49}503

3]
|
©




The STORE INDEX UPPER Instruction

The STORE INDEX UPPER instruction is an instruction that transmits a 15-bit quantity
from an index register specified by index designator b to the upper address portion of a

memory word. One memory reference is made.

The operation leaves the contents of the index register unchanged. The 15-bit quantity
of the index register replaces the upper address portion of the memory word., The

rest of the memory word is unchanged.

The memory word is found at an 18-bit storage address composed of a bank term a
(within parentheses) and a modified base address M where M = m + (V). If the bank
term is missing, the current operand bank setting is assumed. The v index designator

allows for relative addressing. If it is not used, direct addressing is implied.
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H>=ZmOT

STORE INDEX UPPER SIU

MACHINE
- 47 23 0
T T, 1 T T T 7T T 1
May be an 5,6y y ym I N N T B |
upper or
lower 4 >~ NORMAL
instruction 47 23 0
T T T T T 1 RN
\r. I N | 1 |5|6|b| ™y Jjj
47 X 23 0
R D B Y B | I
Ty hyvgoe 1715151413|21’l°[ 5364by 4 gmy j AUGMENTED
N ey v /
COMPASS
\ <
" A AN
LOCN CPERATION,MODIFIERS  ADDRESS FIELD COMMENTS
[
SR R 9111U|11|11||(1‘1)1M1a1b191711|111~|||11|i111111||J|
ij2 314151617 18fofioqn ||z|13||4|l5|:$||7||a1-9:2012||zzlzsizqzs[zs|z7120129|)o|3|]32|n|3~135|35|37|38139140:4u [42]43]/44]45/46]47]48]49)50]
e |
Function code J L Optional, second index designator.

Td bit not programmable

Zero or blank, use no index.
1-6, use relative addressing.
7, use indirect addressing.

— Optional, first index designator.
Zero or omitted, use no index.
1-6, use as source register.

7, use indirect addressing.

Optional, base address.
Zero if omitted.
*, current program address,

Optional, bank term.

0-7, transmits number to Operand
Bank Register.

$, transmits bank number in which
base address resides to Operand
Bank Register.

*, transmits Insiruction Bank
Register to Operand Bank Register.




S1U

STORE INDEX UPPER

FORMAT: SIU (a) m,b, v

M=m+ (V")

F
L
O
-~ Use Lower
w b Was ) No Instruction At
C (B”) %MUA Instruction (P) As Next
H Lower? Instruction
A Yes
R
T
Use Upper
Instruction At
(P) +1 As Next
Instruction
b
SIU 1) B87)~M
UA b
2) Contents of B~ remain unchanged
D
E
S
C
R
I
P
T
I
O
N
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nECYZ X

SIU

PROBLEM:

Store Index Register 1 in the upper address portion of the memory
word at address SAM.

SOLUTION:
LOCN OPERATION MODIFIERS  ADDRESS FIELD COMMENTS
| i
L4l 511'1011!1111151/11’11,11111111||1'111|1|\1111111111
| i
112134 (5|67 (89 10)ii|12|13]14)1516{17)18]19]20]|21|22{23]|24)25]26(27]28]29(30|31]32|33|34|35]36|37(38]39]40|4: [42]43(44(45|46|47]48]4950]
PROBLEM:

Store Index Register 2 in the upper address portion of the memory
word in Bank 3 address TOM.

SOLUTION:
LOCN OPERATION,MODIFIERS ~ ADDRESS FIELD COMMENTS
| |
B S T T T | SIIIU|IlllIll(JJJ)LT_LleIl|illllJlllllIlIlllllllll
| i
‘12 3 4 |S (6|7 @[O0l |i2]13/14|I5]|16[i7]|18]19]20]21|22|23]24]25]26|27)28]29|30]31|32|33)34]35|36|37|38|39140[4 |42]43|44]45]46]47[48]49]50]

PROBLEM:
Store Index Register 3 in the upper address portion of the memory
word at address SAVE + 4.

SOLUTION:
LOCN OPERATION,MODIFIERS ~ ADDRESS FIELD COMMENTS
| |
| O I SIIIUIIIIIJIISI”IVIEI"'lﬁ/l;IBIIIIII!lltll:lljlklljlli
| |
) J2 3|4 |5)6 7 8|9ti0)I1 ||21|31|4||5;lslnlw119120121lzzlzuzqzslza|27|2.129|30[snlszlnlulsspelu153139140|4|LaziqiuHs;asuuaa]oslso;

PROBLEM:
Store Index Register 4 in the upper address portion of the memory
word at address JOE in the bank where JOE resides.

SOLUTION:
LOCN OPERATION MODIFIERS  ADDRESS FIELD COMMENTS
| - |
I S S O I SIIIUI[lJllII<I$ll)lm¢ltl}|l¥}llllj!Illlllllllllllllr
| |
rl2l3|se]s 6 T8[9 [0ir J12)!3|t4]i5(16)1718]1920}2)]22]23|24]25]26]27]28]29]|30(34[32]33]34|35{36(37(36[39|40|4: |42]43]44|45/46(47)48]49450]
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The STORE INDEX LOWER Instruction

The STORE INDEX LOWER instruction is an instruction that transmits a 15-bit quantity
from an index register specified by index designator b to the lower address portion of

a memory word. One memory reference is made.

The operation leaves the contents of the index register unchanged. The 15-bit quantity
of the index register replaces the lower address portion of the memory word. The

rest of the memory word is unchanged.

The memory word is found at an 18-bit storage address composed of a bank term a
(within parentheses) and a modified base address M where M = m + (V'). If the bank
term is missing, the current operand bank setting is assumed. The v index designator

allows for relative addressing. If it is not used, direct addressing is implied.



H>2m0

STORE INDEX LOWER SIL

MACHINE
47 23 R 0
LI L T
May be an r|5|7|b| T it I [ W N N N I
upper or
lower < > NORMAL
instruction 47 23 0
—T T T T T 1
\Illll] Lo 15076y my J
0
PR el B J AUGMENTED
J
COMPASS
\ ~
N A
LOCN IOPERMIUN,MUDIFIERS ADDRESS FIELD COMMENTS
g S I N T | S’lI(LIllllll:(J"l)lml:lLIAIVIIIIllllllllllillilJlllll
n
1 ]2 (3jsys5 6 7 (8]s xcln||z1|31|0lusllc||71|llls:zoizl122|z!]zqzslu127120129[30131132[3)134|35|36|37155pslwluliz]6310.105[45|n|u|49|so]
Function code _, I—Optional, second index designator.

Zero or blank, use no index.
1-6, use relative addressing.
7, use indirect addressing.

Optional, first index designator.
Zero or omitted, use no index.
1-6, use as source register.

7, use indirect addressing.

Optional, base address.
Zero if omitted.
*, current program address.

Optional, bank term.

0-7, transmits number to Operand
Bank Register.

$, transmits bank number in which
base address resides to Operand
Bank Register.

*, transmits Instruction Bank
Register to Operand Bank Register.

Td bit not programmable




SIL

M=m+ (V)

STORE INDEX LOWER FORMAT: SIL (a) m, b, v
F
L
O
w Was Use Lower
C (Bb) —*MLA Instruction No lr?struﬂct{on At .
H - Lower ? (P) As Next
- Instruction
A Yes
R
T
Use Upper
Instruction At
(P) +1 As Next
Instruction
b
SIL 1) (B") M
2) Contents of B~ remain unchanged
D
E
S
C
R
I
P
T
1
O
N




N Y2 e X

PROBLEM:

SIL

Store Index Register 1 in the lower address portion of the memory

wo

rd at address SAVE,

SOLUTION:
LOCN OPERATION,MODIFIERS ~ ADDRESS FIELD COMMENTS
| |
I B | SLIILII}!&II!SAVE;IIIIlllllllllillllIlllllllll
| |
1|23 (4(5]6 (71819 wow|\2u!pl115||51-11|e||s|zolm22‘u|20|zs|26127|za|29|so|3l13213)13¢|35]36]3”3!]39]40]0\|02lasluluuslantnMJ,st

PROBLEM:

Store Index Register 2 in the lower address portion of the memory

WO

rd at an address two memory locations forward of address BILL.

SOLUTION:
LOCN OPERATION,MODIFIERS ~ ADDRESS FIELD COMMENTS
| |
T S T | Sll’llllllllIIBIIILILI+I2I)ID~IIL111'IIlllILlIIllillll
| |
‘2 3 4s 6T 8|90 ii|i2)13]14)15(16)i7)/8]9)20]21]|22)23]24)25(26|27{28|29|3013!|32|33134|35}36|37|38|39]40|41 |42]43]44|45]46]47]48]49|30]

PROBLEM:

Store Index Register 3 in the lower address portion of the memory

wo

rd at an address specified in Index Register 5.

SOLUTION:
LOCN OPERATION,MODIFIERS  ADDRESS FIELD COMMENTS
| 1
Illil!lSll-lLllllllll}lBIslgl.llIJIIIIIJIllllll]llll]lllx
| |
1 ]2)3]4]|5)6(7 89 »olulnzlu[upsps,nlloll,|zo|21|22123|24|25|25127[2”29”01:!132133130135|36p7|38]3914\0l4wpalululuus“nq\49|50J

PROBLEM:

Store Index Register 4 in the lower address portion of the memory

WO

rd at address JAKE in the bank in which the SIL resides.

SOLUTION:
LOCN OPERATION, MODIFIERS ~ ADDRESS FIELD COMMENTS
| |
Y S S S S SIIILII1IIlIl(l*l)]Jl’”l&gl-\lyllJll!lllllilllllilllll
| i
L1234 0516 |7 |8 ]9 101 [12]i3114)15[16]17]18}19]20]21]22|23}24]25{26[27[28]29[30{31]32]33|34]35]36|37 |36 (39{40|41 |42]43]44[43|46]47[46]49/50]




The SUBSTITUTE ADDRESS UPPER Instruction

The SUBSTITUTE ADDRESS UPPER instruction is an instruction that transmits a 15-
bit quantity from the lower address portion of the A register to the upper address

portion of a memory word, One memory reference is made.

The operation leaves the contents of the A register unchanged. The 15-bit lower
address portion of the A register replaces the upper address portion of the memory
word. The rest of the memory word is unchanged.

The memory word is found at an 18-bit storage address composed of a bank term a
(within parentheses) and a modified base address M where M = m + (Bb) + (VY). If the
bank term is missing, the current operand bank setting is assumed. The b and v index
designators allow for relative addressing. If they are not used, direct addressing is

implied.

If CM is specified by the programmer, the complement of the lower address portion

of the A register is transmitted to the upper address portion of the memory word.
If MG is specified by the programmer, the magnitude (absolute value) of the lower
address portion of the A register is transmitted to the upper address portion of the

memory word.

The CM and MG modifiers are seldom used for this instruction.
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H»Z O

SUBSTITUTE ADDRESS UPPER

SAU

MACHINE
_ 47 23 0
b o T ! T 1T T T T 7
May be an [Tl adt B B Rl B L1
upper or J
lower ~ NORMAL
instruction 47 23 0
T T T T 71 T 1
\I I R N N T B 1610|b| I Rl 1j/
47 T 23 0
|7]7lllvld'o‘ tt 670" m I
T I W Wl 14 2 O3 & £ 11 ) I TRl | T el N | AUGMENTED
J
COMPASS
\ S S
A A A A [ A A
LOCN IUPERAIION,MODIFI[RS ADDRESS FIELD COMMENTS
| |
) T T | SIAIUI}ICIMI)IMIGI 1(1‘4)17'!1,.15191"1 T S O A R N N A R N A
|
ij2)3]s|5j6 |7 els xoin[\2113)!41|5|tcl|7|ru|v91zo[z«‘zz|zslzalzs|zs[zvlznzspo[n|32|33130[35|36|37|30|39|lt)Jm|4z143|44145145]47]001&91501
e

Function code

Optional, transmit
complement of
address

Optional, transmit
magnitude of
address

Td bit not programmable

I— Optional,

second index designator.
Zero or blank, use no index.

1-6, use relative addressing.

7, use indirect addressing.

Optional, first index designator.
Zero or omitted, use no index.
1-6, use relative addressing.

7, use indirect addressing.

Optional, base address.
Zero if omitted.

*, current program address.
Optional, bank term.

0-7, transmits number to Operand
Bank Register.

$, transmits bank number in which
base address resides to Operand

a
Register.
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SAU

Mo TIQs0or™

SUBSTITUTE ADDRESS UPPER FORMAT: SAU,CM,MG (a) m,b,v M=m+(B?) + (v")

(B) , ~ My, _)@

CM
Specified ?

MG
Specified ?

((a) o207 Yes

No

Oz

UA

Use Lower
Was Instruction at
No (P) as Next

Instruction A
Instruction

Lower?
Yes

Use upper
instruction at
(P) + 1 as Next
Instruction

20y~ OQYHEHD

SAU 1) (A)LA >Mya
2) Contents of A remain unchanged
1 -~
SAU, CM 1) (A)LA MUA
2) Contents of A remain unchanged
SAU, MG 1) |(A)LAl’"MUA

2) Contents of A remain unchanged
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VE g E X

PROBLEM:

Store the lower address portion of A in the upper address portion of
TEMP,

SOLUTION:

LOCN OPERATION,MODIFIERS ~ ADDRESS FIELD COMMENTS

|

|
I Y R T | Slqlullljllllﬂglmgll!llllll'lllllllll]Il!llll

| |

L1243 |4{5)6 |78 [9]i0]il|12)3jia)i5[16]i7]18{1920|21]22|23)24}25)26{27|28{29{30]3)|32|33|34]|35]36{37[38)39]|40|41 [42]43[44[45[46]47]48[4950]

PROBLEM:
Store the lower address portion of A in the upper address portion of
TEMP modified by Index Register 4.

SOLUTION:
LOCN OPERATION,MODIFIERS  ADDRESS FIELD COMMENTS
| 1
| T | Sl”lultlr|1|17—1£J/‘7171.1§/|1111|||'1111||||1||,-i1111
| |
' 1213 4|35 |8(T |8 ]9[0j1|12]i3]i14]15)|'6])17}i18]19])20]|21]|22{23)24)25]/26]27]28)29|30)31)32{33)34)35(36/37]38)39)40[41|42]43]44]45|46/47]48]49}50]

PROBLEM:
Store the lower address portion of A in the upper address portion
of an address specified in Index Register 5.

SOLUTION:
LOCN OPERATION,MODIFIERS ~ ADDRESS FIELD COMMENTS
| I
S S S W Sl#{UI‘liiill;lﬁljllIlllillllllllLilllJlll\I¢
| }
t {234 516 7 8]s 01t j13]I4|iS|r€]17)i8|19]20(21|22|23)24)25{26{27|28]29|30{31)32]33|34|35)36]373839140|4: [42]43]44[45|46|47 48]49|50;

PROBLEM:
Store the lower address portion of A in the upper address portion
of address SLOJOE in Bank 1.

SOLUTION:
L0CN | OPERATION, MODIFIERS ~ ADDRESS FIELD COMMENTS
| |
I T | S:ﬂxuxilxxll1(11&)1$1L1¢I1¢16111111111;1\|x|a1.11|1
I i
f 12 3441316 )7 89 |0|(i}i2{i3]i4]15]16]17]i8}19]20]|21[22{23]24|25]26|27|28|29(30)3/)32|33|34]35/36{37(36]39|40|4 [42|43[44 45[46[47]48(49(50]
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The SUBSTITUTE ADDRESS LOWER Instruction

The SUBSTITUTE ADDRESS LOWER instruction is an instruction that transmits a 15-
bit quantity from the lower address portion of the A register to the lower address

portion of a memory word. One memory reference is made.

The operation leaves the contents of the A register unchanged. The 15-bit lower
address portion of the A register replaces the lower address portion of the memory

word. The rest of the memory word is unchanged.

The memory word is found at an 18-bit storage address composed of a bank term a
(within parentheses) and a modified base address M where M = m + (Bb) + (VV). If

the bank term is missing, the current operand bank setting is assumed. The b and v
index designators allow for relative addressing. If they are not used, direct addressing

is implied.

If CM is specified by the programmer, the complement of the lower address portion of

the A register is transmitted to the lower address portion of the memory word.
If MG is specified by the programmer, the magnitude (absolute value) of the lower
address portion of the A register is transmitted to the lower address portion of the

memory word.

The CM and MG modifiers are seldom used for this instruction.
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HP290d

SUBSTITUTE ADDRESS LOWER

SAL

MACHINE
r47 24 | — T &~
| ] I T T
May be an 16|1|b|¢|m| ] I [ W Y N R B
upper or J
lower ~ NORMAL
instruction 417 23 0
T T T T T T 1 T T 1
\[ i CH R Y l—l)
47 t 23 0
| U D SO Y B | 1 7T
I7 Ty yvgoe I7F|5IEISI12:I'I°I 6,1,b, 4 m I AUGMENTED
\"V'l \‘V"“; vV /
COMPASS
\ ~
A A
LOCN IUPERHIBN,MDNFIERS ADDRESS FIELD COMMENTS
|
L1y glAlLiglclM;lHJGl :(141)1»11;.15191*’1 T S O VO S T T M A
|
12z 3 sisye 7 afs o 112|l3]\41151'6!47|l0]l5:20]2![22123120|25|26127120129[3(”!ll!2[33|30135|36l37[!sl!SIlO]U|12|‘3|llll5]46|47‘45149150}

Function code—‘

Optional, transmit
complement of
operand

Optional, transmit
magnitude of
operand

Td bit not programmable

L

Optional, second index designator,
Zero or blank, use no index.

1-6, use relative addressing.

7, use indirect addressing.

Optional, first index designator.
Zero or omitted, use no index.
1-6, use relative addressing.

7, use indirect addressing.

Optional, base address.
Zero if omitted.
*, current program address.

Optional, bank term.

0-7, transmits number to Operand
Bank Register.

$, transmits bank number in which
base address resides to Operand
Bank Register.

*, transmits Instruction Bank
Register to Operand Bank Register.




SAL

SUBSTITUTE ADDRESS LOWER FORMAT: SAL,CM,MG (a)m,b,v

M=m+(B") + (v")

CM
Enter Specified? (A a ~Mpp ’( 1)
F
L
O
W
C (M)A “Mpa
H
A
R
T
W Use Lower
as . No Instruction At
Instruction (P) As Next
Lower? Instruction
Yes
Use Upper
Instruction At
(P)+1 As Next
Instruction
SAL 1) (A)LA »MLA
2) Contents of A remain unchanged
SAL, CM 1) (A)LA -*MLA
D 2) Contents of A remain unchanged
E -
E SAL, MG 1) ‘(A)LAI M, A
C 2) Contents of A remain unchanged
R
1
P
T
I
O
N




nECgZ e X

SAL

PROBLEM: .
Store the lower address portion of A in the lower address portion

of PETE.

SOLUTION:

LOCN OPERATION,MODIFIERS ~ ADDRESS FIELD COMMENTS

|

|
S S T T A W I”lLIlllll|leElTlEllllllllll!lllll(llllllll’ll
|

2| 314567 |8j9 )01 1121|3||4||5jlcllnll1-9|2012|[22123[24|2s|26127120129130|3l]32|33|3Q|35[36|37130119]40[u |42]43]|44]45(46)47]48]|49/50]

PROBLEM:
Store the lower address portion of A in the lower address portion
of PETE-1 modified by Index Register 3.

SOLUTION:
LOCN OPERATION,MODIFIERS  ADDRESS FIELD COMMENTS
| |
[ N 31ﬂ|L|1||1|11?1517'151”11121311||111|11|t1111|\ilxlll
| |
| |23 45 (6]7 8|9 lclll|IZ|\31\4llsll‘]"llo1!9[ZO[ZI|ZZ]23|20125[26[27[2.1?9130]3!1!2[33[3‘1!5135[!7]!013914014#1‘2]431‘41!5106|Q7|49109|§O|

PROBLEM:
Store the lower address portion of A in the lower address portion
of TOM in the bank where TOM resides.

SOLUTION:

LOCN OPERATION,MODIFIERS ~ ADDRESS FIELD COMMENTS

| |
S T T Y T SIA[LIIIJIIII(A#QLJHIIllllll!lllllllLllllJlJ_ll
[

1j2 )3 jey516 7 8 [sfi0on lnzIuluJu:lnslunn.||9120|2||22[25|20|25|26127|zn|zspo|3|152133134135136137]30|39|00L«1~2|u|«|451451n7143|491so;

PROBLEM:
Store the lower address portion of A in the lower address portion

of an address that is three memory locations relatively forward.

SOLUTION:
LOCN OPERATION,MODIFIERS ~ ADDRESS FIELD COMMENTS
| |
I T S N | lﬂll—llllllll*l"'lglllllllIllllllllllllllllllill
| |
1 l2]3]4)5j6 17 )18}9 Q1N JI2)13]14](5]161+7[18]19120|21]22]23/24]25(26]27]28129{30]31]32|33}3435|36]37|38{39|40[41 |42 [43]44|45[46]47]48[49]50]
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The ENTER INDEX Instruction

The ENTER INDEX instruction is an instruction that transmits a 15-bit quantity Y,
where Y =y + (vV), into an index register specified by the index designator b. No

memory reference is made.

If the bank term a (within parentheses) is missing, the current operand bank setting
remains. If the bank term a is used, the current operand bank setting will be replaced
by the value a. In either case it will not affect this instruction. However, it could

affect future instructions that reference memory for operands.
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EE LT

ENTER INDEX | L_EN

MACHINE
_ 47 23 0
f T T 1 I T T 7T T T 71 ]
May be an 910/by 4 1y T S R T S
upper or
lower ~ NORMAL
instruction 47 23 0
T T T T T 71 | N -
\I [T T T S |5|O|b1 L 1Yy I/
47 + 23 0
T T TTr 1 To T 1
|7 p atyvge 17151514|3I2|I|015 1 0 lb LYy J AUGMENTED
7S Sp—; ) v 7
COMPASS .
\ ~
\ >
N N [ A
LOCN IUPERMION,MGDIHERS ADDRESS FIELD COMMENTS
| i
N S I S O B | ElNlIll | ll(J"l)l'YI,,lbL’lyllllll]ll N N N S N U S Oy B I T O Y
|
i |23 (4(5]6(7 (8} wopl!\211311‘luslvslwps||9:20|21]22[2!|u|25125127;2@[29”0[“Lsz[aqusspsp”u|39L40|u142143|441451¢5147|43149|501
v
Function code —l I7Optional, second index designator.

Zero or blank, use no index.
1-6, use relative addressing.
7, use indirect addressing.

Optional, first index designator.
Zero or omitted, use no index.
1-6, use relative addressing.

7, use indirect addressing.

Optional, base operand.
Zero if omitted.
*, current program addre ss.

Optional, bank term.

0-7, transmits number to Operand
Bank Register.

e

*, transmits Instruction Bank
Register to Operand Bank Register.

Td bit not programmable
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ENI

ENTER INDEX

FORMAT: ENI (a)y.b, v

Y=y v

F
L
O
! Use Lower
¢ ¥ *Bb Xx:tsruction No Instruction At
e Lower? (P) As Next
i - Instruction
Yes
A
R
T
Use Upper
Instruction At
(P)+ 1 \s Next
Instruction
D
E
S
C
R
I
P
T
I
O
N
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wEHEYZE X

ENI

PROBLEM: i
Enter Index Register 1 with zero.

SOLUTION:
LOCN OPERATION,MODIFIERS ~ ADORESS FIELD COMMENTS
| |
N I N O EI/VLII{Illlll;lilllllllllll"lllllllllillll‘ll
| |
1 j2 34567 8l9 wolu(rz“slx”-s(‘s[nlrupslzolzwlzzluquzslzs;nlzalzsnolsv1321331upspquss]ss‘ao“vlczlaslcuaspelaucs[ns]sol
PROBLEM:

Enter Index Register 2 with minus zero (all 7's).

SOLUTION:
LOCN OPERATION,MODIFIERS ~ ADDRESS FIELD COMMENTS
| |
O W N T W E'NLIIIIAIIII'IOLMQIIIIllllll‘llll[J'!lil'*‘11
| i
' 23|45 6789 ‘O]H[Q]H"l!lﬁ||G|I7[IU1'9|20[2‘J22]23[2‘[25126]27[2![29]30[3!132133134135136137]391!9140]4‘IQZIQSIQ‘IISJQS[€7|40149‘{501
PROBLEM:

Enter Index Register 3 with an octal 77,

SOLUTION:
LOCN OPERATION, MODIFIERS ~ ADDRESS FIELD COMMENTS
— | i
VD S S S W T tj”iliiiill1|7I7151q13Illllllll!liillIllllillllli
| i
P J2 3|45 j6 T 89 oLl 2Bl |IS4r6 171819 |20]21|22]23|24)25)26]27|28]25]30[31 |32]33{34{35]36(37(38[39]40|4: |42]43][44(45 46/47]48[49/50;

PROBLEM:
Enter Index Register 4 with address SNOPS.

SOLUTION;:
LOCN [ OPERATION MODIFIERS ~ ADDRESS FIELD COMMENTS
i i
S W T O EINI.Z-IIKIIII}S‘Niﬁlpls‘lqlqlllllll‘lJiIllllljl‘iilIx
| |
11234 jsie 789|001 (lzlululwpsilnrl'09|?0|24|22123|24|25125|271?”29130[3~|3?|33|30(35|3G[57iu]39140l4‘)42NSIN;GHMJGT["!‘91501

[\
k
[\~
e}




The ENTER A Instruction

The ENTER A instruction is an instruction that transmits a 15-bit quantity Y, where

Y=y+ (Bb) +(VY), into the A register. No memory reference is made.

The 15-bit quantity is transmitted right-justified into the A register with the sign bit
extended automatically through the rest of A.

If the bank term a (within parentheses) is missing, the current operand bank setting
remains . If the bank term a is used, the current operand bank setting will be replaced
by the value a. In either case it will not affect this instruction. However, it could

affect future instructions that reference memory for operands.

If CM is specified by the programmer, the complement of the quantity Y is transmitted
to the A register.
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HPrZ2o0Md

ENTER A | ENA
MACHINE
47 23 0 -
IPLENR | B T T 7T
Ma.ybean Lllolbl | lyl 1 I | I | 1 1 | |
upper or
lower > NORMAL
instruction 47 23 0
l T T I I 1 I I I T ! I ]
Loy oy J1,00by gy g
47 23 0
T T T 1T T 1 T T, 1
I7 Ty hyvge 17161514|3I2|'|0| 1,0y v vy I AUGMENTED
N v /
COMPASS
\ ~
\ ~
Yt e M M
LOCN OPERATION,MODIFIERS  ADDRESS FIELD COMMENTS
L1 ElNlAl;NCIM\ L1 :(I‘I)L’y19lblilvl I T T S A B S O Y| i [ R N |
[
1 ]2 ]34 56 7 8]s 101u1|2lvsiultﬁyslr”:s||9:zolzqzqﬂulzsl26127120129”0131132[33[34135136137139139[4%4 142]43]44]45(46(47]48{49/50)

;v_l\_v._.l
Function code —l

Optional, transmit
complement of
operand

d bit not programmable

l— Optional, second index designator.

Zero or blank, use no index,
1-6, use relative addressing.
7, use indirect addressing.

I Optional, first index designator.

Zero or omitted, use no index.
1-6, use relative addressing.
7, use indirect addressing.

Optional, base operand.
Zero if omitted.

sle

*, current program address.

Optional, bank term.

0-7, transmits number of Operand
Bank Register.

*, transmits Instruction Bank
Register to Operand Bank Register.

2
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ENA

ENTER A

FORMAT: ENA,CM

(a) y.b,v Y=g+ @)+ ")

cM ¥ A
Specified? Sign
Extended

F S
L Sign
= Extended
W
C
H
A
R
T

Use Lower

}Na? i Instruction
[?S ru(z)wn at (P) as Next
ower: Instruction
Yes

Use Upper

Instruction at

(P) + 1 as Next

Instruction

ENA Y ~A
ENA, CM Y ~A

D
E
S
C
R
1
P
T
I
O
N




wE Y Z X

ENA

PROBLEM:
Enter A with zero.

SOLUTION:
LOCN OPERATION,MODIFIERS ~ ADDRESS FIELD COMMENTS
| I
N S N N | ElMAIIIIILIJIIIIIIIllllll'l!lllljllillll!li
| i
1|23 (4 (5}6 |7 |89 \o‘u||21up41-spslnlwe1«9|20[2«]22123[20[25[25[27125129“0]3-132[33134”5136131|35|39|401m‘42]43]44[45[45;47,40]491501
PROBLEM:

Enter A with the contents of Index Register 1.

SOLUTION:
LOCN OPERATION,MODIFIERS ~ ADDRESS FIELD COMMENTS
| i
S Y Y S E!NLAIIlllJlI‘)llllllIJllllll‘lllllllllll‘lllll
| |
L2 3|45 |6 |7 |89 [0|II|12]!3|i4|15]|6]17|18]19120]2)|22]23/24]25)26]27]28]29|30|3)|32]33|34]35|36(3736|39[40[4  {42]43(44]45]46|47]46]4950]
PROBLEM:

Enter A with -50,

SOLUTION:
LOCN OPERATION,MODIFIERS ~ ADDRESS FIELD COMMENTS
| |
I S T T B B El”l”llll[lll'l';loillllijllll'lllllllllllilll!l
| |
L1213 4S5 [647 8] |10t i2|i3ji4ji5[16(17}i8]19|20]21]|22]23|24|25|2627]28(29{30]3! 132]33]34/35|3637]38]39) 40|41 [4243/4445]|46]47]48]49|50]
PROBLEM:

Enter A with address POPS.

SOLUTION:

LOCN 0PERHIﬂN,MﬂBIFIERS ADDRESS FIELD COMMENTS

I¢ |
U S S S T EM”IIlilillpl]PlSlllIllllllllllIlllll(lllllll
|

L1226 17 89 100 [12]13] 1415 16]17)18]19)20]21{22|23]24]25]26]27|28]29]30]31|32{33[34]35[36|37|38|39|40|41 |42]43[44[45]46]47]48|49{50]




The ENTER Q Instruction

The ENTER Q instruction is an instruction that transmits a 15-bit quantity Y, where

Y=y+ (Bb) +(VY), into the Q register. No memory reference is made.

The 15-bit quantity Y is transmitted right-justifiedinto the Q register with the sign bit
extended automatically through the rest of Q.

If the bank term a (within parentheses) is missing, the current operand bank setting
remains. If the bank term a is used, the current operand bank setting will be replaced
by the value a. In either case it will not affect this instruction. However, it could

affect future instructions that reference memory for operands.

If CM is specified by the programmer, the complement of the quantity Y is transmitted

to the Q register.
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Q=200

ENTER Q | ENQ
MACHINE
”407141131 - l23r T T T 1 10\
May be an [ S L S T LA T (RS NN NN N N B
upper or L
lower < NORMAL
instruction 47 23 0
N I R S R R T
&l N TS 1J/
47 5 0
T 1T 7 T T T
r?  ryhyvge |7pl$|£|3I2|'1°IO AP Y J AUGMENTED
- o v /
COMPASS \
~
\
J bV ansban " r"“\?"‘-\
LOCN lUPERHlﬂN,MﬂUlFlERS ADDRESS FIELD COMMENTS
N T W S S EINKQLIQIC]M[ Pog :(l"l)l,YLﬁlbl2lvl U S S NS U U N N A A 1 I S S N W SN S B |
{
i j2 3j4 5|6 7 8fofopyie 3[ulw5L:s||7].s\ls:zo|2|122123|24125]25lzrjzslzsuopllszp}pqsspeinpelasLoo“ 142 [43]|44]45(46)47]48(4950]
Al

Function code —J

Optional, transmit
complement of

operand

T d bit not programmabhble,

l !———Optional, second index designator.

Zero or blank, use no index.
1-6, use relative addressing.
7, use indirect addressing.

I Optional, first index designator.

Zero or omitted, use no index.
1-6, use relative addressing.
7, use indirect addressing.

Optional, base operand.
Zero if omitted.
*, current program address,

Optional, bank term.

0-7, transmits number to Operand
Bank Register.

%, transmits Instruction Bank
Register to Operand Bank Register,




ENQ

ENTER Q FORMAT: ENQ,CM (2) v,b,v Y =yt (Bb) + (VV)
T
cM No %ignQ
Specified? Extended
Yes
Y~ Q
F Sign
L Extended
O
W
C
H
A
R
T - Use Lower
as N Instruction .
Instruction ° at (Pl)l as Next ) Exit
Lower? Instruction
Yes
Use Upper
Instruction at
(P) + 1 as Next
Instruction
ENQ Y -Q
ENQ, CM Y ~Q
D
E
S
C
R
I
P
T
I
O
N

AV
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nEgrog e X

L_eno |

PROBLEM:
Enter Q with five less than the contents of Index Register 1.

SOLUTION:
LOCN OPERATION,MODIFIERS ~ ADDRESS FIELD COMMENTS
| |
T S B T E\Nla\lIlAJll‘l5‘I-)I-lellllIlllllllllllllllill“J
| !
]2 ]34 5|6 7|89 101niwzlnsllcps]ws|ulxalmlzo[zw122123]2412512512?[25]29130131132[33|u|35]36|57|35]39]4014‘142p;]u1451451‘714”4”501

PROBLEM:
Enter Q with -35 octal.

SOLUTION:
LOCN OPERATION,MODIFIERS ~ ADDRESS FIELD COMMENTS
| |
| 5N1Q|i111111’:31515111|1|11|191|111||11111J1||:
| I
1124314 5|67 B9 wc!ulrzlls]uwapslwllex|9lzolzrjzuzalzqzslze|27Lzelzspo|3(132[))1“[35[36137136]39140|«|¢2[45|u|15106147143\lds;bo(
PROBLEM:

Enter Q with the sum of Index Registers 1 and 2.

SOLUTION:
LOCN OPERATION,MODIFIERS  ADDRESS FIELD COMMENTS
| |
O S | ElNlallllllll;lllokzlLllllIlll.lllll(llllllll\l’l
| |
vjagr3je|s)ejriefatiog [IZ]I![MFS]IS}I”!I“9|20|2|122|Z!12!125|2512712!129130[3![32|33|30[!5[3613”33[39140]‘\ [42]43]44]45[46]4748]49)50,
PROBLEM:

Enter Q with address SAM modified by Index Register 3.

SOLUTION:
LOCN OPERATION,MODIFIERS ~ ADDRESS FIELD COMMENTS
| i
Y T I | E’INIQIIllllllglﬂlﬂlﬁlglllilLillilll|Ii‘Jlll'lllll
I |
[t {23145 6T 18[9 iol‘nIlzl\!]\01\5ivs“rllaus;20]2![22|23[24|25125]27(2']29[}0)}!132[33134]35]361!7|3l|39|4014%|42]45]461‘5146[471401°9§5‘3\







NEW CONCEPTS OF GROUP 2

The instructions in this group are much like those in Group 1. Here, only 15 bits
are transferred, and these are usually addresses.

For the first seven instructions the source and destination are 15 bits each so that it

is just a matter of transmission. For the last two instructions (ENA and ENQ) the
source is 15 bits, but the destination is 48 bits. In this case the entire register is
cleared. The 15 bits are then entered into the lowest part of the register (right justified)

and the upper bits are a repetition of bit 14.
The symbol ** (double asterisk) is introduced here. This symbol prestores a 15 bit

address of all 7's. It represents a '"dummy" address that is to be replaced by an actual
address during the execution of the program.
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Problem 2:

Write a subprogram that will transfer 48-bit words from one area of memory to another.
As the subprogram is entered, the initial address is in A lower, the terminal address

is in A upper, and the number of words is in @ lower.

Flowchart:

Transfer
Addresses And
Word Count To
Memory

Transmit Words

From Source To
Destination

Problem 2 could be sclved by coding in the following manner:

Student Problem 2A:

LOCATION | IOPERATION,MODIFIERS ADDRESS FIELD COMMENTS
i . i
i3 iy i e o e f0 e (72 a0 ae 00 12 218 (081200 B2 5 08 06 30 338 a0 b e ez | 4iaaias [ ae a7 | am ap SKTST 8785 (N0 13|36 85I [ B 0683 eFi 40 0A (¢S 106 (47 10N
,,,,, IDEMT . TRAMSFER _ b B o o
CLIEMTRY. . (T R/}//SREK T | e
EMp s< 1 L. o ‘
TRAMSFER BSS . . .. ... P D T
SAY . URAL/SM 7. . TWiTIAL dopress L
MRS .. a4 : l i
AL fm)ugu/ TERMIJAL ADDRESS
e 57@ i EMP . § = -
kL Tempt ',W/ea c;ﬂwf .
ChHECKCNT ISP \TRAVSMIT, 1 . N ]
. \BLT . TTRAMSFER . N . . ; .
TRAMSMIT! LDA _ 2 b . . L
. _1BrA R G N i
IR W A ,Sl'j —— ﬁHECKQ/rL i L ! L : L T L [ i
l AD ‘ i '} e ‘
i i IR SFINUNE S I S TSNS S . kb i R R AUPUIS ST S B
i i

Write a subprogram that will solve problem 2, but use the XMIT instruction.

Flowchart:
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Problem 2A could be solved by coding in the following manner:

LOCATION | OPERATION,MODIFIERS ADDRESS FIELD COMMENTS
f
|
i H fd Ll b L 1 foi Ly il L . dodod ESUE T S0 S N TN SO SN S O SO SO S S S i Lol
[ 1
i i ds L i L | ! L ot L i o1 L I il s FE N | L4
i i
N TN N0 I . i A W H WO B G | l i d o dedede i b gl i l b, i A I i i b bk
[ |
i J— ’ I L L i i i l AL I SO S U S | i 1.4 i) ideod I .
i |
i Lond i i e L 1 i i I el L 1 Lot e A, ik
]
il - i i L [ %: L i L Lo st 1 i
ik i i i L H ' I z i i
| [
L L : L s : i 1 . L 1 bk i il tild
! L i : I — : Ldod ot ke L PR
i L i : A L i TR
i
. I : L I Y 1.4 btk ' TSR L
! !
Lot it ! I U T S T G W Lt | ST N ) PR NUU U W WU T YO0 WA A WO A S WO S G ' :
i
" Ll Lt PR U BT St fd i T i N ! P4t i bl
F H i i i il didd bk i 1 L Lk jod H i SR SRS TN TN SO VU S S §
L i Lodii i i) i d L Lo L T T il L b i
i
bt SN TT TN (S0 S S U A N SO T L Al ; it bbb iL
!
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ADDRESS ARITHMETIC



GROUP 3

ADDRESS ARITHMETIC

1, Increase A INA
2. Increase Index INI

This group of instructions performs an addition on the contents of A or the contents of

an index register, No storage cycle is required.



The INCREASE A Instruction

The INCREASE A instruction is an instruction that adds a 15-bit quantity Y, where
Y=y+ (Bb) +(VY), to the contents of A. The sign of Y is extended to 48 bits before

the addition takes place. No memory reference is made.

If the bank term a (within parentheses) is missing, the current operand bank setting
remains. If the bank term a is used, the current operand bank setting will be replaced
by the value a. In either case it will not affect this instruction. However, it could

affect future instructions that reference memory for operands.

If CM is specified by the programmer, the complement of the 15-bit quantity is added
to the contents of A.



H»Z2mOH

INCREASE A | INA
MACHINE
- T 231 T T T T 7 0~
PR
May be an [111 Py Y l L ]
upper or
lower ~ NORMAL
instruction 47 23 0
r | A S N N W l T 1 }
) I R S B R N B W WA -N R b A
47 23 0
S B I B T T 1
I7 Ly vgoe 17|slﬁ;cﬂalzu|° 11 by ¥y | AUGMENTED
o e———— —
COMPASS .
\ ~
b Ve Fbn S bV
LOCN OPERATION, MODIFIERS  ADDRESS FIELD COMMENTS
1 i IN&A-)\CxM [T :(!"i)‘y‘,lbi§lvl F U S U NS U S U NS SR W l JE P S
|
12 ! 3 4 15 1) i T8 9 o “\421‘31 a4 15 “6]\7J S]'SEEOIZ‘ 2212312‘125126127L26129I3()|!'l)‘)l!]L3‘1351161"7135‘39!401‘ A‘G?J:SwﬂdllSJ‘6[47148‘49\5C;

\_.V_J
Function code 4—-! l
Optional, transmit _

complement of
operand

T d bit not programmable

\_v._l

e

I— Optional, second index designator.
Zero or blank, use nc index.
1-6, use relative addressing.
7, use indirect addressing.

L Optional, first index designator.
Zero or omitted, use no index.
1-6, use relative addressing.
7, use indirect addressing.

Optional, base operand.
Zero if omitted.
*, current program address.

Optional, bank term.

0-7, transmits number to Operand
Bank Register.

*, transmits Instruction Bank
Register to Operand Bank Register.




NA

INCREASE A FORMAT:/,INA, M (a) v,b,v Y =y 4+ wP) - o)
CM Y + (A) A
Specified? Sign
Extended
Yes
F T+ (A A
L Sign
O Extended
W
C
H
A
R
T
Use Lower
Was Instruction at
Instruction (P) as Next
Lower? Instruction
Yes
Use Upper
Instruction at
(P) + 1 as Next
Instruction
INA (A)+Y—~A
INA, CM (A) +Y ~A
D
E
S
C
R
1
P
T
I
O
N




VE - gZ X

INA

PROBLEM:

Increase the contents of A by two.

SOLUTION:
LOCN OPERATION,MODIFIERS ~ ADDRESS FIELD COMMENTS
I ]
T S LA/tA\IlilillQIlIllLlllllll‘llllllltlll.ll1i
| |
iJ2 3|4 |3|617 |89 woluszln:pnxs;vﬂwlls119lzoilezzgzsquzslzs[27[25129]30[3\|32|33|3c|35135|37[58|39|4o“« 82]43]44]45146(47/48(49]50;

PROBLEM:
Increase the contents of A by the contents of Index Register 1.

SOLUTION:
LOCN OPERATION,MODIFIERS ~ ADDRESS FIELD COMMENTS
| |
i | I\~1ﬂ11111111q1111111x;1:1|1'1111\111111v1<__:
| |
NEARSENERLNRS KAL) 101nlwziupn[Aslys[n‘walrs120[21122123|24125|zslzvlzalzsgzopv132133[34135|3sp7133139100|4:14214:‘04“51‘5147‘<c»~9|501

PROBLEM:

Decrement the contents of A by one.

SOLUTION:
LOCN OPERATION, MODIFIERS ~ ADDRESS FIELD COMMENTS
i |
| N N S N I’Niﬁliiillll'llllllllIll!llJlllIlllllllllllil
| |
121344516 7 (8]s9 401|||>21|3[|41h51\s|l71|0||9|20]2>]2212!124|25|26[2712.129]30'!l1!2]33130[35138]3”!8]39140]«142143[441451!6117[40(09150{

PROBLEM:

Increase the contents of A by 77 octal.

SOLUTION:
L0CN OPERATION MODIFIERS  ADDRESS FIELD COMMENTS
i 'n
§ I N T I ILNIHJIIIJIII717151111lJlIIllil!llilllll!llll!!
| |
123415617 89 lolu1!2]!31141!5[151!7[1![v!120]2‘]22]23|20|25126[?7]2:[29130[3!|32]3313413”35(371!0]39]40]r,lz|431441451051071401491501




The INCREASE INDEX Instruction

The INCREASE INDEX instruction is an instruction that adds a 15-bit quantity Y,
where Y =y + (VY), to the contents of an index register specified by index designator b.

No memory reference is made.

If the bank term a (within parentheses) is missing, the current operand bank setting
remains. If the bank term a is used, the current operand bank setting will be replaced
by the value a. In either case it will not affect this instruction. However, it could

affect future instructions that reference memory for operands.
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H>=2 %0

INCREASE INDEX

| INT

MACHINE
47 23 0 -
T T T I T T T T T 1
May be an S,1by 4y oy [N N N R N I
upper or 4
lower > NORMAL
instruction 47 23 0
T T 7T T 7T 1 .
\I L) lLi5llb| L 1Yy l]/
47 T 23 0
I7l7l|l 7 ]51 T I
L VS O sl 2 140y Yy AUGMENTED
w7 o v /
COMPASS
3 Pl Pk Vo
LOCN IUPERAII[IN,MGDIF!ERS ADDRESS FIELD COMMENTS
i
| U B N 'IJNIIILJIIl:(l‘i)lyl?lbl’lvllllllJlIl‘lilllll'iilll
|
1|2 (3,45 6 7 (8])>s IOMI1‘2“31*‘y.5l‘SL71\!1\9120!2\‘22i23]20125[26]2712!129130]}!1321331341351351375381391601m14?}43144LQ5IL06117|l0|491501

Function code —’

fa kit nct programmeable

——

S

-

L

Optional, second index designator.
Zero or blank, use no index.

1-6, use relative addressing,

7, use indirect addressing.

Optional, first index designator.
Zero or omitted, use no index,
1-6, use relative addressing.

7, use indirect addressing.

Optional, base operand.
Zero if omitted.
*, current program address.

Optional, bank term.

0-7, transmits number to Operand
Bank Register.

.

*, transmits Instruction Bank
Register to Operand Bank Register.
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INT

INCREASE INDEX

FORMAT: INI

(a)y, b, v

Y=y+ (V)

F
L
O
- Use Lower
W R b ;}r“w:tsruction No Instruction At
C Y+(B7) ~B Lower 2 (P) As Next
H - Instruction
A Yes
R
T
Use Upper
Instruction At
(P) + 1 As Next
Instruction
b
INI (B)+Y—B
D
E
S
C
R
I
P
T
1
O
N

)

[oe]




nEC YRR X

PROBLEM:

INI

Increase the contents of Index Register 1 by one.

SOLUTION:
LOCN OPERATION,MODIFIERS ~ ADDRESS FIELD COMMENTS
i |
B S B rlNLIIIlllillil;lllllllllllllllllllllllllJIIAli
| !
234|587 8l9 yo|upzpsp”yslvslu‘us,ls[zolw‘221231201251zstuzalzslsop-,32[3313i]35|361!7|u|:91w|4|JAz143144”5“614”45|4slso‘

PROBLEM:
De

SOLUTION:

crease the contents of Index Register 2 by one,

LOCN

COMMENTS

N N N O

OPERATION,MODIFIERS ~ ADDRESS FIELD
’rlNilllIlllllL—lll;lxllllilllll'lillll:llli\[llll

P23 4 |5{6|7 89

L 12481817} I8]19120]21/22]23]24)|25)26|27|28]2930|3(}32]33)34)3536|3738|39]40|4  |42[43/44]45]46|47]4814950]

PROBLEM:

Subtract 33B from the contents of Index Register 3.

SOLUTION:
LOCN OPERATION,MODIFIERS ~ ADDRESS FIELD COMMENTS
| I
| S S W II”1L§{i[lli—l3l3(B|313llllllll‘llllllllllllllllJ
| |
t]2p3 e 5|67 8|9 0] ]Izllb[lnllfalxs[”llllls|2012!122123]24[25[261271201291)01!\132[33[3Q[!5136131]301!91‘014:|l?143[‘1|l5[‘6]§7140!‘9[50

PROBLEM:

Increase the contents of Index Register 4 by SAM.

SOLUTION:
LOCN | OPERATION,MODIFIERS ~ ADDRESS FIELD COMMENTS
Lra gy ENT :5141/"1)1‘/'1 TN N N R O B S Y S S R R 1 Ly

L2345 )67 8}

| I

11 121314 |v5|(6|17}1B[19{20]21]22]|23]24)25]26]27]28)29]30]3! 132]33)34)35)3637)38(39{40[4' |42]43]44/45]46(47(48/39|50]







NEW CONCEPTS OF GROUP 3

This group consists of fast arithmetic instructions that add positive or negative numbers
to the A or index registers. The arithmetic is 1's complement.

Since the number added to the register is only 15 bits, the number added is limited to
+16,383. You can INA 5, INA -329, but not INA 543216. For this, you would have to
ADD the quantity where the quantity resides in memory.

Another new concept introduced at this time is the suffixing a number with the letter B.
Any number suffixed with a B is assumed octal. Examples are: 13B, -246B, and
346715B. If no B suffixes the number, the number is assumed decimal. Examples are:
59, 63, and -3456. 1348B is illegal.
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Problem 3:

Numerous files containing BCD characters have been read into core starting at address

BUF. An end-of-file in core is signified by 17B. Write a subprogram that will search

for the first end-of-file.

into A and exit.

Flowchart:

When it is found, load the word that contains the end-of-file

To Q

Transmit First
Or Next Word

Transmit One
Character From
QTo A

Is It
End-Of-File?

Transmit Word
Containing
End-Of-File
To A

Yes

La
‘__—EE

No

st Character

Present Word?

Yes

Problem 3 could be solved by coding in the following manner:

LOCATION RATIONMODIFIERS ADDRESS FIELD COMMENTS
1
VTR TITRTESTE [ PRI TC IR IR T I SUI L ST IETE S ST SEJLIEJETETEFETENE R0 2 -Ne P T T T WU I ST U T IR IE ST ST UL FURCITAT FUAL ST EIEL
[DEMr ‘EILIE‘ G S S o F I T S T § i ll [T W YN0 YOO SN WY SEUN VU SUU SN 0N AN SHRNS SN S U SO SN S S SN O S 1 L.
MTM FI[-!E [T SR S S N AN S S WO S | ; : 1 G g dsldoi b o tllo 4t 1 TN TS T i
FILE BSS L - [:m i ‘
?/I. N S i Mpp&a:s cyfup/fe& i
,L/I . 0,)— IR L: 1 1 € ) bt
M%ﬂa@ Q. h BUFL : e ]
[exTCHAR JEMA . . . 10 i B .
____ s e i R .
TW/A =278 . e e e
ATP,ZR . . . \FAusD . . . . . e e
I ;5§ ,..;7 LA57¢MRAcree?
' . C)(rLHAQ PTG WO UG OV SN S0 RS 54 P ST A
e ?Z/:L; , if/cj T YEs unl’é&m‘gssuamgfg&_wu‘
hodododo i XT @A__‘,n“ LI S S S PN S N O T S FAS TN UON S SO WY UK SO0 N JOU U0 WA OSSR W S |
Eﬁm i L\Dé‘ : BL‘(E—:.Z .} PR O O S S T N L WO SN WY SN W WS OO |
AN WO S WY W 1 L_'J § I T § lFLLE! J I -t i i 1o il i N S T i bbbk i d 1
L L WD ;o i I i 1. : E H i L i PR T t
—k DS W3 E SERI—Y i ‘!_«-— L i S-S O L. e d b s
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Student Problem 3A:

Assume 1000 words of BCD characters with numerous end-of-files (17B) in memory
starting at address COMPILE Count the number of end-of-files and store it at
address FILE.

Flowchart:

Problem 3A could be solved by coding in the following manner;

LOCATION | |OPERATION MODIFIERS ADDRESS FIELD COMMENTS
i
D8 e e e 0 0150t L1 08 B L 1 LT
otk Lo - i i | IR T ST S ST O SO A S T S T S N T S S L i
| 1
T L IS AR ! i L Lldd b s i
{
il Ll L L L1 PR SN SR ok
f
L cood o ST W B | Y e e bbb L P
i {
. : i : 1 : id em b e
I
L £l i L | A L N b ik i
{
: F— _ e LocodbLodoiod il I i P
i i
L i 1 . A s i SN
1 1
ik sl i Loodoctd L
i 1
1 i i . L . !
i
) L 1 ed o L i i
i
Lt g Lt it TN YU S S U Y S S I Lo s iy Lol LLid I
i i
L L i FEETRR TN RN AU N AT A AN A TR RS Ld SRS GO SR SO S B L
i 3
Lot T Coldd Lk ! L '
i i
b i A 1 TR R W L i TR IR L [T S S
i |
LoidL el I R R 1 L Aok i e i L i i . o
! H
STUE RN SN S B beio I S S N S e ek e =
! |
il : o folo i bt ft L b i L Lol i L i
v '
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INDEXING



GROUP 4

INDEXING

1. Index Skip ISK
2. Index Jump IJP

This group of instructions tests the contents of an index register for being a predeter-
mined value, If it is this value, the program continues. If it is not this value, the
contents of the index register are automatically incremented or decremented by one

depending on the instruction.

These instructions serve a two-fold purpose. First, they can be used as loop counters.
Second, the same index register can be used as a modifier each time the loop is
entered. In this way a programmer can process a table in the forward or backward

direction.



The INDEX SKIP Instruction

The INDEX SKIP instruction is an instruction that compares the quantity y with the
contents of an index register specified by the index designator b. If the two quantities
are equal, a full exit is taken with the contents of the index register being cleared. If
the two quantities are not equal, a half exit is taken with the contents of the index

register incremented by one.

Because of the ability of this instruction to half exit or full exit, the COMPASS
assembler will automatically force this instruction to the upper positionof amemory word.
It would have no meaning if it were assembled in the lower position of the memory word.
For this reason the programmer should not use the bank term a (within parenthe ses)

or the v index designator, because by doing so, the assembler must force the

instruction lower which defeats its purpose.



HPZ2DOT

INDEX SKIP

ISK
47 23 0
¥ 1 ! I
MACHINE L514.b| DA —I
\W\J\ v e
\
\
This instruction should not be used as a lower
instruction
\
\
\
\
COMPASS \\
\
= Fmtm
LOCN OPERATION,MODIFIERS  ADDRESS FIELD COMMENTS
|
I O T T S | IlSlKillll(llYl?lbllllllllllilllllllllllilllIll
{
1 ]2 3j4 5|6 7 89 vo;u1121-51-4||sp61|7||s|»9120|2|122125120125]25127123|29|3013|132(33”4]35]36[3”3&|!9|4oim]‘e143|up51461471u[ispol
Function code J Optional, index designator.

Zero or omitted, use no index,
1-6, compare contents of indicated
register,

7, use indirect addressing

Optional, operand compared.
Zero if omitted.
*, current program address.




ISK

INDEX SKIP*

FORMAT: ISK y.b

F Use Lower
5 (8% -y ) 1 P s BN
O Instruction
W Yes
C
H
A Use Upper
R b Instruction At
Clear (B") (Pj + 1 As Next
T Instruction
*Forced upper by the assembler
b
ISK B)=y°?
Yes, clear Bb and full exit
No, (") + 1 B and half exit
D
E
S
C
R
I
P
T
I
@)
N




wEC Y XE

PROBLEM:

ISK

Examine the contents of Index Register 1 for being equal to 100,

SOLUTION:
LOCN OPERATION,MODIFIERS ~ ADDRESS FIELD COMMENTS
| |
T N | IlgIKlilllIlllalolflllllllllIl!lillllllllll[l:ij
i i
tJ2)3|4|5]|61718]9 <0\upzluluusps|nlxa||9120[2:J22123|24|25|25127120|29|3opn;32[33[34]35|35|37|3s|3914014r|42143144‘451“‘47]4:|491501

PROBLEM:

Examine the contents of Index Register 2 for being equal to 1000 octal

SOLUTION:
LOCN OPERATION,MODIFIERS  ADDRESS FIELD COMMENTS
| i
I I IllelliIllIlllolﬂlalskglllllllll'llIllIlll'lIiilll
| |
1123 |s S 6T |89 ic)ti]|i2]3]14]I5]16]17)(819)20[21[22]23)24)25;26{27]28]29(30|31]32]33]34]35)36]37|38)39)40/4 |42]43]44|45[46|47]48]49,50]

PROBLEM:

Examine the contents of Index Register 3 for being equal to 16000,

SOLUTION:
LOCN OPERATION,MODIFIERS ~ ADDRESS FIELD COMMENTS
L [ ESK :Lélalolol;lal Lbop gy | A SN

1j2)3(4)3167 |8

9

10V |2]131i4|15]16(17)18[19]20]21}22]23|24|25|26|27]28]29{30]31|32|33]|34]35]3637(38[39]40]4 142]93{44]45146]47(48]49)50,

PROBLEM:
Examine the contents of Index Register 4 for being equal to 3000
octal.
SOLUTION:
LOCN OPERATION MODIFIERS ~ ADDRESS FIELD COMMENTS
D I W S N | I'SIKIIIILII:BIDlatalolBlﬂlli‘lllll!‘111)1‘:"!1‘\'I“
|

tj2 345|678

9

10 f1i |121!3114{15(*6]17)i8[19]20{2i]22(23]|24|25]26]27|28]29 30 31 32|33]34)35[36{3738;39]40(4 142]43/44(45146]47{48|49{50]
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The INDEX JUMP Instruction

The INDEX JUMP instruction is an instruction that compares the contents of an index
register, specified by the index designator b, with zero. If the content of the index

register is zero, program control continues to the next instruction., If the content of
the index register is not zero, program control will jump to address M where M = m

+ (VY) and the index register will be decremented by one.

If the bank term a (within parentheses) is missing, the current operand bank setting
remains. If the bank term a is used, the current operand bank setting will be replaced
by the value a. In either case it will not affect (or, cannot jump banks with) this
instruction. However, it could affect future instructions that reference memory for

operands.



S 230

INDEX JUMP

l [ 1JP

MACHINE
47 23 0
g I 5715 Tp T - | T T T T T T 1 I h
May be an [l Rt N WA Raiall BN U RS WO N N |
upper or
lower < > NORMAL
instruction 47 23 0
| T T T T 1 T 1 I T T T I
L v v ooy 1548 yby gy oymy g )
47 T 23 0
U S B Y B | |
|7 v nslsmslzm—O[E’ o, m J AUGMENTED
Sy v /
COMPASS ~_
\ >Z
= | A
LOCN [()PERAHIIN,MUDIFIERS ADDRESS FIELD COMMENTS
| |
[ N I(J-xPix\11111(111)LML}L54;|V11|111'111111‘11111¢111|
| |
i j2 3 45|67 8 )9 o) 12]13]1415116]17|i8|19]20]21]22]23|24]25|26}27|28/29(30(31)32]33)34]35]36|37)38]39|40|4  |42]43]44]|45]|46]|47[48]49/50;]

Function code _]

Td bit not programmable

-

l L

Optional, second index designator.
Zero or blank, use no index,

1-6, use relative addressing.

7, use indirect addressing.

Optional, first index designator.
Zero or omitted, use no index.
1-6, index register compared.
7, use indirect addressing.

Optional, base address.
Zero if omitted.
*, current program address,

Optional, bank term.

0-7, transmits number to Operand
Bank Register.

$, transmits bank number in which
base address resides to Operand
Bank Register.

*, transmits Instruction Bank
Register to Operand Bank Register.




1IJP

INDEX JUMP FORMAT: 1JP (a) m,b, v M=m+ (Vv)

Use Upper
Instruction

F B -1~ B> at M as Next

L Instruction

O

W

C

H = Use Lower

A Instruc‘tinn\ No Instruction

( - at (P) as Next

R Lowe_xL/ Instruction

T Yes
Use Upper
Instruction at
(P) + 1 as Next
Instruction

b
IJP (B7) =07
Yes, continue next instruction
b b .
No, (B”) - 1 B~ and jump to M

D

E

S

C

R

I

P

T

I

@]

N




noruge xd

1JP

PROBLEM:

Examine the contents of Index Register 1 for being equal to zero.
If zero, continue executing. If non-zero, jump to address LOOP.

SOLUTION:
LOCN OPERATION,MODIFIERS ~ ADDRESS FIELD COMMENTS
| i
N S U IJJI'PIIIIIIIILII¢L¢IPI;III1lllllllllllllllhlllllIII
| |
VJ2|3]4s5 |6 718 9|00 ]nz‘ulullslnsln!m||s[20|2|12212312q254".'Lzrlza[zepolsl|32|33|3413513613”35139”01«142143[4-145145147|4spslsol

PROBLEM:

Examine the contents of Index Register 2 for being equal to zero.
If zero, continue executing. If non-zero, jump to address LOOP
modified by Index Register 3.

SOLUTION:
LOCN OPERATION,MODIFIERS ~ ADDRESS FIELD COMMENTS
| |
N S B S Iilpiiilrl||L1,¢1/¢1P1q12|n311lull'lllll111!1111111\
| }
il2|3j4ysi6 )7 8]l9 40L\|llZ]lJlM]lSIISlI”l![ISIZOIZI|22123|2Q]25|26[27[2!129]30]3![32[33[34[35[36[!7[!!]39[40|4vlej‘.ﬂllj45|4614”48[49’501

PROBLEM:

Examine the contents of Index Register 4 for being equal to zero.
If zero, continue executing. If non-zero, jump to the address
specified in Index Register 5.

SOLUTION:
LOCN OPERATION,MODIFIERS ~ ADDRESS FIELD COMMENTS
| |
U S N B TIJI—P!JEIIIAI‘H‘,I,J'S,IIIllllllllllllllljlIJIIJILl
| I
‘1213 )]4§s 617 8o m|ullzll”uusIls||71|l|rs12012-122|23]zc1251zspnzqzspopvlazlnlzqsspepnss|39|4014xJ¢2]43|«|45|-s[47pe[49150:

PROBLEM:

Examine the contents of Index Register 6 for being equal to zero.
If zero, continue executing. If non-zero, jump to an address five
memory locations backward.

SOLUTION:
LOCN OPERATION MODIFIERS  ADDRESS FIELD COMMENTS
| )
S IIJIR I S N S | I*l—‘l'rl!lél S U T S N S N O T O B T B N A B e | Ll (!
| |
t]2]3 45617 8]s \olu|w2p31u1:5Ivsyn]lulw|zolzl122\23]24[25[26127125129130|3wpz[npq!slssprpaus;w‘«;42psluuspelups169]50‘

H>
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NEW CONCEPTS OF GROUP 4

Introduced here is a concept of "looping'. The computer has index registers that are
used to form address modification for relative addressing. They can also be used to
determine the number of times a routine is performed.

The ISK instruction checks a counter (contents of an index register) for being equal to
a pre-set value. If the two are not equal, the counter is advanced by 1 and a half exit is
taken, allowing the programmer to repeat the loop. The programmer can use the same
index register as an address modifier within the loop so that he may process data se-
quentially. If the two are equal, a full exit is taken. This skips the lower instruction

and terminates the loop.

The IJP instruction checks a counter (contents of an index register) for being equal to
zero. If the counter is not zero, it is decremented by 1 and a jump takes place to re-
enter the loop. If the counter is zero, the next instruction is executed and the loop is

terminated.

Also introduced at this time is the * (asterisk) used in the address field in place of an
address. It means the present value of the location counter. Hardware-wise it would
mean the contents of the P register when the instruction is executed. * +5 means 5
memory addresses forward (not 5 instructions). * -10 means 10 (decimal) memory
addresses backward.
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Problem 4:

A table of 100 words exists in memory, but upside down.

Write a subprogram that will

re-arrange the words so that the table is right side up. The starting address of the

table is TAB.

Flowchart:

Switch The High-
est And Lowest

Words According
To The Counters

—9<)one 50 Times

Bump The

No

Counters

Problem 4 could be solved by coding in the following manner:

LOCATION | |OPERATION,MODIFIERS ADDRESS FIELD COMMENTS
_.Dm// » wz/cz/u . ,
L EMTRY. WELTCH . .. T el X
SWITcH. | I1BSS. . T I,ULH ,,,,,,,,,,,,,
o [, T * N éuA/TE;eF@? Ffzsr,wg,w,,m
e L EMT A umzfez FIR LAST. WIRD i
WEXT . .| ILDA ATAB L i b L R
O 17 N 1 7). - {2 e
LDQ il ITAB4{0;;~ it ; P PN SO TSN SN UUUCIOY SN S WU S SHNN U SO S S S -
) ;7343. e [ . . .
7Y P et A y N e
e TP SWETCH ... ; }(59,) =4y m/zS// ‘‘‘‘‘
. ) T A e e
RITET 'm/axr s i y . . e
T § = S D N N

Somewhere within this subprogram would also be included the symbol TAB in the

location field with a declaration of the prestored data or the area reserved.

Student Problem 4A:

There exists in memory 30 words of data starting at address SIGMA. Write a sub-

program that will move the first word to the bottom of the list and move the other words

up one address.
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Flowchart:

Problem 4A could be solved by coding in the following manner:

LOCATION | JOPERATION,MODIFIERS ADDRESS FIELD COMMENTS
!
ll i
bdiid hd SR R | TS SN GRS S il | IR 1 NN
t |
< il 4 4 - i 4 Coend ok - Lok - “ted ENEE
{ i
Lk TRNREN NN i i . n 2
1 |
bl i l i 4 e i I 1. i L i
i {
: L oo i R i I SURSU TSV SR S
i
bobd Lt : L L . It
|
1 ; : L 1 T L il
i ]
i Lt L N T R T SO T 1 fik
|
L g i
—i : P | o L4 ]
i
| 1 I . L L Lokl L It :
|
: ! i L 1 !
]
L i I T S Sl i TUREIN NS N < Loied Lt n IR
i 1
AN L I s!: fd ot t Lok ‘ ',!llill L bbbt Lede ol




GROUP 5

FIXED POINT ARITHMETIC



GROUP 5

FIXED POINT ARITHMETIC

1. Add ADD
2, Subtract SUB
3. Multiply Integer MUI
4, Divide Integer DVI
5. Multiply Fractional MUF
6. Divide Fractional DVF

This group of instructions performs the fixed point arithmetic operations on the A and
Q regigters.

The first four instructions use purely integer arithmetic where the point is assumed to
be to the right of the register or register set. The last two use purely fractional arith-
metic where the point is assumed to be just to the right of the sign bit.



The ADD Instruction

The ADD instruction is an instruction that adds a 48-bit operand (from an 18-bit

storage) to the contents of A. One memory reference is made,

The operation leaves the contents of the storage address unchanged. The initial

contents of the A register are replaced by the sum of the two operands.

The 18-bit storage address is composed of a bank term a (within parentheses) and a
modified base address M where M = m + (Bb) + (VV). If the bank term is missing,
the current operand bank setting is assumed. The b and v index designators allow for

relative addressing. If they are not used, direct addressing is implied.

If CM is specified by the programmer, the complement of the operand is added to the

contents of A.

If MG is specified by the programmer, the magnitude (absolute value) of the operand is
added to the contents of A.
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H>Z T O

ADD | ADD
MACHINE
47 23 0
(T T 1 T T T T
May be an rlu‘l:br [ imy I I T N N
upper or J
lower > NORMAL
instruction 47 23 0
T T T 1 T T 1
\I [ L1 Ill4lbl L1y l)
47 T 23 0
ToT, T _IT 1 T TH T
[7 Ly vg 17pl51§131§m<>l 1,400 /™ I AUGMENTED
v by N A v /
COMPASS
\
e Vonten WY st W i rJ‘—\;"—\
LOCN OPERATION,MODIFIERS ~ ADDRESS FIELD COMMENTS
! |
I ADD..CM, NG 1(144)0‘!1.[6131\’1 S Y Y T T Y O S A A |
7 7 7 |
ij2(3jaysjej7r sfofioju pzlwlu115[15[17;1!||9:20[2\‘22123|24|25125127125129”0[3'132[53]34135|.\5p7ps[39140,0 J42[43[44}45]46]47{4B|49(50]
e e i i el B e Vel
Function code ~—l ' ' LOptional, second index designator.
Zero or blank, use no index.
Optional, transmit 1-6, use relative addressing.
complement of 7, use indirect addressing.
operand
Optional, first index designator.
Optional, transmit ———— Zero or omitted, use no index.

magnitude of
operand

1-6, use relative addressing.
7, use indirect addressing.

Optional, base address.
Zero if omitted.
*, current program address.

Optional, bank term.

0-7, transmits number to Operand
Bank Register,

$, transmits bank number in which
base address resides to Operand
Bank Register.

*, transm

1 1its Ins a
Register to Operand Bank Register.

Ta bit not programmable
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ADD

ADD

finter

FORMAT:

CcM

Specified?

ADD, CM, MG

Yes

M=m+ B+ )

l

(A) + (M) —A ‘——9@)

MG
Specified?

Yes

(M) > 0°?

F
L
O
w —
C ) ‘ (A) + (M) - A
H
A
R
T
Was Use Lower
Instruction Instruction At
i.nwpr‘ (P) As Next
A Instruction
Yes
Use Upper
Instruction At
(P)+1 As Next
Instruction
ADD 1) (A) + (M) ~A
2) Contents of M remain unchanged
ADD, CM 1) (A) + (M) ~A
D 2) Contents of M remain unchanged
E
S ADD, MG 1) (A) +|(M)|~A
(R: 2) Contents of M remain unchanged
I
P
T
I
(@)
N
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LEC YR > X

ADD

PROBLEM:
Add the contents of address SMALLEST to A.

SOLUTION:
LOCN GPERATION,MODIFIERS ~ ADDRESS FIELD COMMENTS
Ll AIDLDIIlllli:ngIHlLlLlElngllllll!IIJI[I:11I]IIIIL|
1 j2 31415167859 »oln[vzlra]-41~5116|\7Ua119{2012-]2212312”25126127[2”29”0]3!|32]33134|35|361371!c|Js|«o:m1-2|43[-4145145147|u]49|501
PROBLEM:
Add the contents of address BIGGEST modified by Index Register 1
to A.
SOLUTION:
LOCN OPERATION,MODIFIERS ~ ADDRESS FIELD COMMENTS

|
S N AIDID[ I S S | LBIIIGIGIEIS’[TI;II! R S U N T T T O O Y N O
| |

23 es e T e8]9 00 [12{13]14[45)16(17}18|19]20]21]22)23|24]25|26]27|28(2930)3))32|33(34]35]|36|37]368(39]40[4 142 [43]44145/46(47]48]49150|

PROBLEM:
Add the absolute value of the contents of address FIND to A.

SOLUTION:
LOCN OPERATION,MODIFIERS ~ ADDRESS FIELD COMMENTS
IF |
3 S S T N B | ﬂlplpl,llM|6llllliI|NlDlllliillllXllllll!llllillllq
| |
1 j23 s 56 7 8faliogn 112“31'01!5[!6]!7“'ll5|20[2l|22}23|24125[26127[2'[29[30]3I|32133|3¢135136|37|!0|391Q0]M102143144|l$|46|47]001‘9|50;

PROBLEM:

Add the contents of address NOFIND modified by Index Registers 3
and 4 to A.

SOLUTION:

LOCN OPERATION MODIFIERS ~ ADDRESS FIELD COMMENTS

| |
Lt Alplpll|l!1IINI¢1FIIINIPI;|131’AI‘(11ll!IlllIllllIllllll

| |

1J2 3 e 516 7 8]s \o[ujwzpsiulys]ns;npu|-912012'122123120125;25|27quzspop|pzpspclsspspvps]sspolm142143144pslcsmlan]w[so]




The SUBTRACT Instruction

The SUBTRACT instruction is an instruction that subtracts a 48-bit operand (from an

18-bit storage address) from the contents of A, One memory reference is made.

The operation leaves the contents of the storage address unchanged. The initial

contents of the A register are replaced by the difference of the two operands.

The 18-bit storage address is composed of a bank term a (within parentheses) and a
modified base address M where M = m + (Bb) + (VV). If the bank term is missing, the
current operand bank setting is assumed. The b and v index designators allow for

relative addressing. If they are not used, direct addressing is implied.

If CM is specified by the programmer, the complement of the operand is subtracted

from the contents of A.

If MG is specified by the programmer, the magnitude (absolute value) of the operand

is subtracted from the contents of A.
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He 250

SUBTRACT SUB
MACHINE
r47 ' 23 | 0
i [ T T T T
May be an Il 5,by y ym | | [ S A N R B
upper or J
lower ~ NORMAL
instruction 47 23 0
T T T T T 1 T U
\I Lo B 1jj
47 il 23 0
T T 1T 7T I
[7 Ty tyvgo 1716!651311;1@11 194by ) ymy I AUGMENTED
—— N
COMPASS
LOCN IﬂPERMION,MﬂDIFI[RS ADDRESS FIELD COMMENTS
|
| T I B | SlUIBi§|£|MI?1IMlGl t(l"l)lml}lblqlvl SN N NS N S I Iy O A (S T O O O A Y
|
Cl2]3js(s 6 r)8]s wol‘n]xzpslmpsps[n]wa1«9:zo|1w|22123124|2512612?125]291301!||32[J!|30;35|35|37pspslwlm142143144155145147103149\50I

Function code —j l

Optional, transmit -—l
complement of
operand

Optional, transmit
magnitude of
operand

Td bit not programmable

l L Optional, second index designator.
Zero or blank, use no index.
1-6, use relative addressing.
7, use indirect addressing.

L—— Optional, first index designator.
Zero or omitted, use no index.
1-6, use relative addressing.
7, use indirect addressing.

Optional, base address.
Zero if omitted.
*, current program address.

Optional, bank term.

0-7, transmits number to Operand
Bank Register.

$, transmits bank number in which
base address resides to Operand
Bank Register.

*, transmits Instruction Bank
Register to Operand Bank Register.




SUB

SUBTRACT FORMAT: SUB, CM

CM
Specified ?

, MG (a)m,b,v

M = m+ B+ ")

MG
Specified ?

(A) - (M) ~A

—O

Yes

(M) > 0°?

F
L
O
W —
C \_J (A) -(M)— A
H
A
R
T
WS Use Lovs{er
Instruction No Instruction At
- (P) As Next
Lower? .
Instruction
Yes
Use Upper
Instruction At
(P)+1 As Next
Instruction
SUB 1) (A) - (M) ~A
2) Contents of M remain unchanged
SUB, CM 1) (A)- (M) ~A
2) Contents of M remain unchanged
D SUB, MG 1) (A) - [(m)] - A
S 2) Contents of M remain unchanged
C
R
I
P
T
I
O
N
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nEC 2> X

PROBLEM:
Subtract the contents of address MIN from A.

SOLUTION:
LOCN OPERATION,MODIFIERS ~ ADDRESS FIELD COMMENTS
| I
B W S S T | glUIEIXJIIIlIMIIINIiILlllllll'lllllill!llIJIlIl
| [
1 J2 134567 8]9i0jn |121«31upspslnps1-9|2012|122123;20125125127128129[30131132|33[34]35|35|37|30|39|Ao]4s142143|u|45‘45|47|4u491501
PROBLEM:
Subtract the contents of address MIN modified by Index Register 3
from A.
SOLUTION:
LOCN OPERATION,MODIFIERS ~ ADDRESS FIELD COMMENTS
| i
| U T T N Siulslll’iJllNIIINI’IZLlllllllllllllllillllilll|1
| |
L2134 5167 |8]5 [10f[i2)13)14)15]|16)17}18]19]20/21|22}23)24{25)26|27)28{29{30]31}32|33]34|35|36}37|36)39|40|4/ |42]43(44]45]46]|47]48]49]50]
PROBLEM:

Subtract the absolute value of the contents of address TOPS from A.

SOLUTION:
LOCN OPERATION, MODIFIERS  ADDRESS FIELD COMMENTS
| t
L1111 |U131,|M1G|111|7T,¢1P|51|1|1L||||,L11|11||||l|1|s1~|
I |
21| LS8 T (89 [1OfN [12)13]1N]i516]17]18]1920]21|22(23|24{25)26]27{28)29]30]31132])33]34[35[36(37|36(39] 40|41 [42|43]|44[45[46[47[48]49|50]

PROBLEM:
Subtract the contents of address SPOT modified by Index Registers
3 and 4.
SOLUTION:
LOCN | |OPERATION,MODIFIERS ~ ADDRESS FIELD COMMENTS
) B SIUKBILIiIIL:SJPJ,¢1T1,L31}I‘IIIIIII1llllli;llllllllll
1 i
) J213 41516 7183 101112413414 i>)16|17)18(19)20/21]22)23{24)25(26(27}28[29/30]31;32]33|34]35]|36|3738|39]40|4: [42[43][44[43[46{47[48]99[50,




The MULTIPLY INTEGER Instruction

The MULTIPLE INTEGER instruction is an instruction that multiplies a 48-bit operand
(from an 18-bit storage address) by the contents of A in fixed-point format. One

memory reference is made.

The operation leaves the contents of the storage address unchanged. The initial
contents of the QA registers are replaced by the 96-bit product of the two operands.
The point is assumed to be to the right of A with sign extended through Q.

The 18-bit storage address is composed of a bank term a (within parentheses) and a
modified base address M where M = m + (Bb) + (Vv). If the bank term is missing, the
current operand bank setting is assumed. The b and v index designators allow for

relative addressing. If they are not used, direct addressingis implied.

If CM is specified by the programmer, the complement of the operand is multiplied by

the contents of A.

If MG is specified by the programmer, the magnitude (absolute value) of the operand

is multiplied by the contents of A.
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H>2 %0

MULTIPLY INTEGER

| MUI

MACHINE
47 23 0 -
T T 7T I T T T T T 7
May be an |2|41b| | gmy g N N S N Y
upper or
lower 4 ~ NORMAL
instruction 47 23 0
T T T T T 7 T T T
\I I S N N T l214|b1 L1y xj/
417 23 0
| S N B Y B | | —
17 Ly hyvee |7FI5|E|3I§|'|0| 2,4,b) |, ym | J AUGMENTED
. )
COMPASS
\
A= A /'"—\/\"‘—\
L0CN OPERATION MODIFIERS  ADDRESS FIELD COMMENTS
| |
I T O I | NIU}Ii;lciMllﬂMl&l l(l‘l)lnl‘llblﬁlvi § S D N T N VU (N S T N T S T I T O B R |
| |
(2 3y4 5167 8fofioj 1|21v31|4||51rs|n||s119120121122]2:]24125125[27|2!129|30|3w132]33134135‘36‘137135139“0“.l‘z1031441‘5145141|u{49|5o|

Function code —J

Optional, transmit

complement of
operand

Optional, transmit

magnitude of
operand

Ta bit not programmable

L

Optional, second index designator.
Zero or blank, use no index.

1-6, use relative addressing.

7, use indirect addressing.

Optional, first index designator.
Zero or omitted, use no index.
1-6, 'use relative addressing.

7, use indirect addressing.

Optional, base address.
Zero if omitted.

)

*, current program address.

Optional, bank term.

0-7, transmits number to Operand
Bank Register,.

$, transmits bank number in which
base address resides to Operand
Bank Register.

nk

Regist

Pay
Le

transmits Instruction B

sl
<
2
Register to Operand Banl

o
™
w

53}
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MUI

MULTIPLY INTEGER

CM

Specified?

FORMAT: MUL CM,MG  (a)m,b,v M=m + (B)+ ")

(A)M) ~Qa (1)

MG
Specified?

Yes

E No
(@)
A%
C (A0 ~ QA
H U Q
A
R
T
Use Lower
Was No Instruction At
Instruction (P) As Next
Lower? Instruction
Yes
Use Upper
Instruction At
(P)+1 As Next
Instruction
MUI 1) (A) (M) QA
2) Contents of M remain unchanged
MUI, CM 1) (a) (M) ~QA
D 2) Contents of M remain unchanged
E
S MUI, MG 1) (A) jan|~QA
g 2) Contents of M remain unchanged
I
P
T
I
O
N
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VY2 X

MUI

PROBLEM:
Multiply A by the contents of address SUR.

SOLUTION:
LOCN OPERATION,MODIFIERS ~ ADDRESS FIELD COMMENTS
| 1
N R lunlllllllslulﬂlltlllllIlJlllllllllllllllll
! |
1 ]213j4 |5 67 89 101!!]12|lspd1l5|l61l7|ll||9|20|2|]221:3[2”25126]2712.129]!0]3!|32|!!|34135135|37|!013916014‘|42]43144]45|as1°1|40149150x

PROBLEM:

Multiply A by the contents of address PETE modified by Index
Register 1,

SOLUTION:
LOCN OPERATION,MODIFIERS ~ ADDRESS FIELD COMMENTS
| |
| S O T S MMIIIIIIIKIPIEI-FIEL?I-IIIJlllll!1llllllll|lllllll
| )
V12 ]34 |5)6 7 (8|9 [0 JI2)131'4115]1€|17]i8|19)|20]21]22)23|24]25)26|27)28]29)30)3132|33]34]35|36|373839]40]41 |42|43(44|45]|46|47 484950
PROBLEM:

Multiply A by the absolute value of the contents of address JACK
modified by Index Register 2.

SOLUTION:
LOCN OPERATION,MODIFIERS ~ ADDRESS FIELD COMMENTS
!
I O T I S | M1U1L>lﬂlglllllJl-AlclKﬁlzlJllIIL}'llllllililiillilt
[
ij2)3 |4 867 8|9 fi0n |-2|»)[M||5||e|lrlnl|ls12012|1221u|20|zs|2slz1|2l|29;so|!||32]331u|55|35157pe]!spo:u142lulultspslnlas|49|501
PROBLEM:
Multiply A by the contents of HOMER from the bank where HOMER
resides.
SOLUTION:
LOCN OPERATION, MODIFIERS ~ ADDRESS FIELD COMMENTS
[ i
I I Y U T B T MJ(/II-IIIllll!(l#l)lﬁ,l/dl”l[lklll[ll!lllllllllllllllll
| |
‘j2 3|4 |5)6|7 8 |9 0] ]Vzltllrl1!6116||7|Illl9120|2I122123124|25|2CJ?T[2I]29|301!'1!2[!3[!0]!$|36|37L!0159]O014'1021‘31!4105146]47[‘l|‘9]50]




The DIVIDE INTEGER Instruction

The DIVIDE INTEGER instruction is an instruction that divides the contents of QA
by a 48-bit operand from an 18-bit storage address in fixed-point format. One

memory reference is made,

The operation leaves the contents of the storage address unchanged. The initial con-
tents of the A register are replaced by the quotient of the two operands. The initial

contents of the Q register are replaced by the remainder of the operation.

The 18-bit storage address is composed of a bank term a (within parentheses) and a
modified base address M where M = m + (Bb) + (VV). If the bank term is missing, the
current operand bank setting is assumed. The b and v index designators allow for

relative addressing. If they are not used, direct addressing is implied.

If CM is specified by the programmer, the complement of the operand from memory is
used as the divisor.

If MG is specified by the programmer, the magnitude (absolute value) of the operand

from memory is used as the divisor.
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H»=2m0 T

DIVIDE INTEGER | DVI

MACHINE
47 23 0
flj15|b| - IIll#lll h
May be an Y NN SN NN RN N SO N (N (N TR T B B
upper or
lower < > NORMAL
instruction 47 23 0
T T T T T 1 |
\r1111141|215|b111m|LJ)
47 T 23 — 0
I 117 1 tt T
|7 Pty |7|6|514|312|l|0| 2090 v o™ J AUGMENTED
S—
COMPASS
LOCN I[)P[RMIDN,MUIJIFIERS ADDRESS FIELD COMMENTS
| |
T O O B B DIVJ;-.1CLM\;ﬂxG|1(141)17ML;151)|V1111|1 CL b
| |
L2345 |6 {7 |8])9fiC|it |\2[\51141\5i'SllVlls“9i20127122123|24125126127[2!129[30[31l]ZL33134L35|36[)71!0139]40[4\ ;42[43\441151‘6147143149150“
S WY | Y W
Function code —] |—Op’cional, second index designator.
Zero or blank, use no index.
Optional, transmit 1-6, use relative addressing.
complement of 7, use indirect addressing.
operand
Optional, first index designator.
Optional, transmit——— Zero or omitted, use no index,
magnitude of 1-6, use relative addressing.
operand 7, use indirect addressing.
Optional, base address.
Zero if omitted.
*, current program address.

Optional, bank term.

0-7, transmits number to Operand
Bank Register.

$, transmits bank number in which
base address resides to Operand
Bank Register.

transmits Instruction Bank

Sk a
3
Register to Operand Bank Register,

T4 bit not programmable
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DVI

DIVIDE INTEGER

™~

Enter

CM

Specified?

FORMAT: DVI, CM, MG (a) m, b, v

M=m+ (Bb) + (v

MG No
Specified ? )

(QAY (M) - A

REM. - Q

7\

N

Yes

Yes

> 092 \ Yes

(M) > 0?2 }
F No
L
o P
W fR (QA)/ (M) — A
C N REM. - Q
H
A
R
T Use Lower
Was Instruction At
Instruction (P) As Next .
Lower? Instruction
Yes
Use Upper
Instruction At
(P)+1 As Next
Instruction
DVI 1) (QA) / (M) - A, Remainder +Q
2) Contents of M remain unchanged
DVI, CM 1) (QA) / (M) ~A, Remainder ~Q
D 2) Contents of M remain unchanged
E
S DVI, MG 1) (QA) / |(M)| ~A, Remainder ~Q
g 2) Contents of M remain unchanged
I
P
T
I
O
N
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R

DVI

PROBLEM:
Divide QA by the contents of address DIVIS.

SOLUTION:
LOCN OPERATION,MODIFIERS ~ ADDRESS FIELD COMMENTS
1 1
| T S N | ll/lIl-IilllIIDIl-lVIIlelIJillIlJlllIllllIllilllll
! |
' 1213|456 |78 9 1011 112|cslr4115lrsl!'r]la||9izo(znjﬂlzs[zqzs]26127120|29130]3!132[!3|30|35]36|371!l|)9]40|4|le1.3144105[&5”7‘40]49[501

PROBLEM:
Divide QA by the contents of TRAVIS modified by Index Register 3.

SOLUTION:
LOCN OPERATION,MODIFIERS ~ ADDRESS FIELD COMMENTS
S S T | DlVlIllllllliTlRIAlVlIlsl;IBIlllIIJIIIlll:[IlllllllA
| |
Pl2y3jegsjeir eisfiou ;|2||3|v4,v5116lnps[19120]2'|2212312412512512712012913013-[32]33|3‘135135p7[sapsbolu 142]93]|44145|46]47148]4950]
PROBLEM:
Divide QA by the contents of the address specified in Index Register
4‘
SOLUTION:
LOCN OPERATION,MODIFIERS ~ ADDRESS FIELD COMMENTS
| |
B O S N | D‘V‘Illlliil’;il{liilxlJillLlillIIlill1!lllllll
i
tj2|3je|s|6jre]s 10|u|-2||3|u|:51|s[17110|-912012||21|:512qzs|26127125129[30131132[33134]35[:5137gsslsspo:u142]u]u|45|4s[4714a|‘9150(
PROBLEM:
Divide QA by the contents of address GUBER from the bank that
DVI is in.
SOLUTION:
LOCN OPERATION MODIFIERS  ADDRESS FIELD COMMENTS
! |
B I W I DIVIIIlIillII(_I*I')IGTUIBIEAKRLili‘llillllilllllllll
| |
1123 (4j5)6]7 89 \01'11\2|l31'~1!5]!61rille11912012-[221zs|z4125125127120129|;ol3|[32]33|ulsslsslnpspslco;«lczpnuﬂslulonuuz@u




The MULTIPLY FRACTIONAL Instruction

The MULTIPLY FRACTIONAL instruction is an instruction that multiplies a 48-bit op-
erand (from an 18-bit storage address) by the contents of A in fractional format. One

memory reference is made.

The operation leaves the contents of the storage address unchanged. The initial con-
tents of the AQ registers are replaced by the 96-bit product of the two operands.

The point is assumed to be to the right of the sign bit in A with the fraction extended
through Q.

The 18-bit storage address is composed of a bank term a (within parentheses) and a
modified base address M where M = m + (Bb) + (VV). If the bank term is missing, the
current operand bank setting is assumed. The b and v index designators allow for

relative addressing. If they are not used, direct addressing is implied.

If CM is specified by the programmer, the complement of the operand is multiplied by

the contents of A.

If MG is specified by the programmer, the magnitude (absolute value) of the operand
is multiplied by the contents of A.



Hr=2mor

MULTIPLY FRACTIONAL

| MUF

MACHINE
47 23 : — 0 -
FoT T T 1 1
May be an [2.6 bl¢|m| | I [ T N B S
upper or
lower ~ NORMAL
instruction 47 23 0
T T T T T
l [ R N T S |2|6|b1 Ly 17J
47 T 23 0
To T T 117 T 1
L7 gy vgo 1716I51213I§|I|°| 2,64b) 43 gm 1 AUGMENTED
J/
COMPASS
LOCN OPERATION, MODIFIERS ~ ADDRESS FIELD COMMENTS
| 1
S S U N N | NIULFK’ICIMI’INIGI 1(141)1)”1215!}!\/[ U N R T e e | [
|
123 4516 78}s |01H1.2p)p41<sps;nvjlu1:9:zo[z-122123124125125|z7|za;29|30|30132153”4135136]37;351391401«|4z|43144]¢5[-s|41|45|t915o]

Function code

Optional, transmit
complement of
operand

Optional, transmit
magnitude of
operand

T

d bit not programmeable

"

Optional, second index designator.
Zero or blank, use no index.

1-6, use relative addressing.

7, use indirect addressing.

Optional, first index designator.
Zero or omitted, use no index.
1-6, use relative addressing,

7, use indirect addressing.

Optional, base address.
Zero if omitted.
*, current program address.

Optional, bank term.

0-7, transmits number to Operand
Bank Register.

$, transmits bank number in which
base address resides to Operand
Bank Register.

*, transmits Instruction Bank
Register to Operand Bank Register.




MUF

MULTIPLY FRACTIONAL FORMAT: MUF,CM,MG (a)m,b,v M=m+ (Bb) +(vY")

N\
CM ) No ;( MG No R
Specified? Specified ? (M) ~AQ 19
Yes Yes
(M) > 02 |—Xe8
F No
L
O —
W (A) (M) ~AQ
C N
H
A
R
T Use Lower
Was . Instruction At
Instruction (P) As Next
Lower ? Instruction
Yes
Use Upper
Instruction At
> (P)+1 As Next
Instruction
MUF 1) (A) (M) ~AQ
2) Contents of M remain unchanged
MUF, CM 1) (A) (M) ~AQ
D 2) Contents of M remain unchanged
E
S MUF, MG 1) (A) || ~AQ
g 2) Contents of M remain unchanged
I
P
T
I
O
N
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nEHE Y2 e X

MUF

PROBLEM:
Multiply A by the contents of address PYLE.

SOLUTION:
LOCN OPERATION,MODIFIERS ~ ADDRESS FIELD COMMENTS
| 1
I O O 1U|F1|1|n|11P1Y|L|E||4||||1||11|||11|||||11||11|
| !
t[2)3 s s )6 )7 8t9fi0jn ;lzlulu|-5lns||7||n||9|zo|z|;2:123124|zs|2s,zvlzqzol:op-nzlsanapqun|sn|59]4014| |42]43(44[45/46)47 484350

PROBLEM:

Multiply A by the contents of address PIKE modified by Index
Register 2.

SOLUTION:
LOCN OPERATION,MODIFIERS ~ ADDRESS FIELD COMMENTS
|
| I I MJUIFllIIIIIlPlIIKIEI;IlIllllllll|llllllll|Il[lIIJ
|
t]2)3je)s 6|7 8|9 f0gn ||zlulu115||5|n|«s||9:zolzl|22123(zc|251aslzrlulzspwsr1311331341351)5137133|39140|« 142]43]44]45146]47]48]4930]
PROBLEM:

Multiply A by the contents of the address specified in Index Register

SOLUTION:
LOCN OPERATION,MODIFIERS ~ ADDRESS FIELD COMMENTS
! |
| R S | MluiFIll'I!ll}l‘{lllllllllllljlllIllllll]llllli
| |
1 j2 3 e (56T 80 |olu||z|u|14115Jrs||7||ulns1zo[z-[zqzs[zqzu26[27120129[30131|32133]301!5|30L37|33|39|4o14:142103|u505145|4714||49|5o;

PROBLEM:
Multiply A by the absolute value of the contents of address MOOSE.

SOLUTION:

LOCK OPERATION MODIFIERS  ADDRESS FIELD COMMENTS

|
I T | 1U1F|;1M|6| 11 1Mxylr¢!51€l S N T T T T T S A 0 U O A O
}

LELliede e T els (o i2)is)ie)sie)i7ji8]19 120 21 22123]24|25)26 |27)28129)30] 31 32|33 | 3413536 |37 38 [39] 0] a [42]43]44]45]46{47)484350)
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The DIVIDE FRACTIONAL Instruction

The DIVIDE FRACTIONAL instruction is an instruction that divides the contents of
AQ by a 48-bit operand from an 18-bit storage address in fractional format. One

memory reference is made.

The operation leaves the contents of the storage address unchanged. The initial con-
tents of the A register are replaced by the quotient of the two operands. The initial

contents of the Q register are replaced by the residue of the operation.

The 18-bit storage address is composed of a bank term a (within parentheses) and a
modified base address M where M = m + (Bb) + (VY). If the bank term is missing, the
current operand bank setting is assumed. The b and v index designators allow for

relative addressing. If they are not used, direct addressing is implied.

If CM is specified by the programmer, the complement of the operand from memory

is used as the divisor.

If MG is specified by the programmer, the magnitude (absolute value) of the operand

from memory is used as the divisor.
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W2 90

DIVIDE FRACTIONAL | DVF
MACHINE
47 23 0
g I 2 17 15 1 | T T T T 1 R
May be an P Py oy oy TR SN N N T B
upper or
lower ~ NORMAL
instruction 47 23 0
| — T B —
\I N P B
47 + 23 0
| I N S | I —
(7070 v 8 pelsbtbiel2 7 by my AUGMENTED
=
COMPASS
\ ~.
P A A
LOCN OPERATION, MODIFIERS ~ ADDRESS FIELD COMMENTS
| |
Y W Y I | DIVIFiﬁlclMl‘HMIGI l(la'l)lml;lblilvl U N N S TSN N S I NN N U (O s S N W T I U A |
|
(|2 ]34 5]617 8] Aqu1421w51w41ws|~s|x71ve1!9{20121122123120125125127[25129]30[31132L33|30135|3sp7lsspsl«ol«lﬁz143;4”‘51451471‘5149|501

Function code——-l

Optional, transmit
complement of
operand

Optional, transmit
magnitude of
operand

d bit not programmable

L

Optional, second index designator.
Zero or blank, use no index.

1-6, use relative addressing.

7, use indirect addressing.

L——Optional, first index designator.
Zero or omitted, use no index.
1-6, use relative addressing.
7, use indirect addressing.

Optional, base address.
Zero if omitted.
*, current program address.

Optional, bank term.

0-7, transmits number to Operand
Bank Register.

$, transmits bank number in which
base address resides to Operand
Bank Register.

*, transmits Instruction Bank
Register to Operand Bank Register.
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DVF

DIVIDE FRACTIONAL  FORMAT: DVF,CM,MG (a)m,b,v M = m + (BP) + (vY)

MG
Specified?

CM
S ified?
pecifi REM. ~Q

(AQ)/ (M) ~ A ;‘;
1

Yes Yes
(M) > 02 | Yes
E No
O
W —_
(AQ)/ (M) ~ A
c O
H REM. ~Q
A
R
T
Use Lower
Was . No Instruction At .
Instruction | (P) As Next Exit
Lower? Instruction
Yes
Use Upper
Instruction At
(P)+1 As Next
Instruction
DVF 1) (AQ) / (M) A, Remainder +~Q
2) Contents of M remain unchanged
DVF, CM 1) (AQ) / (M) ~ A, Remainder ~Q
D 2) Contents of M remain unchanged
E .
S DVF, MG 1) (AQ) / |(M)| +~ A, Remainder ~Q
g 2) Contents of M remain unchanged
I
P
T
I
O
N
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VY2 P X

PROBLEM:

DVF

Divide AQ by the contents of address DIV,

SOLUTION:

LOCN

OPERATION,MODIFIERS ~ ADDRESS FIELD COMMENTS

N T |

| |
DIVIFIIIIIIIIDIIIVIIIIIllll]ll[llIlllllllll[lll

i J23jejs 67 8loe

| |

Q) 12|34 )15 |1€) 17|18 {19[20]|21]22]23]24[25]26]27]28(29]|30]31[32]|33]34[35|36]37|38(39)40/4: 142]43]44)45]46147,48]49|50]

PROBLEM:

Divide AQ by the contents of JAKE modified by Index Register 5.

SOLUTION:
LOCN OPERATION,MODIFIERS ~ ADDRESS FIELD COMMENTS
| |
I S O | DIVIFIIIIIIIIIAIKIEI;Iﬂlllllll'lllIlllIIlIIlllIJ
| |
1 J213 4516 |7 (8l9 |ol||llzlwlulnspsln]nllw1:012!122123|zc125|zs|27|zl|2slso[3|lsz]n]sqss|36|s7|30139|§01«loz|43|u|'5|cs|¢7|n[~9|50|

PROBLEM:

Divide AQ by the contents of the address specified in Index
Register 4.

SOLUTION:

LOCN

OPERATION,MODIFIERS ~ ADDRESS FIELD COMMENTS

N S T B

| |
DlvlFlllllIlllal‘/IIllllllllllJIllll[llllllllJ¢J

V]2 13(4|5]|6 )17 (8689

I0fi|i2|13[14)18|16117)18)19|20]|21)22]23]24}25)26(27]28]29(30[3! 132]33134135)363713639|40(41 |42]43]|44]45[46/47]48149(30;

PROBLEM:

Divide AQ by the contents of address PORKY modified by Index
Registers 2 and 3.

SOLUTION:

LOCN

OPERATION,MODIFIERS ~ ADDRESS FIELD COMMENTS
=

I T W B |

' j23]4js 678 ]9

|
DI\/IFKIIJllllpléRlKlYl;lll:l-allll]111!|IIJllllllllll

011 |12]13]i4415]16]17)1819)20|21]|22{23)24)25|26|27)28129{30)31132]|33|34|35|36|3738(39]40[4 [42143]44]85(46]47/48/49|50]







NEW CONCEPTS OF GROUP 5

The instructions in this group operate on two types of operands - integer and fractional.
The ADD, SUB, MUI, and DVI instructions operate on integers only. The MUF and DVF
instructions operate on fractions only. Each set must be kept separate and distinct.

Let's first discuss integers.

INTEGERS

Integers are the counting numbers 1, 2, 3 ... in the positive direction and -1, -2, -3. ..
in the negative direction with 0 as the origin. In algebra we represent these numbers

on a number scale as such:

SAREL S R - S S R )

The range in both directions is unlimited. From algebra we also know that +2 is great-

er than -5.

On the computer these numbers are represented in binary. But binary is very difficult
to read and very cumbersom to work with. Since binary expands easily to octal, we
will use octal representation to illustrate the format and the range of the numbers.

The format for integer numbers has the sign of the number in the most significant bit
position and the rest of the positions giving the actual number. For positive numbers
the correspondence between the algebraic notation and computer notation is as follows:



Algebraic Notation Computer Notation

0—>04

4

3 0—>03
2 0——=>02
1 0—=>01
0 0—>=>00

The range for positive algebraic numbers is to infinity. The range for the positive
numbers on the computer is as much as the 48-bit word can handle. In octal the maxi-
mum number is 37——=>7. If we add 1 to this number, the number turns negative
(40 —> 0) which is an incorrect answer. When an operation occurs in which the result
exceeds this maximum count, an '"overflow'' condition results which is interruptible.

This is termed Arithmetic Overflow Fault.

The computer also allows negative numbers. Here is a comparison between negative

algebraic numbers and the computer representation.

_Algebraic Notation Computer Notation
0 0——=0
-1 7T—>>76
-2 7T—>75
-3 T—=>74
-4 7—>13

o

-28



The smallest number represented on the computer is 40—= 0. The number 7T——=> 7
on the computer is termed ''negative zero''. This number will not result from an add o
subtract operation, except for a special case, since 1's complement arithmetic is used.
What we mean by this is that if 1 is added to 7T——= 76 the result will be 0 —>= 0 just
as should be in algebra.

An important concept about relating the algebraic and computer numbers system is the
talk about '"complementing . In algebra the complement of a number is the number witl
its sign reversed. A + 5 complemented is -5. A -30 complemented is +30. In the
computer it means, ''for every 1 bit change to 0, for every 0 bit change to a 1", The
complement of 0 —= 04 is 7T——>73. The complement of 7T—= 763 is 0 ——= 014.
Try it yourself on the following table and make sure you understand the relationship
between algebraic numbers and their computer representation.

Algebraic Notation Computer Notation

3NT—> 77

3 0 —=>03
2 00— 02
1 0———>01
0 0———>00
1 7T ——>176
-2 7T——>175
-3 T —>"74

40———=>00
The instructions ADD, SUB, MUI, DVI operate on these integers and will yield the
corresponding algebraic results.
Now let's look into fractions and their computer representation.

FRACTIONS

If you understood the integer representation of numbers, then fractional representation

should not be difficult. Fractions are numbers from 0 up to but not including 1, both
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positive and negative directions. In algebra we can represent these numbers on a

number scale as such:

'03

The machine format again has the sign of the fraction in the most significant bit position
and the rest of the positions giving the actual fraction. The point is considered to be
between bit positions 47 and 46. For positive fractions the correspondence between

the algebraic notation and computer notation is as follows:

_Algebraic Notation Computer Notation
.3 octal 140——>0
.2 octal 100———=0
.1 octal 040 ————=>0
0 000—=>0

The computer notation may seem strange at first. But the representation is correct.

Consider .1 octal:

1. .1octal =.001 binary
2. .001 binary = 0. 001 binary
3. 0.001 binary = 040——> 0 octal (regroup)

The computer also allows negative fractions. Here is a table representing a comparison

between the two systems.



Algebraic Notation

3 octal

.2 octal

.1l octal

0

-.1 octal

-.2 octal

-.3 octal

Computer Notation

140 —=>0

100 ——>0

040 —=>0

000 ——=> 0

7137 —=> 7

677 —> 7

637 —=>7

The negative computer fractions may seem strange and you may wonder how they were

arrived at. As a helpful aid in understanding the negative conversion, keep in mind the

principle used to convert negative integers, and then note how the above negative frac-

tions are complements of their positive counterparts.

FAULTS

What computer faults can result from the execution of any of the six instructions within

Possible Fault

this group?
Instruction
1. ADD
2. SUB

Arithmetic Overflow Fault - adding two positive oper-

ands where the result ex-
ceeds the maximum positive
limit, or adding two negative
operands where the result
exceeds the maximum nega-
tive limit. Adding a positive
to a negative operand will
never yield overflow since
the answer will move closer

to zero.

Arithmetic Overflow Fault -subtracting a negative oper-
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and from a positive operand



3 MUI
4. DVI
o5. MUF
6. DVF

All faults mentioned are computer interruptible.

and the result exceeds the
maximum positive limit, or
subtracting a positive oper-
and from a negative operand
and the result exceeds the
maximum negative limit.
Subtracting operands with
like signs will never yield

overflow.

No possible fault since the product of any two operands
will fit into a 96 bit register (QA).

Divide Fault -

dividing by zero or a divi-
sion where the dividend so
exceeds the divisor that the
answer is not capable of fit-

ting into a 48 bit register(A).

No possible fault since the product of any two operands

will fit into a 96 bit register (AQ).

Divide Fault -

5-32

dividing by zero_or a divi-
sion where the dividend is
greater than or equal to the
divisor. Here the result
would be greater than or
equal to 1 which is illegal

in fractional format.



Problem 5:

3X-2Y
Evaluate Z as close as possible if Z= ZY-X where X and Y are integers whose absolute

values are less than 500.

Divide 5
Porm av X Form 3X-2Y 3X-2Y Store Result
tore By 4Y-X

Problem 5 could be solved by coding in the following manner:

Flowchart:

LOCATION U‘ERATMMWFIERS ADDRESS FIELD COMMENTS

vgassiegsiecrcafeleingenie;s AIBaes e B aga ki wlo a0t

|
] LOOL LML 0 NS Y ke e e S0 con 0o s
TDEST . Afz//:L, I e
L Lt K/TR.\} i IEVAL it .‘;,I.Vg L bbb g1
DIVZs . |BSS. .. ... . 1A . B 1 o o
AN EC .. B |
Covz, .. |DEC . B N L
FUAL . |BSS .. 1L b T
N !
}

O R R A L'DA
L I MUT L ML
..... | BuB . .. X . L e
i | BTA . b1ES B e o
e | LDA X . »
L SO S S S 1 ML‘ZJ!"!tIM‘JA\'r“E" j‘\lll A TUURE SO SO SN U SOV SOV S TS WO N SN SN N U S S 3
SO N S T 4 SUB -;Y"“’_" i L ek i BX*MA TR S W | i o F I SN S WO O S N S R
o Tlze,rL ,,EXTZE@= e EXTEMD T
e O BIGA N e
Ll BLT ,.MIM.LK_ e mﬂnmwﬂ e
KT2ER. . o
1Y VI AaIwzs N

- ddd A, :

{
i R 1 : e Sorbendensid et b oL
bodeded L i S/A L i e = 1 ; SO S i b dede e do bk b ST
R B Y2 ,5V/4L i i
VD . ... s bttt

Somewhere within this subprogram would also be included the symbols X and Y in the

location field with a declaration of the prestored data or area reserved.



Student Problem 5A:

3R-S+5T

Evaluate W = ST

than 100.

+1if R, S, and T are integers whose absolute value is

Flowchart:

Problem 5A could be solved by coding in the following manner:

LOCATION | |OPERATION,MODIFIERS ADDRESS FIELD COMMENTS
1
fdb il 111=‘:’:l=||<'!lxlillkif'k».:]‘\v’s Pl i i e i bbb
i
[ T WS VO N | L4 R TS S S S 3 ; U N WL NSO S R O W i O - H FE—t in.d it i {1 SO W S S W S fod
1 T
L ST 5 b L Lot ) i
bk, 1 I Lot L i I i | S i Lol AL dok
i {
L L i | IR ) i
]
1 Je . 1.l l -, ] j.d
§
Lt ! : L L L I T
] i
: Lt TR | Joa
i |
! i S SURTREIES NSNS S S SIS S WS
| |
; i . PR
i i i
S R S U SEREI -l i PR BT L - TUNER W L
1 {
T i [ 1 il 1 i L i Lo
i i
L L Lt T o pied
i ]
Ll L I B IR T S e il s - L Lol
) i
i i i il i i | IS : I i P IR A S S Y A i
i
i i .| Lobed + 1 L L o
|
i - o L | . . i —
i [
T : Lid | IR SRR S R R N A S U S SN S SIS SIS A N S ) Y L L i
! t
b oo i IR L b ik L
[ '
L Lttt L I I s ~_
| i
Ll i SR S | Ll i il
| ]
: Lodd - L L b i ]
i I

less



GROUP 6

REPLACE OPERATIONS



GROUP 6

REPLACE OPERATIONS

1. Replace Add RAD
2. Replace Subtract RSB
3. Replace Add One RAO
4. Replace Subtract One RSO

This is a group of instructions that adds or subtracts a quantity from a storage address.
The same result left at the storage address also remains in A, Two storage cycles are

required for each instruction.

The first two instructions add or subtract the contents of A from the contents of the

storage address.

The last two instructions increment or decrement the contents of the storage address
by one., This result remains in A, The initial contents of A are not used and are de-

stroyed by these instructions,



The REPLACE ADD Instruction

The REPLACE ADD instruction is an instruction that adds a 48-bit operand from an
18-bit storage address to the contents of A and returns the result to both the A register

and the storage address in memory. Two memory references are made.

The 18-bit storage address is composed of a bank term a (within parentheses) and a
modified base address M where M = m + (Bb) + (VV). If the bank term is missing, the
current operand bank setting is assumed. The b and v index designators allow for

relative addressing. If they are not used, direct addressing is implied.

If CM is specified by the programmer, the complement of the operand is added to the
contents of A and the result returned to both the A register and the storage address in

memory.

If MG is specified by the programmer, the magnitude (absolute value) of the operand
is added to the contents of A and the result returned to both the A register and the

storage address in memory.



REPLACE ADD | RAD

Hr=2mom

MACHINE
_ 47 23 0 -
T _ 1T I 1T T T T T 7T
May be an 7,0y 4 gmy N N N I T T |
upper or 7
lower < > NORMAL
instruction 47 23 0
T T T 7 LI P T
\||L||11||7|01b1||m1|]/
417 7 23 0
T_T T _IT 71 I
|7 (Tt .7,515.5.3121.,0]7 040y poym ] AUGMENTED
]
~
COMPASS
\ =7
A A
LOCN IGPERMI[}N,MDDIHERS ADDRESS FIELD COMMENTS
| |
I Y A S RlAlqulClMl\inLGl 1(1‘-1)1”‘111-61\1\/1 | N WSS S VU TN T S G O U W W S D N S O |
7 7 7 2 |
i j2 3145 6|7 8]9 101u||z||3|u1-3115‘17“5||9:zolu|22123120|25|25[27]2@119130131132[33palsspsp?palss]wlmHzlululcslasunupslsol
Function code ] l-—Optional, second index designator.
Zero or blank, use no index.
Optional, transmit — 1-6, use relative addressing.
complement of 7, use indirect addressing.
operand
L—— Optional, first index designator.
Optional, transmit ——— Zero or omitted, use no index.
magnitude of 1-6, use relative addressing.
operand 7, use indirect addressing.
Optional, base address.
Zero if omitted.
*, current program address.

Optional, bank term.

0-7, transmits number to Operand
Bank Register.

$, transmits bank number in which
base address resides to Operand
Bank Register.

*, transmits Instruction Bank
Register to Operand Bank Register,

Td bit not programmeable




RAD

REPLACE ADD

FORMAT:

Yes

RAD,CM,MG

MG
Specified?

(a)m,b,v

No

M =m+ (BY) + (v")

(M) + (A) - A
and M

Yes
(M) > 0?\ Yes
No

F
L
o N
W (M) + (A) —A
C U and M
H
A
R
T ] Use Lower
Was ) No Instruction At .
Instruction (P) As Next
Lower® Instruction
Yes
Use Upper
Instruction At
(P)+1 As Next
Instruction
RAD (A) + (M) A and M
RAD, CM (A) + (M) ~A and M
RAD, MG (a) + ()| ~A and M
D
E
S
C
R
I
P
T
I
O
N




VEC Y E > X

RAD

PROBLEM:
Add A to the contents of address POPS.

SOLUTION:
LOCN OPERATION,MODIFIERS ~ ADDRESS FIELD COMMENTS

| |
T T W | RIAIDIIII_LlllPl’mPIQIIIIlllllllllllllkllllJIlIll

| |

tJ2(3je)sqe T slofio npi2giaqiegs L€]17}i8|19)20]21]22|23|24)25]26|27|28]29)30]31)32]33}34]3536|37]3839) 404! [42]43]4445/46]47]48]4950]

PROBLEM:

Do a replace add to the contents of address BLO modified by
Index Registers 1 and 2.

SOLUTION:

LOCN OPERATION,MODIFIERS ~ ADDRESS FIELD COMMENTS

|
Y T RIHIDJIllllI[BILI’¢I}III}12IIIIIII'll!Illilllllll!ll

t)2 3 45167 85 mlnllzlulu|nsl|s1rrlns1!9|zolz|122[23]24|zs|zslzqzllzspopi1321331)4]35136L37|50139|w|«142|431u|45105|07|4|p9|:0|

PROBLEM:

Do a replace add to A with the absolute value of the contents of
address PLUG.

SOLUTION:

LOCN OPERATION,MODIFIERS ~ ADDRESS FIELD COMMENTS

|
N T W N | PIR’IDI7IMJGIIKI!PILIUIGIIIIllllll!llllllikiltJJLJLJ

tj23jeysjejryefofiogn 1!2’|3]I0|151!6|I71llll9|20|2I122125]241251?5127[20129130]!l1!2!!3[301!5|36]37]30|39[40|4v142143“4165]46107]45149]50;

PROBLEM:

Do a replace add to A using the contents of the address specified
in Index Register 5.

SOLUTION:
LOCN OPERATION MODIFIERS ~ ADDRESS FIELD COMMENTS
| I
Y T | RlAlDllllllllzlsllilllllllll'llilllllllllllllx
I |
vj2 34 5167 18]s roluivzpslmlvslle|11110“9120121[22123]20|25|26127|28|29A30|3l132]331)”35136‘371381!9110]41|Q2]‘3|l4105146|47|ta“9150;




The REPLACE SUBTRACT Instruction

The REPLACE SUBTRACT instruction is an instruction that subtracts the contents of A
from a 48-bit operand (from an 18-bit storage address) and returns the result to both

the A register and the storage address in memory. Two memory references are made.

The 18-bit storage address is compo sed of a bank term a (within parentheses) and a
modified base address M where M = m + (Bb) + (VY). If the bank term is missing,
the current operand bank setting is assumed. The b and v index designators allow for

relative addressing. If they are not used, direct addressing is implied.

If CM is specified by the programmer, the contents of A are subtracted from the
complement of the operand from memory and the result returned to both the A register

and storage address in memory.
If MG is specified by the programmer, the contents of A are subtracted from the

magnitude (absolute value) of the operand from memory and the result returned to the

A register and storage address in memory.
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TR

REPLACE SUBTRACT

| RSB

MACHINE
<X 23! T T T 7 0~
|
May be an Ty 1by oy ymy I S NN Y N R S|
upper or
lower ~ NORMAL
instruction 47 23 0
I { I i I | T I 4
|_| [ WO WU SR B | |7|11b1 L1 my lj)
47 i 23 0
ST T 1T T 11 T T 1
L7 Pty 1716151413121'10l iluby o my j AUGMENTED
AT — /
COMPASS
LOCN OPERATION MODIFIERS  ADDRESS FIELD COMMENTS
| 1
N N U S | nglBi}\IClMl?IMlGl [(I‘l)lml}lbl}lvl D W N N T Y Y U T S R N N A B e |
i
112314151617 8] .olupzllslmpsuspqulcs:zojn[22|23;2-125126127|25129130l30|32]33|34135ps|371u;39140]4 [42]43]44145]46(47]48149,50]

Function code—J '

Optional, transmit——J
complement of
operand,

Optional, transmit
magnitude of
operand,

Td bit nol programmable

L

Optional, second index designator.
Zero or blank, use no index.

1-6, use relative addressing.

7, use indirect addressing.

Optional, first index designator.
Zero or omitted, use no index.
1-6, use relative addressing.

7, use indirect addressing.

Optional, base address.
Zero if omitted.
*, current program address.

Optional, bank term.

0-7, transmits number to Operand
Bank Register.

$, transmits bank number in which
base address resides to Operand
Bank Register.

*, transmits Instruction Bank
Register to Operand Bank Register.

6-17



RSB

REPLACE SUBTRACT

FORMAT:

RSB,CM,MG

MG
Specified?

CM
Specified?

Yes Yes

Yes

(a)m,b,v

M= m+ (B + ")

(M) - (A) = A
and M

—

F
L
O
W —
C ] (M) -(A) A
H U and M
A
R
T
Was Use Low_'er
nstruction Instruct£on At
Lower? (P) As Next
’ Instruction J
Use Upper
Instruction At
(P)+1 As Next
Instruction
RSB (M) - (A) A and M
RSB, CM (M) - (A) A and M
RSB, MG ()| - (A) A and M
D
E
S
C
R
I
P
T
I
O
N




w2 > X

RSB

PROBLEM:

Subtract A from the contents of address MACK with the result
transmitted to address MACK.

SOLUTION:
LOCN OPERATION, MODIFIERS ~ ADDRESS FIELD COMMENTS
| |
1Il|l!KlgIBIIIJIIQIMAICIKIlLIlIllllililllIIlJIIllllll
| i
1 j2[3j4i5]16(7 8]s |0|u|v:1-51|4||5l|c|x1||a|uslzolzqzuzslzclzﬂzs|zrlzalzs|3op||32[33[341:5135])1130]!9]~o|«142|43|u1aslas|c7|4”491501
PROBLEM:

Do a replace subtract on the contents of address TABLE modified
by Index Register 1.

SOLUTION:
LOCN OPERATION,MODIFIERS ~ ADDRESS FIELD COMMENTS
| i
| lslBllJIIIIlﬂﬂlBlLlEl,lllilllll'llllll'l!llllllll
| |
I ]2 3|8 5 6T 89 voIH1!2}|3|v41ﬂ5|\6[17|m|rs120[2r122123124|25|2s|27120129|3013:132]53134|35136]3713”391«01“142\43|~41-5145|47pa109;501

PROBLEM:

Do a replace subtract on the contents of address TEST modified by
Index Registers 1 and 2.

SOLUTION:
LOCN OPERATION, MODIFIERS  ADDRESS FIELD COMMENTS
I
S T T T | EIS‘B""JIRIT‘lElgi'rHili)iziiiiiljilllli:il‘lf\ill}
|
1 J2{3 456789 m[H||21|3pa1~5‘rc|vrllnln9lzo‘zn122]2312412512512712512913013-pzlululxspsp?|351391mi4vlnz|ugu[tsp5|47lupspo‘
PROBLEM:

Do a replace subtract on the contents of the address specified in
Index Register 6.

SOLUTION:
LOCN OPERATION MODIFIERS ~ ADDRESS FIELD COMMENTS
| !
| S S S O &S‘B[IJIJ!}I}iéllllll"illl’lllllli‘ll)lllxt
| |
NENEERNEN AN EEE) woln(‘zln:pn:;sv»s[‘-”‘a|491znlz«Jezlzs|u|zalzslznzqzspugsn(szpnpq35|36p7pu‘39;40i4Jnjuiu“sg‘s;cnn‘49\50\
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The REPLACE ADD ONE Instruction

The REPLACE ADD ONE instruction is an instruction that increments a 48-bit operand
from an 18-bit storage address by 1 and returns the result to both the A register and
the storage address in memory. The initial contents of A are not used and are destroyed

during the operation. Two memory references are made.

The 18-bit storage address is composed of a bank term a (within parentheses) and a
modified base address M where M = m + (Bb) + (VV). If the bank term is missing,
the current operand bank setting is assumed. The b and v index designators allow for

relative addressing. If they are not used, direct addressing is implied.

If CM is specified by the programmer, the complement of the operand from memory is
incremented by 1 and the result returned to both the A register and the storage address

in memory.
If MG is specified by the programmer, the magnitude (absolute value) of the operand is

incremented by 1 and the result returned to both the A register and the storage

address in memory.
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Hrgxd0M

REPLACE ADD ONE

l RAO

MACHINE
- 47 28 : 0 -
| | I T I |
May be an l7|21b| Py my) | | I I N I 17
upper or
lower ~ NORMAL
instruction 47 23 0
T 1 | S T 1
\l L0y oy T2 by my |—|J
47 il 25 0
T T 11 7T T T 1
|7 ryphyvgoa I7F|51EI3IEI'I°I 742,by y oymy j AUGMENTED
COMPASS
\ ~
et Vo Vb Wi 8 e Vi
LOCN |0PERAIION,M[]DIFIERS ADDRESS FIELD COMMENTS

|

|
OB W Rlﬂl i}lClMi)lMGl I(l‘-l)l"’_ll}lblhlvj G S U T T T U S Y S
|

Ljeydqeqs 6|7 89 fi0)it{12]13]14)15|16]17)18)19/2021}22]23|24)25|26]27|28]29]30]31|32]33|34}35)36|37(3839|40]4 |42|43[44|45]46]47[48)89(50]

\_v_._l

Function Code—l

Optional, transmit
complement of
operand

Optional, transmit
magnitude of
operand

Td bit not programmable

N -

I—Optional, second index designator.

Zero or blank, use no index.
1-6, use relative addressing.
7, use indirect addressing.

Optional, first index designator.
Zero or omitted, use no index.
1-6, use relative addressing.

7, use indirect addressing.

Optional, base address.
Zero if omitted.
*, current program address,

Optional, bank term.

0-7, transmits number to Operand
Bank Register.

$, transmits bank number in which
base address resides to Operand
Bank Register.

*, transmits Instruction Bank
Register to Operand Bank Register.
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RAO

REPLACE ADD ONE

CM
Specified ?

FORMAT:

RAO,CM,MG

MG ~
Specified?

(a)m,b,v

M= m+ B+ ")

(M) +1 —A
and M

—

Yes
(M) >
F No
L
) _
W e M+ 1 ~A
C and M
H
A
R
T - Use Lower
Was .
Instruction Instruction At
L 5 (P) As Next
OWEer ¢ .
Instruction
Yes
Use Upper
Instruction At
(P)+1 As Next
Instruction
RAO (M)+1—Aand M
RAO, CM (M) +1—~Aand M
RAO, MG (M) +1 ~A and M
D
E
S
C
R
I
P
T
I
O
N

[op]
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N g2 e X

RAO

PROBLEM:
Increase the contents of address SAM by one.

SOLUTION:
LOCN OPERATION,MODIFIERS ~ ADDRESS FIELD COMMENTS
|
I T T W | RIAI¢!IJ[IIIIS’VQIMIIIIIllllI!IIIIII:LlIlllllll
|
tj2 3 e si6(7 8 ]o]on |I2|I!]IQ|ls|lS]l7|lllls12012![22[23]}‘[25126!Z7|Z.]29|30|)l|32J}3L34‘L!5136137130139140:41|QZ[4!|IQ|05|<G|47|4||l9|50‘
PROBLEM:

Add one to the contents of REPEAT indirectly.

SOLUTION:
LOCN OPERATION,MODIFIERS ~ ADDRESS FIELD COMMENTS
| |
N S T B T RIAIélIIIIll[ElElFlElAlﬂa}llelllllllllllLLlllLllll
} [
§ |2 |34 |5 |67 (8|9 |01 ]12]13]14]15]16][I7]I8]19}20]|21]22]23{24|25]26]27]28]29]30[31]32|33]34|35)36(37)30)39)40]4![42]43{44]45]46]47|48]|49)50]

PROBLEM:
Add one to the contents of the address specified in Index Register 6.

SOLUTION:
LOCN OPERATION,MODIFIERS ~ ADDRESS FIELD COMMENTS
| |
I T N B B ﬁﬁﬁlllllll;lél|IllLIIIlllJllL;Ll}Ell¥lf!I
| [
1 J2 |3 (4|56 |7 8 [9 1011 (12][13]14}15]16]{17]18(19]20]|21]22{23}24|25]26(27|28129(30}31|32|33]34|35]36|37/38]39)40|4: |42]43]44(45]46]|47]48|39]50;

PROBLEM:

Add one to the contents of address PUNCH in the bank that the
RAO is in.

SOLUTION:

LOCN OPERATION MODIFIERS ~ ADDRESS FIELD 7 COMMENTS

| I
I S A T I | Rlﬂ'l,@/lllllllIG*‘I)lplUlMch/llllllilJLlIIlIJll!Illl!
|

‘]2 345 |6 |7 [8]9 |10} 12]i3[14i516(17[18]19]20]|21[22|23|24|25)26|27]|28]29|30|3)|32|33|34]35/36|37/38]39/40|41]42]43]44]45]|46|47]|48{49)50]
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The REPLACE SUBTRACT ONE Instruction

The REPLACE SUBTRACT ONE instruction is an instruction that decrements a 48-bit
operand from an 18-bit storage address by 1 and returns the result to both the A
register and the storage address in memory. The initial contents of A are not used

and are destroyed during the operation. Two memory references are made.

The 18-bit storage address is composed of a bank term a (within parentheses) and a
modified base address M where M = m + (Bb) + (VV). If the bank term is missing,
the current operand bank setting is assumed. The b and v index designators allow for

relative addressing. If they are not used, direct addressing is implied.

If CM is specified by the programmer, the complement of the operand from memory is
decremented by 1 and the result returned to both the A register and the storage address

in memory.
If MG is specified by the programmer, the magnitude (absolute value) of the operand

is decremented by 1 and the result returned to both the A register and the storage

address in memory.
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W2 50

REPLACE SUBTRACT ONE | RSO

MACHINE
47 23 0 -
(" [ T 1 T T T T T 7
May be an Ty34by o ymy [ R T N O
upper or
lower ~ NORMAL
instruction 47 23 0
T T T T T T T T
\I R NN [ B IJ
47 + 23 0
| U B B ) B B T 71
l7 gty njslsmslzuwI 7,3/,by 4 ym ] AUGMENTED
— -/
COMPASS
LOCN OPERATION MODIFIERS  ADDRESS FIELD COMMENTS
| \
TR A K&ﬁ;,cﬁl,lﬂlél l(lbl)lmlgtﬁl,nVl T T T Y S O T B S O
|
1|23 4516 7 8]} m|n[lz1151\4|v5j|51|71mLvsizo]zv]zzlzslulz:[zs|z7|25129po|)|132133134”5]36\37]39|39|40\«102143[44|¢5|t6|47|4.|49|50;

Function code

[ St e | o

|—Optional, second index designator.
Zero or blank, use no index.

Optional, transmit 1-6, use relative addressing.

complement of
operand.

7, use indirect addressing.

Optional, first index designator.

Optional, transmit——H Zero or omitted, use no index,

magnitude of
operand

T

1-6, use relative addressing.
7, use indirect addressing.

Optional, base address.
Zero if omitted.
*, current program address.

Optional, bank term.

0-7, transmits number to Operand
Bank Register.

$, transmits bank number in which
base address resides to Operand
Bank Register.

*, transmits Instruction Bank
Register to Operand Bank Register.

d bit not programmable
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RSO

RI:PLACE SUBTRACT ONE FORMAI: RSO,CM,MG (a)m,b.v M =m + (B%) + (vY)

[ MG \ No (M) -1 —A
Specified? ) !
/ and M

CAl
Specified?

ZO—=HYg~xOVNMEHU

F
L
O
\Y
C M) -1 —A
H /| and M
A
R
T
/\Taa——_\ ( Use Lower
Instruction No Instruction At
L —)J——) (P) As Next
oOwer - .
Instruction
Yes
Use Upper
Instruction At
(P)+1 As Next
Instruction
RSO (M)-1—~Aand M
RSO, CM (M) -1~Aand M
RSO, MG |[(M)] - 1 +Aand M




gt g e XE

RSO

PROBLEM:
Decrease the contents of address NUMBER by one.

SOLUTION:
LOCN OPERATION,MODIFIERS  ADDRESS FIELD COMMENTS
|
illlil‘Rls.lﬁllllllllNlUIMBlElkllllllll'lJlIlli}JIlilllJA
| |
1 y213 45]6(7 89 nO]H[-z1131\41\5[iG]I’lln1'9|2012r}22|2!L24125|25127|2l|29]30|31)32[!3|34|35[36|37130139]40141|42|43144145;06|47|AH19,501
PROBLEM:

Subtract one from the contents of SLIP modified by Index Register 2.

SOLUTION:
LOCN OPERATION,MODIFIERS ~ ADDRESS FIELD COMMENTS
| 1
O T T | nglldﬂl||1|1|SuL1’1P1)LaJ|1|1|||-|||11|111|1111111
| !
fj213]4ts)6(7 8! mlu1-2[u|u||5(\s,nr;nu1-9lzolzqzzlzn24125|25|27120|zs|3013|pzlnjulsspsl!”ss|39|«olm|¢2]43)-‘“5]45147“-549150|

PROBLEM:

Subtract one from the contents of the address specified in Index
Register 3.

SOLUTION:

LOCN OPERATION, MODIFIERS ~ ADDRESS FIELD COMMENTS

|
T . RISIQI||I1|'>IBI!llx}llllliiiiilllllLllillJll
|

‘123|486 |78 Iolu]!2113|l01!9llsgl1||l]1912012!]22]23|a4125125(:1]21]2’130131131133134135|36|37|33]39|4014|‘42jds]u145(45147|0a(ﬂ|501

PROBLEM:

Subtract one from the contents of the address three memory
locations forward of this instruction.

SOLUTION:
LOCN OPERATION, MODIFIERS ~ ADDRESS FIELD COMMENTS
f ';
VS T T O | K[§1¢||ll'||l*l+13lflllllllil‘llilllllli)illlli
| |
1j2y3jeys e r sle IO[V'1\21'31“\!5}16)IVI\Q[IS]20;21122123524125125‘2?.201291301!'|32[33]3‘|35]351!7|38[39|QOLU102[4)1441‘5]46]4“4'"3|507







NEW CONCEPTS OF GROUP 6

The instructions in this group provide the programmer with an easy way to add or sub-

tract data from a memory address.

Each instruction performs the arithmetic in fixed point integer format.
Arithmetic Overflow can occur if the limits + (247—1) are exceeded.




Problem 6:

Given: Y =X° - 4x3 + 135

There exists one integer for X between 0 and -10 such that, when it is substituted,

cause Y to be equal to zero.

Flowchart:

LetX = -10

Substitute X
In Equation

Increment X

Find that integer and store it at address X.

By 1

Problem 6 could be solved by coding in the following manner:

LOCATION | JOPERATION,MODIFIERS ADDRESS FIELD COMMENTS
‘ }
lsiaieisie e edelmin i eyl e g e s e e 20 e 5 s g u PRI
o\ \pEMT . BALVE .. o s s
e LIEMTRY L ISALVE L l i
canz | pec -4 1 I .
A Dec ED R N ]
L DEC . . d=2O o et e . ]
SAVEL I BSS. .., L. X CUBED .
SAVEA . | BSS, I , i N . o
sdeveE | BsS ..o L. L e
Y X A__,fj N L
TRYAGA | mul X _pgs@u AKEB
R N j N X CUBED . ‘
SLM . ' ]S/qVEj i I ,J! IEEG SN S S ' ; t id 1 { P
\ ol mMul X , W ATH A
‘ ul . X e LIXSTH , .
IBFA .. _SAVE2 R
. lipag. . .. . sAvEs L. e .
" colmMur el Jﬂc«ﬁwup,,w.“..”.,i
y fno,WM:SA/@.U.,HW_,.i . .
ADD . CBMA 1)(*!5- ax+ *3+13f .
R TP, 2R . SHLVE . .Exzt I e
C \RAL X b .
5L ... TRIAG | . i
FA/D P _ . \ .
, ‘. , . i e
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Student Problem 6A:

Given: Y =3x%° - 4x2 - 34385

There exists one integer for X between 0 and 30 such that, when it is substituted, will
cause Y to be equal to zero. Find that int=ger and store it at address X.

Flowchart:

Problem 6A could be solved by coding in the following manner:

LOCATION | JOPERATION,MODIFIERS ADDRESS FIELD COMMENTS
i i
el ie e e L e e s 0L L 8050 L8 L 8880 1210
Ld fmid Loii [ S SO N T N S SR L | IR N S S bk L FEN S S U U S WS W
[ 1
L il d : i ¢ i i i | L Ll Lt 4ol I
1
J T Loddnd TS U T S S S T B L L l 1 J. i i L N
i
Jod i l L Lo.d L i I il L i H U U O S T S
1 i
foknd L YR T S U T S | IR L Lidk
1
i [ | i L Lol I
]
I i 1 Lo | S i Lok
| ]
L Ll Lodd | i L L
L i L ! 1 i Jodod b
i i i i | ST S N ST S A W S R A N DA e i deedediden o d L
i
ot I 4 P B L i1 ) ¢ L i
t |
iy il S INTI ST VN S Y ST SO WA SN R AR TR VA TS N W W RN S S
| i
L dt ) bbb i d : TR A A i d i i il it Ll i i
I i
it 1 i dois AR U R N A R LA i TR U S N A R N R U R .
I 1
L L i i § IS U WS S S S R S i L Li il boddd L :
i
b kit otk i LA i) i Lol b i Tt il il
|
i i L i L 1 ! Lod b i L L 1
i i
' : TSN B | Lt ik i L I i
| i
it tid 1 Lo i i L
i i
Lt L i 1 L L A - i ]
1 t
kb L Loidet 1 I it i gL ol
| i
i S 1 L e b L -
1
| i bk Lo PRI R didld RN U i - . -
i t
L i JlE_L] L . 1 }‘ bk L. U VO NS SIS TN ISR S S SV VU S




GROUP 7

JUMPS AND STOPS



GROUP 7

JUMPS AND STOPS

1. Unconditional Stop/Jumps SLX
2. Selective Jumps SIX
3. A Jump AJP
4. Q Jump QJP
5. Selective Stops (with Normal Jumps) SSX

This group of instructions allows the programmer to stop the computer (if not illegal),

and to transfer program control to another area of the program.

It is important to note that the jumps are not bank jump instructions in any way. The
purpose for the bank term is to set or reset the Operand Bank setting only. The jump

is still within the same bank in which current program control is operating.

Some of the jumps and stops are conditional. They are conditioned by the contents of
A, the contents of Q, the Jump switches, and the Stop switches.



The UNCONDITIONAL STOP/JUMP Instruction

The SELECTIVE JUMP instruction is an instruction that transfers program control

unconditionally to another point within the program.

The jump address to which control is transferred is M where M = m + (vY). The jump
is made within the same bank that the program is operating, i.e., this is not a bank

jump instruction,

The bank term a determines the value of the operand bank setting. If it is not used,
the current operand bank setting remains. If it is used, the current operand bank
setting will be replaced by the value a. In either case it will not affect this instruction.

However, it could affect future instructions that reference memory for operands.

The SELECTIVE STOP instruction is an instruction that unconditionally stops the
computer. When the computer is restarted, program control unconditionally transfers

to another point within the program.

The SELECTIVE STOP instruction then follows the same form as the SELECTIVE
JUMP (paragraphs 2 and 3 above).
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H>2%OoM

UNCONDITIONAL STOP/JUMPS

| SLX

MACHINE
417 l 23 I I — 0 -
{ | T T T
May be an I7|X101 | my |J RN S N N N B l
upper or
lower ~ NORMAL
instruction 47 23 0
I T T T 1 l T T 1
TR N N R N TX30 4 4 my J
47 i 23 0
|7 IS S B [ T T l
L 1 1 Y00 9 syl 73X 30 3 ymy ) AUGMENTED
- /
COMPASS
LOCN IDP[RMION,MODIHERS ADDRESS FIELD COMMENTS
| i
T B SILIYII|1nll((l“—l)lhl,[bl.lvxl||11|111111||!11|1|1||
1 |
L2 |3 |4 |S|6|7 @]9 §IO|t]I2|13)i8|15{i6|17|i8]|19)20]|21]|22]23]24]25|26]27)28]29]30]31]32]33])34|35|36)37[30(39(40]41|42[43[44[45/46[47[48[49]50]

where:
SLJ = 750
SLS = 760

—-— NN

Function code —

T d bit not programmable

L— Optional, second index designator.
Zero or blank, use no index.
1-6, use relative addressing.
7, use indirect addressing.

Optional, first index designator.
Must be zero or omitted.

Optional, base address.
Zero if omitted.

———————— Optional, bank term.

0-7, transmits number to Operand
Bank Register.

$, transmits bank number in which
base address resides to Operand
Bank Register.

%, transmits Instruction Bank
Register to Operand Bank Register.
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SLX

UNCONDITIONAL STOP/JUMP FORMAT: SLX (a)m, v

M=m + (V)

F
L Use Upper
O Instruction
W lEnter at M as Next

l/ Instruction
C SLJ
H
A
R
T

- T Use Upper
Stop Restart Instruction Exi
SLS Enter Computer Computer ] at M as Next wxit
__I Instruction ~
SLJ Jump to M
SLS Stop, then jump to M upon restarting

D
E
S
C
R
I
P
T
I
O
N
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NEHCYE X

PROBLEM:

SLX

Perform an Unconditional Jump to address LOOP.

SOLUTION:
LOCN OPERATION,MODIFIERS ~ ADDRESS FIELD COMMENTS
! |
3 T N T A SILlIlIIIIIIL§¢1'¢IP11LIIIIIII!lLllllIllllIlI![\
| |
V234|567 809 nolnJ<2p:|u|n5ps[n]nl|:9|20|2r122|23[20|25|25127125129130131|32|33|34135|35p7|30139100|«Hzps]u“susnnu|49pc|

PROBLEM:

Perform an Unconditional Jump to BEGIN. The routine at BEGIN
is to pick up operands from Bank 3,

SOLUTION:
LOCN OPERATION,MODIFIERS ~ ADDRESS FIELD COMMENTS
ISR SILIJTIlllll:QSL)IBIEGIJINILlllllIIllII:IIII)JIII\
|

123 ]4]5)6(7 8

2 O IL[12|13)14)19]16|i7]18}!9(20]21]|22{23|24)25]126{27|28)29(303)32]33|34]{35]36|37 3839|404/ |42]43|44]45 46[47]48]49)50]

PROBLEM:

Stop the computer.

When restarted, a jump to address START is

to be made.

SOLUTION:
LOCN OPERATION,MODIFIERS ~ ADDRESS FIELD COMMENTS
| |
I T glngllIlllllslﬂﬂlﬁlﬂllllIlJllllllllllIlJll[lJ_l
| i
1 j2)3j4(s5(617 189 lolu1121Is[I-lls|\6117110119[20]21[22[23]2”25[zsiznzalzspopl.3z|33]30|35|35pr|3913914014wldz)uju[nspe]n[as\wpo‘w

PROBLEM:

Stop the computer.

When restarted, a jump 3 memory locations

forward is to be made.

SOLUTION:
LOCN OPERATION,MODIFIERS ~ ADDRESS FIELD COMMENTS
Lo LSES :‘*'1"131 T S S N S S U S S N A B B O : by

tj2 |3 (4516 7 8

9 [0 yr2(i3 iaiis [16[17)i8|19]20]21]22123]{24|25]|26]27|28]2930}3 132{33134/35)36437(3839]40{4: [42(43]9445[46/47|4849(50,

~J

1
w




The SELECTIVE JUMP Instructions

The SELECTIVE JUMP instructions are conditional jump instructions that test the three
jump switches on the console to see if they are ON or OFF. There is one jump instruc-

tion for each switch.

If the jump switch is ON, program coatrol transfers to address M where M = m + (VV).
This address is a 15-bit address within the same bank that the program is operating,
i.e., this is not a bank jump instruction. If the jump switch is OFF, program control

continues executing in its normal sequence with no jump being made.

The bank term a determines the value of the operand bank setting. If it is not used, the
current operand bank setting remains. If it is used, the current operand bank setting
will be replaced by the value a. In either case it will not affect this instruction.

However, it could affect future instructions that reference memory for operands.
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STYERE

SELECTIVE JUMPS SJX
MACHINE
r 47 23 — — 0 -
- T T T T
May be an [7|5|X| [ T S [ N Lo
upper or
lower # ~ NORMAL
instruction 47 23 0
T T T 1 | B
L L T R T K 19X My 4] y
47 T 23 0
I7l?l|l A I7l5l T ]
L7 V9 prelseplagel Ty 9 X Py AUGMENTED
\ J\ - /
COMPASS
LOCN |0PEMTION,M[]DIF|ERS ADDRESS FIELD COMMENTS
1
A | S'JlelIIIIJ:(W'I)I”\’MVIlIlllllJIllllIllJIIlllllj
|
P J2 (3|4 567 8]s mplllzlwslwopslls‘n’]nl\ns:zo|z|122|zs|24125126127120129|30|)|132[33[3&]35136|31130139|0014‘142|u|441n51451471u\wlsoi

A

Function code J '— Optional, index designator.

where;

SJ1 = 751
SJ2 = 752
SJ3 = 753

Zero or blank, use no index.
1-6, use relative addressing.
7, use indirect addressing,

Optional, base address.
Zero if omitted,

Optional, bank term.

0-7, transmits number to
Operand Bank Register.

$, transmits bank number in
which base address resides to
Operand Bank Register.

%, Transmits Instruction Bank
Register to Operand Bank Register.

Td bit not programmable




SIX

Mo TnQs0r T

5J1

SELECTIVE JUMPS

{ Jump Switch

—"\ #10n°
.

Instruction
Lower?

lYeS

FORMAT: SIX (a) m, v S M =
7
Use Upper
Yes Instruction at | 372

M as Next
Instruction
|

Use Lower Was o | Use Lower —]
Instruction at Instruction = Instruction at
(P} as Next Lower? {P) as Next |
Instruction \ Instruction
L Tves I
| i
§ )
i i "
Use Upper | Use Upper
Instruction at i _ 5| Instruction at
(P) + 1 as Next {P) + 1 as Next
Instruction

Use Tipper

Instruction
Instruction at
M as Next

Jump Switch \ Yes
#3 On?
Instruction
No

/-——————\
{ Was

Instruction
Lower?

| Use Lower
Instruction at
(P) as Next
Instruction

Use Upper
Instruction at

{P) + 1 as Next
Instruction

Exit

ZO—=HU=QWNEHD

SJ1

SJ2

S5J3

Jump to M if Jump Switch 1 is on

Continue program is Jump Switch 1 is not on

Jump to M if Jump Switch 2 is on

Continue program if Jump Switch 2 is not on

Jump to M if Jump Switch 3 is on
Continue program if Jump Switch 3 is not on
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N

Vi E Y E B X

PROBLEM:

Check Jump Switch 1.
continue program.

SOLUTION:

l SIX

If ON, jump to address CARDTOTA. If OFF,

LOCN

OPERATION,MODIFIERS ~ ADDRESS FIELD COMMENTS
i

O T S T N |

1 j2]3 45|67 8

5

SIIJIIljgll:cﬂlKIDlﬂ¢lr”|lllllllllllllilllllilll
l

1011 12]3)i4 15 |16]17]18(19]20]21)22|23|24{25]26]27]28)29)30|31]32]|33]34]|35|36|37[38]39]40]4 142]43|44{45)46]47{48]49|50]

PROBLEM:

Check Jump Switch 2,
Index Register 3.

If ON, jump to address OK modified by
If OFF, continue program.

SOLUTION:
LOCN OPERATION,MODIFIERS ~ ADDRESS FIELD COMMENTS
| |
S I T T | Sljlaﬁllllllllélkl}aIBlLlIllllllJll]!ll!llllilllll
| |
Li213 (4 ]S|6|T|@]9[i0jit]|2]i3)14|15]16)17)8]9]20)21]22|23)24)25]26|27]28]29]30]31]32|33)34|35|36(37|38)39]|40|41[42]43/44[45(46/47|48|49/50]

PROBLEM:

Check Jump Switch 3.
Index Register 4.

If ON, jump to the address specified in
If OFF, continue program.

SOLUTION:
LOCN OPERATION,MODIFIERS ~ ADDRESS FIELD COMMENTS
Lt 5J13illiill:,l4lliliIlLllll,lllllllillllllilll

) |2|3(4i5 (6|78

OL 2By )IS 16 )7)i8]19|20|21)22)23124)25] 26 27]28]2930]31)32]33[34|35|36{37(38(3940[41 [42]43[44]45]46]47]48]49]50]

PROBLEM:

Check Jump Switch 3.
locations forward. If OFF, continue program,

If ON, jump to an address two memory

SOLUTION:
LOCN OPERATION MODIFIERS  ADDRESS FIELD COMMENTS
I I N A :*1"'121 S U B S SN IE B E S B A | : Ll

' l2 3|45 6|78

9

011 i2|13]14[15(16]17]18)19)20|21])22)23)24)25]26[27|28|29]30|31|32|33}34)35]36|37|38|39]40]4  |42]43]|44|45/46|47(48(49)50]

7-9



The A JUMP Instruction

The A JUMP instruction is a conditional jump instruction that tests the contents of A

for zero, non-zero, positive, or negative. One modifier must be specified.

If the condition tested is true, program control transfers to address M where M = m +
(VV). This address is a 15-bit address within the same bank that the program is
operating, i.e., this is not a bank jump instruction. If the condition tested is not true,

program control continues executing in its normal sequence with no jump being made.

The bank term a determines the value of the operand bank setting. If it is not used, the
current operand bank setting remains. If it is used, the current operand bank setting
will be replaced by the value a. In either case it will not affect this instruction.

However, it could affect future instructions that reference memory for operands.



A JUMP I AJP

Hp2m0M

MACHINE
47 23 0 -
’PTzlSl m T T 17 T 1
May be an TS W W T N T | S N R N I I |
upper or J
lower ~ NORMAL
instruction 417 23 0
T T T T T 1 11
\I..«.1;.L212.S..|m17/
47 T 23 0
T T T 11 1 | I e |
I7 Ty hyvge nnslsmalzw<>| 21 2 Sl S R T 1 AUGMENTED
v /
COMPASS
LOCN OPERATION,MODIFIERS  ADDRESS FIELD COMMENTS
I i
I T T N B Aljipl;.lgt14111(1‘-1)|7ﬂ|u‘/1111|xl|1||1L|1|111111|111
| |
P 12134 S |6 47 8F9fiOfil[t2|13]|14[1S116)17)1B]19)20]2]|22(23|24)25|26]27|28]29]30]31(32({33{34|35|36|37]3B|39]40]|4 [42]43{44[45]6647[48(4950]
N —— |
Function code——-I l—Op’cional, index designator.
Zero or blank, use no index.
Modifier; 1-6, use relative addressing.
One of the 7, use indirect addressing.
following must
be specified: —— Optional, base address.
ZR, zero (220) Zero if omitted.
NZ, non-zero (221)
PL, plus (222) ————— Optional, bank term.

i 22
MI, minus (223) 0-7, transmits number to Operand

Bank Register.

$, transmits bank number in which
base address resides to Operand
Bank Register.

*, transmits Instruction Bank
Register to Operand Bank Register.

Tq bit not programmable
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AJP

A JUMP

FORMAT:

(a) m, v

AJP, ZR
NZ
PL
MI

PL
Specified?

M=m+ (V")

MI
Specified

F
L
VOV =02 N (ay#02 N (02 N (<o No
C Yes Yes Yes Yes
H
A
R e
T S N4
Use Upper
Instruction at M
as Next
Instruction
Was Use Lov&fer R
: No _| Instruction at e .
Instruction | Exit
P N
Lower? gns)t;sx ctii)):lt \7#
Yes
Use Upper
Instruction at
(P) +1 as Next
Instruction
g AJP, ZR (A) = 0 jump to M, otherwise continue
% AJP, NZ (A) # 0 jump to M, otherwise continue
EI{ AJP, PL (A) >0 jump to M, otherwise continue
,I; AJP, MI (A) <0 jump to M, otherwise continue
I
O
N
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WY 2 X

AJP

PROBLEM:

When A is zero, a jump is to be made to address ROOT. When A
is non-zero, the program will continue. What instruction will
check this?

SOLUTION:
LOCN OPERATION,MODIFIERS  ADDRESS FIELD COMMENTS
| i
N O T | AIJ—IPljlzIRIIIIMJTIIlllllllJIlllIIllllI}lllll
| |
1 J2 i3 jais16]7 8]s |0 |lzpslu1-5115|nlla||91zo|z|1zz|23|2o|25|2slzvlza|zspo‘s-|sz|n]upspspr]u]asuowue1u1up5|45|4714||49|soJ

PROBLEM:

If A is positive, jump to address EPSILON modified by Index
Register 3. If A is negative, continue program.

SOLUTION:
LOCN OPERATION,MODIFIERS ~ ADDRESS FIELD COMMENTS
| |
1 T S T S | AI‘TIPI’IPILKIIIIEI‘DISIIIL1¢IN1513111Illllllllllll!l]llil
|
tj2 3|45 6|7 8] 9]0 ]lZ]I!jIl]Vﬁ|IG|I7]IB1l9:IOIZI|22|23|24]25‘2612712!1291!O|3l|32]33|!!]35]36|!7|301391‘0|41]Q?L‘Sl‘d|15[46107|4.|49|50|
PROBLEM:

If A is negative, jump to the address specified in Index Register 4.
If A is positive, continue program.

SOLUTION:
LOCN OPERATION,MODIFIERS ~ ADDRESS FIELD COMMENTS
f |
| S IJR—P[-InMiIixl|IA14111111111I}1JIIIIlllilllIJllll
| |
‘2 3j4(s|e|Ti8fsjioju [\2]:3]!4|-5|-c|o7||u||slzo|z|122123]26[25|zslzvlznlupa]!l|32]33|3~1!5|361371u|39|0014- |42]43]|44|45146]47|48]49/50)

PROBLEM:

If A is non-zero, jump three locations backward., If A is zero,
continue program.

SOLUTION:
LOCN OPERATION MODIFIERS ~ ADDRESS FIELD COMMENTS
! |
o | 1 AlJ'IPI’JN?ZIJII%I.‘IBIIIIlllllll\1]11!!111!1!111!1
| |
]2 3(4j3 |6 7189 iolu‘nzps]»o]ls|As|n,:u||9|2012!12212:12”2”zsuqzalzspopl132]33130[!5|36|37155139140;m142143144,‘5116;17143149[501




The Q JUNMP Instruction

The @ JUMP instruction is a conditional jump instruction that tests the contents of Q

for zero, non-zero, positive, or negative. One modifier must be specified.

If the condition tested is true, program control transfers to address M where M = m +
(vY).  This address is a 15-bit address within the same bank that the program is
operating, i.e., this is not a bank jump instruction. If the condition tested is not true,

program control continues executing in its normal sequence with no jump being made.

The bank term a determines the value of the operand bank setting. If it is not used, the
current operand bank setting remains. If it is used, the current operand bank setting
will be replaced by the value a. In either case it will not affect this instruction.

However, it could affect future instructions that reference memory for operands.



2 oo

Q JUMP | QIP
MACHINE
_ 41 23 : — ﬁO -
T, 1T I T
May be an |72|3|81 L™y ] I N T N W B ]
upper or
lower ~ NORMAL
instruction 47 23 0
T 1T T T T 1 PR P B
\Ilr||11|'2|3|sx||m1|1/
47 i 23 0
T T 1T 1 T, 1o 1
I7 T S S sl 203 S ) my J AUGMENTED
v /
COMPASS
LOCN OPERATION MODIFIERS ~ ADDRESS FIELD COMMENTS
|
" L1 Qilpi}lgi L1 164—\)97(&:1\/1 I S O T B A S
|
ljei3ie 516 |7 8}9}i0] \1‘21\31101\5“61’71!81’912012\122125120125j26127\28\29‘10!\\1‘21131101351361!' 38139 40 4 3 43 33 3T 4 47T 48 99 <0
N el el
Function codeJ l——Optional, index designator.
Zero or blank, use no index.
Modifier: 1-6, use relative addressing.
One of the 7, use indirect addressing.
following must
be specified: Optional, base address.
ZR, zero (230) Zero if omitted.
NZ, non-zero (231) . )
PL. plus (232) Optional, bank term.

MI, minus (233)

n

d bit not programmable

0-7, transmits number to Operand
Bank Register.

$, transmits bank number in which
base address resides to Operand
Bank Register.

*, transmits Instruction Bank
Register to Operand Bank Register.




QIP

Q JUMP FORMAT: QJP, ZR (a) m, v M=m+ (V")
NZ
PL
MI
M1
Specified
NZ PL
Specified? Specified ?
F Yes
L
O N N
W @ #0972 O @ >0° YN (@ <o o
[(':I Yes Yes Yes
A
R e
T O ™
Use Upper
Instruction at M
as Next
Instruction
Use Lower
Was Instruction at
Instruction (P) as Next
Lower? Instruction
Yes
Use Upper
Instruction at
(P) +1 as Next
Instruction
D QJIP, ZR (Q) = 0 jump to M, otherwise continue
E
S QJP, NZ (Q) # 0 jump to M, otherwise continue
C
R QJIP, PL (Q) > jump to M, otherwise continue
I
'I; QJP, MI (Q) <0 jump to m, otherwise continue
I
O
N
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Vg2 e X

PROBLEM:

SOLUTION:

I QJIP

When Q is zero, a jump is to be made to address PARAMET. When
Q is non-zero, the program will continue. What instruction will
check this?

LOCN

OPERATION,MODIFIERS ~ ADDRESS FIELD COMMENTS

[ S Y A |

&IJTP!;IZIRJIll:PlAIRIAMlFI—rlllllll]IlIlllilIll‘lilil
|

P12 |3 s[5 ]6]7]

|

819|101t (12131 4|15]16]1718]19)20]21]22)23|24]25|26)27]28]29]30)3132]33}34|35)36]3738]3940[4 ]42]43|44]45/46)47]48]4950]

PROBLEM:

If Q is positive, jump to address LAMBDA modified by Index
Register 3. If Q is negative, continue program,

SOLUTION:
LOCN OPERATION,MODIFIERS ~ ADDRESS FIELD COMMENTS
| |
O S U W | Ql‘TlPI}-IPiLl - ILA1N1310161}131 | S S S N O U S PO T G N T O A O
! |
L 1213|445 |67 8[9 0 I [l2}13}14)!5)16(i7]|18]19]20]2)}22]23{24]25|26]27|28]29}303132]33|34]35|36|3738|39|40{41 |42]43{44]45 46]47]48]4950]

PROBLEM:

If Q is negative, jump to the address specified in Index Register 5.
If Q is positive, continue program.

SOLUTION:

LOCN

OPERATION,MODIFIERS ~ ADDRESS FIELD COMMENTS

O S

| |
QIIFI;IMIIIIIJl}l;lllllIllllil'il‘"1‘

Lo ey

VJ2]3 s |sjT 8 900

.........

! |

121314 |15]16|17]1B|19[20{21]22|23]24|25)26|27]28}29|30]31|32(33)34]35)36{37|36|39[40|4/ |42[43(44]45 46|47 48,49|50;

PROBLEM:

If Q is non-zero, jump two locations forward.
continue program.

SOLUTION:

If Q is zero,

LOCN

| |OPERATION MODIFIERS  ADDRESS FIELD COMMENTS
+

| B O |

{2]3]4]5(6 78

| |
QJJL-Pl;INIZI T l*l—l"zi AN S S S S W U S S S A S S Y OO SN N T
i

9 JI0 |l {12|13)4]15(t6]17)18119]20]|21[22)23]24|25]26{27]|28(29]30]31 |32|33]34|35]36(37|38)39{40/4: {42[43]44]45[46[d7]48149/50
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The SELECTIVE STOP Instructions

The SELECTIVE STOP instructions are conditional stop instructions that test the three
stop switches on the console to see if they are ON or OFF. There is onc stop

instruction for each switch.

If the stop switch is ON, the computer will stop. When the computer is restarted,
program control will transfer to address M where M =m + (vV). This address is a
15-bit address within the same bank that the program is operating, i.e., this is not a
bank jump instruction. If the stop switch is OFF, the computer will not stop. However,

program control still goes to address M.

The bank term a determines the value of the operand bank setting. If it is not used,
the current operand bank setting remains. If it is used, the current operand bank
setting will be replaced by the value a. In either case it will not affect this instruction.

However, it could affect future instructions that reference memory for operands.



HpzmOoT

SELECTIVE STOPS SSX
MACHINE
47 23 0
(" T T T T T T T T 7 b
May be an [7|6|X| L™ | | I N T N B ]
upper or
lower 4 ~ NORMAL
instruction 47 23 0
T T T T T 1 | I —
\I L T8 X m |—IJ
47 il 23 0
T T T 117 71 T T T
|7 Ly tvee 1716151413121'10[ T8 X m 1 AUGMENTED
YA /
AN
COMPASS S o
\ \,\/
LOCN OPERATION MODIFIERS  ADDRESS FIELD COMMENTS
| '
L | | S.‘QLX.‘ [ I U I(J“-l)mtl;lVL S O I 0 S B A A J
| i
j2g3ja |56 7T 8)9)C |23 4151641718 [19(20(21|22]23{24|25]26[27{28[29]30(3)32|3313413536(37[38|39]30;:4 142:43 44 45.4€:47 ag 39 81
v

Function code ——!

when:

SS1 = 761
SS2 = 762
SS3 = 763

k‘ Optional, index designator.

Zero or blank, use no index.
1-6, use relative addressing.
7, use indirect addressing.

Optional, base address.
Zero if omitted.

Optional, bank term.

0-7, transmits number to Operand
Bank Register.

$, transmits bank number in which
base address resides to Operand
Bank Register,

*, transmits Instruction Bank
Register to Operand Bank
Register.

Td bit not programmable




SSX

HompTOQs0r

SELECTIVE STOPS

Ss1

M=m+ (V")

Use Upper
Instruction at M
as Next
Instruction

Instruction at M
as Next
MLTL‘

FORMAT: SSX () m, v
Stop Switch Stop I_Restart —_]
n on? >ﬁs«} Computer  {—-» Computer  |—
L — —
)No
r—
Stop Switch Yes| Stop s Restart Use Upper
#2 On> Computer Computer I
]
No
™~ —— —
i ) : Use Upper
Stop Switch Stop Restart
#5 On? Computer = > Computer — e
- Instruction

Instruction at M

ZO0O—HY=xOVMU

SS1
SS2
SS3

Stop if Stop Switch 1 is on, always jump to M

Stop if Stop Switch 2 is on, always jump to M

Stop if Stop Switch 3 is on, always jump to M

-J
]




nEC YR X

1 ssx

PROBLEM:

Stop the computer if Stop Switch 1 is ON. When restarted, go to
address CONT,

SOLUTION:
LOCN OPERATION.MODIFIERS ~ ADDRESS FIELD COMMENTS
!
I O T S SkgllliIllillclélNlnlxillllll'IIIXII:LJIl‘jilli
|
P ]2 ]3[4 ]5]6(7 189 lap‘\‘Z[‘HA‘HS\15yt711011912012:“22;23124125[25»2’(28\29|10|)4112|!3|31135136137136|39J40:0 ]82]43]4445/46]47,48[49|50]
PROBLEM:

Check Stop Switch 2, If ON, stop the computer. If OFF, do not
stop. In either case, jump to address JIM modified by Index
Register 3.

SOLUTION:
T
LOCN | |OPERATION,MODIFIERS ~ ADDRESS FIELD COMMENTS
| i
O O S 5\5‘—7—4111\1111‘—(1”1)‘31111L1111'111i14'11111.|;\;
| ’ |
bﬁl![dlf\]ﬁ]?lu 9 \DJLL\ZJ!!“G1‘5;‘Gll?[lﬂAls120121j?2123(24|25|26127128129130[)!132133130[)5136137]38[39140;&!GZ}4J|44[45(‘lﬁ\47140;49\501

PROBLEM:

Check Stop Switch 3. If ON, stop the computer, If OFF, do not
stop. In either case jump to the address specified in Index

~

Register 6.

SOLUTION:
LOCN OPERATION, MODIFIERS ~ ADDRESS FIELD COMMENTS
- | !
I Y O T Slsljllllllllqlé[llllIllllll‘lllIll""“'l"f
| |
L1213 i3 |6 )T |89 |10\t |2| 3] 14|15 161718 |19]20]21]22]23|24]25]26|27|28(29 30|31 |32|3)|3435 36[37|38[39|40[4 [92]43]44]45]46]47]48]49 50,
PROBLEM:

Check Stop Switch 2. If ON, stop the computer. If OFF, do not
stop. In either case jump to one memory location forward of the
address specified in Index Register 4.

SOLUTION:
r——r
{
LOCN | /OPERATION.MODIFIERS  ADDRESS FIELD COMMENTS
Tt
I I H
Jllllll"SlsllllkllliL—Lle"Llllll‘illll'llilil",‘Ll‘il“l
| ;
3 12 {31 |3 ]5J7 15 9 ‘0[ (12113 ‘[iﬁ[‘6[‘71‘01‘9J?O)?l1?21?!12‘125[?61?712012?1301]'1)115311‘153116‘371381'39{A014 ?42143144;‘51‘61‘7\‘!“9\3(‘
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NEW CONCEPTS OF GROUP 7

The conditional jump and stop instructions allow the program to check data and switches

and perform various functions accordingly.

For the A and Q jumps the whole register is checked for zero when %R or NZ is speci-
fied. When PL or MI is specified, only the uppermost bit is checked. This falls in
line with the integer and fractional formats already discussed, and floating point which

is coming soon.

For the checking of the jump switches and stop switches the number of the switch check-
ed must be on in order for the jump or stop condition to be satisfied. For the condition-
al jump instructions program control will either jump or continue to the next instruction.
For the conditional stop instructions program control will either stop or not stop. In

either case it always jumps when it continues.
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Problem 7:

Write a subprogram that will form:
1. C = A+B if jump switch #1 is on
2. C = A-B if jump switch #2 is on
3. C = A B if jump switch #3 is on

Assume only one switch is on and that A and B are given as integers.

Flowchart:

Jump Switch

#1 On? C=A+B
\
No
y
Jump Switch Yes R
#2 On? C=A-B

No
Jumpm C=A.B

#3 On /

No
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Problem 7 could be solved by coding in the following manner:

LOCATION | IOPERATION,MODIFIERS ADDRESS FIELD COMMENTS
BTN SR RLNEREY 3 LIRITL S TR TR PRI WALS L ITIRE L TE B TS TR AL TR R RS DL R SELAE R ) 4 da1 1420 63506148 a6 47 {0 49 S0 81 155 83 (34 [N NN SE LS9 amiolieT el I8 45 3 67 ey HiNIANE
N TDENMNT o SWMATEH e R
LV EBMTRY . SWETCH o h . e
SwiTc i | Bss W L
CllsT L suM, e Jump sw 1 o% . ... ]
Lolls3a .. IDIFE . uml sW 2 gMZ
| Is33 PRgO ... TumP SW 3 @V
e swrrea , N P . ,
sem . . | los . . Lo
e WOD o B W8
L sre ic . L |
LI | I W B L sL]'Z/!=="‘l5>WIZEﬂLL\1“I“ ]l i i Al L
DiFE . | UDA . AL L .
T qﬂw,,.éml,A.A. A-B .. . ' :
N S R S 1
BT BWEITCH e
PRED L BA o M e i
o Mar B A8
5TA|!IL|I:C.II{1v:"5|= i : S S USRS S S SN S S L b
8T BWITGA, i .
o EMD e L i

Somewhere within this subprogram would also be included the symbols A and B in the
location field with a declaration of the prestored data or the area reserved.

Student Problem TA:

Write a subprogram that will form:

1. #Z =X+Y if jump switch 1 is on and jump switch 2 if off.
2. Z =2X+3Y if jump switch 2 is on and jump switch 1 is off.
3. #Z =3X-2Y if both jump switches 1 and 2 are on.
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Flowchart:

Problem 7A could be solved by coding in the following manner:

LOCATION | OPERATION.MODIFIERS ADDRESS FIELD COMMENTS
]
sgaidiefszeirgefelmgnggn u'u-uvulwllﬂ!unnﬂlﬂna 2000120120 MY 133 530 10 130 (65370 (90106 futian | €010 s ) 0 a7y e ian i 00 (99 (90 I00 (90 | BN TSN 1005 0N 5 61 00163\ 84043 08 €T (M0 00 )8 TH (YD
. i bedemnd, ilL O NS B bk iAol b.d .1 VO SRS O SO S B 1 l I W O S S ! S LIt i dmdimd. -
i
IR RSN ) LoLibddiL JREE S S N S N S ) 1 il [ S S S R N U R AR R S i
§ U T T S S IR S WS N S S S | S U WO SO NS TS SO AN S DU SO0 SO U0 IO S SN S S S bd b d g g TSN N SV N S S bbb b g i i L
L i 1t Y i Ll I N NOU WO W A 1 i l H L Aol Lod 1 TN USRS VY G B B H
] i
RS Ll i T 0 WO S E N VAT SO S S S S | P BTN N ; : Vi i i L L
|
BT TR W U | i i N T T T B | ft N T Lo i I — J i A A d NS RN SO WORSS TOUN U UUURD N WS L S SR SOV S SN G S S
1
el A i - b Loi i 1 N S S W | P T N SO Y i | T 1 i i i i i i i deden L
| 1
it b b ; i i e ; e d : PR SR S Lo
I T T i fod. hd 1 bl 1 il i i e dod L L i i Ak fdded
N S S SRS T L [N S SR U N S WY B A ' Cd i d bk Lt i : Pl I T A A
1
F O S U O ’ (ST E N 1 Lot L Lt d : i
] .
L Ll TR RS OSSN N T WA WA SO S T SO U S ST SO S S WO SN ST ISR SN SO T SO S WA VT S ST W WO U 0 B R R R
] '
L il ! PRI L i IR i L oLl i
' .
TR RN TSR AR SR O S RS S By Lii g bl O S S SR U ST SO0 SN N NN TN S SN SO S DA
|
R S R I Ldii TN BB SR S T i U I BT R N N R A S SR T\ PSS ST W U ST YOO WO S ST S SO T
] |
hdd 4t TR TN S IO AT YA S WA N0 T S S S Y BOD ST W O Lo sl T U U N S Y
i I
Liid i Ll b TR SR TR RS N S S RN ARSI ORI A NS A R
1 [ .
il ] TS O 0 S ST W00 U0 Y N WA WS WY SN NS T S0 S WY S S S i I R Tt kbl T U0 U DN T W
I i
A N N P TS S T Y SV S O B WA WP bt Louiiiy F Liid TR U W
| i
SR R il i [ L Lt ; x T L fdd ddmdi it ] TN T T S SO N W M
I
LAk FYRN TN SR SO Y TR NN FUU S S ST S S S S S eloddo g 1 Y ) : i e
|
Ll i PN S T WA R U L i s L i . LAl L il 1 Led bl Lod bl
1
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RETURN JUMPS AND STOPS



GROUP 8

RETURN JUMPS AND STOPS

1. Unconditional Stop/Return Jumps RTJ/SRJ
2. Selective Return Jumps RJX
3. A Return Jump ARJ
4. Q Return Jump QRJ
5. Selective Stops (with Return Jumps) SRX

This group of instructions allows the programmer to stop the computer (if not illegal),

and to transfer program control to a subroutine.

It is important to note that the return jumps are not bank jump instructions in any way.
The purpose of the bank term is to set or reset the Operand Bank setting only. The
return jump is still within the same bank in which current program control is operating.

Some of the return jumps and stops are conditional. They are conditioned by the
contents of A, the contents of Q, the Jump switches, and the Stop switches.

@]
|
p—



The UNCONDITIONAL STOP/RETURN JUMP Instructions

The RETURN JUMP instruction is an instruction that transfers program control to
another point within the program. However, at that point is placed an address, such

that the address forms a return path to the main program.

The point to which control is transferred is a 15-bit address M where M = m + (V") in
the same bank that the program is operating, i.e., this is not a bank jump instruction.
However, execution does not start with the upper instruction at M. Instead, (P) + 1
are placed in the upper address portion of the memory word. Execution then begins

with the lower instruction of the memory word.

The bank term a determines the value of the operand bank setting. If it is not used,
the current operand bank setting remains . If it is used, the current operand bank
setting will be replaced by the value a. In either case it will not affect this instruction.

However, it could affect future instructions that reference memory for operands.

The STOP/RETURN JUMP instruction is an instruction that unconditionally stops the
computer. When the computer is restarted, program control transfers to another
point within the program. However, at that point is placed an address, such that the

address forms a return path to the main program.

The STOP/RETURN JUMP instruction then follows the same form as the RETURN
JUMP instruction (paragraphs 2 and 3 above).

co
[\



H>2m0T

UNCONDITIONAL STOP/RETURN JUMP

[RT3/SRI ]

MACHINE
47 23 0
| [ T I T I I T T
May be an l7|X14x [ Rt B I [ T N R S B ]
upper or
lower ~ NORMAL
instruction 47 23 0
T T T T T T T T
Lo oy X4 m ] _
47 i 25 0
T T 1 T T T
[7 L tyvge 17P1514I3|21‘10I TS L™ ] AUGMENTED
/\ - /
COMPASS
LOCN OPERATION,MCDIFIERS  ADDRESS FIELD

COMMENTS

.

2 3,456 78

39

[

R‘Tiji/hglR'J-l L1 l(l"l)l’"lnlvl N D G U S T S Y W T s W I

({23,045 16|07 )18119120521,22(23124]25(2627]28/29|30]31|32]33]34:35|36]3738139,40/4 ;42{4144|45/46,47,48 9950

Function code
Specify one or

the other:
XTJ = 754
SRJ = 764

\___v._/

.*.
" d bit not programmable

L

Optional, index designator.
Zero or blank, use no index.
1-6, use relative addressing,
7, use indirect addressing,

Optional, base address.
Zero if omitted.

Optional, bank term.

0-7, transmits number to Operand
Bank Register.

$, transmits bank number in which
base address resides to Operand
Bank Register,

**, transmits Instruction Bank
Register to Operand Bank Register.

e}
9]



RTJ/SRJ

M =m+ (v

UNCONDITIONAL STOP/RETURN JUMP FORMAT: RTJ (am, v
SRJ (a)m, v
O Use Lower
Instruction at M
W RTJ Enter (P)+ 1 =My as Next
C _~ Instruction
Stop | Restart b _ .
SHT !%_' Computer '{» Computer J‘ 2| (PY+ 1My,

Use Lower
Instruction at

F—> M as Next
Instruction

RTJ Return jump to M

SRJ Stop, return jump to M

ZO—~HU—~mOQONEHUO




N2> X

|RTJ/SRJ

PROBLEM:
Do an Unconditional Return Jump to address SUB.

SOLUTION:
LOCN OPERATION,MODIFIERS ~ ADDRESS FIELD COMMENTS
| |
N T O B lT_l‘IllllilllSJUlelllllllllll‘IlllIJIIJIIIIILJ;J
| 1
P12 13451617 89 10]1i|12]13]i4(15[16]17]18]19[20]21]22]23]|24{25]7"'27]28|29{30}31]32|33|34]35]36(37 (3839|404 [42]43]44145]46]47]48]43/50]
PROBLEM:

Do an Unconditional Return Jump to an address specified in Index
Register 1.

SOLUTION:
LOCN OPERATION,MODIFIERS ~ ADDRESS FIELD COMMENTS
i |
I Y B B RlTl‘JlLllllli}lllrllllIlllill'lllllllL‘Lllllll\
| |
) |2 34|56 7 18 |9 [0/l [12{13]14[i5{16]|(7]I8]19|20]|21|22]23(24|25/26]27]28(29]30|3]32|33)34|35]36(37|38)39]40|4:[42[43/44/45/46{47]48[49|50]

PROBLEM:

Do an Unconditional Return Jump to address SUB modified by Index
Register 2. The routine SUB is to call operands from Bank 6.

SOLUTION:
LOCN OPERATION,MODIFIERS ~ ADDRESS FIELD COMMENTS
| !
I S N N O | le—lJlllllllJ(lLl)lSlUIBl}llllllIl'lliLJ S S TN N B
1 i
' J2 |34 |56 7|8 |9 O]l [12}13]14)15]|16]17]18]19}20]|2/1}22]|23]|24]25|26|27|28[29|30{31]32)33)34|35}36(37|38|39|40{4/ |42[43]|44]/45]46]47]48]49|50;
PROBLEM:
Stop the computer. When restarted, do a Return Jump to address
ROUTINE,
SOLUTION:
LOCN OPERATION,MODIFIERS  ADDRESS FiEld COMMERTS
| |
S S N SIR}‘JVIIIJIIIIEI¢XU!T—IIINIEIIIIIII'Illlllllllliilll}
| |
V{2 |34 (5617 |89 [10]\i 124i3]i4]i5]16|17[I8]19]/20]21[22]23/24|25]26]27]28]29][30(31]32{33|34|35|36|37|38]39/40|4. |42]43144/45)46/47]48]49/30)
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The SELECTIVE RETURN JUMP Instructions

The SELECTIVE RETURN JUMP instructions are conditional return jump instructions
that test the three jump switches on the console to see if they are ON or OFF. There

is one return jump instruction for each switch.

If the jump switch is ON, program control transfers to a 15-bit address M where M =

m + (VV) in the same bank that the program is operating, i.e., this is not a bank jump
instruction. However, execution does not start with the upper instruction at M.

Instead, (P) + 1 are placed in the upper address portion of the memory word. Execution
then begins with the lower instruction of the memory word. If the jump switch is OFF,

program control continues executing in its normal sequence with no jump being made.

The bank term a determines the value of the operand bank setting., If it is not used, the
current operand bank setting remains. If it is used, the current operand bank setting
will be replaced by the value a. In either case it will not affect this instruction.

However, it could affect future instructions that reference memory for operands.
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SELECTIVE RETURN JUMPS

] RIX

MACHINE
417 23 0 -
"~ [ 7 T5Tx7 o T T T T 7T rj
May be an P il T S W B S S T N N
upper or
lower ~ NORMAL
instruction 417 23 0
T T T T T 71 |
g I U T N R B l 705, X) 4 omy I B
47 i 23 0
T T T 171 T
Ty hpvgoe l7r3|5l413|2|'l°] 7 15 1X1 [ R B J AUGMENTED
COMPASS
10CN OPERATION MODIFIERS ~ ADDRESS FIELD COMMENTS
[ N ! Ri\TiX;jIlI!l:(l‘-l)l”‘l;lVLlilllll [ R R

i|213]4|51637 1849

N U U SN W S S B B
|

O Vi {1213 4|15 |16 1171819 (20]21]22|23|24(25]26]27) 282913031 |32]33|34;35)36{3738(39)40|4: |42|43|94]45/46)47]4849)50)

Function code —I

where:

RJ1 = 755
RJ2 = 756
RJ3 = 757

Td bit not programmable

L Optional, index designator.

Zero or blank, use no index,
1-6, use relative addressing.
7, use indirect addressing.

Optional, base address.
Zero if omitted.

Optional, bank term.

0-7, transmits number to Operand
Bank Register,

$, transmits bank number in which
base address resides to Operand
Bank Register.

%, transmits Instruction Bank
Register to Operand Bank
Register.




RJIX

HpPr IO

SELFCTIVE RFTURN JUMPS

FORMA T RIS (ot

Use Lower

Tastrsction at
(PYas Next

i

Lo Upper

astrueiion at | ;
(PY 41 s Newt

et

—-

Jomn Swit _h\ i Use Lower
RJ2 | Enter im0 Yesl gy 1wy Sltstruction ar
CA M as Next
L nstruction
No —_— |
!
|
pR— |
/ Was \ oo
| Instruction No
Lower j
Ves I
I
|
Use Upper ‘
Instruction at i

RJ $ Jump Swirch
43 on”

{P)+ 1 as Next
Instruction

Use Lower
[astruction
P+ 1= M. —
® Mia at AT as Next
1 Instruction

Use Lower
lastruction

Was \

Instruciion

Lewor” )
—

Use Upper

Instruction at
as New!

Ir;.»’ix»A Tlen

Tn=truction | 5

ar (P) e 1 #
tastr :

Z20=HTU=3NOYmMU

RJ1

RJ3

Return jump to M if Jump Switch 1 is on, otherwise continue
Return jump to M if Jump Switch 2 is on, otherwise continue

Return jump to M if Jump Switch 3 is on, otherwise continue

o
1
o




WY E P X

RJIX

PROBLEM:

Check Jump Switch 1, If it is ON, do a Return Jump to address
PETE. If it is OFF, continue the program,

SOLUTION:
LOCN OPERATION,MODIFIERS ~ ADDRESS FIELD COMMENTS
i | i
L‘illliRlI-ZJii!lllIPIEIﬂEIllllillll'lJIlllJJ‘il‘l.‘:‘
| i
1 j2 13 4|5 647 8|9 vo‘w[wzusluwsl:sln]mlws12012\.w22]23‘24125‘25127123129”013-pzpslupspsp”so\391aou [82]43]44]45,46,47]4849 50,
PROBLEM:

Check Jump Switch 2, 1If it is ON, do a Return Jump to address
JOE modified by Index Register 2. If it is OFF, continue the

program.
SOLUTION:
LOCN OPERATION,MODIFIERS ~ ADDRESS FIELD COMMENTS
| | H
S N S T S R'LillllllllIdlgl;J&llllllll'!llill“"l"
| |
L {213 45|67 890 iji2]3]i4i5]16)17] 8 119120]21]22]23]24]2526|27|28]29]30|31 |32]33|34{35]36,37|36|39]4C|4 |42 43,44 45 46,4740 48150

PROBLEM:

Check Jump Switch 3. If it is ON, do a Return Jump to the address
specified in Index Register 4, If it is OFF, continue the program.

SOLUTION:

LOCN OPERATION,MODIFIERS ~ ADDRESS FIELD COMMENTS

I |
B N S U S RIJ-Ig""illt;l‘ﬁlllllilll!l'llll_;“"I‘.‘211'

P]2|3j4 5 6jT 189 lolwpz;\siw1\5]rs!n]m1-9|2012~[2212)‘20[25[25127[2”29130‘lr132|33p¢135psp71!s139[40\0 [42/83]44145:46,47/48.39{50

PROBLEM:

Check Jump Switch 2., 1If it is ON, do a Return Jump to address
BILL where it is to pick up operands from Bank 3. If it is OFF,
continue the program. '

SOLUTION:
LOCN E gUPERMIUN,MUUIFIERS ADDRESS FIELD COMMENTS
o 1
R T R S ﬁ‘{ iKlJ—Ii‘ A G N T | (('31)}5.‘ILL1L1 | G U S U S NS S S S S H S W I S W W
NN ENENENE NN ;sg“; ‘woy 120 e ‘:\1‘8\"1‘8“9‘\20[2 :zzlzs;ulzsl251?7125129;30131wzzp!iulssl55137‘351351401- [42,43/44,45 . 46,4748:43/50




The A RETURN JUMP Instruction

The A RETURN JUMP instruction is a conditional jump instruction that tests the con-

tents of A for zero, non-zero, positive, or negative. One modifier must be specified.

If the condition tested is true, program control transfers to a 15-bit address M where
M = m + (V') in the same bank that the program is operating, i.e., this is not a bank
jump instruction. However, execution does not start with the upper instruction at M.
Instead, (P) + 1 are placed in the upper address portion of the memory word and
execution then begins with the lower instruction of the memory word., If the condition
tested is not true, program control continues executing in its normal sequence with no
jump being made.

The bank term a determines the value of the operand bank setting. If it is not used, the
current operand bank setting remains. If it is used, the current operand bank setting
will be replaced by the value a. In either case it will not affect this instruction.

However, it could affect future instructions that reference memory for operands.



A RETURN JUMP | ARJ

H>2 o0

MACHINE
_ 47 23 0
[2 12 ‘S I m ] ] | I I T I r7]
May be an N S N I W) N I IO R N N B
upper or
lower < > NORMAL
instruction 47 23 0
T T T T T T 1 T T
\[n P11 1J112|2|S| L1y I)
47 T 23 0
|7l7l'lvldlal [2|21 T
T v O sl 2 42,5, ) my AUGMENTED
—— v
COMPASS
LOCN IUPERMIUN,MUDIFI[RS ADDRESS FIELD COMMENTS
| |
[ lﬂI)lSlllill(l‘-l)l”ll:lvl11Lllll'lllil111111111111
i |
t2 |3 4[5 6 7 18)ofi0]it{12)43]14]15]16]17{18]19]20)21]22|23{24(25]26)27]|28]29[30]31[32]33]34]35|36{37(38)39|40|4 142]43{44 /45464748 4950,
Function code J ‘—— Optional, index designator.
Zero or blank, use no index.
Modifier; 1-6, use relative addressing.
One of the 7, use indirect addressing.
following must
be specified: ——— Optional, base address.
ZR, zero (224) Zero if omitted.
NZ, non-zero (225)
PL, plus (226) ‘——  Optional, bank term.

MI, minus (227) 0-7, transmits number to Operand

Bank Register.

$, transmits bank number in which
base address resides to Operand
Bank Register.

*, transmits Instruction Bank
Register to Operand Bank Register.

Td bit not programmable




ARJ

A RETURN JUMP

ZR
Specified?

FORMAT:

NZ
Specified?

ARJ, ZR
NZ

PL
MI

(a) m,v

M=m+ (V"))

M1
Specified

Yes Yes Yes
F
L (a)=0> }NO (a) $ 0> O (a) <0 p—NO
@) Yes Yes Yes
W
C
H
A \a \
R
T
(P) +1 » MUA
Use Lower
Instruction at M
as Next
Instruction
Use Lower
— N Instruction at
};:tbruction i (P) as N.EXt
Lower 2 Instruction
Yes
Use Upper
Instruction at
(P) +1 as Next
Instruction
D ARJ, ZR Return jump to M if (A) = 0, otherwise continue
E
S ARJ, NZ Return jump to M if (A) # 0, otherwise continue
C .
R ARJ, PL Return jump to M if (A) > 0, otherwise continue
I
P ARJ, MI Return jump to M if (A) <0, otherwise continue
T
I
O
N

N




R

ARJ

PROBLEM:

A Return Jump is to be taken to address TOM if A is zero. If not, .
continue the program. What instruction will do this?

SOLUTION:
LOCN OPERATION,MODIFIERS ~ ADDRESS FIELD COMMENTS
| i
O S S N | HIR[JI..IZJRIlilJ-]’I‘ﬁMIIIilllllll'l]llli;i'lw“"“
| |
1 j213(4ays{6:7 8|9 zolu{rzlwspnlrs,uslngce[cs]2012;[2212312”25‘zsjﬂzalzspopl132]33|30]35‘36137pa!5914014 192/43{94145/46(47[48149,50;
PROBLEM:

Do a Return Jump to address ROOT if A is positive. If A is
negative, continue the program. :

SOLUTION:
LOCN OPERATION,MODIFIERS ~ ADDRESS FIELD COMMENTS
| i
U N T Axpi\x"PiLitlliRl¢1¢lTllllllllll‘llllx!“ Lo
(234 567 8]9ji0] wpeps;‘clwsHs;wlva]wIzo[zx122123\20125125[27129129130[&1321!3[34135156137psms,ao:4 (42443144 ]45/46147148 49,50
PROBLEM:

Do a Return Jump to address ANS modified by Index Register 3
if A is negative. If A is positive, continue the program.

SOLUTION:
LOCN OPERATION, MODIFIERS ~ ADDRESS FIELD COMMENTS
i .
N T S | AIRIJT;JM‘II [ lﬂ’Nfg';_Lle D U S W T T T U U O O B A A S R B R S S R
| i
fj2i3 456 7 8ls xo‘mluzpslu;r.'»‘us1<71:a[.9[zclzqzz]z:lzqzalzslzvtulzspo[svlszp:lsqlssps|37pel:91¢ola [82]43]44(85,46]47 |48 49|50

PROBLEM:

Do a Return Jump to the address specified in Index Register 4 if
A is non-zero. If A is zero, continue the program.

SOLUTION:
LOCN | |OPERATION MODIFIERS  ADDRESS FIELD COMMENTS
T [ | .
U N O : AiR\IqIN\g Lol 1 14141,,14_L‘ SRS T NS N T T O T il i
i | i
2 [ 34 {5 6 17,8 19 o ‘)*2;‘3 4 va“Glh’l?&ll?}?(‘]l'[?}l?‘J?‘IZSLL’E\?712!1291501!!132]!313‘135‘A}573’L!H}!91401‘ ,42‘C§“4 45/46,47,48 99,50




The Q RETURN JUMP Instruction

The Q@ RETURN JUMP instruction is a conditional jump instruction that tests the
contents of @ for zero, non-zero, positive, or negative. One modifier must be

specified.

If the condition tested is true, program control transfers to a 15-bit address M where
M = m + (VV) in the same bank that the program is operating, i.e., this is not a bank
jump instruction. However, execution does not start with the upper instruction at M.
Instead, (P) + 1 are placed in the upper address portion of the memory word and
execution then begins with the lower instruction of the memory word. If the condition
tested is not true, program control continues executing in its normal sequence with no

jump being made.

The bank term a determines the value of the operand bank setting. If it is not used,
the current operand bank setting remains. If it is used, the current operand bank
setting will be replaced by the value a. In either case it will not affect this instruction.

However, it could affect future instructions that reference memory for operands.



EEEERE

Q RETURN JUMP

| QRJ

MACHINE
_ 41 23 0 -
| I T T T
May be an 12|3151 LMy I S T I B I
upper or
lower < ~ NORMAL
instruction 47 23 0
T | B S — To Ta 1
g L Lo 1238, om | |
47 i 23 0
T TT T T
l7 L g lmlswlslzvlolz 1335 o my 1 AUGMENTED
A
COMPASS
LOCN IUPERHIUN.MUNHERS ADDRESS FIELD COMMENTS
‘ -
) S U Y B S | QJRLI;lSi J T | i(l"l)l”’lslvl O G T S R N S T O S B I - N
L2 3jaqs5 6 T e)e 0] 23 a5 6] e1r9izo[zqzqzslz-]zﬂ26127[251291301wiszpsllqsspsp?pspsw4c14 40,43,44.95:46:47 .48 49 82

\_V_/

Function code —’
Modifier;

One of the
following must
be specified:

ZR, zero (234)
NZ, non-zero (235)
PL., plus (236)

MI, minus (237)

Td bit not programmable

I Optional, index designator.

Zero or blank, use no index.
1-6, use relative addressing.
7, use indirect addressing.

Optional, base address.
Zero if omitted.

Optional, bank term.

0-7, transmits number to Operand
Bank Register.

$, transmits bank number in which
base address resides to Operand
Bank Register.

*, transmits Instruction Bank
Register to Operand Bank Register,




QRJ

Q RETURN JUMP

ZR

Specified?

FORMAT: QRJ, ZR
N

No NZ
Specified?

Z
PL

MI

PL

{(a) m, v

MI
Specified

No

Yes Yes Yes
F { @ @i F¥ @z FY (@<or {0
L Yes Yes Yes
()]
W
C JR e
H i N
A
R
T (P)+ 1~ MUA
Use Lower
Instruction
at M as Next
Instruction
; Use Lower
;Kn::t;ruction Iartls(t;?(;tsiolgem IR Exit
Lower? Ins‘rructi(;n ’H/
L | Use Upper
Instruction at
(P) + 1 as Next
Instruction
D . . . .
E QRJ, ZR Return jump to M if (Q) = 0, otherwise continue
S . . .
C QRJ, NZ Return jump to M if (Q) # 0, otherwise continue
R
I QRJ, PL Return jump to M if (Q) > 0, otherwise continue
P
T QRJ, MI Return jump to M if (Q) < 0, otherwise continue
I
O
N




nEHCEYZ e X

I QRJ

PROBLEM:

A Return Jump is to be taken to address HODGE if Q is zero. If
not, continue the program. What instruction will do this ?

SOLUTION:
LOCN OPERATION,MODIFIERS ~ ADDRESS FIELD COMMENTS
| |
N T S S N QIRKJ:;IZIRIIIIIHI'¢1DIGIE]Jllllllllllllililllil}llll
l |
ij2 3 4 5|67 18]9 mpqnzpqu:s||s[|7‘|s|vs|zo|z-1zzlzslzqzs[?slznzuzspm3!J32|33|34135pspnsapspo;«loz143144ﬂsusln;upslsol

PROBLEM:

Do a Return Jump to address PODGE if Q is negative. If Q is
positive, continue the program.

SOLUTION:
LOCN OPERATION,MODIFIERS ~ ADDRESS FIELD COMMENTS
| |
S T W W QIRII.IMIIlllIIPI¢IDIGIEIIlllllllIllllllillllilllll
| |
1|23 4|5 6 78] 9 0Ll 12 i3 ]14115]16)17)18119]20]21]22|23|24125)26|27]20|29|30]3¢|32]33]34|35|36{373839)40|4! [42]43(44]43|46]47]48[49|50]

PROBLEM:

Do a Return Jump to address SMODGE modified by Index Register 1
if Q is positive. If Q is negative, continue the program.

SOLUTION:
LOCN OPERATION,MODIFIERS  ADDRESS FIELD COMMENTS
| |
) S T A T QIPIJ-I-IPILI | 191M1¢1DIGIEI;I-I-I I U N S TN T T T T Y W N T O O O |
| |
i j2)3je (5|67 1819 ro]llllzpsjll|l§]|sll7|is|19120[2!]22123124|z$|26127]2!|291301!l[32])!]341!5]35|37|50]39|40[0110214)141145]06147”0109!50]

PROBLEM:

Do a Return Jump to the address specified in Index Register 5 if
Q is non-zero. If Q is zero, continue the program.

SOLUTION:

LOCN OPERATION, MODIFIERS  ADDRESS FIELD COMMENTS

!

!
S S N T Qlﬁ\Ti«lNIZI P Jygl'l U N S T O Y S T T O B B B O R S A e
|

|

1 ]2 3[4 5|6 7 |8i9fi0ju J1213]14)15116117]18119]20]2)]22]23|24]25]26]27]28]29{30|31)32]33|34]35|36|37[3839]40|4. [42[43}44[45/46]47]48(49/50)
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The SELECTIVE STOP/RETURN JUMP Instructions

The SELECTIVE STOP/RETURN JUMP instructions are conditional stop instructions
that test the three stop switches to see if they are ON or OFF. There is one stop

instruction for each switch.

If the stop switch is ON, the computer will stop. When the computer is restarted,
program control will transfer to a 15-bit address M where M = m + (V') in the same
bank that the program is operating, i.e., this is not a bank jump instruction. However,
execution does not start with the upper instruction at M. Instead (P) + 1 are placed in
the upper address portion of the memory word. Execution then begins with the lower

instruction of the memory word.

If the stop switch is OFF, the computer will not stop and the return jump will still be

made.

The bank term a determines the value of the operand bank setting. If it is not used, the
current operand bank setting remains. If it is used, the current operand bank setting
will be replaced by the value a. In either case it will not affect this instruction.

However, it could affect future instructions that reference memory for operands.



H>2W0

SELECTIVE STOP / RETURN JUMPS

SRX

MACHINE
_ 41 23 0 -
[7 I 6 T X[ m I T 1 I ] I
May be an [T NN T O Tt B R N | L1
upper or
lower 4 ~ NORMAL
instruction 47 23 0
1T 1T T T 71 1 T T 1
kl R N ) 17/
47 T 23 0
T [ LRI I | 1
[7 Pty vge 17161514|3I21f|°]7 (X m I AUGMENTED
- v v /\ v d
~ \ o
~ \
~\
COMPASS S
\
LOCN IOPERATION‘MDDIHERS ADDRESS FIELD COMMENTS
I S.RRXA|‘&ill‘l(l‘“.):)"\ﬂ‘VLllllj“illl‘ni‘i‘l‘ S
123 ‘4 LS 16 J7 18 C"‘ 1‘2“! 4 5 61H'LS1'9L‘O’?‘JBZ‘Z!l?‘lZS“G12'110“29L)()1“1\('1)3;111‘5LJGL37“381}9‘\4(“4 1":“314" 45A46147‘é8 -\9l53
Function code J L— Optional, index designator.
where: Zero or blank, use no index
SR1 = 765 1-6, use relative addressing.
SR2 = 766 7, use indirect addressing.
SR3 - 767
— Optional, base address.
Zero if omitted.

T4 bit not programmable

Optional, bank term.

0-7, transmits number to Operand
Bank Register,

$, transmits bank number in which
base address resides to Operand
Bank Register.

*, transmits Instruction Bank
Register to Operand Bank
Register.




S nasor

SELECTIVE STOP/RETURN JUMPS

SR1

Use Lower
Instruction at
M as Next
Instruction

M=m+ (v

Use Lower
Instruction at
M as Next
Instruction

Use Lower
Instruction at
M as Next
Instruction

FORMAT: SRX (a) m. v
B
Stop Switch | Yes | Stop | Restart .
b ¥1 On> > Computer 1 Computer = () + 1 =My,
- I
— -
Stop Switch Stop | Restart .
¥2 On” Computer | Computer == (P + 1My
o
-
Stop Switch Stop Restart -
#3 On> )’—‘E’ Computer = | Computer p= = P+ 1 =My
[ _

20—y~ EHO

SR1
SR2
SR3

Stop if Stop Switch 1 is on, always jump to M

Stop if Stop Switch 2 is on, always jump to M

Stop if Stop Switch 3 is on, always jump to M




Ve Y2 > X

SRX

PROBLEM:

Check Stop Switch 1. If it is ON, stop the computer. If it is OFF,
do not stop the computer., In either case do a Return Jump to
address SNOPS.

SOLUTION:
LOCN OPERATION,MODIFIERS ~ ADDRESS FIELD COMMENTS
|
Y TS S N | SlRlllilllllISlNl'ﬁlPIgll]IIIlll'llllll:lllllllllt
1 j2 3 (48516789 »olnlnzlwslmlxs1v5|n[u1:9;201zn|zz|zs|zc|25|26127123129130|3||32|33|3«135|!S|31135139]40141|‘z|-3|44|45;45147|q|a9|501
PROBLEM:

Check Stop Switch 2, If it is ON, stop the computer. If it is OFF,
do not stop the computer., In either case do a Return Jump to
address POPS modified by Index Register 2,

SOLUTION:
LOCN OPERATION,MODIFIERS ~ ADDRESS FIELD COMMENTS
| i
[ N U A SlRlQIlllLlllP1¢lPISlJlll1L11|ll'l||lllllII!IJIIIJ
| |
L1213 4 )S|€ |7 |89 ]i0)1|i2|13]ia)I5{t6)i7}I8]19]20|21]22|23]24]25{26|27)28)29|30]31|32]|33)34|35)36|37|38(39(40|4:|42]43]44]45]46]47]48[45)50]
PROBLEM:

Check Stop Switch 3., If it is ON, stop the computer. If it is OFF,
do not stop the computer. In either case do a Return Jump to the
address specified in Index Register 1.

SOLUTION:
LOCN OPERATION MODIFIERS ~ ADDRESS FIELD COMMENTS
| !
I N T N | SIRI‘?"l'A{!l.lllllliiii]iii‘[IlillixLJiliAlli
| !
i j2413]j4|5]|6]7 89 Ol 2|3 ]te |15 |t€]17)18]19[20]2!]22)23{24]25{26]27[28]29]30|31)|32]33}34{35]36|37|38|39)40[41 |42]43|44]45]46]47]48]49/50,
PROBLEM:

Check Stop Switch 2. If it is ON, stop the computer. If it is OFF,
do not stop the computer. In either case do a Return Jump to
address SPOTS modified by Index Register 2 and set the Operand
Bank setting to Bank 1.

SOLUTION:

LOCN | |OPERATION. MODIFIERS ~ ADDRESS FIELD T COMMENTS

|
| T Y S S Slﬁl'zll[Iilll(lll)ls-lpl¢l7-ls§’Iill'ligllllIlIJiiJlllJ
|

|

L1234 [S|€ |7 &) |0|\1j12|i3{14 15;16(17|18]19]20]|21)22]23{24}28]26]27{28 29303 32]{33[34|35{36{37 38|39 |40[4 [42]43]44 45 [46[47[48[49/50]







NEW CONCEPTS OF GROUP 8

When we introduce return jump instructions, we normally refer to them as being used
in "subroutines' of the subprogram.

A subroutine is a short routine within the subprogram that is entered from the main
routine, calculates answers from data set up by the main routine, and returns control
back to the main routine at exactly the point from which it left.

A subroutine may be entered from various places of the main routine. Each time new
data could be processed, new answers calculated, and always a return to the main routine
to the point that it left off.

Let's discuss in general what happens when a ''return jump' instruction takes place,
how program control enters the subroutine, and how a return is made back to the main
routine. Assume a return jump to address SUB as shown:

i i
T2 el e (T Ia e e N e e R (e e 3000028 30) 004 50004130 (6 (37500 i 09100 00 (020 €00 et 1an 107 1 0n 00 190 10 10 N0 00 1 106 07 SR L SO 00 4t ed LU0 163 00 L 67 L0819 10 178 (7E
=~ ) — !
e JDEMT o EXAMPLE )
. ! ]
i i b 1 — fododd ’ i oL i il G SN AU, N SN S S N S { 1 F U D S S N VU WO S T Loddeded o b L
!
Ll o IR S S N AT U AN A S AT AT ST RSN SRR A A AT N AN I Lid i)
i
i Ak .l el i S £ N § i I SRS S S W | bk § U T 1 i L 1 U S SN S S S S A 1
P RIT '
. L i }4 P S S NS S:L{B| F N Lot [ | n RO TS T S T S O T N Ll
" i
TR ol : TR B SRS S ST N A R 1 L] - Ll Lol
- f
L di i 1 L e Lob i i dd i id ' ] { NS S S WS SO SNV SO NSOV SN O SO SN 0 U SO0 S SO SO SN VA ST SO S N O 1 n
i 1
.
. ) , ) - | I
N |
eid: AN IR RS AR SR U R A R A A A I o - ;
L ¢ . N
e Ll § S S S WU Y T T S Lodondi L PR Y Lt doded 4 i I LR o H ddiedodo b4 ] T
3 [ I c 74 TAl!
UB o N SAT WK EMTRAMCE T SuBRAUTIME
I~
. .
! >m11<=3 MEI’]‘LL?4‘L“‘-""I‘|1‘ PSR SO SO T SO SN WA WO TOOY SN S SO S SO ST
o
I T S O i W N S S SO G SO SN W SIS S OO S A MO0 DU S S S WA Y S S TS S S0 T 0 ST ST N SO S S W S WY N A N A O O A
NN W S O NS S 3 L dodede b L S SN RS N W S B | Al i 1 L i IS S S T T BN SN U S B bmdede i A g R 1
5 S| EXLT FRA BEAUTIM
e a I PET o SUR o EXTT FRAM SU UTIME
i
L]
NN N W YO S N 1 IS SO SO VO S S S ’ N T SO WO W SN U NS SO0 SN S W SN BN G SN S Y O N | S EESRF S SN JSN SO SN SN SN WO O N SN S SN SO0 S SN S S VNS N SN S A |
i
il i Lol iy i 2 : 1 1]|‘ L Lk ; L !
t
il AU AR IS S S SRR A N AN AR A L s bl l i idiedoda gt .
W, ' ’
il L 5 | Lot ! : bk i L

When the return jump is executed at address P, the 15 bit address, P+1, is automatically
stored in place of ** at address SUB by the hardware. The SLJ function code remains.

If this instruction is ever executed, note how program control could return to address
P+1.
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The first instruction executed in the subroutine is not the SLJ but the STA. When the
subroutine is finished, a jump is made to the entry address (SUB). The SLJ is then

actually executed and the return is made to the main routine.

If later in the main routine, let's say at address PX, another return jump is made to
SUB, address PX+1 will automatically be stored in place of **. From this you can see
that a subroutine can be used at any point in the main routine and a return will be made

to the correct address.

Care must be taken if the return jump instruction is an upper instruction. Since P+1 is
automatically stored, a return will miss the execution of the lower instruction. For
this reason the next instruction is usually forced upper (+ or symbol) or thereturn jump

instruction is forced lower (-).



Problem 8:

A subroutine is to be written so that, when entered at any time, will determine the
largest of three unequal operands. Assume the three operands to be stored at addresses
A, B, and C and store the maximum operand at address MAXF.

Flowchart:

MAXIMIZE

SUBR

Transmit A
To MAXF

Transmit C
To MAXF

Transmit B
To MAXF
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Problem 8 could be solved by coding in the following manner:

LOCATION ADDRESS FIELD B COMMENTS
T

YT T T R LI DRI S T L T T T P LI LR T TP ATV I TETE TETE SR T e RCTEAL SICY P AT CS CICAC LR SRS SEYETESCIE SR FUIE SERUIL L SUAL LA s

DE&[E’I:IAAXIMIIZ‘KILitl('= ;~1(.=:1z,=:‘s;x:r::sa-f,an-x;'r

F IS T T N N | E\Jrzé\}l N ) X LI” !Iz £ LIS T N SN UG SO0 VOSSO0 S SO S SRS O S TS SN YOO WO SO § Lol bl U0 TN N SN N S S (NS MO0 SN U SN S
MAXF Lt BSS Ll it ’1 PSSR HU Y W S NOE N WA SO SO NS R0 S SO U OUY L Lol : Y Lk
PAXIMIZE IASS o i S bl

[N 2 ORI Lot Lbi o d : Lid L i

L ) Ly i TR fosii b 1 i L i
LI I RN O | i 1 i L 1 H 1, i
oV RTT  SuBR . i i
L ! :: L E ‘ H o ; : L 1 | n 1 bl
o ABLT L MAXIMIZE s

L08R BT e | T RaeE TH SUBRICTIME . ...
[N Y-S S N S L?DAL‘X["M\ lllj]LlAi'AJ’EE=x‘ il il

!\1‘1,\}1:' L il ! L
e JATPPL L AANDG . i A-GTLB. i
e I BUB L e e e N
TPl RSB . .. BGI-
7hause  \WDA . Ot 5 L I

e ABTA L MAXE ‘ ‘ N
L kLT U RuRR . EXIT SUBRBUTIME
T ‘ g.m.;;,l.:MﬁXF. [N Lol | N i : Lo : T AT
LT suBR e EXIT SUBRBMTIME o o
R LY R
o\ WBTPaoL TRAMSA o AGTEG
H rﬂﬂﬂmj‘,\_l,i" L - il i S L

I ReT
e ABTA L MAKE
kLT SuBR ... EXIT SUBRPUTIVE .
D e '

SRS Sy VEUNS S SOV S SOUNS S UMON Y SO P

& e e A

Ll i i i H H

Somewhere within this subprogram would also be included the symbols A, B, and C

in the location field with a declaration of the prestored data or the area reserved.

Student Problem 8A:
Solve problem 8 finding the smallest operand. Store at address MINF.
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Flowchart;
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Problem 8A could be solved by coding in the following manner:

LOCATION | [OPERATION,MODIFIERS ADDRESS FIELD COMMENTS
]
: : il Ll TR WO A S VT W N S YA YO ST ST SO S A A S S i 3 i Lk A Lt
|
L il ' EREER T DT il . i I AN B AR
1
LS T U W | S 1 L i Loded i L 1 L.l L] S U T N L Ak L i L
L ; - : I . | L i
{
I L L i1 bl l i i i
1 1 F- 5. [ i i i it i O N L 1 1 1 bk LN FR 1
L b i i. H.) i . 1 FIO T e
t i
1 il Lok ik H i el ] 4 i i L § TN N V0 OO G S | H
!
- JE— 1 il H - i bl i 1 i i 1 i FE -
i i . £ [ . L I H L Lo i i i il bkl L
1
I : Lk P o L Ll : feedet
! i
- fodod S ST N TS SN T 0 W N A S S | Lt | IR | PRSI S0 W S TN S W WO T A OO O S S
| i
1 LY i I d i lod i L dodod. Hn " i L Lot i i Lold
P H i A AL L | I N U T S NS U W S S X L.k i FINE O T S W B ¢ jotd i3 N T SO S W Y H
i H il L N B B [ it L L L : | [T U RTINS TG VA W S S S WU i
i
L et P WS S ST U S N T W b I : bl dded L bbb L LodoL
|
i i i TR EUNEN B ] Lt L Coddedi ) TN B T ST SRR WS S
1 1
fo ot i TR PN SO TN S T U WO Lot L i i Lid 1 i L i 1 Lt
1 t
. [ b d 1 bkt d L Lois i1 il iiiod.l
t i
il R dd 4 Lt H X T P ! fmd : L P S SO T T Y A S WY OO S
i
s 1) S ORI i L I I 1 s i H L i i Loded
|
L : P | i L, i L.d L Lododod L Lo b i F T B L boed
I
. < ik P : ) ek i i s o L : P : o
Lok L ok LA i L . Ld | RS W . : Ll
i |
L bl I DS ! Lot L 1 PN TN YO TN W SO0 K SO SO U WS SO0 G bl : i
! | .
I R Loldded Ao L i d i Lt | S B W' bt bk bt
t |
L : ok bl i TR Y L L bl I : s i bod b d !
| !
PRI et N ! [ B | i | S S A i L il 2L ket
N | 1
O PR R O OO O T S TR N | L1 R B S B R
i [
TR T L IR | - ; | \ . fodoid :
i I
TR i L Lol L_{ SR S 1 i 1 1 1.l I L PN iod
[ |
SRS 5 S PR S R ES I WS S - ERE PR RS
i ]
. | I 1 it . Lt
! !
fedd ! H t i i L . 1 " L i
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GROUP 9

REGISTER JUMPS



GROUP 9

REGISTER JUMPS

1. Register Jump RGJP
2. Non-zero Bit Jump NBJP
3. Zero Bit Jump ZBJP

This group of instructions consists of conditional jumps, conditioned on the contents of
any operational register. If the jump condition is satisfied, a jump is taken, If the

condition is not satisfied, the program continues.

The first instruction tests any operational register for some relation to a given value.

This relation can be one of many used in pure and applied mathematics.

The other two instructions test any bit in any operational register for being in the set
("1") or clear ("'0'") state. They commonly answer the ''yes or no'' or ''true or false'

ucstions.

£



The REGISTER JUMP Instruction

The REGISTER JUMP instruction is an instruction that compares the 15-bit value y with
the contents of any specified register. The designator p specifies the register compared.

No memory reference is made.

There are eight possible comparisons that can be made. One of the modifiers must be

specified. They are as follows:

Modifier Comparison

1. EQ Contents of p equal toy

2. GT Contents of p greater than v

3. LT Contents of p less than y

4, NE Contents of p not equal to v

5. LE Contents of p less than or equal to y

6. GE Contents of p greater than or cqual to ¥
7. LT,D Contents of p less than vy

8. GE,D Contents of p greater than or equal to y

If the comparison is true, program control transfers to a 15-bit address M where M =
m + (Bb). If the comparison is not true, program control continues to the next
instruction. In either case all registers are left unchanged, except for the possibility

of the last two modifiers being used.

With respect to the last two modifiers additional features are incorporated. When the
comparison is made, and it is found that the contents of p are less than v, the contents

of p are decremented by the operand v before going on to the next instruction.



H> =280

REGISTER JUMP RGJP
47 0
12 7b | m
MACHINE 6,2,b, 4 [ I
S, 7Y v ]
AN
AN
AN
AN
N\
COMPASS / /
Py P
.
LOCN ;[BPERATIBN,MUDIFIERS ADDRESS FIELD COMMENTS
: :
i | RiéiIR‘)iEiQ\ [ 1’Dlﬂ‘)/;sl7’ll}L£71 S U W N N S S (S T S N s O WS S I
i |
L e 6T L !
i I :
AR R SN Nt I N A I N A A A S AR AR B S A A A A A A | |
| I
Ll RN N A A I A A S S R S B A S AN N R AN A SN B A A A SN A A |
i |
i i‘LJJ LLA.‘nG\EwsiiixlllxxiziLiiLllxil I J I
1 | |
T S I O CMNE b n |
i ! ‘
s L r}.D; ST B N S S ST A S S N B U MR N B O Ll
‘ k ‘
L Ly L1 GEGD Lol
i |
:?43}‘ ;5I6;7 Xllg ‘01‘11'21‘3‘ 49 ‘E\"i GHﬁi?’i‘?"?2125124[?5]?61?7[251?9\3013'|39133|3‘[35|351!7J35[391¢C‘4 42A43 44 45°46147,48 4950

Function cod

Modifier:

| ——]

EQ (p) =y
G1, (p) >y
LE, (p) <y
LT, (p) <y
GE, (p) >y
NE, (p) £y
LT,D (p) <y
GE,D (p) >y

R

\

}(p)fy*p for (p) <y \

Optional, index designator.
Blank, use no index,

1-6, use relative addressing,
7, use indirect addressing.

Optional, base address,
Zero if omitted,

Actual operand compared.

Mnemonic for specified register
compared.




RGJP

REGISTFR JUMP FORMAT: RGJIP, EQ GT LE; p.y,m.,b

VEIIDrh1

b g ) ( Ve
peciﬂed" Specil\ed ? Speclf!ed’ Specmed7 >__'®

Yes Yes Yes |Yes

(p) ¥? >% (p)>y? >Eg( (p)<y? %( (priy? Yes

No

M= m+ (8%

F
L
;
W Specified
| oG
H Specified? Specified ? Specified?
A Ye; Yes
R
T ((p)fy’ <(p)>y" ((p)‘y"
No
y- Tnstruction at M
O o —OEE O
Use Upper
O 0oy (O B

RGJP, EQ Jump to M if (p) = y, otherwise continue.

RGJP, GT Jump to M if (p) >y, otherwise continue.

RGJP, LT Jump to M if (p) <y, otherwise continue,

RGJP, LE Jump to M if (p) < y, otherwise continue,
- RGJP, GE Jump to M if (p) > y, otherwise continue,
E RGJP, NE Jump to M if (p) # y, otherwise continue.
?: RGJP, LT, D Jump to M if (p) <y, otherwise continue, Mo v (p) if (p) <.
R RGJP, GE, D Jump to M if (p) 2 v, otherwise continue. Mo hiyv (p)if (p) <y.
1
P
T
1
O
N

©w
]
NS




I

I RGJP
PROBLEM:

Check to see if the A register contains 33 octal. If it is, jump to
address ENDCARD. If not, continue the program.

SOLUTION:
LOCN (OPERATION,MODIFIERS ~ ADDRESS FIELD COMMENTS
T RG\TPyEQA . ﬂ‘-. 335%1€LVA_D£M?J@LDL VR S T T S
12 3,45 6 7 839}0‘ ['2. 3 4 5 161 '1‘81‘9;2012 22,23/24,25:06 .27 2&?9‘301\ 4)}‘1\51\01!5[!6137“38‘59‘a3l 42163114‘,!5 46,37,48 49150
PROBLEM:

Check to see if the D register contains 100, If yes, jump to address
GETUPP modified by Index Register 4. If no, continue the program.

SOLUTION:
LOCN | (OPERATION, MODIFIERS  ADDRESS FIELD COMMENTS
I ‘ ‘RGLJ‘JPJ ;JEQ L1 ‘D}.l 010&73‘7GL€>T{/1P1Fi;117". § D S S S

|
(2304 ;5;6 7289 0 [i2/3):4 i85 1617 |'B{19§20;2 22123[24/25{26,2728,29 303 [32[33(39[35(36,37 38:39 0 4 a; 43 4 4% 46 a7 ag 49,50
1 161 Leprjreydjieg JELBRLI LS [24123) 12829 | 133[35)

PROBLEM:

Fxamine the contents of the A register. If less than or equal to
nine, jump to address NUM. If greater than nine, continue the

program,
SOLUTION:
LOCN 1 EUP[RATIUN.MUDIFIERS AGDRESS FIELD COMMENTS
DO T A S B S ; RlGIR}‘[il,E‘L_L#%Ajaﬁ‘JQN‘LUiMi NS S U U W S S U S S HE : L
2131415167 ,A!s O 12314516 j7]i8]19,20i2: 22123126125126\?712!1191101!1132133‘)0[35]561371!8139\40'4 42,43{94.45:/46147 48 39,50
PROBLEM:

Examine the contents of the Q register. If greater than or equal to
50, jump to address OVER. If not, continue the program.

SOLUTION:
LOCN E OPERATION MODIFIERS ~ ADDRESS FIELD COMMENTS
T ‘ -
§ HE S S T T RIG‘J‘IR'IG‘EK Lo JQI} 50'}l¢1\/ltJR{ D U U WS U S O S 1 1
|
Pl iesi6errisajecy “21'.\4\!1‘51\6;1”‘!1‘91?'012‘.‘2?[23l20‘25126i?’:?llel)Ol)l‘)Z]!)])l[!&l}GASTLSBIIQ 40j4 [42]43]/44,45:46]{47 48 49|55

<o)
|
w



The NON-ZERO BIT JUMP Instruction

The NON-ZERO BIT JUMP instruction is an instruction that tests for a non-zero bit
at anv specified bit position, designated by g, in any specified register, designated by

p. No memory reference is mude.,

If the specified bit is in the seti state (binary 1), program control transfers to a 15-hit
address M where M = m + (Bh). If the specified bit is in the clear state (binary 0),
program control continues to the next instruction. In either case, unless a modifier

is used, the bit is left unchanged.

There are three modifier options available that could change the bit after the type of
exit has been determined. They are ST, CL, and CM. ST means that the bit is to be
set as the exit is taken. CL means that the bit is to be cleared as the exit is taken.

CM means that the bit is to be complemented as the exit is taken.



H> 2 WO

NON-ZERO BIT JUMP

| NBJP

23 0

47
T T T
MACHINE | 6,5 ,b, b
\__v__/ L.v./'\_._\’._/

AN \

AN

—_—

T I pa e
/1 g l(iloxxl/l I L
\ l (\ LAY / \

COMPASS \ N
/ \ AN
A | A
LOCN OPERATION MODIFIERS  ADDRESS FIELD COMMENTS
NBJP,S’T Py Miab i [ A R SR R
P, 7 7 ‘
— AQAL:h,A,L.‘ RSSO U VRN VU SRR SUD S U SN0 S SN NS S NS N S | S O S S O S B |
.,JCAMA,,L_;_.,LJ_L;L;+,;,;,L”L,L S W SO S N S ’\ | | I N N |
3 5 b & “ N N ‘;1_“6 1oy 8 9;.'& 2 1112“":‘:‘.L?_‘.\”;h 27 /B\Z&AL/I\'J\(l)\ ‘4"5}!6137;33‘39\40;4 ‘l2143114165[46‘47!'9‘49|50i
e N~/ ‘—V'J\‘V‘J\W{—’

|

Optional, modifier —

Blank, bit
remains unchanged

ST, set bit
CL, clear bit

CM, complement
bit

FFunction code

|

'—Optional, index designator.
Blank, use no index.

1-6, use relative addressing,

Optionail, base address,
Zero il omitted.

Bit posit on in a register,
Range, 0-147

Mnermonic for specified register,




BJP

NON-ZERO BIT JUMP

Bit In

FORMAT- NBJP ST pgmb M=m+ B
cL
oM

Jump Condi-

F Enter :pﬂ;f:ed =10 Yes ifi
L ceter Yes
0 e (e conts- |
W W l Set the Bit Elegr the Bil ffh"e“g’i‘t"’":l
; ‘ &
H :
A T
R Was fump “h::r‘;cpm at
T (i JafiRE Ot
Use Upper
BT e et -
Instruction
NBJP Jump to M if bit set, otherwise continue
NBJP, ST 1) Jump to M if bit set, otherwise continue
2) Always set bit after check
g NBJP, CL 1) Jump to M if bit set, otherwise continue
S 2) Always clear bit after check
C
R NBJP, CM 1) Jump to M if bit set, otherwise continue
}ID 2) Always complement bit after check
T
1
@)
N

V=)
|
0]




nECYZE P X

NBJP
PROBLEM:

Examine bit 46 of the D register. If a ''1", jump to address READO.
If a ''0", continue the program.

SOLUTION:

LOCN OPERATION,MODIFIERS ~ ADDRESS FIELD COMMENTS

|
I O O ; IBLIPI | | iDl:IyléHIRlElﬂlDlol N W T I T O T T T S B O Y S
|

1123451678 9 lOfit]i2)3|4{15]16]17}i8[19120|21]22]23124}25]26{27]|28]29{30]31)32|33|34]35|36[37 (3839|4041 142]43]44(45/46]47]48]4950]

PROBLEM:

Examine bit 14 of Index Register 1. If a ''1'", jump to address
WRITEON1. If a '"0'", continue the program. In either case clear
the bit after it has been examined.

SOLUTION:
LOCN OPERATION,MODIFIERS ~ ADDRESS FIELD COMMENTS
[
I T | NIBHTIPI,ICILI L1 lzgl-zl;IIII/I;IMKIIITIEI¢I'1111 I 1 I N S W D S O B A |
{23 4 5|67 8 9 w0 112115111]vs1!6(lrllc|I9‘[2012!]22|23|24|25|25|27|zs|zs|so|3!132[33134[35|38137133|39|W:M 142]43]44]45]46(47/48{49]50]
PROBLEM:

Examine bit 10 of the Q register. If a ''1", jump to address
SWITCH modified by Index Register 3. If a ''0'", continue the
program. In either case complement the bit after examining it

SOLUTION:
LOCN OPERATION,MODIFIERS ~ ADDRESS FIELD COMMENTS
|
T N S | NIBhJ’IPl;IC|M J I I&I;llloi;lslwll-lrlcl//l | N S T S W S I : Y N S T U S T T |
|
i ]213]4]5)6 7 8s |0|u1|z||3|v4||5|;s|:7]||1!9|2012:[221231:4125126127120129|30|:vl:z]npqss|36|37|!s|39|4oiml‘z143144lulaan“psgso‘

PROBLEM:
Set bit 5 of the Interrupt Mask register and continue the program.

SOLUTION:
LOCN OPERATION, MODIFIERS  ADDRESS FIELD COMMENTS
| !
O | IBIJTPIQIS‘JTL L1 IIIMI;F{L;.E*V*III S S S VN T (S U O O S S OO O S S S
i i
1j2y3je4is16 78] O L1213 )14 )15 |16[i7]i8]19}20[2}]22|23)24]25|26{27|28|29[30|3)[32{33|34/35|36|37)36)39|40|41 |42(43]|44]|45/46|47|48[49{30)
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The ZERO BIT JUMP Instruction

The ZERO BIT JUMP instruction is an instruction that tests for a zero bit at any
specified bit position, designated by g, in any specified register, designated by p. No

memory reference is made.

If the specified bit is in the clear state (binary 0), program control transfers to a 15-
bit address M where M=m+(Bb). If the specified bit is in the Set state (binary 1),
program control continues to the next instruction. In either case, unless a modifier is

used, the bit is left unchanged.

There are three modifier options available that could change the bit after the type of
exit has been determined. They ST, CL, and CM. ST means that the bit is to be set
as the exit is taken. CL means that the bit is to be cleared as the exit is taken, CM

means that the bit is to be complemented as the exit is taken.



H>250 T

ZERO BIT JUMP ZBJP

47 23 0
T T 1 T T T_1
MACHINE [Elglbl p |/: g 16 :1xx|/l1 1 Iy ]
L_V_Jxng_V_J [ ) WL W’ \ v 7
\
N\
COMPASS N
\ N\
A {3V shen Yousdon Vo
LOCN OPERATION, MODIFIERS ~ ADDRESS FIELD COMMENTS
1 |
1S N T O S I ZIBIJ—IPL‘IAISI_ELIl,l)l)lglqlﬂl;lblllllIlllllllllllillllill
| i
N I I IO S | III]ICIL-iIIIIIlllllllllilLlllLllllllillllll
1 |
N T S W lllllclnlllillllllllLllll‘lll‘llllLlllJJ_lJlJ
| |
1 2 (34 (567|819 |10}i|12{3114]15]16}17/16]19{20}2){22]23|24]25|26|27|28]29]|30]3!|32[33}34/35]36|37)38|39|40|4 |42[43(44(45/46]47]48]39|50]
N N
Function code ——’ I—Optional, index designator.
Blank, use no index.
Optional, modifier 1-6, use relative addressing,
Blank ,bit ’ .
i Optional, base address.
remains unchanged Zero if omitted.
ST, set bit

CL, clear bit

CM, complement

bit

Bit position in a register,
Range, 0-47

Mnemonic for specified register.
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ZERO BIT JUMP

FORMAT. ZBJP, ST p,g mb
L

M

M= m+ (8D

F
L
@)
w
C
H
A
R
T
ZBJP Jump to M if bit clear, otherwise continue
ZBJP, ST 1) Jump to M if bit clear, otherwise continue
2) Always set bit after check
D ZBJP, CL 1) Jump to M if bit clear, otherwise continue
g 2) Always clear bit after check
g ZBJP, CM 1) Jump to M if bit clear, otherwise continue
I 2) Always complement bit after check
P
T
I
0]
N

©
1

[y

o




WY 2 X

| ZBJP

PROBLEM:

Examine bit 23 of the A register. If a "0', jump to address
LOWERPT. If a ''l", continue the program.

SOLUTION:

LOCN OPERATION,MODIFIERS ~ ADDRESS FIELD COMMENTS

| O T S N Z[BlIRlll[I:/4]-)121313[[-1,¢IWI51R1P1T.1lilllllllllllllllil
|

1 1213]4]5]6 |7 |8]|9]i0ji1|12]13]i4/15]16]17]18]19)20)21)22}23|24)25(26(27]28|29|30|3|32|33|34|35|36(37 38]39]|40|4:[42]43]|44]45/46]47]48]49(50]

PROBLEM:

Examine bit 39 of the D register. If a ''0", jump to address
NEXTPARAM modified by Index Register 4. If a '"1", continue
the program.

SOLUTION:
LOCN OPERATION,MODIFIERS ~ ADDRESS FIELD COMMENTS
|
N U N T | ZlBlJl-Pl I I | lDl/qulql/qlNlEIMﬂPIAII?I”I/%QII/l | : N U N N S N |
| |
' 123|456 |7 |8]9 10)il|i2{13]14]15]16]17]16]195]20]21]|22]23]24|25|26]27]28)29]30]3132[33]34)35)36]37 3639|4041 |42|43|44/45/46)47]48|4950]
PROBLEM:

Examine bit 13 of Index Register 3. If a "'0", jump to address
PARERROR, If a ''l", continue the program. In either case
clear the bit after examining it,

SOLUTION:

LOCN OPERATION,MODIFIERS ~ ADDRESS FIELD COMMENTS

|
S N T | ZIBIIR:ICILI 14 IBIBL'.lllgl'ilpiﬁlelglElR}'¢lRl N T S WY S T N NS U S S U T N S

1121345 |6 |7 |89 ]i0fit|i2]13}14]I5]16)(7)18]19}20]|21]|22]|23]24]25)26)27]|28]29]30|31|32|33|34]35|36(37|38|39| 40|41 (42]43]44|45[46|47[48[49|50

PROBLEM:
Set bit 1 of the A register and continue the program.

SOLUTION:

LOCN OPERATION MODIFIERS  ADDRESS FIELD COMMENTS

|
N ZIBlJTR;ISITI L 1/41.111;1*1"'111 S T S T O T s O
|

P12 |3 (4 ]S 6|7 |8 ]9 10O[!t[I2]13]14115[16)17]1819]20|21)22]23|24(25[26(27]28{29{30{3}|32|33|34|35|36|373839]40|41 |42]43]44]45]46]47|48]49|50]







NEW CONCEPTS OF GROUP 9
The three instructions in this group check a bit or a quantity in a register. Any oper-

ational register can be checked. This includes A, Q, B1-B6, D, P, and bank registers.
Since no memory reference is made, these are termed fast instructions.
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Problem 9:
A table of 100 random integers ranging from -100 to +100 is in memory starting at
address FLUX. Write a subprogram that will pick out all integers between but not

including -5 and +5. Store them beginning at address RANGE.

Flowchart:

Examine First Store Number
| Or Number > -5 |L&S Number > +5 }res Starting €@
Next Number At RANGE

INo No

No

100 Numbers
Examined?

Problem 9 could be solved by coding in the following manner:

LOCATION | [DPERATION,MODIFIERS ADDRESS FIELD COMMENTS

.\ IZpeMdT . SEPARATE. . . [ it ]
U TIEMIRY. . ISEPARATE i e . X
QAdee . | Bss . .. MO0 il ; s
CPARATE BSS. ol il e
— b A/_Z i HIS =Q):L\L SR VRS U SRS NS SHE SO SO0 M § : 1 ] i | VR SENCANS SOUE AU AV SU SN U E WOOS S S | Lok
N L7 - ] e e ,
W ox Twk0| DA . . ELUuX,D. . S e .
. L LRGIP,ET A =554 e Wum.67. =5, e
by \Usg 89, l o wWfelE ]
kT WEXTWARD R P e
. | BLT .. .. SEPAKATE .. e L
/7 GIPo LT . A S EMT o WOMeETe i
L " gLJ; Ped i ZKCA/[ ik : ; L h/ ~’)"vGE’ ¢ [T OR E SUE S S S ) tid i Lok
AT\ STA . RANGERA ‘ e e

BT 2 R

pdh b SLT o) . ia¢dix__ [ S WP S SN JINU S S S S, ‘L_, [P S ISUUUUP S S SEETOY SRV SO TN VU WD GBS & e do b Ao ln
L_A._.w.‘ RSy S . ,QZD - | ’M}I ER L . s u._;r B U i H FUUUS SN NS SOU AN S SO SUEUOD NS S B

Somewhere within this subprogram would also be included the symbol FLUX in the
location field with a declaration of the prestored data or area reserved.
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Student Problem 9A:

Solve problem 9 by using the instruction LDA, CM. Also see if you can shorten the

number of instructions used to solve the problem.

Flowchart:

Problem 9A could be solved by coding in the following manner:

LOCATION | JOPERATION,MODIFIERS ADDRESS FIELD COMMENTS
1 1
INESERENESTRRNLYE B3 LINSTALSTIEIE S FL R LN IR TR JE R R SE I TR TR TR B T e T R a TR ST R IR L S S T L TN T T I I I T I I I )
i - TN TNV S T G SV O STV 0 W P S A SOV UN S S AT OO S S S S TS S S N O SO SV A SO HF WA SO SO SO Y S Y W
i
S OO S S O W 1.4 eed i SIS SV SV-DUNDS-SV SR S SN S N SO S-S S i A SN DU SO U S S DO U B} TSSO 0 VNS S S S NS SO N T SN UOU T SO OO SO0 1
I S podcidodo oot d L RN O T SO S S S U ST S B : S H Pl | L i il Lokt
1
1L | ] i L yu 1 i AL l 1 dod 4 . L4 i bobea bbb i b
i !
Ll i L il Ll IR SR ! - ) e A
f
Lot L fod i : | IR b 1
i
L A L il i b1 i b i l deodd § WY SRR SRS SRR SED S-SR SO SUG DUN R S S WO S S f.d dondod
1
i 14 Ll s . ) SR RN S L L L. L ' !
i
i i i i 1 i Lodod 1 AN SO SRS SN S DY SO0-S S 1 Lddd g
4 ild . i Lo 1L 1L
i
Ll T PR S S L Lotl : L i
i
| PN TN SN S S0 N N N O N N WO Lidd . TR T U0 W S SO ST S N N S
|
i PR 't i 1 dodod i i 4 pod i ! i i Lot f
A i i L ’J U I D N i i dedimded i lobo.d I T ) A d bl ol
!
I i i T il iL I I ! L F 14 T b Lolddt ¢ L i
1 [
Il Ll Ll T 4o dodd L i L1 v ; L 1 TR S YO NS A SN S U Y S T T I bt i bl to1 )
|
L L Ll din i by it ) 1 | ! Lddoah (O R S S 1
1 ]
L L ISR B W W B N S S S S U L L idai i L I iig L
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GROUP 10

BANK JUMPS



GROUP 10

BANK JUMPS

Execute

Unconditional Bank Jump
Bank Jump Lower

Bank Return Jump

Bank Jump and Set Index

Qb W=
.« e

This group of instructions is the only group that has the ability to transfer program

control to another bank.

The first instruction allows a maximum of two instructions to be executed from another

bank. The second instruction transfers program control unconditionally to another

bank.

The third instruction is the only instruction that will transfer program control to the

lower instruction in another bank or within the same bank.

The last two are both bank return jumps; however, the last one allows the programmer

to easily place parameters in a subroutine,

10-1

EXEC
UBJP
BJPL
BRTJ
BJSX



The EXECUTE Instruction

The EXECUTE instruction is an instruction that executes one 48-bit or two 24 -bit

instructions at an address M where M = m + (Bb) + (VV).

If the bank term a is used, the operand bank setting is replaced by the value a. If the

bank term is not used, the operand bank setting remains.

The Instruction Bank Register and the P Register do not change for this instruction even
though program control "seems'' to transfer to address M. The instruction(s) are at
address M in the bank specified by the operand bank setting. This is the only exception

to the normal rules for the instruction bank setting and the operand bank setting.

After the instruction(s) are executed, program control resumes at (P)+ 1 which is the

instruction immediately following the EXECUTE instruction.
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Q> 200

EXECUTE EXEC

47 23 T 0
U I 1 1 L I L
MACHINE |63 b v 7 T djar m ]
‘-—v—-—"—v\—"-v\-’ - I —
NN
\
\
COMPASS NP
NN\
—— S
LOCN OPERATION,MODIFIERS ~ ADDRESS FIELD COMMENTS
|
B TR N S B EXIEiclIIIlll‘(la'l)lnl;lblﬁlvllllIl‘ll[llIlllllJll[l\
I
123|456 (78l IO[H[IZ|\3|Hl\51!6[!7]18ll9L2012!]22]23‘2l[25|26|27]28l29130131|)2]35‘3‘155[36‘!7138])9]40'101021431&4‘Q5|CG|47108149150]
Function code——, lvOptional, second index designator.

Blank, use no index.
1-6, use relative addressing.

Optional, first index designator.
Blank, use no index,
1-6, use relative addressing.

Optional, base address.
Zero if omitted,

Optional, bank term used with
base address.

Td bit not programmable

10
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EXEC

EXECUTE FORMAT: EXEC (a)rr‘l, b, v M=m + (Bb) + (Vv)

F

L
O
w

C

H

A Execute Use Uppver

Instruction Instruction At
R Or Instructions (P) + 1 As Next
T at M Instruction
* Maximum of two
EXEC Execute maximum of two instructions at M

D

E

S

C

R

I

P

T

I

O

N
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| EXEC

PROBLEM:
Execute a pair of instructions at address SOPTS.

SOLUTION:

LOCN OPERATION,MODIFIERS ~ ADDRESS FIELD COMMENTS
O T R T EIXlEJ-& I T T | :-gl?lplrigl | S N S T T VN TN TN T [ T N B | ll O N B
!

112 (34|36 |7 8i9]i0)1i[12)13)i4]15]16{17|18(19]20|21]22]23]24]25]26|27|28]29]30|31]32|33|34|35]36 37 |38]39|40(41 [42]43]44[45[46)47]48|49]50]

I T

PROBLEM:

Execute a pair of instructions at the address specified in Index
Register 1.

SOLUTION:

LOCN OPERATION,MODIFIERS ~ ADDRESS FIELD COMMENTS

IS N S N O Y S

) | I
[ N B El)(né_lcllr||11;11111||11111111111|1|

‘12314 (5|67 8901 |12]13]14]15)16117)18]19]20]21[22]|23{24]25|26|27|28]29|30}31[32|33]34|35)36]37|36(39]40|41]42]43[44[45]46)47]48(49(50]

PROBLEM:

Execute a 48-bit instruction at address TAB modified by Index
Register 2.

SOLUTION:
LOCN OPERATION,MODIFIERS ~ ADDRESS FIELD COMMENTS
E E | |
F N S N T N N leICI]IlIlIﬂA[BI>12-lillillll]llllllllJLJLLllfl
! |
P12 344|567 (&8[9 10|I1112]13)t4}1S{I16]tT}18]19]20]21[22)23(2425|26]27|28]29|30]3+]32|33]34|35[36]37 3839|404 [42]43|44]45[46]a7]48[%9(50,

PROBLEM:

Execute a pair of instructions at address PUDGE in the bank that
PUDGE resides.

SOLUTION:

LOCN OPERATION,MODIFIERS  ADDRESS FIELD COMMENTS

| |
T E-IY[EICI R 1(1#1)1,31(]101616 U U W T U T T S T N A A O
I

|

112|345 |6 |7 [8[9 t0]\t]i2{i3]14)15]16}17])i8)19)20}21]22{23]24)25[26]27]28]29)30{3132|33|34]35]36{37|3839]40|41 |42]43]|44]45]|46]47(48]49)50]

(o
[ws)
|
o




The UNCONDITIONAL BANK JUMP Instruction

The UNCONDITIONAL BANK JUMP instruction is an instruction that transfers program

control to a 15-bit address in bank i (within parentheses).
The jump address is M where M = m + (Bb). As the jump takes place, the instruction

bank setting is replaced by the value i and the operand bank setting is replaced by the

value a.
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UNCONDITIONAL BANK JUMP

UBJP

47 0
¥ T T
MACHINE 63 b ~ ]
\_v__/\_v:l /
\
\
COMPASS
i
—NM — = A
LOCN OPERATION MODIFIERS  ADDRESS FIELD COMMENTS

UBJ.P

Y Y Y N

I .
llll[(lll)l}nl;lbl-.lﬂw R OOV Y O T O S S S Y S
[

213451617189

O] (r2]i3jia

DU S S N |
|

5116117118 119]20/21]22}23]24|25]26[27]28129|30{31|32{33|34]35|36{37 38,39

Function code _—]

40[4 |42]43]44|45]46]47[48[49)50]

]-Optional, bank term used for
operand bank setting.

Current bank setting if omitted.

$, bank in which base address
resides.

%, bank in which UBJP resides.

——Optional, index designator,.
Omitted, use no index.
1-6, relative addressing.

Optional, base address.
Zero if omitted.

Optional, bank term used with
base address.

Current bank setting if omitted.

$, bank in which base address
resides.

*, bank in which UBJP resides.
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UBJP

UNCONDITIONAL BANK JUMP FORMAT: UBJP (i)m, b, a M=m+ (Bb)
F
L
O
W
C
H
A
R
T 'B ) Use Upper "
i ~IB Instruction At
a —0OB iM As Next
Instruction
UBJP Unconditional bank jump to M in bank i and set Operand Bank
to a
D
E
S
C
R
I
P
T
I
O
N
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PROBLEM:

Do a bank jump to Bank 2 address TAX and set the Operand Bank

setting to Bank 1,

SOLUTION:

I UBJP

LOCN

OPERATION,MODIFIERS ~ ADDRESS FIELD

|

VN N S S

tj2i3141516]7 )89

UJBL‘TIPI N D T :(IL)I-HAIXI‘JcLliI SR S S OO Y S
|

O\ |12]13114)15|16(17]18]19]20]21]22)23(24)25]26|27)28]29]30]31]32|33|34|35|36(37}38]39)40|4. ]42]43]44]45]46]47/4849|50]

PROBLEM:

Do a bank jump to Bank 2 address TAX modified by Index Register 1
and set the Operand Bank setting to Bank 1,

SOLUTION:

LOCN

OPERATION,MODIFIERS ~ ADDRESS FIELD

N N |

R

P ]2]3 (4 [5]6 T [8]9

UBJIP (A TAX Ly
|

oLl 1213|415 16)|17]18)19)20)2)[22]23|24)25| 262728293031 32]33[34]35])36(37 36 39)40|4: [42]43]|44(45]46|47]4814950]

PROBLEM:

Do a bank jump to address TEST in the bank where TEST resides
and switch the Operand Bank setting to the bank where the UBJP

resi

SOLUTION:

des.

LOCN

OPERATION, MODIFIERS ~ ADDRESS FIELD

N Y O S

U S N T S Y

V]2 ]34 |5)6]7 (819

UsJdP |, :(1#1)17'16—1517-17.1.*1 Ll
|

O 2] 3415 1617|1819 120]|21)22|23]24]25]26]2728|29]30|31 32|33 34|35 3637 (3839|404 192 [43]44]45(46]47]48]49)50.

PROBLEM:

Do a bank jump to address SMOKES in Bank 2 modified by Index
Register 5 and set the Operand Bank setting to Bank 3.

SOLUTION:

LOCN |

OPERATION MODIFIERS ~ ADDRESS FIELD

S S N T

B B S S S

1 J2 |3 (4 5|6]7 89

UIBI\]Tpﬂ T lilél'l)lslﬂ/ﬁl(l;lslgl;'lﬁl-?! S U Y S | i
|

i
oLl [12]13 )85 |6 [17]18)19]20|21|22]23]24]25]26]27|28129)30|3132]33]34]3536|37 30(39|40/4 [42,43]44[45]46]47,48,4950]
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The BANK JUMP LOWER Instruction

The BANK JUMP LOWER instruction is an instruction that unconditionally transfers
program control to the lower instruction of a memory word. It is the only instruction
in the 3600 repertoire of instructions that will jump to the lower instruction of a memory

word.
The jump is to a 15-bit address M where M = m + (Bb) in bank i. As the jump takes
place, the instruction bank setting is replaced by the value i and the operand bank

setting is replaced by the value a.

If the bank terms are not specified by the programmer, the current bank settings will

remain unchanged.
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EETTo

BANK JUMP LOWER BJPL

41 0
! i
MACHINE |[6,3 b R
\_'V_—J\_V_/ \A /
COMPASS /
' s T ahn Vahe!
LOCN OPERATION MODIFIERS ~ ADDRESS FIELD COMMENTS
B N A S S Bl‘IPL\ L i,,l,,,,x.(i(’I“)lmhlb;j_ln'l D V00 U S U N S S | : RS T S S S S S U |
| (213141516 (7 18i9]i0].i[i2:3:4i5: 61'7\\81“3“?1“1‘2“‘2212”2!;25‘261?7£!J39150[)7]32]!31341351!5137]581!9140:0 [42]43]44[45(46/47]48]49/50]
—— |
Function code -__J L—Optional, bank term used for

operand bank setting.

Current operand bank setting if
omitted.

$, bank in which base address resides,
%, bank in which BJPL resides.

L Optional, index designator.
Omitted, use no index.
1-6, use relative addressing.

Optional. base address.
Zero if omitted,

Optional, bank term used with base
address.

Current instruction bank setting
if omitted.

$, bank in which base address resides.
%, bank in which BJPL resides.
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BJPL

BANK JUMP LOWER FORMAT: BJPL (i)m, b, a
F
L
O
W
C
H
A
R
T D— Use Lower
Fnter 1 IR lnstruc?,rion At
OB iM As Next
Instruction 'l
BJPL Bank jump to lower instruction at M in bank i and set Operand
Bank to a
D
E
S
C
R
I
P
T
I
O
N
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I BJPL

PROBLEM:
Jump to the lower instruction at address DAVESS.

SOLUTION:
LOCN OPERATION,MODIFIERS ~ ADDRESS FIELD COMMENTS
|
I O U S | BIIPILIllIlIlDlﬂll/IElSlSlIJll!ll‘llllIl:lilt‘1;‘\,;,
|
1 ]2 (34 5|67 8] »ollr||2llzllallsllslu||o|4s|zo]zllzzlzalzqznzslzvlzolzspmn|32Jn[34135|35p7135]39]4014‘1421431441451.514”.8 4980
PROBLEM:

Jump to the lower instruction at the address specified in Index
Register 3.

SOLUTION:

LOCN OPERATION,MODIFIERS ~ ADDRESS FIELD COMMENTS

| i
| I T T I T BIJTPLllillil;lzllllllllllll'lllllllllllil*‘i

L2 |34 )S) €T 8|9 i0fNi(i2]3[18)r5[16]17)|18{19]20]|21]|22]23|24|25]2627]|28]29{30|3) |32]|33|34|35|36|37|38139]40]4 |42 ]45]44|45 4647 4814950,

PROBLEM:

Jump to the lower instruction at address DAMAN in the bank where
DAMAN resides and set the Operand Bank to Bank 2,

SOLUTION:
LOCN OPERATION,MODIFIERS ~ ADDRESS FIELD COMMENTS
} |
/U S N BIJ-IPILIIlllll(l#l)lvlﬁmﬂlﬂl;l,lnlllJllllllIlngi‘EllL‘
I
t 234|367 8]0 <01n|121-)1~a115|<:1|r|wlt9|1012A1u|2)|u|25|zclzrlznlnpo[!c132[33lsq:spslnpopslao:«lnla,\luiulcﬂn 4814950
PROBLEM:

Jump to the lower instruction at address PETE in the bank where
PETE resides and set the Operand Bank to the bank where the
BJPL resides.

SOLUTION:

LOCN OPERATION,MODIFIERS ~ ADDRESS FIELD COMMENTS

il

|
S S N N BIJ;FlLi S lé#glpig-lrlgl;l}l*l ) S S VU T S U D U S G O
|

i
P2y je s s8]0 JUZ 3[4 [iS 16 17|18 (19)20]21]22]23/24{25]26 2728291303 {32{VN|I4[NS|V61V7 (38 V9 404 |47 [41{44[43 46 47 48 49,80
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The BANK RETURN JUMP Insiruction

The BANK RETURN JUMP instruction is an instruction that unconditionally transfers
program control to the upper instruction at address M + 1 where M = m + (Bb) in bank

i and sets the operand bank to the value a.

The hardware places (at address M) a "return' instruction such that, when executed,
will return control to the upper instruction immediately following the BANK RETURN
JUMP instruction. The instruction placed at M is an UNCONDITIONAL BANK JUMP
to (P) + 1 which will also return the two bank registers to the state they were in before

the BANK RETURN JUMP was executed.
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Q200

BANK RETURN JUMP

BRTJ

43 0

47
T, I
MACHINE |6 ,3 ,b

L0

N My ~y /
\

COMPASS
I“_jH
!

LOCN | |OPERATION MODIFIERS ~ ADDRESS FIELD COMMENTS
I, . |

I N T S S T t BIRk-riJ-l I | l(lll)lhiﬁlbl‘)la'! G U W S T T S S R Y O O S S B O |
| |

tj2 )3 e 56 T 8|9 ‘olw;-Z]wslwlwapslnluu“9nzolzr|221zslzqzsleslznzalzgpo]Jn,12133134|35|35p7pspﬂ

Function code——J

9014 |42]43]44,45]46,47/48:39|50;

|-Op’cional, bank term used for
operand bank setting,

Current operand bank setting if omitted
$, bank in which base address resides.
*, bank in which BRTJ resides,

— Optional, index designator.
Omitted, use no index.
1-6, use relative addressing.

Optional, base address.
Zero if omitted.

Optional, bank term used with
base address.

Current instruction bank setting if
omitted.

$, bank in which base address resides.
*, bank in which BRTJ resides.
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BRTJ

BANK RETURN JUMP FORMAT: BRTJ (i)m, b, a M=m+ (Bb)
F
L
O
w
C ,
H
A
R Use Upper
T UBJP (IBI)P“'I,U, ()B1 T Instructivon At
[s Stored At W~ OB M+1As Next
Address M Instruction
BRTJ Bank return jump to M in bank i and set Operand Bank to a
D
E
S
C
R
I
P
T
I
O
N
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l BRTJ
PROBLEM:

Do a Bank Return Jump to address FOX in Bank 1 and set the
Operand Bank to Bank 2,

SOLUTION:
LOCN OPERATION,MODIFIERS ~ ADDRESS FIELD COMMENTS
| |
I S O O N | BIRITTJT I T B | lgll)lfl-lflxl}l}lle N N [ S O U T S G I I T T
| ,
' ]2 3] 4516|789 |01 ji2])i3]i4]15)16]17)i8([13]20]|21]|22|23{24(25|2" 27125[29(30[3!132133[34135|35|37|381391t0:4.“2143144;15145”71!31‘9[501
PROBLEM:

Do a Bank Return Jump to address FOX modified by Index Register 2
in Bank 1 and set the Operand Bank to Bank 3.

SOLUTION:
LOCN OPERATION MODIFIERS ~ ADDRESS FIELD COMMENTS
| |
N H\RITIJIIIilll(llQlLﬂle}lzl)IBIlll'llllll‘JLilli“li
| |
‘23 4 |35]6]7 |8]9 |10 |i2(13{14]15[i16|(7)i8]19]20[21[22]23]24]25]26[27]28}29{30{3){32[33{34|35]|36|37(36[39)40|4 |42]43|44]45]46[47[45:6950;
PROBLEM:

Do a Bank Return Jump to address SQRTF in the bank where SQRTF
resides and set the Operand Bank to the bank in which the BRTJ

resides.
SOLUTION:
LOCN OPERATION,MODIFIERS ~ ADDRESS FIELD COMMENTS
I |
I R T N B B!K.TTJ? S U S l(i#l)]SlQLKlTlFI:l}l*l | S S TR VY S IS T TN S NS N SN NN G S |
| i
L2344 |3 )€ 7|89 |10\l [12)18]14)15{16)17)18{19120]21|22]23|24{25)26[27]28129{30|31|32}33]34]35|36]|37(3639(40{4 [42[43{44(45]46][4748149 50,

PROBLEM:

Do a Bank Return Jump to address TAB modified by Index Register 1
in the bank where TAB resides and set the Operand Bank to the bank
in which the BRTJ resides.

SOLUTION:

LOCN OPERATION MODIFIERS ~ ADDRESS FIELD COMMENTS

|

|
. BIRITIJT U T 16£QI7TAIBI’111}E*1 R W S D N Y N N S U S U W U U Wy A |
i

112 (3[4 (5 )6 {7 |89 [10Ofit[12)i3)i4]1516]17]18}19]20(21]22{23}24)25]26(27]28{29[30|3/|32|33[34|35/36]37)38|39)|40|4(|42]|43[44]45/46]|47|48[43]50|

—
[en]
I
—
=1



The BANK JUMP AND SET INDEX Instruction

The BANK JUMP AND SET INDEX instruction is an instruction that unconditionally
transfers program control to the upper instruction at address m + 1 in bank i and sets
the operand bank to the initial value of the instruction bank.

The hardware places (at address m) a '

'return' instruction such that, when executed,
will return control to the upper instruction somewhere following the BANK JUMP AND
SET INDEX instruction. To explain this, the sequence of operations by the hardware is

very important.

1. UBJP (IBi)O, b, OBi is placed at address m. The index designator

is the same one specified in the instruction.
2. The contents of the P register are placed in the specified index register.
3. The initial instruction bank setting is placed in the operand bank.

4, The instruction bank setting is replaced by the value i.

5. Program control goes tom + 1 in bank i.

This then is 2 BANK RETURN JUMP with the added features.

1. The operands used by the subroutine will be in the bank of the main
routine, usually following immediately the BANK JUMP AND SET INDEX
instruction.

2. Before returning to the main routine, if the programmer increments
the contents of the specified index register by 1 more than the number
of operand addresses used, he can jump "around' his data and his

program will continue with his next executable instruction,
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H>=2mO0 M

BANK JUMP AND SET INDEX BJSX

4
MACHINE 63

47 23 0
T T T T T
bn / ;31015111 Coam
— NOTUSED—/ , v ’

COMPASS /

——
LOCN OPERATION.MODIFIERS ~ ADDRESS FIELD COMMENTS
b !
L.y BISX coa Gl domg by
t |
LLe 385 (6 T8[9 0z At 607 '8 109 120]21)22123]24)25]26]27]28]2930]31 323354353637 |38 39|40/ 4/ [42[43/44 454647 ]48]49[50]
——

Function code 1

Optional, index designator,
Omitted, use no index.
1-6, (P) saved here.

Optional, base address.
Zero if omitled.

Optional, bank term used with
base address.

Current instruction bank setting
if omitted.

$, bank in which base address resides.

%, bank in which BJSX resides.
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BJSX

F

L BANK JUMP AND SET INDEX FORMAT: BJSX (i)m, b

O

W

C

H

A

R

T ] Use Upper
UBIP(IB.)0, b, OB - Instruction At
1= Stored '\ Address p) -8 (1B ~OB m +1 As Next
m L -1B Instruction

BJSX 1) Bank return jump to m in banki and set Operand Bank to
value of initial Instruction Bank
2) p-BP

D

E

S

C

R

I

P

T

I

O

N
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I BJSX

PROBLEM:

Do a Bank Jump and Set Index to address PETE in Bank 2. Contain
the present address of this instruction in Index Register 3.

SOLUTION:
LOCN } OPERATION MODIFIERS ~ ADDRESS FIELD COMMENTS
‘ ‘ ‘
B A T R S N BII91X1 | U | l(lllJ) lplflﬂgf\ 31 S T I N TSN N S Y s U TS S A HN Y W N S N
! :
11213 (4 ]S |6 |7 B[]0 t|2]13]415]16]|17]i8[i9)20121|22]23]24]|25[26]27[28|29]30]31]32]|33]34/35|36|37]38[39]40[4 |4243|44|45]{46[47 45, 49|50
PROBLEM:

Do a Bank Jump and Set Index to address TOM in the bank where
TOM resides and use Index Register 2 for retaining the address of
the BJSX instruction.

SOLUTION:
LOCN OPERATION, MODIFIERS  ADDRESS FIELD COMMENTS
| | I
C g 5‘I5!X11‘ili[é#l)lTl‘¢lﬂL}illlilll‘llilll\11l1‘1\1\\
| |
C Q2 3[4 {6 |7 |8 9|0t {12}13{14]15]16]17]i8(15]20]21{22|23]24{25]26|27|28]29[30|3s|32|33]34]|35|36]37|38]39{40|4: |42|43[46]45{46[47]48:49,50]

PROBLEM:

Do a Bank Jump and Set Index to address JOE in Bank 4 and use
Index Register 5 for retaining the address of the BJSX instruction.

SOLUTION:
LOCN OPERATION,MODIFIERS ~ ADDRESS FIELD COMMENTS
| {
S T N T N Bj‘j—l'jixi!iiili(i‘ll)ljlﬁii,i;iiiiil‘ililiii;iiliJi!k'
| i
124 3|4 [5 16 17 | 8|9 [0 \121I51!4|ISl\‘[l?]l&]l!120|2l[21125124[25|26]27IZG129130L3|i32[33134135138[37]33[591‘0]4\ 142|¢!|44|65|l6[47;4!]49}i0J
PROBLEM:

Do a Bank Jump and Set Index to address SUB in the bank where
SUB resides. Index Register 6 is used for retaining the address of
the BJSX instruction.

SOLUTION:
LOCN OPERATION MODIFIERS  ADDRESS FIELD COMMENTS
| |
) S Y W N O | BIJTSIXlilllll/f#l)lslulsialéllllll’IllllllixklAlllx.‘
7 7 |
1 Q2|34 )5 |67 189 0]1i|12]13]i4]15|16]i7}18]19)20]21]22(23]24{25]|26|27]28]29]30|35[32|3334]35]36]37 3039|4014 |42]43|4445]46]47]48 4950]







NEW CONCEPTS OF GROUP 10

The BANK JUMP instructions allow the programmer to transfer program control to any
bank in a multi-bank system. If subprograms are self-contained in one bank, there is
no need for the BANK JUMP instructions.

At this time we do not want to become deeply involved with the use of these instructions.
The reason is that we have not yet discussed the communication between subprograms
in different banks. The concept of subprograms involving a multi-bank system will be
discussed later in this section.

The EXEC instruction is a quick and effective instruction to execute a short '"subroutine"
(two 24-bit instructions or one 48-bit instruction) without leaving main control. We can
execute the instruction or instructions at the address specified by the EXEC instruction
in any bank, and when they are finished, continue program control to the instruction
following EXEC.

The BJPL instruction is the only instruction that can jump to the lower instruction with-
out changing the upper instruction. The jump can be made without changing banks by
simply not specifying the bank terms.

The BRTJ instruction allows subroutines, even subprograms, to be executed in another
bank, and control returned to the bank of the calling subprogram automatically. When
the BRTJ is executed to some address, execution starts at that address plus 1. At the
address is placed a UBJP (48 bits) instruction, so that if it is ever executed a ""return'
will be made back to the instruction following the BRTJ. This is why each subprogram
coded so far has contained a BSS 1 instruction at the entry point - so that the subprogram
can be used as a subroutine, either by the monitor or by another subprogram. More will
be said when we talk about subprograms.

The RJSX instruction is very much like the RRTJ. The difference is that with the BRISX

3 JSARGANSS NP NE .G S,

the programmer can easily pass data to the subroutine. The data is stored immediately

following the BJSX instruction. A sample of coding might look like the following:
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BJSX SUB, 1
DEC 58,-63, 5

Here, three parameters are to be picked up by SUB. When the BJSX instruction is
executed, the address of the BJSX instruction enters the designated index register auto-
matically (in this case Bl). With this address the subroutine SUB can reference the
three operands.

When the return is made, the subroutine must make sure that the data is bypassed
when continuing the program.
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Problem 10:

Show how the BJSX instruction can be used to form Y = 3X-256943 in integer format.

Flowchart: PASS

> ]

SUB

Form Store Result
3X - 256943 AtY

Problem 10 could be solved by coding in the following manner

LOCATION RATION, MODIFIERS ADDRESS FIELD COMMENTS
I T

INESEBNRERFEEALE L3 ICNUIL EUHU I (L RN L S TE TN ST Ve L YL TR TR T L T e R Rt AR 3T ) R AN I AT I T T I

e NV TDEMT PASS e
e VTR i PASS e e

) SO O T N B =Ssi'Jl 1 I Loda i ER S T I O A 3 LI N L.l N T - i FR S S
&S—S. 655—» ,‘,lj«,;r|..-|,'w WS B S ! £ WA S S T WO 0K NU T O Y T ST W S B O

(Aol | BISK . SuBd. .4
e DEC, L 3,A56943 F—

AAAAAA - - o O T e ol
o

i s TN I FEP S O U S S S NS SO PN SO SO _ i e i
1

Ll e | ! L PP s i
i

: L Sl i) Joi TR N N O S S b i d ik R
i

uB_. ., SNy 1 Lol i T S S S S 1 i n Lobdis SR

Ll ... 4DDRESS Reapy +1 oo
Lo v ADDRESS READY. 42 .

S Y S PO S S0 S S S S S S

2
!
e oY ; ‘ | e
SO JUIN LY I YN W S #IA/J SN S S AN N g}l £ Y WS SRS S G S S S i ...?_Y.,gﬂljs DHTIZ} P SR S

uEJA,_,A,AAAA; S S S S U

1

Bt SV S 0 GO U S S S
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Somewhere within this subprogram would also be included the symbol X in the location
field with a declaration of the prestored data or area reserved.

Student Problem 10A:

Show how subroutine SUB would evaluate Y = 405X+356432 if the constants are passed
from the main routine.

Flowchart:
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Problem 10A could be solved by coding in the following manner:

LOCATION | IDPERATION MODIFIERS ADDRESS FIELD COMMENTS
]
[ {
i ol T ST N SUUEP U 0 SO S SO SOt NS S WO ST S AR ST RTINS B S T i FINF TN T N S UOSONE VAN S U0 N ST O S S D S0 N O
t !
ot L ; RN A [ | L ; : i
i [l
L i 1 1 i i ; I DR . Lol
| i
Lot : : . { [ i i L Gk bbbl
i |
jodd L Lok 1 1 Ll ]
f
L ik ; i L " i kit i
i
} - kb I b :
! !
1 RV PR U BT n — ; | - bt . bodie
| !
N 1 L i ket
|
i fod T L i Lodododd
i
. i ot Lod 1 L n
i
bbb L bt I opdbdd : : food Ll RS T TN O S SO W S P O W O DO
1 i
. . IO B ST BT - L b © i odes oo SOV N N ST SO S S S O S
i i
ISR I I S 1 I EESRREN bk Ll
i 1
i i Ll IS R : { il Ll il ;
1 1
Lot T i L L i1 L i P Lk
{ i
..... ST A i : T IS N S S
i i
L L T i - I IR il i1 ) i
! !
T S i Lt L | S| i L i Lo
I i
b i i s Lok T . ) E ) - PR
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GRCUP 11

INTER-REGISTER



GROUP 11

INTER-REGISTER

1. Register Operation ROP
2. Register Swap RSW
3. Register Transmit RXT

This group of instructions transmits the contents of operational registers with some

operation possibly taking place. No memory reference is made.

The first instruction specifies one of seven operations to take place between the con-
tents of two registers, the result going to a third register.

The last two perform no operation, but simply position the contents of registers for

maximum speed and efficiency.



The REGISTER OPERATION Instruction
The REGISTER OPERATION instruction is an instruction that performs one operation
between two registers (source) and places the result in a third register (destination),

No memory reference is made,

The contents of the source registers are left unchanged. The contents of the destination

register are replaced by the result of the operation.

The operations allowable are:

1. OR Inclusive OR

2. XOR Exclusive OR

3. AND Logical Product
4., IMP ) Implication

5. EQ Equivalence

6. + Addition

7. - Subtraction

Some registers may not be used as a destination register. If they are used, a PASS

instruction results. They are:

Interrupt Register
Instruction Bank Register

Shift Count Register

N

Miscellaneous Mode Register

P Register

[or BN ]
. .

Time Register (Clock)
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H»2%0

REGISTER OPERATION

I ROP

MACHINE
41 23 —r— — 0 -
Falag | | T
May be an IOIOIS P,9,7 I [T Y N R R
upper or
lower ~ NORMAL
instruction 47 23 0
l 1 1 I I l I T ]
(G E T T N 0 ,0,s 2 1 g r
COMPASS //
A
LOCN [oPERATION MODIFIERS  ADDRESS FIELD COMMENTS
| !
S U S T B Rlﬁlplqlsllllll,pl}l%l;lrlllllllll‘lJiL[lll’llJlllll
i
P j2i3j4|sye T 8jojiojii pzllll:ﬂwspsuips119:2012:122123124.25[26[27‘2!125|30[3|[32]33[)‘[35|36157|38139|a01c [42]43[44|45(46]47]48]39]50;

S
Function code —J

Modifier,one of
the following
must be specified:

OR, inclusive OR
XOR, exclusive OR
AND, logical product
IMP, implication
EQ, equivalence

+, addition

-, subtraction

N

'————— Destination register,

one of 17 mnemonics.

Source register,
one of 26 mnemonics.

Source register,
one of 26 mnemonics.
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ROP

Ho>TOSO0r

REGISTER OPFRATION FORMAT: ROP, OR v or
XOR
AND
MP
FQ
~ .
PN s P y 3
rater OR X _NOR \ No _/AND No _/TMP No /v0
! g Speat "“—’\s.nwmedﬂ/—"&peamodﬁ = Specified > T2 S
8 / / '
o e Wes Wes ’\“-‘ o
JUN S PR S v S .
) OF (o) iy XOR (@)] @ MP @] o FQ @) |
Result ~ ¢ iResult =1 ! ! Result = | {Resolt ¢ !
i . i ) ; S
i 1
|
EN N A
e ——— .
~ /};
"
™ |
| Spesitid
—
1 R —
e —— o lise Lower
- T e | (o - (@) ! on A \ /“
£ Y - . NO i sult = E & — 2 7
LU= specitioay) - SResult - r ‘v ot 7 Fbwie
~— N Instruaction f \\J
ives E—
; |
S ]
K M Use Upper
i P ) i Instruction at ]
I Result - ¢ ' ———>|(®)+ 1 as Next [
i Instruction

20~~~ MEU

ROP, OR
ROP, XOR
ROP, AND
ROP, IMP
ROP, EQ
ROP, +

ROP, -

(p) OR (q) = r
(p) XOR (q) = r
(p) AND (q) »r
(p) IMP (q) ~r
(P) EQ(q) ~r
(p) + (@) ~r

(p) - (@) —»r
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wE Y Z X

PROBLEM:

Lrop |

Add the contents of register A and Index Register 1 and transmit
the result to A.

SOLUTION:
LOCN OPERATION,MODIFIERS ~ ADDRESS FIELD COMMENTS
2{ |
) S S T S Rllplﬁl+ilLllIAI;IEIII’l/4IlllIIIIIllIIIlJJllIlllIl
i i
112 (344|567 8|9 [t0f1]i2{13]14(+5|16][(7]i81i9)20)21]22]|23|24]|25]26{27[28}29(30]31}32]|33]34)35|36/37(38)39)40{4) (42|43(44[45|46]47]48]49[50]

PRQBLEM:

Perform the

the result to D.

SOLUTION:
LOCN OPERATION,MODIFIERS  ADDRESS FIELD COMMENTS
i i
) S T S S B B Eldpljlxldlli 1 lll;l&l;lpl N TN N W VN N N T N N N T S A T S W U A s Y SO TN Y B
| |
' f2 34|56 |7 8|9 [10]11]i2(i3)14}45]16|t7]i8]19]20]21]|22]23|24]25}26(27]|28-29{30]|3132[33]34/35|36|37[38]39]40]41 (42]43]44|45/46(47]|48[49(30]

PROBLEM:

Subtract one trom the D register and transmit the result to A.

SOLUTION:
LOCN OPERATION,MODIFIERS ~ ADDRESS FIELD COMMENTS
AR i?k!ﬂﬂ.l-w 1] Q7L}1fil;;lﬂl I T B B B B S A : Ll
|

t {2 345 )67 |8 ]s

1Ol |12 |34 IS |16117)1819)20j21]22{23]|24]25(26|27)28]29(30]31)32|33[34]3536|37|30]39)40]4: [42[43]44[45|46|47/48]49(50;

PROBLEM:

Perform the logical product between the contents of the A and Q
registers and transmit the result to D,

SOLUTION:

LOCN

OPERATION,MODIFIERS ~ ADDRESS FIELD COMMENTS

) B

NENENENENLIRSTNE]

! i
RJZLPI;IAIA/IDI 1 lJA;l&l;lDl | SN TS VN U (N TN W Y N T U S T N S W O U T T W |
1

|
1011 {12|13t14|15])i6[17(1819]20]2)]22]23]24{25{26]27]28]29(30[3+32|33[34[35|36{37 |38 39]40|4r142]43|44]/43/46]47]40)|49)50]
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The REGISTER SWAP Instruction

The REGISTER SWAP instruction is an instruction that performs an exchange of con-

tents between two registers. No memory reference is made.

IF CQ is specified and the q portion of the format is either AL, AU, QL, or QU, the

complete register is cleared as the contents are being exchanged.

If CR is specified and the r portion of the format is either AL, AU, QL, or QU, the

complete register is cleared as the contents are being exchanged.

Some registers may not be used in the swap. If they are used, they will not be changed.
They are:

Interrupt Register
Instruction Bank Register
Shift Count Register
Miscellaneous Mode Register

.

P Register

S A W=

Time Register (Clock)
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REGISTER SWAP | RSW
MACHINE
417 23 0
T T5T T T T T T
May be an l010|7|t| 19 4 r | N SRR N B B
upper or
lower < > NORMAL
instruction 47 23 0
L S m p e T T
\I Lo |0:0|7|t1 lqlrj/
t = 0-3 Y ) WY S W, V"
COMPASS /
At A A
LOCN IﬂPERl"UN,MﬂﬂIHERS ADDRESS FIELD COMMENTS
i [
N U I O T | Rlsiwl)lClQl?chRl l%l’llrl N T N OO S U N (S T (N T U I Ty N T SO O A Y O O |
|
ij2y3qsgsqejrysfsfiogn 1~2||3u¢|-51:c|»rlu11’:20|zuzzlzslzqzsln121|z||19130|3|lszpqusspsln|ulu14014. [42]43{44]45)46]47]48]49]80]
-

Function code —-'

Optional modifier

CQ, clear the

complete register
when q specifies:
AU,AL,QU or QL

Optional modifier

CR, clear the

f

complete register
when r specifies:
AU,AL,QU or QL

Mnemonic for second register,
one of 17 mnemonics.

Mnemonic for first register,
one of 17 mnemonics,
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RSW

HopInQsorH

REGISTER SWAP

FORMAT: RSW, CQ, CR q.r

.. . > N No
(q) ~TEMP14 cQ es No No No !
(r) =~ TEMP25 Specified? s aAp,? Isqha? 1saQu,? 1saQpy7
% No S

Yes Ye,

Was
Instruction

Lower? /

Yes

No

. No . ) No [(TEMPL) ~r
Is r Qy »\°>—’<" r Qm)_’[('nzmpz) ~q

B0

Clear (A)

Use Lower
Instruction At
(P) As Next
Instruction

Use Upper
Instruction At

*Non-program addressable

(P)+1 As Next
Instruction

ZO=HYyg—=xQunEHU

RSW
RSW,

Q
O

RSW, CR

Swap (q) and (r)

-

\V]

)
)
1)
2)

qQ

Swap (q)

(r
/

14

and
Clear rest of register that q represents

)
J

Swap (q) and (r)
Clear rest of register that r represents
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The REGISTER TRANSMIT Instruction

The REGISTER TRANSMIT instruction is an instruction that transmits the contents of

one register (source) to another (destination). No memory reference is made.

If CQ is specified, the contents of the register specified by the q portion of the format

are cleared after the transmission takes place.

If CR is specified and the r portion of the format is either AL, AU, QL, or QU, the

complete register is cleared before the transmission takes place.

If an attempt is made to alter the contents of the following registers, no action will

take place.

Interrupt Register

. Instruction Bank Register
Shift Count Register
Miscellaneous Mode Register

P Register

o O A W N =

. Time Register (Clock)
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H>2H0H

REGISTER TRANSMIT | RXT

MACHINE
R T T 23r [ B B &~
{
May be an l0|017'tqur [ T T S R I
upper or 4
lower ~ NORMAL
instruction 47
T T
. . . |0 0,7, t,/) ayr 1 )
-7 L—v——"-v-’ N~
S /
== A
LOCN OPERATION,MODIFIERS  ADDRESS FIELD COMMENTS
S S N T | Ex]‘rl;lclal;]clkl:lerl’lrlLLLlllllll'llllll:lllilillll
|

tj2y3j4|s5|6jT |8

9

|
101t ]12]13)14{1S[16](17)i8]+9(20]21[22(23|24|25]26}27]28]29|30]31|32|33]34|35)36|37/38)39)40|4: [42]43[44]45]46)47[48|49/50]

-
Function code —J |——- Destination register,

Optional modifier

CQ, clear the
register specified one of 26 mnemonics.

by q after the
transmission

Optional modifier

CR, clear the
complete register
when r specifies
AU, AL, QU, or

QL

one of 17 mnemonics.

Source register,
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RXT

HmpTOQs0r M

REGISTER TRANSMIT

FORMAT: RXT, CQ, CR a T

CR \Yes

Speciﬁed»‘—’cs_':‘
Clear (&)

L5 Fxcept This
Portion

f
(e |

Use Lower

Instruction at

(P) as next

Instruction \T
I

Use Upper
| mstruction at
(P) + 1 as next
Instruction

Clear (q)

Was
Instruction

\ Lower?

Yes

Clear (Q)
i Th

is

20~y HU

RXT

RXT, CR

1) (q) ~r

2) Contents of q remain unchanged

1) (@) ~r

2) Clear contents of q after transmission

1) (@ —r
2) Clear rest of register that r represents
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Lrxy |

PROBLEM:

SOLUTION:

Transmit Index Register 1 to Q.

LOCN

OPERATION,MODIFIERS ~ ADDRESS FIELD COMMENTS

N T O T A |

VS T S S

1123 4j5 €07

I H
R|X|T| I W N T lBIZIJIQi UV S T N U T T S S T Y S S T
| |
SIS Lo {25 i4]15)t617]1819120421{22]23]24/25]26]27]28129]30]|31|32]33|34|35|36|37|38|39)40|4: (42,43{44[45 46 37145 45 55

PROBLEM:

Transmit A to D.

SOLUTION:
LOCN OPERATION, MODIFIERS ~ ADDRESS FIELD COMMENTS
| )
1 T S S Y RixtrllllllllglqlpllllIlllilJ'ILllil FI S L R
| i
123 415|617 |89 10)ii[12]13114]15)06)17]18]19]|20]|21]22]23]24]|25|26|27]28129|30]31{32]33|34|35]36(37 38 [39|40[4 (42]43144 45,46]47148 350

PROBLEM:

Transmit Index Register 6 to A, then clear Index Register 6.

SOLUTION:
LOCN OPERATION,MODIFIERS ~ ADDRESS FIELD COMMENTS
) I
| N S Rlx;Ti;IClQi I |B|61-.1:41 U Y U Y O T Y T OO O B O e
| |
t]2|3)e|5]16 7 8 9 Aoil-lwzilslulnsgvslnps|rsizolzv122123120‘251zs‘nlznlzslsopl132[33]34135136137”5|39;4014‘142,43144“45.?_“47‘45 43 3

PROBLEM:

Transmit A upper to A lower, then clear the rest of A except
A lower.

SOLUTION:

LOCN

OPERATION MODIFIERS  ADDRESS FIELD COMMENTS

(213, 4 5167 8

S N S S N VU B T S T

! 1
RiXiTlglclK‘ T l/glu-;JA'Lx TS N NS S SO N TN S N S N W T N
1

|

1210314105106 117,18 1912021 22]23)24/2812627:28,25]30{31 32|33 |34{35|36 37 38539140 4 142 43[44 85|46 4748:49.5

9 0]

[
[y
1
[y
-

s e e







NEW CONCEPTS OF GROUP 11

Programmers wishing top speed out of their programs would do well to consider the
instructions in this group. They are the fastest, most versatile instructions in the
repertoire. None of them require a memory reference.

Any operational register can be used. This includes A, @ D, and the index registers.
There is a Compass mnemonic for each.

These instructions can be used to maneuver data through the registers once the data

has been read out of memory. Operations can be performed on the data with the ROP
instruction.

There are two types of operations: Arithmetic and Logical. Arithmetic operations
include addition and subtraction. This is done using 1's complement mode in fixed

point integer format. Logical operations are bit by bit comparisons. Here is a table
showing how the bits in two given registers will yield results in the third register.

Logical Operations

First Reg. Second Reg. INC. EXC.
P q pandg |porqgj|jporgq p IMP. q|p EQUIV'q
0 0 0 0] 0 1 1
0 1 0 1 1 1 0
1 0 0 1 1 0 0]
1 1 1 1 0] 1 1

The last two instructions, RSW and RXT, perform no operation but can be used to
interchange data or transmit data from one register to another.

Let's show a couple of examples showing the effectiveness of these instructions.
1. Question: A programmer wishes to save the contents of A temporarily.
What is the fastest way to do it?

11-15



Answer: RXT A,D
This is a transmission of A to D.

2. Question: A programmer wishes to complement the contents of A.
What is the fastest way to do it?

Answer: ROP, XGR A, MZ, A
This is the "Exclusive ® R" with binary 1's.
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Problem 11:

Write a program that will count the number of times that the odd numbers between 1
and 100 are divisible by 5. Store the amount that you find at address ODDITY.

Flowchart:
Start With Increment
Number 1 Number By 2
| No{ Number
( Divisible By 5°? )
Yes
Add 1 To
ODDITY
Problem 11 could be solved by coding in the following manner:
LOCATION MRAT!N.MMERS ADDRESS FIELD COMMENTS
]
vp2iyielsiesriadelmige i lm TR ge s de 200\ 0N I A8 I T a0 Lh i an {000 ae D a8 i30S2 0h 158 (860 0TI SR, 50 00; 601 ad 160, 5A [ e ek 147 150 169 U3 L20LL
lzpEdr Yafpm/um‘ R
iodedod EI{/TR\I.éDDA/MMK\ ||v:'vlr“l'l"l‘l?ll"’l’i 1
DDIT\/ EC v 1O, ., ‘ ,
II/E DEC'::; i |.’flu=‘L<’:'I= i A 1 Y VN U S S | H
¢DDA/W4: SScie Lo
e L EMA | e J
CRXT . MAD Lo
I 2.7 S = , S B [
WeXT . | Kol 0,81 4 X doo
.| R6TP. &T . #zooa,efpwam i .
e MR T D SRR Y ‘
: L i D‘/,./,.lFJVt SR R A R ! : ; [ PR R S SR N L il L
,i,.,.mP,,«/z_Wacr g .
| RA DDITY. . T R
SLT . n/t)(r L
EA/D"LA .J' L Loild il oL e n i L

Student Problem 11A:

A sequence of terms looks like the following:
S= 1, 3 17, 13, 21, 31, 43, .....



Of the first 100 terms, collect all terms divisible by 7 and store them in a table start-
ing at address SETT.

Flowchart:

Problem 11A could be solved by coding in the following manner:

LOCATION IERS ADDRESS FIELD COMMENTS
Ciaisters e irae ety i ey wlon n vy e a0 005 90 a2 ias 00230 9n un f faT a0 U00 1S A0 L0 00 en S IS0 13050, SIS0 I N IT NS08 00 (0 LS9 (T2 UTITE
§ YU TN I RS O OO S N NS Y SO S S YOO SO0 S NS SN HUOF WO U U O S YOS 0 YOU S0 J SU WORE D0 S S0-WHE OS¢ ik L -
t
L Y L i i) i t:iaiid ' L PRSI SN N Ldbod b1l i
TR b1 ) L L i ST ST NN U SV T S U
L o L Lot L P bk Ll
i !
—il - < - AN D T ' [URSER
f
. L . i L P .
|
i Lo Ll 1 e fil i
| i
L L L - i L i FU VIR S ST S S S
1
1 . L F—— FAR T U SRS S S S HOF SO SO SO S S S SR W
H
i |
! 1
L i i L . Lo i
f 1
i Iy L Lodid L. i : i i
i 1
; L L i i | i L
i |
Lid TR PR . . Lt i it
I i
1 il I 1 L I i i { . L L '
t |
Lt poaioed g Ll L 4 ; 'L : i hod L 2
[
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PROBLEM:

RSW

Swap the contents of Index Registers 2 and 3,

SOLUTION:
LOCN OPERATION,MODIFIERS ~ ADDRESS FIELD COMMENTS
| |
| I O S S | RISlWIIIlIIIIBIQI;IBI-?lllllllllIllllillllllllllLl
| |
)23 415|678 0] 41238 )i9 | €|17}I8)|19]20|21]22)23]24)25{26|27]28{29{30]31|32]|33)34[35|36]37 3839|4041 |42]43]44[45/46]47]48[4950}

PROBLEM:

Swap the contents of the A and D registers.

SOLUTION:
LOCN OPERATION,MODIFIERS ~ ADDRESS FIELD COMMENTS
| 1
b T T T Rlslu/lll!llIIAI;IDIIllIilIlIl]llllIIillllllllll
| !
L12)3(4(5}6)7 |89 [i0)it[i2]13]14]15]/6117]8]19)20]21]|22]23|24)25)26[27(28)29|3031]32]33]34]35{36/37|38)39]40{4  |42]43]|44]45[46[47(48]3950]

PROBLEM:

Swap the contents of A lower and Index Register 1.

SOLUTION:
LOCN OPERATION,MODIFIERS ~ ADDRESS FIELD COMMENTS
| |
U I S T T RISLM}lilllliqlll;lallllIllllll!lllllllllliilllJl
| |
rj{2)3|4|s|6 7|88 011 [lz|»31|clls|-5||”|l||9[20|3!]22123|24|25126127[2'129]30|!l|32|!3|341351)5|37|5!]39]001m[42|u|u105]46“714.‘491501

PROBLEM:
Swap the contents of A lower and Index Register 2, clearing the
rest of A.
SOLUTION:
LOCN OPERATION, MODIFIERS ~ ADDRESS FIELD COMMENTS
|
] S N | ISIW;ICIQIIIllﬁlLl;IBizlllIlLlllllIlllllLlllLLllll
| |
1J2 3|4 516 78] i1 ft2)!3)i4)I5}16]I7[18B(19]20]2+|22)23}24]25]26|27]28(29(30]3132{33{34]35)36|37 (3839|404 |42]43]44[45/46]|47(48[49/50]
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GROUP 12

SHIFTING OPERATIONS



GROUP 12

SHIF TING OPERATIONS

1. A Right Shift ARS
2. A Left Shift ALS
3. Q Right Shift QRS
4. Q Left Shift QLS
5. Long Right Shift LRS
6. Long Left Shift LLS
7. Scale A SCA
8. Scale AQ SCQ

This group of instructions shifts the contents of A, Q, or AQ to the right or left in

order to most effectively position data. No memory reference is required,

The first six instructions are normal shifts that can be augmented as ''end-off', or whose

direction can be reversed under certain conditions.
The last two instructions are used to scale quantities in the registers. The scaling of

the quantity, along with the retaining of the scale factor, allows the programmer to
solve highly complex problems of data manipulation with speed and accuracy,
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The A RIGHT SHIFT Instruction

“ye A RIGHT SHIFT instruction is an instruction that shifts the contents of A, end-off,
with sign extended (assuming there are no modifiers). The number of binary positions

shifted is specified by K where K = k + (Bb) + (V).

The maximum number of shifts for K is 48. If more than 48 are attempted, the shift

is blocked and a Shift Fault occurs.
[f EO is specified by the programmer, the shift is end-off with zeros extended.

If SS is specified by the programmer, the direction of the shift will change if K <0.
For example, an A RIGHT SHIFT where K < 0 will actually shift left, end-around.

The number of positions shifted would be the absolute value of K. This is all checked

:nd done in the hardware.

!
[\
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Hp 2 %0

A RIGHT SHIFT

ARS

MACHINE
("~ 23 T T T T 1 0 -
] | I T
May be an lolllbl Lok l R N DN N T B |
upper or
lower < ~ NORMAL
instruction 47 23 0
| T T T T | T T J
) A S T T T B 0,1,by 4 aky 4 ]
47 + 23 0
T_T T 11 Tt T 1
[7 Ty vge mslsmslznl|0| 0,1 b, , k) | AUGMENTED
N v /
COMPASS
\ S
P i W mrbaen W W st Wt
LOCN OPERATION,MODIFIERS  ADDRESS FIELD COMMENTS
|
A WY S S B | A'Rl£’iql£l¢lqi$lsl :(la-l)lkl,qlbl.lvl | SO N SO (N W S N T N TN A N S S O S BN S B
|
(233456 71|89 :0;-\1\21\31\41?5I‘GL‘Y|181\8:20[2\12212312”25[26127125129L!0|3|[32[5313‘135L}6p7[38139“0“‘142\43»44\45|46147‘l45‘A9150J

N
Function code -—l

Optional, end-off
with zeros extended

Optional, switch S
direction of shift
ifK<O

Td bit not programmable

-

l l——Optional,Second index designator.
Zero or blank, use no index.
1-6, use relative addressing.
7, use indirect addressing.
L Optional, first index designator.
Zero or omitted, use no index.
1-6, use relative addressing.
7, use indirect addressing.

Optional, base shift.
Zero if omitted,
*, current program address

Optional, bank term.

0-7, transmits number to Operand
Bank Register

*, transmits Instruction Bank
Register to Operand Bank Register.
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ARS

HoezOQs0orT

A RIGHT SIHFT

8S
Specified”

FORMAT: ARS, O, <K (a) kb K=5x- m “h

Righ: ~hitt

[AVENEI

Sign xtended

| Right Shitt :
e (Vi by K, )

Zeros fatended ~
—— I
!

EXIT

.
[No Use Lower

Was
W

/ Nvo | Imstruction \t -
Cter ' [nstruviion - (P) \s Next
Y ) Lower? Instruction
¢ o "Cg i Use i pper
: ) Instruction e
T PPy Vs New
Pt et on
T.eft <hift
() By K},

Zervos bxtended

Interrupt
Vetived

ZO=HY=TQNEY

ARS
ARS, EO
ARS, SS

Right shift (A) end-off with sign extended
Right shift (A) end-off with zeros extended

Normal right shift if K > 0
Left shift end-around if K < 0
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ARS

PROBLEM:
Right shift the A register 15 places.

SOLUTION:
LOCN OPERATION,MODIFIERS ~ ADDRESS FIELD COMMENTS
| |
N S S T B | ﬂLR{SJIl‘Jl![lL;lllllIl!llll'lllLlllllllllllLJ
| i
12345167 |89 10] i |12{13]14}15|16(17)18{19]20(21])22|23|24(25]26]27]28(29[30|31]32|33]34]35(36(37|38)39/40]4; |42]43]{44[45(46]47]408][49[30]
PROBLEM:

Right shift the A register by the number of places specified in
Index Register 1.

SOLUTION:
LOCN OPERATION,MODIFIERS ~ ADDRESS FIELD COMMENTS
| |
B OO S S T S TS AIRLSIIIlllil;llLlLlLJllllll'IllllL‘llll‘xiLll
i |
) 2|3t 5 |6 |7 (8[9f10]1i{12)13)i4]15[16]17}18]|19)20/21]22]23]24]2526|27|28(29]30)3t|32|33[34]35|36(3738)39|40]4: [42]|43]{44[45/46]47]48:49{50]
PROBLEM:

Right shift the A register six places, end-off.

SOLUTION:
LOCN OPERATION,MODIFIERS ~ ADDRESS FIELD COMMENTS
| I
N N U N | A!RISIQIELQIJIlléllllLllllLLll'llllllJ"""l"
i |
‘123|456 )7 8|9 [iO]Il(t2]13]14]15]16]117]i8|I9}20/21]22|23)24]25]26]27]28]29|30]31|32}33}34|35]36|37(36)39]40[4 [42]43]44]45(46(47,48149;50,

PROBLEM:

Perform a right shift of six places if Index Register 5 contains 6.
Perform a left shift of six places if Index Register 5 contains -6.

SOLUTION:
LOCN OPERATION MODIFIERS ~ ADDRESS FIELD COMMENTS
| |
B U Y B S| HLRISIlllllllqlsllllllllIIIl!Illlll\lll!lll}“
] .
(' J2]3]4]|5]6 |7 | 8]9 0] 1'2l"L"l'sl“l"l"l"lz"’lz'lnl“lz'l”l?‘|27Lz‘129l3°i3'132133E‘1‘5l551371”139A‘°1"1‘31‘31“1“5‘&5’”1‘3 49152
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The A LEFT SHIFT Instruction

The A LEFT SHIFT instruction is an instruction that shifts the contents of A, end-
around (assuming there are no modifiers). The number of binary positions shifted is
specified by K where K = k + (Bb) + (V).

The maximum number of shifts for K is 48. If more than 48 are attempted, the shift

is blocked and a Shift Fault occurs.

If EO is specified by the programmer, the shift is end-off with zeros extended.

If SS is specified by the programmer, the direction of the shift will change if K <0,
For example, an A LEFT SHIFT where K <0 will actually shift right, end-off. The

number of positions shifted would be the absolute value of K. This is all checked and

done in the hardware.
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H»ZmO

A LEFT SHIFT | ALS

MACHINE
g 23r T T T T 2
T-TT
Maybean [Ol5lbl { Ikl { l { | ! | 1 | i
upper or
lower < > NORMAL
instruction 47 23 0
T I i ] ¥ | I lo |5 T b T k l
L [ IR R T T N [ TR WS T S B 5
47 i 23 0
ToT T 1T & =TT
L7070 v 0 st 0, B0k C AUGMENTED
/
V
COMPASS
LOCN IOPERRTIUN,MUDIFIERS ADDRESS FIELD COMMENTS

! |
[ U N A | A!nglglElﬂl)lslsl l(l‘h)lkl;lblal‘/l | S VR N S N S [ VN U W [ N O O O T
|

!
tg2y3j4syejre)ofio|iti2)13]14(15]i6]17)i18{19}20]2i]|22|23/24|25}26}27{26]29{30{3132|33|34]35}36{37(38]39)40|41|42]43]|44|45]46][47[48]49)50

B i e e Ve B
Function code — | ' I——Optional, second index designator.

Zero or blank, use no index.

Optional, end-off 1-6, use relative addressing.

with zeros extended 7, use indirect addressing.
Optional, switch L Optional, first index designator.
direction of shift Zero or omitted, use no index.
fK<O0 1-6, use relative addressing.

7, use indirect addressing.

L Optional, base shift.
Zero if omitted.
*, current program address.

Optional, bank term.

0-7, transmits number to Operand
Bank Register.

*, transmits Instruction Bank
Register to Operand Bank Register.

1Ld bit not programmable




ALS

Qe nQs0orM

A LFFT SHIFT

Specified?

b
FORMAT: ALS, EO, $S (a) k b, v K=k + B+

Left shift
(A) by K.
Fnd=Around

INe]
Spevified?

Left Shift
(A by K,
Zeoros Uxtended

Was
Instruction
Lower?

Process
Interrupt

Shilt Fault

Interrupt
Interrupt

Active?

Shaft Nov
L

Right shift

[RYRNSE TN —

Use Upper

Sign batended
] instruciion At

Yes

Right Shift
(Y by KL,
Zeros Latended

Z20=HU=ONEHUT

ALS
ALS, EO
ALS, SS

Left shift (A) end-around

Left shift (A) end-off with zeros extended
Normal left shift if K > 0

Right shift end-off with sign extended if K <0
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ALS

PROBLEM:
Left shift the A register by 15 places.

SOLUTION:
LOCN OPERATION,MODIFIERS ~ ADDRESS FIELD COMMENTS
! .
lllllllﬁlngJ\\lllIIIJElflllJlIIll‘lllllllIilI!JIIJ
| |
L j213 456789 Ot [12)03]18115]16|17)18]19]20]21)22|23]24|25|26]27|28]29]30}3132[33]34]35|36|37|36)39/40|4' |42]43]44)a5[46/47(48)49[50]

PROBLEM:

Left shift the A register by the number of places specified in
Index Register 2,

SOLUTION:
LOCN OPERATION MODIFIERS ~ ADDRESS FIELD COMMENTS
! !
I O T S B 4}L15111111Il’lallllllllllll'Jlllllllillllilll
| |
12138 5 617 |89 |i0 it |i2|13|18}15|16}i7)16[19]20]21]22]23]24]25]26]27|28]29]30(3)|32]|33|34]35|36]37[36)39/40|4: |42|43]44 |45 46[47|48]49 50|

PROBLEM:
Left shift the A register six places, end-off,

SOLUTION:
LOCN OPERATION,MODIFIERS ~ ADDRESS FIELD COMMENTS
! I
O S B S iLiSL,lEI;dlllléllillLlilllll!llllILl'llllJlJiJ
| i
'l2] {45167 8 9 \01”('2w!p‘115|lsylllw1»9120[2r122123|2‘|25126|2712:|zs[30|3«|32133|1~135|35|!7|39}59]40]mLaz]ul«las“s]w[as[49]50-

PROBLEM: Given: @Y = a positive or negative number.

If (B) >0, left shift A by the value in Index Register 1.
If (B') <0, right shift A by the absolute value in Index Register 1,

SOLUTION:
LOCN OPERATION MODIFIERS ~ ADDRESS FIELD COMMENTS
| |
O N S /qll-ls‘l,lslslllllel-zlllilIlllILJ'llll!lllllJ*lIill
| |
1 J2 |3 4567 89 O L2|IS|i4)1S |16 7|18 |19}20]2)]22|23|24|25|26]27]28|29130|31|32]|33]|34]35(36(37 {3839 40/4 [42]43]44[43]46[47[48 49|50
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The Q RIGHT SHIFT Instruction

The @ RIGHT SHIFT instruction is an instruction that shifts the contents of Q, end-off,
with sign extended (assuming there are no modifiers). The number of binary positions
shifted is specified by K where K = k + (B®) + (vV).

The maximum number of shifts for K is 48. If more than 48 are attempted, the shift is
blocked and a Shift Fault occurs.

If EO is specified by the programmer, the shift is end-off with zeros extended.
If SS is specified by the programmer, the direction of the shift will change if K <0.
For example, a Q RIGHT SHIFT where K <0 will actually shift left, end-around. The

number of positions shifted would be the absolute value of K. This is all checked and

done in the hardware.
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H»2 w0

Q RIGHT SHIFT

MACHINE
47 23 0
S raraiN T T T T T T h
May be an [012|b| ! lkl ] l [ SR N N R B ]
upper or
lower ~ NORMAL
instruction 47 23 0
| i | 1 I T | I 1 1 | I
L vy oy 104240y gk g )
47 T 23 0
T T T 1T T T T 1
|7 g 17,515141312,.,0[0 12 |b L1 lk ' J AUGMENTED
COMPASS
LOCN |0PERM|I]N,MI]NHERS ADDRESS FIELD COMMENTS

S S N N |

S N U I |

I |213(4|5]6(7 |8

9

|
@Rigijlgilﬁlqighgl lCl“'I)llél;léiqlVl O SO S N SN S I S T N S N |
|

10 |11 121314 |t5]16147]i8{(9(20]21]}22)23|24|25)2627}28|29|30]3132|33)34|35/36|3738]39|40/4/ [42)43{44{45]46]47]48]49/50;

Function code ——l

Optional, end-off

with zeros
extended

Optional, switch ————

direction of shift

HK<O

td bit not programmable

S -

'—Optional, second index designator.

Zero or blank, use no index.
1-6, use relative addressing.
7, use indirect addressing.

Optional, first index designator.
Zero or omitted, use no index.
1-6, use relative addressing.

7, use indirect addressing.

Optional, base shift,
Zero if omitted.
*, current program address,

Optional, bank term.

0-7, transmits number to Operand
Bank Register,

*, transmits Instruction Bank
Register to Operand Bank Register,
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QRS

HoPTQsOord

Q RIGHT SHIFT

FORMAT: QRS, EO, S8 (al k. b. v

Right Shift
(Q) By K.
Sign Fxtended

FO
Specified

No

Zeros Extended

Right Shift
(Q) By K,

Was
Instruction
Lower?

Process
Interrupt

Interrupt
Active?

Shift Fault
Interrupt

Shift Not
Performed

Left Shift
—=2> (Q) By IK!. o
Fnd-Around

EO
Specified?

No

K=k+ B

Use Lower
Instruction at
{P) as Next
Instruction

Left Shift
(Q By IK|,
Zeros Extended

Use Upper
Instruction at
(P) + 1 as Next f——

Instruction

2Oy~ TU

QRS
QRS, EO
QRS, SS

Right shift (Q) end-off with sign extended
Right shift (Q) end-off with zeros extended

Normal right shift if K > 0
Left shift end-around if K <0
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nECgZ R XH

PROBLEM:

QRS

Right shift the Q register by 15 places.

SOLUTION:
LOCN OPERATION,MODIFIERS ~ ADDRESS FIELD COMMENTS
! i
S B alngillllIllllgllllJllllllllllil‘illlAlllll
| i
1 ]2 )3 a4 5617 89 IO[Hj'?|IS[M1!51?5‘\7"81!9[20[2![22]23124125[?5i27|2![29130|]!1)2]33]3!]35|36|371!6l39]4014 [92]93]4445]46]47]48]49(50;

PROBLEM:

Right shift the Q register by the number of places specified in
Index Register 6.

SOLUTION:
LOCN OPERATION,MODIFIERS ~ ADDRESS FIELD COMMENTS
| |
S T T N | QIRISL\Illlll;l‘Jlllil!lllll'll[l‘l"l I Y S
| i
L2138 (S [e |7 |8 j9 |0 1 |i2])3|14|15)6|17}8{i9(20]2¢|22]23(24]25126|27|28)29(30(3) [32]33|34|35|36 37 38]39]40 4 [42]43]44145|46]47]48:3950]

PROBLEM:

Right shift the Q register by six places, end-off.

SOLUTION:
LOCN OPERATION,MODIFIERS ~ ADDRESS FIELD COMMENTS
| |
1"‘}!@;Rislj.iE‘r%Iiilliiilllllillll'llllllli‘lllllli
| |
P l2 (34|56 7 8> VO[H|l2|l31|01'5|\6|I7‘ra1’9[20]21[22123]24|25[26|2712G|?9‘30[)lj32]33]!4135138]!7‘!0]3”401.*142143144145[46”7[45:49[50

PROBLEM:

Given: (BS) = -38 during one pass of a loop.

Left shift Q by the absolute value of this quantity.

SOLUTION:

LOCN

UPVE“H!]N,MUD!F!ERS ADDRESS FIELD COMMENTS

I O

IS S N N S S S S |

123 a5 6 7 89

| |
QRRIS'}ISISJ S| 1;131 N Y T U S U T Y Y O B O
|

i
101t [12[13[i14)15]16]i7ji8]19 120]21]22]23/24)25)26)27]28)2930(31]32]33|34]35]36({3738|39|40|4 142]43]44]45]46]47]48149]20"
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The Q LEFT SHIFT Instruction

The Q LEFT SHIFT instruction is an instruction that shifts the contents of Q, end-
around (assuming there are no modifiers). The number of binary positions shifted is
specified by K where K = k + (B) + (v').

The maximum number of shifts for K is 48. If more than 48 are attempted, the shift
is blocked and a Shift Fault occurs.

If EO is specified by the programmer, the shift is end-off with zeros extended.
If SS is specified by the programmer, the direction of the shift will change if K <0.
For example, a Q LEFT SHIFT where K <0 will actually shift right, end-off. The

number of positions shifted would be the absolute value of K. This is all checked and

done in the hardware,.
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Q LEFT SHIFT QLS

H>=Z50M

MACHINE
47 23 0 -
”l | LA B S
May be an 0,6,by 4 4k, | I N NN N I S
upper or
lower < >~ NORMAL
instruction 47 23 0
T 1 7 T T T T T T
\I P11 L1 Iolslbl LKy |J
47 i 23 0
T_T T 1T &% T T 1
I7 L ra g 1716151413121'10'0 8by k) ] AUGMENTED
COMPASS
\ -
LOCN OPERATION,MODIFIERS ~ ADDRESS FIELD COMMENTS
i |
Y S S QAL&siqlEl¢lql$Isl :(lq'l)lkl:lbl:llvl [ N I T T U T Ty U S S A U S S Y N S Wt
’ |
s {21345 67 8])s]fopi pzlw3|u|15|v61|7|w;19:2012v122125|24|25|25\27|za]29|m[3-13213313415513613790139]aoL«\421n5144|-5145147Jnapsy50J
e e e e e Ve Vo
Function code - L—Optional, second index designator.
Zero or blank, use no index,
Optional, end-off 1-6, use relative addressing.
with zeros 7, use indirect addressing.
extended
L Optional, first index designator.
Optional, switch —M —— Zero or omitted, use no index.
direction of shift 1-6, use relative addressing.
IfK<O 7, use indirect addressing.
Optional, base shift.
Zero if omitted.
*, current program address.

Optional, bank term.

0-7, transmits number to Operand
Bank Register.

*, transmits Instruction Bank
Register to Operand Bank Register.

Td bit not programmable
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QLS

HopPTasSOorH

Q LEFT SHIFT FORMAT QLS HQ, 58 (S T K=k (B) Y

Yes 1.eft Shaft
Dg K Canr {0 >~\—°' (@ By K,
prvie Fnd ~Around
No Yes
‘ ;
Left Shift
() By K,

Zeros kxtended

No

O~

e Use Lower
| Shift Not Interrupt } Yes _ JShift Fault Proceas Imatruction }NCs| Instruction At
| Performed Active? Interrupt Interrupt 1 Y (P) As Next
Lower :
Instruction
IN«;
Right Shiit
0< Kl < 482} Y88 5{E0 o Pl (@) by K], -
P Sign Extended Use Upper
Instruction At
Yes | (P)+1 As Next
instruction
Right Shift
(Q By I,

Zeros Extended

ZO—Hg~3OVETMU

QLS Left shift (Q) end-around
QLS, EO Left shift (Q) end-off with zeros extended

QLS, SS Normal left shift if K > 0
Right shift end-off with sign extended if K <0
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VEE Y Z P X

I QLS

PROBLEM: .
Left shift the Q register by 15 places.

SOLUTION:
LOCN OPERATION,MODIFIERS ~ ADDRESS FIELD COMMENTS
| o
Ill\lllQILlsiixiilllll!Illlllllllli‘lllllllllillllill
|
1121 34|56 T |8 |9 |10)iI|12)13]4)19[6[17)i8]19]20|21]22]23]24|25{26|27)28]29{30{31]32]33|34]35|36|37[30{39]40|4: |42]43]|44|45]46[47|48]49[50]
PROBLEM:

Left shift the Q register by the number of places specified in
Index Registers 2 and 3.

SOLUTION:
LOCN OPERATION, MODIFIERS ~ ADDRESS FIELD COMMENTS
| I
litlfilQ'Lls‘lIlilll}lzl}i3llllllllll‘lllllllili‘ll\lll
! |
L1243 (4516|7189 {10)i|12]13]14)15]16}17}18(19)20)21]22|23/24]25]26]27|28]29{30]3)[32{33]34])35]36]37(38)39/40]|4[42]43{44[45]46]47]48{99;50]

PROBLEM:
Left shift the Q register by six places, end-off.

SOLUTION:
LOCN OPERATION,MODIFIERS ~ ADDRESS FIELD COMMENTS
| !
B N W S N OiLlsi:in,dlllI(éjllllllillll'lllllllllllllllii
| |
1213|456 [T 8|9 IO[II1-21\31\#[751!6“71!!1I9L2012l122]2)|24125|2612712!]29130[}!|3215]130135|35137155])9140|1\J42143}44145145]47\‘5109]501

PROBLEM:

Shift the Q register according to the contents of Index Register 2.
If (B2) 20, left shift Q by the value in Index Register 2.
If (B ) <0, right shift Q by the absolute value in Index Register 2.

SOLUTION:
LOCN OPERATION, MODIFIERS  ADDRESS FIELD COMMENTS
| |
N | QlLislglslslilkiglzklllllllllllllllllillliJLlLl_LJ
| i
+ Z]!1Q|5|SJ7ID 9 '°l“1'31'31"!‘51‘5|"I"1'912°l?'I?21”1“1251“1?71”179130[3‘ll?lﬂl!‘l“K“L”L“l“lwl‘ ]42]'3]44;45146[07}4!‘49[50\
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The LONG RIGHT SHIFT Instruction

The LONG RIGHT SHIFT instruction is an instruction that shifts the contents of AQ,
end-off, with sign extended (assuming there are no modifiers). The number of binary
positions shifted is specified by K where K = k + (Bb) +(VY).

The maximum number of shifts for K is 96. If more than 96 are attempted, the shift
is blocked and a Shift Fault occurs.

If EO is specified by the programmer, the shift is end-off with zeros extended.
If SS is specified by the programmer, the direction of the shift will change if K <0.
For example, a LONG RIGHT SHIFT where K <0 will actually shift left, end-around.

The number of positions shifted would be the absolute value of K. This is all checked

and done in the hardware.
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EFE L

LONG RIGHT SHIFT LRS

MACHINE
47 23 0
e rur T T T T T T T ] )
May be an r0.3|b| ! 1k1 ] l i I R | lJ
upper or
lower > NORMAL
instruction 47 23 0
T 1T 1T T T 1 | A |
\r1| N D Y II/
47 0
P 1 7 T | T Kk J
[ L 151 AUGMENTED
COMPASS
\
A
LOCN IUP[RM!DN,MDDIFIERS ADDRESS FIELD COMMENTS
| i
F S U U S N N ¢ LlRlsi)IE’l%;lS[Sl l(i“’l)lkl}léL;ﬂVllllll'llllllllili:zlill
|
Vj2[3{4a15]6i718]9 ‘O;Ml=2|l!1m115;lS[H]lG[IS{2012!]22[23124[25[26127[20[29[3013'132[3313413513507|38|39|001A\142l‘!i44]45{l6|47148149|50j
Function code———J l— Optional, second index designator.
Zero or blank, use no index.
Optional, end-off 1-6, use relative addressing.
with zeros 7, use indirect addressing.
extended
Optional, first index designator.
Optional, switch ——— Zero or omitted, use no index.

direction of
shift if K< 0

1-6, use relative addressing.
7, use indirect addressing.

Optional, base shift.
Zero if omitted.
*, current program address.

Optional, bank term,

0-7, transmits number to Operand
Bank Register.

*, transmits Instruction Bank
Register to Operand Bank Register.

Td bit not programmable
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LRO

HopTzOQs0rMm

LONG RIGHT SHIFT

Ss
Specified?

FORMAT: LRS, EO, SS (a) k b, v

Right Shift
(AQ) by K,
Sign Fxtended

Right Shift .
(AQ) by K, —()
Zeros Extended

Was
Instruction)
Lower?

Shift Not
Perfurmed

Shift Fault process
Interrupt nerrupl

Left Shift
(AQ) by |KI,
End~Around

0 <IKI <962

K=k+ @+ (v

'se Lower
Instruction At
(P) As Next
Instruction

Leeft Shift
(AQ) by K] ,

Zeros lixtended

Use Upper
Instruction At
(Pr+1 As Newt
Instruction

ZO0—Hy—~xOQNEHU

LRS
LRS, EO
LRS, SS

Right shift (AQ) end-off with sign extended
Right shift (AQ) end-off with zeros extended

Normal right shift if K > 0
Left shift end-around if K < 0




nEHCYE R X

LRS

PROBLEM:
Right shift AQ by 38 places.

SOLUTION:
l
LOCN | |OPERATION,MODIFIERS ~ ADDRESS FIELD COMMENTS
| i
[ U B | LIRISlll‘llll-alB\lllllllllll'lll!ll‘L‘lllllll‘
| |
i [213]4(516 7 |89 VO|H1‘2|d|NL15LIGJV71(!1!912012!122]2312”25}26[27]2!129[30‘»|!2153134[35|36|37|39lsslao‘m]42]4:144145“5|47;4gu91501
PROBLEM:

Right shift AQ by the number of places specified in Index Register 4.

SOLUTION:
LOCN OPERATION,MODIFIERS ~ ADDRESS FIELD COMMENTS
! |
S D S | LlngJlllllli;l‘/l[lllllllill‘llllllll'lllll\l
| |
|12 ] 314|506 17 |8 ]9 [0]1i|I2])3]14]|1516]17}18]19]20}21]22]23]24)25|26|27]2829|30]|31|32]33)34|35 /36 37[38|39]40]{4 |42]43]44]45(46]47]46149(50]
PROBLEM:

Right shift AQ by 24 places, end-off.

SOLUTION:
LOCN OPERATION,MODIFIERS ~ ADDRESS FIELD COMMENTS
| I
I T R Y O lels\;iE|,¢1|1|121‘/'lllLlliLllll'llltztrxti i
| |
]2 3]s 5167 89 0111 J12)¥3)14|15/16)17]i8]19]20]|21|22|23]24]25]26[27]28]29|30(31|32]33)34|35|36]3738]39|404 |82]43]44]45|46(4748]49|50
PROBLEM:

Shift AQ according to the contents of Index Registers 3 and 4.

If (B3) + (B4) >0, right shift AQ by the sum of their values.

If (B3) + (B4) < 0, left shift AQ by the absolute value of the sum of
their values.

SOLUTION:
LOCN OPERATION MODIFIERS ~ ADDRESS FIELD COMMENTS
I I
O N N N N LIRISJ’\ISISIIIII;\IBIJII{IllllIlllI‘ll(llilL'll‘lllll
| I
‘1213 |ejs516i7|8]9 10|11 {12{13)14 |15 |16|17)18]1920]|21]22(23|24}25|26]27|28]29]30]31[32{33|34]35]36{373839/40/4' |42]43/44/45/46[47[48,49(50;




The LONG LEFT SHIFT Instruction

The LONG LEFT SHIFT instruction is an instruction that shifts the contents of AQ,
end-around (assuming there are no modifiers)., The number of binary positions shifted
is specified by K where K = k + (BP) + (V").

The maximum number of shifts for K is 96. If more than 96 are attempted, the shift

is blocked and a Shift Fault occurs.

If EO is specified by the programmer, the shift is end-off with zeros extended.

If SS is specified by the programmer, the direction of the shift will change if K <0.
For example, a LONG LEFT SHIFT where K <0 will actually shift right, end-off.

The number of positions shifted would be the absolute value of K. This is all checked

and done in the hardware.
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TYERE

LONG LEFT SHIFT LLS
MACHINE
At 231 T T T T 7 &
| =] |
May be an [0|71b1 I kK, [N R N N T I |
upper or
lower 4 ~ NORMAL
instruction 417 23 0
T 1 T ]
\lllll L1 10,7 4by kg oy |
47 0
T- 1
7,7, Lok AUGMENTED
COMPASS
\
At A A
LOCN IOPERAIIDN,MUDIFIERS ADDRESS FIELD COMMENTS
i
| S Y I | LILigiglEl'ﬁl;lSlsl :(l“‘l)lkl:lbl}lvl ) N WS N N S S N N N T M T S S O I O A A A
|
b ]2 3 4|5(6,7 8]s rol'l;nzp;gulwI-sgnlu1-9:20|zt122123124|25125|z7lzalzs|ao|3|132133L341351361w|u139140;4‘“z|43114|A5\as|w|n|tslso|

Function code

Optional, end-off
with zeros
extended

Optional, switch
direction of shift
ifK<O0

Td bit not programmable

Optional, second index designator.
Zero or blank, use no index.

1-6, use relative addressing.

7, use indirect addressing.

Optional, first index designator.
Zero or omitted, use no index.
1-6, use relative addressing.

7, use indirect addressing,

Optional, base shift.
Zero if omitted.
¥, current program address.

Optional, bank term.

0-7, transmits number to Operand
Bank Register.

*, transmits Instruction Bank
Register to Operand Bank Register.
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LLS

HoPrPTAsOoCH

LONG LEFT SHIFT

FORMAT: L1S, FO, SS {a)k.b.v

e . J.eft Shift
0< K< ago oS "l‘“’“‘.m L0 o (AQ) iy K.
Ve \round

Yes

No

Lot Shitt
(AQ by K, ——
Zeros Fxtended

[
“hilt ot interrupt Yoo | Shift Fault Process
Performal Active? interrupt interrupt

Rigint Shift

Q@ by K, e
Sign Ixtended

Was
Instruction
Lower?

O

O ARIC 962 i

K=k + (B% + (v")

Use Lower
Instruction At
(P) \s Next
Instruction

Right shift

(\Q by K],

Zeros Estended

Use Upper
Instruction At
(P)+1 As Next
Instruction

ZO~Hg= QNI Y

LLS
LLS, EO

LLS, SS

Left shift (AQ) end-around
Left shift (AQ) end-off with zeros extended

Normal left shift if K> 0
Right shift end-off with sign extended if K <0
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nECy 2> X0

| LLS

PROBLEM:
Left shift AQ by 38 places.

SOLUTION:
LOCN OPERATION MODIFIERS ~ ADDRESS FIELD COMMENTS
llil”l‘;iLLmS‘1"11:31?[[[[1illllll'lliLJJi"llllllLJ
| I |
|12 3|45 167 18[9 0] 2138151161171 8[19]20]21122|23{24]|25]26]27|28]29}30{31|32|33|34|35|36]37 38]39]40{4 42]43[44[45]46][47 484950
PROBLEM:

Left shift AQ by the value specified in Index Register 1.

SOLUTION:
LOCN ‘{ OPERATION,MODIFIERS ~ ADDRESS FIELD COMMENTS
i i
ll‘lill‘L;LLSiJAL’L‘L‘;ill‘LllllllllllllLilllllili‘Iillj
| i
| |2 3[4 |56 ]7 819 |10]i1]i2]13{:4[15::6]17}i8(19(20]2!/22]23|24(25]|2627|28(29|30(3!|32]33|34]35]36]37]38)39]40(4'|42/43{44(45:46]/47,48:4950]

PROBLEM:
Left shift AQ 93 places, end-off.

SOLUTION:

LOCN OPERATION,MODIFIERS ~ ADDRESS FIELD COMMENTS

! |
T U S S | LJLISI;lE'ﬁlIJllql?l‘iLIll'llll'Illll!'"1"li'*

| !

| 2134 {56 |78 [9 [O]it[12]¢3/14]15{16}i7]i8]19]20]21]22}23]24(25]26]27|28129(30(31[32|33|34{35(36]37|38{39]|40(4; 42/43144,45]46]47]|48|49(50;

PROBLEM:
Shift AQ according to the contents of Index Register 5.
If (BS) >0, left shift AQ by the value in Index Register 5.
If (B%) <0, right shift AQ by the absolute value in Index Register 5.

SOLUTION:
LOCN | |OPERATION, MODIFIERS  ADDRESS FIELD COMMENTS
| i
Y U N A e | LILIS|;I51551111;15|lLLlJll!lli'lLilllll‘l NSRS O W N S
| i
(12|34 4% 6718 [9{iC| ;2 i3;:4]15;i6/171(8}I9]20]21]22]23|24(25]26[27[28[29{30(3}[32]33]34|35/36)|3738(39}40]4: 424344 45:46]47/48149/50!
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The SCALE A Instruction

The SCALE A instructionis an instruction that scales an operand in the A register.
The scale factor, K minus the number of left shifts needed to scale, replaces the

contents of the designated index register specified by b.

If the contents of A are originally zero, scaling is nof performed and K replaces the

contents of the index register.
If the operand is already scaled, K replaces the contents of the index register.

If K is less than the number of left shifts needed to scale, ounly K number of left shifts
will result. The operand will not be scaled and zeros will replace the contents of the

index register.

The bank term a determines the value of the operand bank setting. If it is not used,
the current operand setting will be replaced by the value a. In either case it will not
affect this instruction. However, it could affect future instructions that reference

memory for operands.
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SCALE A ] SCA

I ETE

MACHINE
- 47 23 : 0
| R T T 1
May be an r3|4b|¢|k| ] S N T N N
upper or
lower < ~ NORMAL
instruction 47 23 0
T T T T T 1 T 1
\I R T IJ
47 + 23 0
I7l7l|l AR 13l4lbl X l
L7 Y6 0 prelspsleyge) 0% 40 K AUGMENTED
\w:’ \~ N v /
COMPASS
\ ~
—— —
LOCN lﬂPERATIﬂN,MﬂDIFIERS ABDRESS FIELD COMMENTS
| |
Y S S N T | glClAllJLLlllGM)lkl;lbl:lVIlllIl!lllllJliJlJllIlll
|
1213 4|5 6 78} wo[n|w2|n31ui|51:slx71|slts:20121|2212uz‘125125127]23129”0’3:pzp!pqsspspr13813914014-I‘z|43|u1451051471u|49|501
Function code —J |—Optional, second index designator.

Zero or blank, use no index.

1-6, use relative addressing.

7, use indirect addressing.
I—Optiona_l, first index designator.

Zero or omitted, use no index.

1-6, use register as destination for
scale factor.

7, use indirect addressing.

Optional, base shift.
Zero if omitted.
*, current program address.

Optional, bank term.

0-7, transmits number to Operand
Bank Register,

ol

*, transmits Instruction Bank
Register to Operand Bank Register.

Td bit not programmable
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SCA

HEPITASOCT

SCALE A

FORMAT: SCA {a)k, b, v K=k+ (v

Yes

|

¥

N\ K < Number et it ] .
= No =09 of Shifts seft Shift L 1 3
k=02 (a) =107 Needed to (A) By K pm=  Clear (B
Scale? |

Was
Instruction
Lower?

Yes

No

| | K - Number
4®

! N { of Left b
,_—;i Scale (A} j’—) Shifts ~BP r

Use Lower
Instruction at
1254 (P) as Next

Instruction

Use Upper
Instruction at

{P)+ 1 as Next
Instruction

)—’\'

FAGK RS R Rl RO RN o Rwi

SCA

1) Scale (A) or shift until K goes to zero

b

2) Scale factor saved in B




N C Y2 e X

SCA

PROBLEM:
Scale A using 2057 octal for K. Scale factor goes to Index Register 1

SOLUTION:
LOCN OPERATION,MODIFIERS ~ ADDRESS FIELD COMMENTS
| |
Ll 3161”1!i'llll-?ldlfl7lgl;l-ljllllﬁl'lLllll.’Illl?llllj
| |
1123 45 )6|T (B[O ON[12)3}4}15;16)1718{19)20]21]22|23]24)25{26]27)28[29(30])31|32]33|34]35]36|37(36|39[40|4: |42 |43[44 |45 46[47]48143(50]

PROBLEM:
Scale A using 3 for K. Scale factor goes to Index Register 2.

SOLUTION:
LOCN OPERATION,MODIFIERS ~ ADDRESS FIELD COMMENTS
I !
R B Slc|4L1|111|131,1—7-11|1|11|11L'1111111f1|' Ll
| |
1123|445 |67 8 9 0)  |i2{i3|14|15|16]17]1819)20]21]|22123]24]25]26{27]28129]30]31|32{33[34[35|36|37 3839|304 [42]43(44]45|46/47|48149/50]

PROBLEM:

Scale A using the contents of Index Register 4 for K. Scale factor
goes to Index Register 5,

SOLUTION:
LOCN OPERATION, MODIFIERS ~ ADDRESS FIELD COMMENTS
| !
B S S S Sicﬂliililllqll;l%lllilllll'llJilljJ‘1“111“
| |
lJ2)13]4|5{6)7 868}9 IO[H1!2]'3]“[15j’5[‘7]!8]'9]20[20122[23124]25126|27|20]29L}0|!'l1213313O135|36137|39|)9[‘014‘142163]‘41‘51(51Q7109|49‘50‘

PROBLEM:

Scale A using k = 15 modified by Index Register 3 for K. Scale
factor goes to Index Register 4.

SOLUTION:
LOCN ! OPERATION,MODIFIERS ~ ADDRESS FIELD COMMENTS
| )
HI | 1 S’AC’Lpa N S | 11x51,1141131 I N U T GRS T VS 5 IS S U S SO S SN WD S S S GO S S
!
112]31'(5]5[7}! 9 :0“‘1‘21r3|\4irﬁgiM’llﬂ]ls[20[2>[221231&12612?1201?9150!!'V’h'\\'ﬂ\\QIHL464§7\18}394\40E0 1428340 1454647 484950
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The SCALE AQ Instruction

The SCALE AQ instruction is an instruction that scales an operand in the AQ registers.
The scale factor, K minus the number of left shifts needed to scale, replaces the con-

tents of the designated index register specified by b.

If the contents of AQ are originally zero, scaling is not performed and K replaces the

contents of the index register.

If the operand is already scaled, K replaces the contents of the index register.

If K is less than the number of left shifts needed to scale, only K number of left shifts
will result. The operand will not be scaled and zeros will replace the contents of the

index register.

The bank term a determines the value of the operand bank setting. If it is not used,
the current operand setting will be replaced by the value a. In either case it will not
affect this instruction. However, it could affect future instructions that reference

memory for operands.
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SCALE AQ SCQ
MACHINE
Al T 231 T T T T 71 2
i T
May be an [3151bx L I [ T D N N
upper or
lower < > NORMAL
instruction 47 23 0
T T 71 T T— 11
\_[1 Loy L 135 0by o k I-J)
47 23 0
T T T 11 1 T 1.1
l7 Ly v 1716151413121'10] 3,5,by 4 ko | AUGMENTED
[ N y ]
COMPASS
> ~
~r— | M
LOCN OPERATION. MODIFIERS  ADDRESS FIELD COMMENTS
|
S A B S;ClQilillli:(l@l)ikl,lbl:lvl I N G T U N Y T Y A B0 A M O R O
|
| j2]3i4]5]16|7 8]9 ‘clupzys;m;‘i,‘614'pu1|9:20121122|z!|2¢|25126|27[26|291)0|3l|32]33130135136137138]3*”40;«|42]#3144[451‘5“7[43““50]

Function code -—J

Td bit not programmable

Optional, second index designator,
Zero or blank, use no index.

1-6, use relative addressing,

7, use indirect addressing.
Optional, first index designator.
Zero or omitted, use no index.

1-6, use register as destination
for scale factor.

7, use indirect addressing.
Optional, base shift.

Zero if omitted.

*, current program address.
Optional, bank term.

0-7, transmits number to Operand
Bank Register.

*, transmits Instruction Bank
Register to Operand Bank Register,
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SCALE AQ FORMAT: SCQ @)k, b, v K=k+(V

K < Number
of Shifts Needed] Yes
to Scale?

Left Shift
{AQ) by K

Clear 1Bb)

Yes No

K - Number of
Scale (AQ) Left b _—>(15

Shifts - B \‘

Use Lower

Was Instruction at -
! Instruction NoJ| (P)as Next | Toxit

Lower? / Instruction

Yes

Use Upper
Instruction at
(P) + 1 as Next
Instruction

)

ZO-H_HUu~=30OnHT

SCQ

1) Scale (AQ) or shift until K goes to zero

2) Scale factor saved in Bb
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I SCQ

PROBLEM:

Scale AQ using 2057 octal for K. Scale factor goes to Index
Register 1,

SOLUTION:
LOCN OPERATION,MODIFIERS ~ ADDRESS FIELD COMMENTS
| |
T T T N B B S\claJllllliLﬁ_zpisl']lgl:(zlllllll‘llilIII'IIlIJIlJl
| |
(1234 |s 16709 |l0)il|i2)I3]14}t5]i6]i7[18{19(20|2}]|22|23]24]25|26]27]28/29]30)31]32|33|34]35]36|37[38|39|40{4:]42]|43|44]4546]47[48]|49]50]
PROBLEM:

Scale AQ using the contents of Index Register 3 for K. Scale
factor goes to Index Register 4.

SOLUTION:
LOCN OPERATION,MODIFIERS ~ ADDRESS FIELD COMMENTS
| 1
N B I 5151411111111,14/1}131111111111'11111111111|1|1|x
| |
tj2j3jafsjejrjel9fiojiiji2fi3)i4]15(16{IT}18|19]20[21(22|23]24]|25|26]27|28{29{30]31|32]33]34|35[36|37|38]39|40|4]42|43[44[45/46/47]|48]4950]

PROBLEM:
Scale AQ using 6 for K. Scale factor goes to Index Register 2.

SOLUTION:
LOCN OPERATION,MODIFIERS ~ ADDRESS FIELD COMMENTS
| i
| T O S | -SLGIQIIlllllé_}J)-llLllllIll¢ll1[l}llkllllllllJ
| 1
1121 3(9 (51617 |8 ]9 [10]i|12}(3}14)15]|16)7)18)19)20}2i]22]23|24]|25]26]27|28]29|30|31)32]33}34|35(36)373639|40/4: |42]43]44|45(46(47(48(49(50;

PROBLEM:

Scale AQ using 9 modified by Index Register 5 for K. Scale factor
goes to Index Register 1.

SOLUTION:
LOCN OPERATION,MODIFIERS ~ ADDRESS FIELD COMMENTS
| !
| O S T R Sﬂlalllltlll?l}lll}l{l‘lllIlllJ‘lllllJlLllJLJl!ll
| I
P12 (3 )4 S j€ 7 |89 10fii[12]i3)14)15|16]17]18(19]20]21[22]23]|24{25]26|27|28]29]30]31[32]33|34/35|36]3736]39(/40|4 [42[43]|44|45]46]47]48]49,50!

—
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NEW CONCEPTS OF GROUP 12

For any register, whether it be A, Q, or AQ, it should be remembered that the normal
shifts to the right are end-off with sign extended, and that the normal shifts to the left

are end-around.

Operation field modifiers can change the pattern of shifting. The modifier EO means
end-off. This means that no matter which direction the shift, it is always end-off, and
zeros are always extended. It's like a table holding a line of rubber balls. As you

push the balls in either direction, they fall off and none replace them. The modifier SS
will change the direction of the shift if K< 0. Usually K varies during the program from
positive to negative and vice versa allowing the programmer to position and reposition
data.

The scale instructions allow the programmer to convert numbers to different computer
formats. Here the left shift takes place until the most significant bit is just to the
right of the sign bit. This is so that the sign of the operand does not change and so

that it is in fractional format.

For each left shift the contents of an index register is reduced by 1. This quantity is
called the scale factor. For each left shift of 1 the operand is effectively multiplied
by 2. Correspondingly the exponent is reduced by 1. This means that the operand
with the exponent always retains the same value. In other words an octal 5- 26 is
equal to an octal 50- 23 (note the multiplying of the coefficient and the reducing of the
exponent).
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Problem 12:

Assume a set of BCD characters has been read into memory starting at address
INPUTREG, but that the characters are backwards. Write a subprogram that will
reverse the assembly of the first word. In other words:

(INPUTREG) = HGFEDCBA should be (INPUTREG) = ABCDEFGH

Flowchart:

Transmit (Q) To
A In Reverse
Assembly

Place Word =~
In Q

Problem 12 could be solved by coding in the following manner:

LOCATION | JOPERATION,MODIFIERS ADDRESS FIELD COMMENTS
{

T T TS D T T T T T T T T L L T R I TE R TE L TETL RE RE AL I AT LYP L S TP O IO I SOOI IC I U AL T IT PEUIV SEUT- S RE L SUNT R PUSLARRES
.V VDEMT . REVERSE .\t [ e
o VEMTRY o REVERSE e

KEVERSE | BSS .. . g L . .
_ BT 0 e CHARACTER COUMTER i

. 1lpa. MMPUTREG . e e
VRS EL . L ‘ ] i
lpes” D b2 Lo I e

s L ; . T4 L e )
JEXTCHAR QLS. o . Bla .o . R .

LS oo , R R
T A9 S T B-2 LEFT
L BLT L WMEXTCHAR e b
e\ STA o STMPUTRES .. Lo
e LT REVERSE o d ]
R -7 S . i .

Somewhere within this subprogram would also be included the symbol INPUTREG in

the location field with a declaration of the prestored data or area reserved.
The forming of the reverse assembly can be seen more clearly by the following figure:

Instruction: LDA INPUTREG
LRS, EQ 48

(A= 0 >0 (Q= HGF EDC CBA
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Instruction: QLS 42
LLS 6

(A)= O >0A Q= HGF EDC B 00

Instruction: QLS 36
LLS 6

(A): 0——————>0A B Q=00 HGF ED C 00

Student Problem 12A:

A group of BCD characters at address REVASS looks like the following:

(REVASS) = GHEFCDAB

Rearrange this word so that the letters are in alphabetical order.

Flowchart:
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Problem 12A could be solved by coding in the following manner:

LOCATION

RATION,MODIFIERS
1

ADDRESS FIELD

COMMENTS

12-38

BT T POy oo 1oy OO e Oy PPN g pP P CIP U STy PV T R T PO ETOUP SO SP P PR B VLY.
! |
. L PSS 0% SOV GRS SO T S W U0 N N S S | 1] Lok
f !
- sl s ied i
i [i
: L ! e I 1 . ot
1 {
e i | . i | — i 5]
{ {
- JESRFIE S O SRRV N PO RPN ST SIS S B .
i
- — R el b -
1
- enssenn 4 ] - ER—
| 1
SRS ENS I T S T SO IS P OIS S S OGP | i L
| |
L S S 1 i
§ I}
ST B it b b i ERTE | _ L
! f
S - bota | Lo L ek
| i
- o i U S0 O T S N SO i L.d L
I i
i I : soidit “ Lot L Lk
I 1
L1 Y Lt PN SR S S T U L i
| 1
i Lo ! 3 P Ldeid fodd
i |
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GROUP 13

'LOGICAL OPERATIONS



GROUP 13

LOGICAL OPERATIONS

1, Selective Set SST
2, Selective Clear SCL
3. Selective Complement SCM
4, Selective Substitute SSU
5. Load Logical LDL
6. Add Logical ADL
7. Subtract Logical SBL
8. Store Logical STL

This group of instructions is used to manipulate binary data, and to set, clear, extract,

and insert bits of data. One memory reference is required.

The first three instructions will change bits in A depending on a mask in memory., The
fourth instruction will substitute the bits of a memory word for A depending on the mask

in Q.

The last four instructions perform a logical product using the contents of Q as a mask.
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The SELECTIVE SET Instruction

The SELECTIVE SET instruction is an instruction that checks each bit from an 18-bit

storage dddress. One memory reference is made.

The operation leaves the contents of the storage address unchanged. For every bit in
the storage address that is in the set state (binary 1), the corresponding bit in the A
register will be set, regardless of its initial state. Where there is a zero bit in the

storage address, the corresponding bit in A will remain unchanged.

The 18-bit storage address is composed of a bank term a (within parentheses) and a
modified base address M where M = m + (Bb) + (VV). If the bank term is missing, the
current operand bank setting is assumed. The b and v index designators allow for

relative addressing. If they are not used, direct addressing is implied.

If CM is specified by the programmer, the complement of the operand is read from

memory and then each bit is checked as mentioned above.

If MG is specified by the programmer, the magnitude (absolute value) of the operand

is read from memory and then each bit is checked as mentioned above.
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SELECTIVE SET

I SST

MACHINE
_ 41 23 0
in | I I T !
May be an 40,y m I S T N B S B
upper or 4
lower ~ NORMAL
instruction 47 23 0
I —T T 1 T I T T l
O T y 14,04by 4 oymy
417 23 0
T 71 17 T% T T
vy l7F|5|4l3|21'I°‘ 4,0,b, |\ m I AUGMENTED
—v /
COMPASS
\ -
A A S
LOCN ][]PERAIION,MGDIFIERS ADDRESS FIELD COMMENTS
| i
R N VN G B | gIgLTi;.lClMJLMGl I[lal)l”llsLélﬂlVI S S N Y VY U U N SN S (N S T S N W I A T Y A
| |
t]2[3t4fs {67 8 ]9 |i0jr|12]i3]14]15)16](7)18]19{20]2}|22|23(24]|25(26|27]|28{29(30]3+]|32|33[34|35/36|37|38{39)40)41 |42]|43]|44]45]46]4748]39(50]

[ S A

Function code —l

Optional, transmit
complement of
operand

Optional, transmit ————
magnitude of
operand

Td bit not programmable

N

L—Op'cional, second index designator.
Zero or blank, use no index.
1-6, use relative addressing.
7, use indirect addressing.

Optional, first index designator.
Zero or omitted, use no index.
1-6, use relative addressing,

7, use indirect addressing.

Optional, base address.
Zero if omitted.

o,

*, current program address.

Optional, bank term.

0-7, transmits number to Operand
Bank Register.

$, transmits bank number in which
base address resides to Operand
Bank Register.

*, transmits Instruction Bank
Registier to Operand Bank Register.
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SELECTIVE SET

CM
Specified?

Yes

FORMAT: SST,CM,MG

MG
Specified?

Yes

(a)m,b,v

M=1rn+(Bb

)+ (vY)

Selective
Set Of
(M) and (A) - A

—0

(M) > 0°? \ Yes

F
L No
O
W
C Selective Set
Oof
2 U {M)and (A) ~A
R
T
Use Lower
Was No Instruction At
Instruction }- (P) As Next
Lower ? Instruction N
Yes
Use Upper
Instruction At
(P)+1 As Next
Instruction
SST 1) Selective Set of (M) and (A)—+ A
2) Contents of M remain unchanged
SST, CM 1) Selective Set of (M) and (A) A
2) Contents of M remain unchanged
D
g SST, MG 1) Selective Set of |(M)| and (A) ~A
C 2) Contents of M remain unchanged
R
I
P
T
1
O
N
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SST

PROBLEM:

Perform a Selective Set with the contents of A and the storage
address MSK.

SOLUTION:
LOCN OPERATION,MODIFIERS ~ ADDRESS FIELD COMMENTS
| i
B T N S | slslTl.lllllllMISIKllllIlllil'IllIIIiIllll[llll
|
1 ]2)3(4)s5jej7r)e8f9fioil Ilzf'3|‘01'5j’5[‘7|‘51'9|20[2'}22123120]2”26127]20]2!130[3!]32[3313!135]38|37]33139]40j0!142j43]4‘|45[06[47|48|‘9|50[
PROBLEM:

Perform a Selective Set using the contents of A and the storage
address TOT modified by Index Registers 2 and 3.

SOLUTION:
LOCN OPERATION,MODIFIERS ~ ADDRESS FIELD COMMENTS
| 1
F U S N O S U S.lg[-r:llllll(TéLTI,Izl;lzlllll!I'lllllllll!lllli!l
l i
L2131 4(S 6|7 8[9]i0)i1|i2|\8}i4]15]16(i7}i8}19[20121]22]|23]24/25|26]27]28(29|30]3|32)33(34)35)36|37|38|39{40]41]42]43]|44]45[46/47]48[49150]

PROBLEM:

Perform a Selective Set using the contents of A and the storage
address specified in Index Register 6.

SOLUTION:

LOCN OPERATION,MODIFIERS ~ ADDRESS FIELD COMMENTS

N TR NN D SN S S SN T S |

| [
I T S S | SJS'TI!JII[[%;IéIIlll(llllil'lililx
|

t12)3]4 5|6 |7 |89 |0 “z||:|Mlns|-s[n|m|-s|20|z|122123|z4125|zs127[20129130|3:132|33|sqsspsprluln]00|4w14:;u|u|4s;<s|nl~a[491501

PROBLEM:

Perform a Selective Set using the contents of A and the storage
address DICK from the bank where DICK resides.

SOLUTION:

LOCN OPERATION MODIFIERS  ADDRESS FIELD COMMENTS

! |
N slngl.l S T | l(h;‘l)leIlclKl S S S W N S T N U S (S T N T O
|

|

1 J2(3(4(s]6 7 8|5 O J12j13114)15|16)|17[18|1920]|21])22]23]24)25]26)27(28]29]30]3132]|33]34|35[36]37(38]39|40[4i [42]43[44[43]|46[47]48]49(30]
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The SELECTIVE CLEAR Instruction

The SELECTIVE CLEAR instruction is an instruction that checks each bit from an 18-

bit storage address. One memory reference is made.

The operation leaves the contents of the storage address unchanged. For every bit in
the storage address that is in the set state (binary 1), the corresponding bit in the A
register will be cleared, regardless of its initial state. Where there is a zero bit in

the storage address, the corresponding bit in A will remain unchanged.

The 18-bit storage address is composed of a bank term a (within parentheses) and a
modified base address M where M = m+(Bb) + (VV). If the bank term is missing, the
current operand bank setting is assumed. The b and v index designators allow for

relative addressing. If they are not used, direct addressing is implied.

If CM is specified by the programmer, the complement of the operand is read from

memory and then each bit is checked as mentioned above.

If MG is specified by the programmer, the magnitude (absolute value) of the operand is

read from memory and then each bit is checked as mentioned above.
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SELECTIVE CLEAR

] SCL

MACHINE
=X 231 T T T T |O N
| 1 I
May be an [411|b4 [ R B [ [T R T N B I I
upper or
lower ~ NORMAL
instruction 47 23 0
T T 1 T T T
||||1 1|l411|b||lm11]/
47 + 23 0
T T 1T T 11 T T 1
I7|7 L Vldn"nlslsmﬂzmol 111b4 Loy 11 AUGMENTED
[Sm—r e  w— )
~ \
COMPASS
\ <
" M NS
LOCN ll]PERAHON,MUUIHERS ADDRESS FIELD COMMENTS

!
S N O T B gICILi}lCIM{/MMGl 1(1¢1)P’txslbu1l’1 N Y TN WS RS I Y U O [ T S S N I N S O U
|

|

P23 4516 7 8]9fi0yiif121:3,i415;:6]17]i8]19120]21]22]|23]|24]|25/26(27]{2829|30]3+]32]33]34|35|36|373839]40/4 [42]43]/44]45/46/47]48{49{5C,

Function code

Optional, transmit
complement of
operand

Optional, transmit
magnitude of
operand

Td bit not programmable

e N

| l—Optional, second index designator.

Zero or blank, use no index.
1-6, use relative addressing.
7, use indirect addressing.

L—-Optional, first index designator.

Zero or omitted, use no index.
1-6, use relative addressing.
7, use indirect addressing.

Optional, base address.
Zero if omitted.
*, current program address.

Optional, bank term.

0-7, transmits number to Operand
Bank Register.

$, transmits bank number in which
base address resides to Operand
Bank Register

, transmits Instructio

oamiat
MSLQI‘

)
m
W
&

o

A o
r to Operand B
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HopnQs0or

SELECTIVE CLEAR FORMAT: SCL,CM,MG (a)m,b,v M=m + (Bb) + )

Selective

Clear Of 1
(M) and (A}~ A

CM
Specified ?

MG
Specified?

Yes Yes

Selective
Clear Of
(M) and (A) - A

Use Lower
Was No Instruction At
Instruction (P) As Next
Lower? Instruction
Yes
Use Upper
Instruction At

(P} + 1 As Next
Instruction

ZO—~HY=0NMUO

SCL 1) Selective Clear of (M) and (A) ~A

2) Contents of M remain unchanged

SCL, CM 1) Selective Clear of (M) and (A) —~A

2) Contents of M remain unchanged

SCL, MG 1) Selective Clear of I(M)I and (A) ~A

2) Contents of M remain unchanged
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SCL,

PROBLEM:

Perform a Selective Clear using the contents of A and the storage
address MSKI1.

SOLUTION:
LOCN OPERATION,MODIFIERS ~ ADDRESS FIELD COMMENTS
| i
N O N A g]ClL!IIIIIIIMJSXKIIIIIlllllll'lllllllllllllllll
| |
1 (23 415]6 T :8]9 uclnpzpslullslvs;nl-u;19;zclzn[zzy23|24|25|zs427[23[2990]3.;32|33|34|35|35137|u|3914olm1‘2|u|ula5|4sp7|4s]t9;:ox

PROBLEM:
Perform a Selective Clear using the contents of A and the storage
address FIX modified by Index Registers 3 and 4.

SOLUTION:
LOCN OPERATION, MODIFIERS ~ ADDRESS FIELD COMMENTS
! |
N D S IO T SICALllIIIIIIFIIIXI;IBI;IL/IIIIIII'll!llllllll‘lll[l
| I
L1243 4|87 |8[9 0] |12]15]14)15)16i7|18]19(20]21|22]23{24]25126]27{28]29]30|3+|32[33|34]|35(36(37|38)3940(4  |42]43|44]45]46]47]48]49|50]
PROBLEM:

Perform a Selective Clear using the contents of A and the storage
address gpecified in Index Register 5,

SOLUTION:
LOCN OPERATION,MODIFIERS ~ ADDRESS FIELD COMMENTS
| |
B I 0 S B B S S'clLlllllll!)lgl‘llllil'llli'lllllJlliilllilli
| |
I j2 |3 4156 [?[' 9 10|Hl‘IZk‘SIKQ|I5j\Sll?]\Bl!S12012!122123|24[25|26[27[28[291)0‘)!l)2|331)4[35136137;38’39!40]«]Q?)43]441451‘5;471401“915(.‘“

PROBLEM:

Perform a Selective Clear using the contents of A and the storage
address SCRIPT in the bank where the SCL resides,

SOLUTION:
LOCN OPERATION,MODIFIERS ~ ADDRESS FIELD COMMENTS
| i
I T B Y| SICIL-IIllllll(l*l)lglclRlIl?lTLllllllilllIllIllllllll
| [
L1234 )5 )€ |7 |8 [9[10]i [12{13]14[15]16|1718)i9]20]21]22]23|24]25{26|27]|28|29(303)|32|33{34]35|3637 (36(39|40[4: [42]43]44[45[46]47|48[4950]
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The SELECTIVE COMPLEMENT Instruction

The SELECTIVE COMPLEMENT instruction is an instruction that checks each bit from

an 18-bit storage address. One memory reference is made.

The operation leaves the contents of the storage address unchanged. For every bit in
the storage address that is in the set state (binary 1), the corresponding bit in the A
register will be complemented, regardless of its initial state. Where there is a zero

bit in the storage address, the corresponding bit in A will remain unchanged.

The 18-bit storage address is composed of a bank term a (within parentheses) and a
modified base address M where M = m + (Bb) + (VV). If the bank term is missing, the
current operand bank setting is assumed. The b and v index designators allow for

relative addressing. If they are not used, direct addressing is implied.

If CM is specified by the programmer, the complement of the operand is read from

memory and then each bit is checked as mentioned above.

If MG is specified by the programmer, the magnitude (absolute value) of the operand

is read from memory and then each bit is checked as mentioned above.
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SELECTIVE COMPLEMENT I SCM

MACHINE
_ 47 23 0
T 11 I T T T T T T 1 |
May be an [4|2|b| [am) [ T T T S N
upper or
lower ~ NORMAL
instruction 417 23 0
T T T T T 1 T 5T, 1
\I IR Y N SO B |4|2|b1 [ ey B I)
47 T 23 0
T T T 11 1 T T3 1
|7 Ly goe 171615121#21'10[4 ] 2 lb L1 lml ] I AUGMENTED
e N v /
COMPASS

LOCN 1UPERAT|UN,M0[]|F|ERS ADDRESS FIELD COMMENTS

| |
[ G | SIC‘M:;”C: i,l”lGI 1(111)1%$L;1V1 T N U U T T N T Y T S B
| !

(]2 ) 31415167 8f9fr0ojii[12{13]4)15]16]17]i8]19]20|21]22]23]|24]|25(2627[28]29{30]3)]32|33]34]35]36|3738]39]40]4. |42|43]44]45/46{47]48[4950]

Function code — -! I— Optional, second index designator.

Zero or blank, use no index.

Optional, transmit 1-6, use relative addressing.

complement of 7, use indirect addressing.
operand.

Optional, first index designator.
Optional, transmit ————— Zero or omitted, use no index.
magnitude of 1-6, use relative addressing.
operand. 7, use indirect addressing.

Optional, base address.
Zero if omitted.

e

*, current program address.

Optional, bank term.

0-7, transmits number to Operand
Bank Register.

$, transmits bank number in which
base address resides to Operand
Bank Register.

*, transmits Instruction Bank
Register to Operand Bank Register.

T d bit not programmable
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SCM

Mo TIQs0or™d

SELECTIVE COMPLEMENT FORMAT: SCM,CM,MG (a)m,b,v M=m + (Bb) + (V")

Selective
Complement Of 1
(M) and (A) -

CM
Specified?

MG
Specified

Yes Yes

(M) > 02 }res

Selective
Complement Of

N/ (M) and (A) —A

Use Lower

No Instruction At AR

Was

ZO=HOg=OQnMU

Instruction (P) As Next
Lower? Instruction \7/
Yes
Use Upper
Instruction At
(P)+1 As Next
Instruction
SCM 1) Selective Complement of (M) and (A) ~A

2) Contents of M remain unchanged

SCM, CM 1) Selective Complement of (M) and (A) —~ A
2) Contents of M remain unchanged

SCM, MG 1) Selective Complement of |(M)l and (A) - A
2) Contents of M remain unchanged
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| sem

PROBLEM:

Perform a Selective Complement using the contents of A and the
storage address MAX,

SOLUTION:
LOCN OPERATION,MODIFIERS ~ ADDRESS FIELD COMMENTS
| i
N N O N S | gLCLMlIl'l[llMIAlelllIlllll'llllllllIJJIJ’{I‘
| |
V234|516 |7 |89 |0)1t|12]13114]15]16]17]|18]i9(20]21122|23)24|25]26|27|28]29{30]31]32|33]34]35]36]37|38)39|40]4. [42]|43]|44[4546/47(48}49|50;

PROBLEM:

Perform a Selective Complement using the contents of A and the
storage address SUP modified by Index Registers 1 and 2.

SOLUTION:
LOCN OPERATION,MODIFIERS ~ ADDRESS FIELD COMMENTS
| |
SR I B SICIIMIlJllelslulpl}lll’qlzlllllIl'lllllllt\iljlllil
| |
) |2 3|4}5 6|7 (8|9 fl0fi1]|i2]I3]14}15t6]17)16]19)20121]22123)24)25(26)27(28]29]30131|32|33]34/35]36|37|38]39|40/4' 42|43{44)45/46(47[48[491530]

PROBLEM:

Perform a Selective Complement using the contents of A and the
storage address specified in Index Register 3.

SOLUTION:
LOCN OPERATION,MODIFIERS ~ ADBRESS FiELD COMMENTS
|
S W T SICJMII|I,’,l_.L_i}L‘?’l,,.,:,ll‘;lll{ji!lliililil"ll‘;li“
| I
Lf2 g3 4|5 |6 T8[90} |12I3]I4)15116)17 1819 [20{21[22|>5]24}25;26[27]28]29(30) 31 |32|53]|34]35]36|37 3639 40{4: [42]43|44]45]46[47]4813950
PROBLEM:

Perform a Selective Complement using the contents of A and the
storage address SWITCH in the bank of SWITCH.

SOLUTION:
LOCN OPERATION, MODIFIERS  ADDRESS FIELD COMMENTS
! |
N VO Y T B SlclMl S T N S| I(l‘#i)lsiu/lIlTlclHl | N VR S VS S S U U S N N U N T S S W S IS
| |
P 2§34 (31617 (89 {iC|ii|12]13114]15]16[17]18119]20]2)]22|23[24]|25]|26]27]28[29][30|31 32|33 |34[33136|37 |38 [39{40|4 [42]43{40]a8[46 4T} a0 45 3>
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The SELECTIVE SUBSTITUTE Instruction

The SELECTIVE SUBSTITUTE instruction is an instruction that checks each bit from

an 18-bit storage address. One memory reference is made,

The operation leaves the contents of the storage address unchanged. For every bit in
the Q register that is in the set state (binary 1), the corresponding bit from the storage
address will be transferred to the A register. Where there is a zero bit in the Q

register, the corresponding bit from the storage address will not be transferred to A.

The 18-bit storage address is composed of a bank term a (within parentheses) and a
modified base address M where M = m + (Bb) + (VV). If the bank term is missing, the
current operand bank setting is assumed. The b and v index designators allow for

relative addressing. If they are not used, direct addressing is implied.

If CM is specified by the programmer, the complement of the operand is read from

memory and then each bit is checked as mentioned above.

If MG is specified by the programmer, the magnitude (absolute value) of the operand is

read from memory and then each bit is checked as mentioned above.

13-14



EEEERE

SELECTIVE SUBSTITUTE ! SSU

MACHINE
23 0
f‘4|3|br m lllllllll
May be an I N SN T M N I N N W
upper or J
lower ~ NORMAL
instruction 47 23 0
T T T T 7 1 To T, 1
\IIIIIJIII413LblllmII]/
47 T 23 0
T T 11 T {1 T T 1
l7 L ra g 17lslsmslzm°l4 LN L I AUGMENTED
-/ Y v /
COMPASS U~
\ S
A e
LOCN IOPERMIUN,MUDIFIERS ADDRESS FIELD COMMENTS
| |
T T I S8U, CM M6 4(141)1'”11}151;.|V1 I S T T Y S S Y
! |
1 ]2 314|516 |7 8]9)i0]:1 {12]13]:4}i5]:6]17]1B]19(20121]|22)23]|24{25{26]27]28]29]30)31132[33]34]35)36]37{36|39(40{4 {42;43]|44]45,46]47]48]/49{50;
Ny Ay N
Function code |—Optiona1, second index designator.
Zero or blank, use no index.
Optional, transmit 1-6, use relative addressing.
complement of 7, use indirect addressing.
operand
Optional, first index designator.
Optional, transmit ———— Zero or omitted, use no index.
magnitude of 1-6, use relative addressing.
operand 7, use indirect addressing.
Optional, base address.
Zero if omitted.
*, current program address.

Optional, bank term.

0-7, transmits number to Operand
Bank Register.

$, transmits bank number in which
base address resides to Operand
Bank Register.

*, transmits Instruction Bank
Register to Operand Bank Register.

Td bit not programmable
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2030~ OQONMO

SELECTIVE SUBSTITUTE FORMAT: SSU,CM,MG (a)m,b,v M=m+ (Bb) + (VV)
“ Selective
CM MG :
< s g Substitute Of 1
Specified ? Specified? (M), (Q), and ( >
Yes Yes (A) ~A
(M)> 02 \ Yes
F _J
L No
(@)
w Selective )
C N \ Substitute Of
H _/ (M), (Q) and
A (A) -A
R
T
Use Lower
Was No Instruction At
Instruction - (P) As Next '
Lower ? Instruction
Yes ‘
Use Upper
Instruction At
(P) +1 As Next |
Instruction
SSU 1) Selective Substitute of (M), (Q), and (A) A

2) Contents of M remain unchanged

SSU, CM 1) Selective Substitute of (M), (Q), and (A) ~A
2) Contents of M remain unchanged

SSU, MG 1) Selective Substitute of |(M)]|, (Q), and (A) ~A
2) Contents of M remain unchanged
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SSU

PROBLEM: Given: (Q) = 77777 octal

Perform the Selective Substitute with the contents of A and storage
address HENCH,

SOLUTION:
LOCN OPERATION, MODIFIERS ~ ADDRESS FIELD COMMENTS
H ‘ |
S S O S glg‘ulilIIIIHIE!NICIHIIlllllll'llllll‘.‘kll‘i'?;__)
! |
L 12314516 |7 18 9] 0|r|12]13({1415[16117]i8]|1920]21{22]|23)24)25]26|27]28129]30)31|32]33|34[35|36(37(3639/40|4 |82143{44145[46]47{46:4950]

PROBLEM: Given: (Q) = 770 0 octal

Perform the Selective Substitute with the contents of A and storage
address BOX modified by Index Registers 2 and 3.

SOLUTION:
LOCN OPERATION,MODIFIERS ~ ADDRESS FIELD COMMENTS
| |
N W N N W sisiulllillllBlde[;lll}lzlllll|L’llll!i‘ U T S S I W
! ]
L1213 4 (S8 |7 |89 (0] 112]13]14)5]|16)I7|iB]19(20]21/22|23]24]25|26{27]28}29;30]31|32|33(34)35|36(37|38|39|40/4 [42]43]44[45[46(a7 48 49450

PROBLEM: Given: (Q) = 7 octal

Perform the Selective Substitute with the contents of A and the stor-
age address specified in Index Register 3.

SOLUTION:
LOCN OPERATION,MODIFIERS ~ ADORESS FIELD COMMENTS
| |
! S‘S‘U“jll!ll;lsil!iil’liiii‘itlllliix'u‘ixi‘
| |
' j2131415i6 7189 <01ulvzlujullspslwl(e[rslzclz:|22123124125126127125129]30131pzlupﬂnlseprlsa]5916014»‘421431441«5]46147;49149|5o;

PROBLEM: Given: (Q) = 77 octal

Perform the Selective Substitute with the contents of A and the
storage address HOMER from the bank where HOMER resides.

SOLUTION:
LOCN OPERATION,MODIFIERS ~ ADDRESS FIELD COMMENTS
| H |
I T T SISLU|111=111(}ﬁ|)||¢lMlE!R111111'lllIlltxlii‘ilzlx
| |
1234151617189 10 jr2 i34 1S {1617 |18 |18120}21)22]23)24123)2627|28]29|30]3) |32{33}34]|35|36(37|36]39]|40/41 |42[43[44]45|46]4748[49{50]
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The LOAD LOGICAL Instruction

The LOAD LOGICAL instruction is an instruction that forms the logical product between
the contents of an 18-bit storage address and the contents of the Q register with the

result replacing the contents of A, One memory reference is made,

The operation leaves the contents of the storage address unchanged.

The 18-bit storage address is composed of a bank term a (within parentheses) and a
modified base address M where M = m + (Bb) + (VV). If the bank term is missing, the

current operand bank setting is assumed. The b and v index designators allow for

relative addressing. If they are not used, direct addressing is implied.
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YR

LOAD LOGICAL

| LDL,

MACHINE
417 23 0
g Fl 275 7 = I T T T T T 1 3
May be an 1 | 1 | | | | | | f 1 | 1 |
upper or
lower ~ NORMAL
instruction 47 23 0
T 1 I T | I i I T
\I RS I N B N B |414|b| pormy g ‘J
47 i 25 0
T T 7117 T T 1
|7 Ly hivge 17:615:413121I1°|4 A by J AUGMENTED
S v —
COMPASS SN
\
LOCN OPERATION,MODIFIERS  ADDRESS FIELD COMMENTS
| |
RS N N N A U L1D1Li [ N W G S l(l‘"l)hl}lbl’)lvl O S (S N N S VA U T N S S S S N S S Y
| |
(2 3jays 6 rye]ofoy i jiaisiiayisgi6|ir)ie19(20/21]22123124)25[26127]28129|30]31(32]33]34|35]36{37[36)39}40|4 [42]43{44]45]46[47]48,8950;
—— |

Function code —-|

i d bit not programmeable

I—- Optional, second index designator.

Zero or blank, use no index.
1-6, use relative addressing.
7, use indirect addressing.

L—— Optional, first index designator.

Zero or omitted, use no index.
1-6, use relative addressing.
7, use indirect addressing.

Optional, base address.
Zero if omitted.
%, current program address.

Optional, bank term.

0-7, transmits number to Operand
Bank Register.

$, transmits bank number in which
base address resides to Operand
Bank Register.

%, transmits Instruction Bank
Register to Operand Bank Register
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LDL

LOAD LOGICAL FORMAT: LDL (a)m, b, v M =m + (Bb) +(vY)

ZO0—=H3g—QnNMEY

F
L
% Was Use Lower
W L(Q(M) —A Instruction No | Instructgon At .
Lower? (P) As Next
S ) Instruction
H Yes
A
R
T Use Upper
Instruction At
(P)+1 As Next
Instruction
LDL 1) L(Q)(M)~A

2) Contents of M remain unchanged
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LDL

PROBLEM: Given: (Q) = 77 octal
Load the lowest six bits from address JACK into the A register.

SOLUTION:
LOCN OPERATION,MODIFIERS ~ ADDRESS FIELD COMMENTS
| |
Lot 1 LlDiLﬁlllllilJ-lﬂlClﬁllIIIlIII'lllllllllll!lllll
! |
(123815 (6|7 |89 [10)i1|2}3)i4|15)16]17}18]15120)21]22]23]24]|25{26|27|28]29(30|31)32|33]34)35|36]37|38|39|40|4' [42]43]44[45]4647|48|3950]

PROBLEM: Given: (Q) = 770——0 octal

Load the highest six bits from address CHAR modified by Index
Register 3 into the A register.

SOLUTION:
LOCN OPERATION,MODIFIERS ~ ADDRESS FIELD COMMENTS
| i
) O S S T LlDlLllIIll1lclHLHlRl,131111llIl'lllllIll\lIL!\lII
| |
‘2 |3(41516 |7 |8 |90 i ir2]3)1415]16]17)18|19}20(21|22]23|24|25]|26(27]28]29(30}31|32|33[34|35|36]37(38]39|40|4! [42]43{44[45]|46[47|46]49)50]

PROBLEM: Given: (Q) = 77777 octal

Load the lowest 15 bits from the address specified in Index
Register 6 into the A register.

SOLUTION:
LOCN OPERATION,MODIFIERS ~ ADDRESS FIELD COMMENTS
| |
I Y B | LlDILllllilllﬁlélllllIllllll’lllllll}liillllll
| I
t]2]3|4j5 67189 AD[H1\21011!1!51!6[!717![(9]2012!|2?|23|20|25|zsizrlzslz‘)popn132]3313”35|36|37[33139140|4\ [92]43{44{45]46[47(48|49|50;

PROBLEM: Given: (Q) = 777770——0 octal

Load the highest 15 bits from address KARAC from the bank where
KARAC resides.

SOLUTION:
LOCN OPERATION,MODIFIERS ~ ADDRESS FIELD COMMENTS
| i 1
N N W N S | LIDILIJi!l.’llG#l)lKﬂlRﬂlcllllll [ U S S W N N U N (N S5 N VAN SO N N |
1
| |
Pl 314 i3 QGJY 1849 -OIH]Q}AJ’“\[IQ‘“6[!7110Il?]ZO\ZI)22123]24]251?6\I’]?B[ZQL)O}!'])2]))!51[‘5135]3’]38|391¢014 102l‘jMd[45!16[‘7]00:‘“3)}0}

—
w
I
[\
—




The ADD LOGICAL Instruction

The ADD LOGICAL instruction is an instruction that forms the logical product between
the contents of an 18-bit storage address and the contents of the Q register and adds

this result to the contents of A. One memory reference is made.

The operation leaves the contents of the storage address unchanged.

The 18-bit storage address is composed of a bank term a (within parentheses) and a
modified base address M where M = m + (Bb) + (VV). If the bank term is missing, the

current operand bank setting is assumed. The b and v index designators allow for

relative addressing. If they are not used, direct addressing is implied.
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ADD LOGICAL

ADL

MACHINE ,
47 23
"f T T 71 1 T T T 1 I b
May be an 4,5,by 4} gmy ] I I
upper or
lower > NORMAL
instruction 47 23 0
| ] P
0
{ J AUGMENTED
J
COMPASS
LOCN l[]PERMIﬂN,MﬂI]IFIERS ADDRESS FIELD COMMENTS
| |
N VN N S A B | AlDILL;.lClM’qiNIGI-IRlPI I(lil)l'»ll;lbltﬂvi | SR S S O N T A N I TN U (S SN TN N S B |
|
ij2)3jsqsy6 rq8fafion llzkw)poloslwspnwe|\s120[2\12233124[25126|zr1251291301)x132|33|3t|35psp?[!spelmjr 142]43]44]45/46)47]48/49{50]

Function code

Optional, transmit
complement of
operand

Optional, transmit
magnitude of
operand

Optional, replace
result at M

td bit not programmable

—] Optional, second index designator

Zero or blank, use no index.
1-6, use relative addressing.
7, use indirect addressing.

Optional,first index designator.
Zero or omitted, use no index.
1-6, use relative addressing.
7, use indirect addressing.

Optional, base address.
Zero if omitted.
%, current program address,

Optional, bank term.

0-7, transmits number to
Operand Bank Register,

$, transmits bank number in
which base address resides to
Operand Bank Register.

%, transmits Instruction Bank
Register to Operand Bank
Register.
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ADL

ADD LOGICAL

FORMAT: ADL, RP, CM, MG (a) m, b.v

M= mo (B2« (oY)

F
L
O
w o S
C N iens Yo (A4 LIQIM) ~ A Yes |T\i1 Instruction }X2 frection | Fxis
A Yoo ) Yes |
T BTN |
ADL 1) (A)+ L (Q) (M) ~A
2) Contents of M remain unchanged
ADL, RP (A) + L(Q) (M) A and M
D ADL, CM 1) (A)+L(Q) (M) ~A
g 2) Contents of M remain unchanged
g ADL, MG 1) (A)+L(@Q | ]|~a
I 2) Contents of M remain unchanged
P
T
I
o]
N
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nEC Y E X

ADL

PROBLEM: Given: (Q)= 77 octal
Add the lowest 6-bit character from address TAB to the A register,

SOLUTION:
LOCN OPERATION,MODIFIERS ~ ADBDRESS FIELD COMMENTS
| i
N S N AIDILIli'lll[rﬁlgllIllllllJl'llllll'lllI1Llll
| |
L1203 (445167 |8 ]9 0]t 1213 i4|15}i6{17]18]19])20[2(]22]23]24]25]26{27|20]29]30]31|32]33]34]35)36|37|38(39/40[4 [42]43]|4445]46[47[48{49;50]

PROBLEM: Given: (Q) = 770—0 octal

Add the highest 6-bit character from address SAM modified by
Index Register 2 to the A register.

SOLUTION:

LOCN OPERATION,MODIFIERS ~ ADDRESS FIELD COMMENTS

|
S S S W | IDLLillillIlS'IAIMI;LlellIIlll'llllli*llllAlllll
|

|
‘|21 34567 8]9S0t |I2]13]14]|i5]16]17)18[19)20{2(|22)23|24(25]26]27]28|29]30]31]32|33[34|35|36|37{38|39/40|4 |42]|43]44|85/46]47]48i4950;

PROBLEM: Given: (Q) = 77777 octal

Add the lowest 15 bits from the address specified in Index Register 4
to the A register.

SOLUTION:
LOCN OPERATION,MODIFIERS ~ ADDRESS FIELD COMMENTS
| I
O H!DILIKIlllll/‘ll‘/lllltlllllll'IILlII‘tlLLLlllli
| |
! 24 314 ]5 | 6789 0] l‘Zl‘li‘l1!51"|KYll!ll9l?()l?']2212312‘]25]?6!27[2!129‘30]3']J?l)!lJ‘l!sl!&[!?]!’l!?l‘OLQ\142lﬂ}ldd1‘51‘6147[4'{‘9]50‘

PROBLEM: Given: (Q) = 777770—0 octal

Add the highest 15 bits from address BULDGE from the bank where
the ADL resides.

SOLUTION:
LOCN OPERATION,MODIFIERS ~ ADDRESS FIELD COMMENTS
! |
A S B S ﬂIDlL. FU T S S | 1(1*1)IBIU1LID161ELLJ B S S U U T T G U S U S | T S S S i |
| |
(J2 ]33 |45 67 18]9]0] (1240304518117 )18 |19 ]20121)22]23]24)25|26]27{28{29{30 13 (32]33]34/35]36|37|38|39]40|4 142/43/44/45/46]{47]48:49,50]
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The SUBTRACT LOGICAL Instruction

The SUBTRACT LOGICAL instruction is an instruction that forms the logical product
between the contents of an 18-bit storage address and the contents of the Q register

and subtracts this result from the contents of A. One memory reference is made.
The operation leaves the contents of the storage address unchanged.

The 18-bit storage address is composed of a bank term a (within parentheses) and a
modified base address M where M = m + (Bb) + (VV). If the bank term is missing, the

current operand bank setting is assumed. The b and v index designators allow for

relative addressing. If they are not used, direct addressing is implied.
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SUBTRACT LOGICAL | SBL

MACHINE
47 23 0
T T, T T T T T T 1
May be an I:llslbl L™ g l [ S R N T I
upper or
lower ~ NORMAL
instruction 47 23 0
T T T T T 1 T T 1
L. v v vy J476b, | m, 11)
47 i 23 0
1T T _TT7 T 1t ¢ |
[7 Ly vge 17F|5|4l3|21'l°I4 6,0, o ym) ] AUGMENTED
v /
COMPASS
A A A A
LOCN OPERATION,MODIFIERS ~ ADDRESS FIELD COMMENTS
i i
N N RO U S | SIBlLijlclrﬂqlMl&lﬁl&Pi L(L"'l)l»ll,lbl,lvl | S N U U N S S NS W N N G N S
| i
1 {2 {3]4]5)6 )7 |8)9fiojii|i2(13/14]15]16]|17]18]19,20]2+j22|23{24|25{2627[28]29(30]3/|32]|33}34/35(36(37)38|39(40(4.42|43{44]45(46{47]48]49|50]
Function Code—l I— Optional, second index designaton
Zero or blank, use no index.
Optional, transmit 1-6, use relative addressing.
complement of 7, use indirect addressing.
operand
Optional, first index designator|
Optional, transmit ——— Zero or omitted, use no index,

magnitude of
operand

Optional, replace ——————— ————Optional, base address.

result at M

.*.

' d bit not programmable

1-6, use relative addressing.
7, use indirect addressing.

Zero if omitted.
*, current program address.

Optional , bank term.

0-7, transmits number to
Operand Bank Register.

$, transmits bank number in
which base address resides to
Operand Bank Register.

*, transmits Instruction Bank
Register to Operand Bank
Register.
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SUBTRACT LOGICAL

FORMAT: SBL, RP, CM, MG {a) m. b, v

M =

m o+ (B8P« (v)

F
L
(@)
W ggécdied? fo ‘S'v:gcihed?-v A)-LIQ(M) ~ A
H 8 Yes
A
R ae Gpper |
T - it
A) -LAQHM)~ A
SBL 1) (A) - L(Q) (M) —~A
2) Contents of M remain unchanged
SBL, RP (A) - LQ) (M) ~Aand M
D SBL, CM 1) (A) - L(Q) (M) —~A
}SZ 2) Contents of M remain unchanged
g SBL, MG 1) (A) - L (@ ()] ~A
1 2) Contents of M remain unchanged
P
T
I
@)
N
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NEC Y P X

Lser |

PROBLEM: Given: (Q) = 77 octal
Subtract the lowest 6 bits at address BAKER from the A register.

SOLUTION:
LOCN OPERATION,MODIFIERS ~ ADDRESS FIELD COMMENTS
| i
S SN S S U B | ngléllllJllBﬂllﬂ{&llllllll‘llllll‘l‘i1111‘1
| i
S j213 ;4531617 |8]9[10]11}12)13]14]15]t6]|17]1819]20)2!]22]|23]|24)25)26{27|28|29(30]31)32]33]34|35]36|3738)39|40|4: 4243|494 45;46|47/48]39|50

PROBLEM: Given: (Q) = 77777 octal

Subtract the lowest 15 bits at address ABLE modified by Index
Register 5 from the A register.

SOLUTION:
LOCN OPERATION,MODIFIERS ~ ADDRESS FIELD COMMENTS
| |
W S T SlBlLllKIILIIAKILIELQI-EJIIllll'llilllllllllll!l;
| |
| |2 )34 {5617 819 0]i{:2]13/14]15)16]17]18]19]20]21]22)23(24)25|26[27|28)29]|30]31132{33)34]35)36)37/38{39)40|4' |42]43|44]45/46|47|48:49)50;

PROBLEM: Given: (Q) = 000777770—0 octal

Subtract the indicated 15 bits at the address specified in Index
Register 1 from the A register.

SOLUTION:
LOCN OPERATION,MODIFIERS ~ ADDRESS FIELD COMMENTS
| !
O Y T S S | SlBlLllellll’llllllllllllLlJillllilllll‘lli_J
| |
D123 /4{5]6 (7|8 [9[10]1]12{13)14]15]16]17[(8]19)20]21|22]23(24}25]26|27|28]29[30]3!{32|33]34|35]3637[38|39)40j4: |42]43]44]45|46]47]48|49|50;

PROBLEM: Given: (Q) =0 077700000 octal

Subtract the indicated nine bits at address DOG in the bank where
DOG resides from the A register,

SOLUTION:
LOCN OPERATION,MODIFIERS ~ ADDRESS FIELD COMMENTS
| !
) T U I | SlBlLllllllll&#l)iDldéllllllll'l{lll!11!]1!1111'
| |
V23 (43S {6 {7 819|101 [12]13]i4i15116117] BI193]20]{?1:22(23[24]25|26[27[26]29|30]3 |32]33|34[35]36(37 3839|404 |42]43|44[43]46)47]46 99 "




The STORE LOGICAL Instruction

The STORE LOGICAL instruction is an instruction that forms the logical product
between the contents of the A register and the contents of the Q register with the result

replacing the contents of an 18-bit storage address. One memory reference is made.

The 18-bit storage address is composed of a bank term a (within parentheses) and a
modified base address M where M = m + (Bb) + (VV). If the bank term is missing,
the current operand bank setting is assumed. The b and v index designators allow for

relative addressing. If they are not used, direct addressing is implied.
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H>2 W0

STORE LOGICAL

| STL

MACHINE 3 0
47 2
(~ [4 Ty Tp | - I T T T T T 7 l D
May be an P Ral N B Ml R N R B B B |
upper or
lower ~ NORMAL
instruction 47 23 0
T T T T T N —
L I T N N S B B |4 Tby o omy l P
47 ¥ 23 : 0
T T 1T T 11 | —
I Ty tyvgoe 171615141312|||0| 4,7y oy om I AUGMENTED
COMPASS -
\
e e e e Ty
LOCN OPERATION,MODIFIERS ~ ADDRESS FIELD COMMENTS

|
S N N S glnLin[Clﬁl;lMIGI I(Jn'l){ul,ﬂlbiglvl G S S T U T S O S N SN O S S Y B Y
|

L1243 4|56 |78 )9 §i0)(12)i3]i4|1516]7]18]19|20]21/22]23)24]|25{26(27]28129{30(31|32]33]34[35{36]37)38(39|40]4 [4243/44/45]46/4748]49,50,

Function code ——'

Optional, transmit
complement of
operand

Optional, transmit —J

magnitude of
operand

(—Optional, second index designator.
Zero or blank, use no index.
1-6, use relative addressing.
7, use indirect addressing.

L———Optional, first index designator.
Zero or omitted, use no index.
1-6, use relative addressing.
7, use indirect addressing.

Optional, base address.
Zero if omitted.
*, current program address.

Optional, bank term.

0-7, transmits number to Operand
Bank Register,

$, transmits bank number in which
base address resides to Operand
Bank Register.

)

*, transmits Instruction Bank
Register to Operand Bank Register.

Laf

Td bit not programmable
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STL

STORE LOGICAL FORMAT: STL,CM,MG (a)m,b,v M= m+ (BP) + (v")

L(Q)A) - M —>Q>

CM
Specified ?

F
L
O
Y
C —
H L(QNA) - M
A
R
T
Use Lower
Was No Instruction At
Instruction (P) As Next
Lower ? Instruction
Yes
Use Upper
Instruction At
(P)+1 As Next
Instruction
STL 1) L(Q) (A)~M
2) Contents of A remain unchanged
STL, CM 1) L(Q)(A) =M
2) Contents of A remain unchanged
D
E STL, MG 1) L(@Q |a)] ~™
%; 2) Contents of A remain unchanged
R
I
P
T
I
O
N




LY 2 X

STL

PROBLEM: Given: (Q) = 77 octal
Store the lowest 6 bits of the A register at address TOM.

SOLUTION:
LOCN OPERATION,MODIFIERS ~ ADDRESS FIELD COMMENTS
| .
N N N U S | S‘lrlLllIlllllﬂéMlllllllLLll'IlllllJ" | S |
| ;
L 4234|5167 |8 ]9]10}il|12{i3)i4)15)1617]i8]19]20]21(22[23]24|25]26|27]28]29|30]31|32]33/34]35|36|3738|39|40|4 [32,43,44 45 46,4748 395C

I

PROBLEM: Given: (Q) = 770——0 octal

Store the highest 6 bits of A at address PETE modified by Index
Register 2 and 3.

SOLUTION:
LOCN OPERATION,MODIFIERS ~ ADDRESS FIELD COMMENTS
| R
I W B | SlTlLllllllllP}E—lTlE-l}lll}ljllllll'llllllll‘lll
[ |
1 ]2 (345|617 |89 |10]1f2[13):a|t5|16|17)18|19])20]21122/23)24)25|26]27]28129{30]|3)|32{33(34|35]36]37]38(39]40)4 142 43{44]45]46,47 48 35;5.

PROBLEM: Given: (Q) = 77777 octal

Store the lowest 15 bits of A at the address specified in Index
Register 4.

SOLUTION:
LOCN GPERATION,MODIFIERS ~ ADDRESS FIELD COMMENTS
| i
[ A | STL | Ll1g 11yﬁ U T Y U S U T W G T T Y (Y W B B G B B '
i I
)z 3|a}sj6jrt8]9]i0]Il 1121314 ]15|'6§17)18{19)20]2)[22]23{24|25]26(27[28129{30)3+]32]33)34|35|36|3738]39/40j4 |32(43]44145/46,47|48/49{50

PROBLEM: Given: (Q) = 77 octal

Store the lowest 15 bits of A at address JOE in the bank where the
STL resides,

SOLUTION:
LOCN OPERATION, MODIFIERS ~ ADDRESS FIELD COMMENTS
B S S S N S‘T!L' [ i - :(ﬁl)lxﬁlfi. R S U U W TS S WS N NN N N B ]‘. I S S S SN S N

| |

T
I
]

!
i
P j2 (345817 st O :'j'2]id 4 5 16]17jiB|19)20f2+]22123]|24|25[2627|28]29[30|31[32]33|34(35]36]37|38)39140|4 [42]43{44/45/46]47/48[49,50
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NEW CONCEPTS OF GROUP 13

This group involves many logical operations, i.e. bit by bit comparisons. Bits are
grouped in order to mask (extract) certain portions of words. Under "logical product"
the multiplication of any bit by '"1" returns that bit, whereas the multiplication of any
bit by "0" returns zero. Using this principle the programmer can extract and analyze

any part of a word.
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Problem 13:

A set of 64 BCD characters representing numbers from 0 through 9 are in memory
starting at address TRIAL. If each CXX represents one 6-bit character, they are set

up as follows:

(TRIAL) =

Co9
C17
C25
C33
C41
C49
(TRIAL+7) = C57

Write a subprogram that will form the sum of the characters represented by the diagonal
line and the sum of the characters represented by the vertical line. Compare the two
sums and store the smaller sum at address MINIMIZE,

Flowchart:

Add Diagonal Add Last Column
-1 Y.
| Column dnd And Hold (a) > (D)? 22 5 (D) - MINIMIZE ‘
Register In A Register
No

(A) ~MINIMIZE }
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Problem 13 could be solved by coding in the following manner:

LOCATION MRATNWIERS ADDRESS FIELD COMMENTS
1

viazaierssesredsdegnie ey ATLLTU3T  000 00 N 3n 3 e 3y an L0 et 0n e 1A LT 0 A0S SIS 500 61 23 i8I0 e T My (T T

mzr :MIA/FW[
ML IMIZE 1BSS. ..;,514;., L L T

MIVEAY | BSS. oo i T
N 177, S - L .
e o { e
7, W ST : -,A,.;AL);QH._- ed fodld : : : i i b ke oot b
e | EMR 9B MasK IV G R e
e llots L A e L L
WexT .. |lssd .. TTRATL,1 , ] e
S B Y A T e
TSK oo oot B CHARS
RS, EL . W e B

WexTs | YLS Db |
P S N ¢p1¢LA 1["4\0;;01‘ i hd, e dend :D bbb i Bod i
ENVA DT
R 4

}
i

sk /2%
o lSE T MEXTL » , e .
i B B i e
[EXTR | ABL o CTRIALLL Ll
e NESK S CHAR?
e BT WERT A e L
it I Kmfmwt;=siﬁ'-\ﬁ‘)~&_'-nii ettt d i i SN b b

o paP oL A:;aZ%san T T
e B7A CmImE . ALTD
4.'.,51-‘3_ (.JMIA/FHA/.H_ ‘HE,E,.”“ALl.E....‘H,v.v.»-v“
TAGSH | RXT oo DA s e
s/Aw-@. MAA/IMIZA:»ME ‘‘‘‘‘ iD
. i

i

i

kT wun#%m/ o ‘._
ot EA/D i, dbded b bl

Somewhere within this subprogram would also be included the symbol TRIAL in the
location field with a declaration of the prestored data or area reserved,

It is left to the reader as a challenge to determine the contents of A and Q after each

instruction, as was done in the previous problem.

Student Problem 13A:

Using problem 13, determine the minimum value between the sum of the 5th column and

the opposite diagonal.
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Flowchart:

Problem 13A could be solved by coding in the following manner:

LOCATION RATION, MODIFIERS ADDRESS FIELD COMMENTS
i
i : hdodi ik I TN TR WA S0 W B N T S | : il foddebid e B
I
i i Lo poliid RTINS U IR W SN S S TS SO B L i P SN T O TS VOV TS S S N PR ADE RN S S S i
| o [ SRR N BRI B PN N S VNSO N T S Y U0 T Lol i ; 1t
{
; : iy FEN T I S S | TN EE ST N S id fotdi e Aot b LE
i [
: P PR W N T TSR | B : L ; . L dt
]
bbb k) ddod ik i : R - : i [T U B B i
e i : il TR S S SN YT S VA ST SNV S SN SR ST VSN N S RO : i i boded
| ]
b L i i » SRR N : L FEUT R TO0 W N S G W :
]
; . 1 L i | Y i : AU S
i
Ld i L L fododond P ; e : FUNNE O S T NN RS S O DO SR |
i
‘ Lodosd ¢ sogeaided Loboddik fnd i L L P b i bl it bt bk : 1
1
i RS SE WA IE RIS SO0 VT S V0 S0 I S U U U U A V0 GO S T PR NR Y W UO UO0 VAT O S SO0 YOAT S N NN K O Y OO U IO O S S U T S WS
I
Loty beeiid it e [T S U N VAT S S UOE TSN 100 N0 S0 S 0 TS S S G S0 | T S B S TOE ST S T S T S R WY
i
TR P S S ST ENE WV AN JNUT WU THOY SOT VNV YWY S NS S WU SN S OO A POV N AN S S S SO0 S ST ST S T SN N VOO0 SO VO IO S VY i
1
Lheii ik L) RIS BT S W N NS TS USSR SO0 S U0 SN N NN S S SO T S G T S SO SO WOV Y W O S
: 1
il PO SN0 Y0 WA U0 TS U WA SO U Y O 0 WO S S S T S S W Lo daai Ld L otk
H [}
L S it i L4 i i il TR BN R U U W S| PR S S N I S S0 B OO O ;
| |
I RSN N | TN S B S U T B NI S | I ik : FE N RTINS SO S U S B S| gt
' 1
: R it i Lotk ORISR S W SV N SOE SRR SN WS SO U U T T OO S O otk ; S
1 ]
Lol L L : | 1 i L L Lt i L i Lt A I bk d ik :
]
Loi i dod PSR SR S S VT WO S S ST S SR T B i . i Leicl : oLl
i
i RS SN TS O W WL ST W [T T S T G U S0 W S (S S B PRI [ 1 i F i FE U U ST T SR §
|
2 Lol i :1 L TN T WS B Leio it H L fos Lt L il i H L
Lot d it ; IS U SV AN SO SN SO S N GOV N T S U S S S S S B 1 | AT Lok PR O N WU B
{ |
L i bk ARV NS VT U N N S TO0Y WO S G T SO SO T SO SN S S WU SE0F VOIS L S S T A U UUY VIOV SO S 0L S5 W OO0 SO S SO S WO Lok,
1 |
T S R PR W U B | 1 Py 4l TR | B T A Y H i : PRV T W T S Lot
1}
L i Ldd i iai L PR S 0 S S TS S S bt FET S U U N N S S T U S W U it i i id
]
Ll L PR ST WO N U AN ST U0 S0 Y S S N T VOO S WA N S U S S SO S DO U0 U A A N U 4 SN U AR b A dd )
|
] i O S B TN NN S Y S N U N T S O O 1 1 i ti 1y P FH S S S W B 1 R S G I i
]
TR T R A (RS S N R PSS U O S PR | PR T T S W Y S T 0 U A T T B S H
[ |
T Pii L i : T UU S N S VN T S T S0 SO N0 W U U A U Voo s i ok IR S R i i il
|
T PR EE U U NS N S S i IS U WA S N WS S W B Ll I Ci i diioad i
¢ 1
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GROUP 14

SINGLE PRECISION FLOATING POINT ARITHMETIC



GROUP 14

SINGLE PRECISION FLOATING POINT ARITHMETIC

1. Floating Add FAD
2. Floating Subtract FSB
3. Floating Multiply FMU
4. Floating Divide FDV

This group of instructions performs floating point operations on the contents of A. One

memory reference is required.
Both operands must be in floating point format. The computer will automatically

normalize and round the final coefficient resulting from the operation unless UN or UR

is specified. The operation always leaves the answer in A with the residue in Q.
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The FLOATING ADD Instruction

The FLOATING ADD instruction is an instruction that adds a 48-bit operand from an
18-bit storage address to the contents of A in floating point format. One memory

reference is made.

The 18-bit storage address is composed of a bank term a (within parentheses) and a
modified base address M where M = m + (Bb) + (VV). If the bank term is missing, the
current operand bank setting is assumed. The b and v index designators allow for

relative addressing. If they are not used, direct addressing is implied.
If CM is specified by the programmer, the complement of the operand is added to A,

If MG is specified by the programmer, the magnitude (absolute value) of the operand is
added to A.

If RP is specified by the programmer, the result of the operation replaces the contents
of the storage address besides the A register. In this case two memory references

are made.

Normally the coefficient will be normalized. If UN is specified by the programmer,

the coefficient will be unnormalized.

Normally the coefficient is rounded if one-half or greater. If UR is specified by the

programmer, rounding will not take place.

The initial contents of the Q register are always destroyed by this instruction.

[y
>
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FLOATING ADD FAD

R

MACHINE
_ 47 23 0 -
T 1 I T T T T T 1
May be an 3304b 4 ymy [ N N R T B
upper or J
lower ~ NORMAL
instruction 47 23 0
T 1T T T T 1 P
\Iu Lot |3|0|b| L 1™ ||J
47 il 23 0
| 1 TT T tt ttt T T 1
I7 Tty 171615141312|l|°| 3,0,by 4 ym) | I AUGMENTED
\‘Vi ‘-v:’ \\\—v—"w\-" v —/
COMPASS §\ N
—
ST~
LOCN IOP[RATION,MODIFIERS ADDRESS FIELD COMMENTS
| |
I S S B N N | F]AlDl,qlCIMl;aIN!Gl'&lRlPl:IUINI;IUIRI l(la-l)l’_’ll}lbl:lvl S N 1 N SO I N N I Y I |
|
Cj2 3 jaisqjejr8fajio)i |nz||:|ml|51|61w||u||9izolzqzzlzslulzs[zslznzulzs(aopnpz]n]34[35]361371551331401«14214:144[aslasprqulsol
Function code—l Optional, second index
designator.
Optw{]al, tr;anfsmlt d Zero or blank, use no
complement of operan index.
Optional, transmit 1-6, use relative
magnitude of addressing.

operand 7, use indirect ad-

dressing.

Optional, replace
result at M

Optional, first index

Optional, leave designator.
coefficient Zero or omitted, use no
un-normalized index.

Optional, leave 1-6, use relative

coefficient addressing.
un-rounded 7, use indirect address-
ing.

Optional, bank term.

. Optional, base address.
0-7, transmits number to ZEW‘ i amitted

Operand Bank Register. %, cu;};ﬁ;;;:()gram

$, transmits bank number in address.
which base address resides to
Operand Bank Register,

*, transmits Instruction Bank

Register to Operand Bank Register. T d bit not programmable




HEPTOSO0C T

FLOATING ATD FORMAT FAD, RI, CM, MG, UN, UR (@ m bv Memoe P .y
1
e CcM No MG No . UR No Residue in Yes
|Frter , Spef'ified?—)@m-xﬁed°>_-"| A1+ (D -a Specified” /\7% ERVEE H‘ At ‘:’“
- [yes Yes T Ves No
|
() > 60 Yes J

o

]
!
|
|
|
I

&

(A)+ (G0 - A

Normalize

Coefficient and
Adjust RP )
F.xponent Specified?

Use Lower
Was %Instruction at (P)
Instruction as Next s Fxit
Lowee> Instruction

Yes _—_—

ZO=HYg—=1Qvmo

nstruction
'AD (A) + (M) A
FAD, RP (A)+ (M) ~A and M
FAD, CM (A) + (M) ~A
FAD, MG (A) + D] ~A
FAD, UN (A) + (M) = A, final coefficient unnormalized

UR (A) + (M) = A, final coefficient unrounded
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uEC Y P X

L rap |

PROBLEM:
Add a floating point number from address NUM to the A register.

SOLUTION:

LOCN OPERATION, MODIFIERS ~ ADDRESS FIELD COMMENTS
| U N W | FI#}D[ I I B | iMUM S U N N Y O W U W O W T T ' I‘I ‘\ NS SR N W S S D N S
|

P12 )3 |4 s 4€ 718 o]i0| N2 3]ia15]16]i7)iB{19)20]21]22{23|24]25|2627]|28)29(20|31 3233 34]35[36|37|38]39/40|4: 42]43]44[45(46]47{46,3950;

PROBLEM:

Add the absolute value of a floating point number from address
BILL to the A register.

SOLUTION:
LOCN OPERATION,MODIFIERS ~ ADDRESS FIELD COMMENTS
| 1
| FJAIPIIIIIIIIBJIlLLLIIIIllllll‘illlllllllljlxl,
I |
P12 3|+ 5 617 |89 |10)il|12]i3|i4|(S[16]17)18)t9(20]2(|22{23)24]25]26]|27]|28]29|30]|31)32]33)34|35]36|37{36|39]40/41|42]|43|44]45/46]47,48[49]50;

PROBLEM:

Do a replace floating add from address BOB modified by Index
Register 3.

SOLUTION:
LOCN OPERATION,MODIFIERS ~ ADDRESS FIELD COMMENTS
|
I I S N N | AAIDI;IRlPIXIlIBBlulnl;lllllllll'ILllll:llll!IkiiA
]2 3|4(sejri8loejio|i 1121»3110115[l6|l7|-l1!9:20|z<12212)|26125|25127125129130[!ugz]npqsslmpsps“olm 142]43]44]45]4647{48 45,50
PROBLEM:
Do a floating add from address TOJO using un-normalized
arithmetic.
SOLUTION:
LOCN OPERATION,MODIFIERS ~ ADDRESS FIELD COMMENTS

| i

N S | ﬁlﬂ'lpljnlllelll!Jll/hrIﬂIIlllllll'llli‘Ll}AJAxill‘M‘
i I

L1234 (5|6 |7 |8 |9 [10]1|12]13]14]i5[16]17]18]19120]21]2223)24]|25[26]27[28129]30(31 |32]33|34]35]36]37 (3839404 142|43{44[45/46]47 4814955




The FLOATING SUBTRACT Instruction

The FLOATING SUBTRACT instruction is an instruction that subtracts a 48-bit operand
at an 18-bit storage address from the contents of A in floating point format., One

memory reference is made,

The 18-bit storage address is composed of a bank term a (within parentheses) and a
modified base address M where M = m + (Bb) + (VV). If the bank term is missing, the
current operand bank setting is assumed. The b and v index designators allow for

relative addressing. If they are not used, direct addressing is implied.

If CM is specified by the programmer, the complement of the operand is subtracted

from A.

If MG is specified by the programmer, the magnitude (absolute value) of the operand is

subtracted from A.
If RP is specified by the programmer, the result of the operation replaces the contents
of the storage address besides the A register. In this case two memory references

are made.

Normally the coefficient will be normalized. If UN is specified by the programmer, the

coefficient will be unnormalized.

Normally the coefficient is rounded if one-half or greater. If UR is specified by the

programmer, rounding will not take place.

The initial contents of the Q register are always destroyed by this instruction.

14
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T ERE

FLOATING SUBTRACT

| rsB

MACHINE
47 23 0
([ T, T o1 T T T T 1 )
{3 1,0b m . '
May be an Mol Wiatl IR B e | 1 i 1
upper or
lower > NORMAL
instruction 47 23 0
[ T T T T 1 I3 T J
L RN R TR T B 1 T il R W
47 T zg 0
T T T 11 1
Tyry g mslsmslzmt)I 3 | | AUGMENTED
/]
COMPASS
RN
v S . N~~g
A==t
LOCN lﬂPERMIﬁN,MONFlERS ADDRESS FIELD COMMENTS
A T S B FlStBl;.ICIMI;\NlGIQ1R1P1;1U1Nl’lUlRI x(lM)an;Jbl'qlVi L1 1 N W N U B Y
|
1 q2 3|4 (5]6]|7 8]9 nolu1v2||5|u|lslwcll7|ra|vsIlzolzw122123|24|25|zs1271251z9lsolav1:2[33popslssp?p!pslwlm142|ulu145l45|n7101149‘501
I A A
Function code — L— Optional, second index
_J designator.

Optional, transmit
complement of
operand

Optional, transmit
magnitude of
operand

Optional, replace
result at M

Optional, leave

coefficient un-
normalized

Optional, leave
coefficient
un-rounded

Optional, bank term.

0-7, transmits number to

A D 1- D
uperanu Darng L\Gglstcj. .

$, transmits bank number in
which base address resides to
Operand Bank Register.

%, transmits Instruction Bank
Register to Operand Bank Register,

Zero or blank, use no
index.

1-6, use relative
addressing.

7, use indirect
addressing

Optional, first index
designator.

Zero or omitted, use
no index.

1-6, use relative
addressing.

7, use indirect
addressing.

Optional, base address.
Zero if omitted.

%, current program
address.

td bit not programmable
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FSB

ST P TIASOCT

FLOATING st B i

fater,

FORMAT: FSB, RP, CM, MG, UN, UR

{a)m h v

b
M=m+ (B )+ (V)

(A) - (M)=A Li

Yes

Specified?

No__f Residuc In
Q> 1/2»

Yes

>3“’—">[(»\;n A }—?

&
./

No

Norniadise

Coetficiont R Yes Was .
Gt Addjust —{ Specified IRV Instruction  po2
[T Lower?

Yes

Use Lower
Instruction At
{P} As Next
Instruction

tse Upper
Instruction \t
(PY+1 As Next
Instruction

]

ZO~Hu=IONHU

(A) - (M) ~A

(A)

(M) A and M

(A) - (M) ~A

(a) - [(m)] -A

(A)

(A)

(M) —~ A, final coefficient unrounded

(M) — A, final coefficient unnormalized
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VY 2 X

FSB

PROBLEM:
Subtract a floating point number at address JAKE from the A registen

SOLUTION:
LOCN OPERATION,MODIFIERS ~ ADDRESS FIELD COMMENTS
| |
| N S | F!SI.BIIl‘LlllJ’l-#lKlgllllllllll'lllilIJ1‘1)‘}1111
| [
1 ]2 |3 4 5|6 7 8}9 Ol |12| 1314151617819 |20]|21|22]23]24]25)26|27|28)29|30|3132|33|34)35|36(37 3839404 [42]43{44[a5/46/47/48]a9 50"
PROBLEM:

Do a Floating Subtract using the address specified in Index
Register 2.

SOLUTION:
LOCN OPERATION, MODIFIERS ~ ADDRESS FIELD COMMENTS
| i
N N S FISIB}LlilIIlJﬂ'lIILilllllll'lillllll‘l‘ S S
| [
P12 (34151617 j819 \OL\I1\21!31\41!5]!6}17]1!l|9lZOiZIL??lZ!lZ‘lZ&[?G12712!129&50137132133])41!5|\6|5IJ}Bl}?]ﬂOLQ‘;ﬂ2i°)‘4414§:46i~l7;é9 437“3:

PROBLEM:
Subtract the absolute value of the floating point number at address
PILL from the A register.

SOLUTION:
LOCN OPERATION,MODIFIERS ~ ADDRESS FIELD COMMENTS
| |
IS N N S ESIE;IM)GIIIIIPII[LILIIIlllllLL'JllIIIkl‘3‘ S
|
‘2345|678 |9ji0u |r21wsi‘4|wslwslmna1:9|zol2n122123120|2512sl?nza|z~3(30pv132|33114[35136137psps[oo:- [92[43,94 45:46 1 4@ 36 60,
PROBLEM:
Do a Floating Subtract using address BOX with unrounded
arithmetic.
SOLUTION:
i Pl -
i LOCN - (OPERATION, MODIFIERS ~ ADDRESS FIELD BT 3.0
- —t e & e e
H |
é_, ‘ Fjsiﬁ‘}lux& Log ol 1Bx¢1xl N SN SN S VY SN U G N TS SR
l i |
Voo coe sce 1 8l L_i.*.l‘_‘_.""‘ L8N 8119420121,22,23124(25]76 27128 9500 % IBeiNY N N S . D Sk
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The FLOATING MULTIPLY Instruction

The FLOATING MULTIPLY instruction is an instruction that multiplies a 48-bit operand
from an 18-bit storage address by the contents of A in floating point format. One

memory reference is made.

The 18-bit storage address is composed of a bank term a (within parentheses) and a
modified base address M where M = m + (Bb) + (VY). If the bank term is missing, the
current operand bank setting is assumed. The b and v index designators allow for

relative addressing. If they are not used, direct addressing is implied.

If CM is specified by the programmer, the complement of the operand is multiplied by
A.

If MG is specified by the programmer, the magnitude (absolute value) of the operand
is multiplied by A.

Normally the coefficient will be normalized. If UN is specified by the programmer,

the coefficient will be unnormalized.

Normally the coefficient is rounded if one-half or greater. If UR is specified by the

programmer, rounding will not take place.

The initial contents of the Q register are always destroyed by this instruction.
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H>2 %0

FLOATING MULTIPLY

1 FMU

MACHINE
i 231 T T T T 7T &
5 T T
May be an |3|2|b| [ Rt B l I T S N T I
upper or
lower ~ NORMAL
instruction 47 23 0
T T T T T | I ——
\IJ I N T N B l3|2|b| Ly IT/
47 T 23 : 0
T | - T aTs T
[7 L fahyvee 171615|£|3Itz;cl|0 3,2,by o ym I AUGMENTED
COMPASS
LOCN lﬂP[RHIﬂN,MﬂlelERS ADDRESS FIELD COMMENTS

!
I U S FIMLU17101M1;|M1@1,xU|N|,|U|R| 1(14—1)17’11;:5“1*'1 I Y T T Y Y
|

12 3 4 5|67 8 ]9 ]ioyii12[13]14]15]16(17]18]19]20]21[22]|23]24(25[26|27]28]29(30]3132|33[34|35]|36)37{36(39]40|4142]43|44]45(46]47/48{49|50]

Function code — ‘J

Optional, transmit
complement of
operand

Optional, transmit
magnitude of
operand

Optional, leave
coefficient
un-normalized

Optional, leave
coefficient
un-rounded

Optional, bank term

0-7, transmits number to
Operand Bank Register.

$, transmits bank number
in which base address
resides to Operand Bank
Register,

*, transmits Instruction
Bank Register to Operand
Bank Register.

A

l—Optional, second index
designator,

Zero or blank, use no index.
1-6, use relative addressing,

7, use indirect addressing.

Optional, first index
designator.

Zero or omitted, use no
index,

1-6, use relative addressing,
7, use indirect addressing.
Optional, base address.

Zero if omitted.
*, current program address.

td bit not programmable.
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FMU

HopPTOs0orM

FLOATING MULTIPLY

FORMAT:

[ \
{ Specified?

Yes

\G
Specified”

U
Specified?

Normalize
Coefficient
and Adjust
Exponent

FAMU, CM, MG, UN.UR (a)

Use Lower
Was . No Instruction at
Instruction (P) as Next
Lower? Instruction

Yes

mohov

TR
— Specified

Nuo Residue in
» Q2>1/2»

Yes

i
[

b
N

{P) + 1 as Next
Instruction

<]

Use Upper
Instruction at

M=m+B%« (Y

Z0=Hu—~mOnmyY

FMU
FMU, CM
FMU, MG
FMU, UN

FMU, UR

>

(A) (M) ~A

(A) (M) ~A

(A) |(M)] ~A
(A) (M) + A, final coefficient unnormalized

(A) (M) =+ A, final coefficient unrounded




nEEYZ P X E

Lrmy |

PROBLEM:
Multiply the contents of A by the number at address SLINK.

SOLUTION:
LOCN OPERATION,MODIFIERS ~ ADDRESS FIELD COMMENTS
| I
| I U T Fl”LQlIlJlJllSILIIWl,(llIIIlIll'lllLllllIIlllIILJ
| [
1 j2|3ja})516 T8 (9 IOIHII2|I}|I4|I5‘IG|(7|(l1!9]20[2![ZZJZJLZO[ZSI25127[2![29]3(”36|32]33|34135|!6]!7|38|3w014']62]‘3]64]‘5[‘5]!7]401‘9150]

PROBLEM:

Do a Floating Multiply using the address specified in Index
Register 4.

SOLUTION:

LOCN OPERATION,MODIFIERS ~ ADDRESS FIELD COMMENTS
| S S T I | F‘lmUllllllli,lylIllllJlllll‘lIlliI:llllllllll

! |

‘2314|567 8]9]i0)ii12{13}14[15[16|17)i8(I9]20]2+]|22{23}24{25{26]27|28(29]30]3+)32|33]|34|35]36[3736(3940[4!]42]43]44][45/46]|47[48 49]50]

PROBLEM:

Do a Floating Multiply using address BIGGEST with un-normalized
arithmetic specified.

SOLUTION:

LOCN OPERATION,MODIFIERS  ADDRESS FIELD COMMENTS
) S T I T | FlMUI: lUl”I 1! ] :51‘[6161551‘“ S W T T N T T N U O B A | l
|

N S S N T S SO VA N
|
'01“1'2]'3]"]!51!“!71'!159|20‘z|122125|24|25|26127123129130131]32|33|u|35135131l39139|wl4-102|431l4]45]§141|4s;a9|501

1 |23 |4 5167 (8]5s

PROBLEM:

Multiply the contents of A by the absolute value of the number at
address ONEPRCNT,

SOLUTION:

LOCN OPERATION MODIFIERS  ADDRESS FIELD COMMENTS
| U I S I | FIHIUI: Mlél - :éﬂlflplklﬁl”)n I D TS U N O S W O | 1 D S N N N U N N |
|

100 j'2|13]14]15]16]17(t8]19(20]21]2223|24]25|2627|28]29]30]3![32]33/34j35[36[37|38|39]404 |82]43]44(45146]47|48{49(50]

LN ENENENCERAENE]




The FLOATING DIVIDE Instruction

The FLOATING DIVIDE instruction is an instruction that divides the contents of A by a
48-bit operand from an 18-bit storage address in floating point format. One memory

reference is made.

The 18-bit storage address is composed of a bank term a (within parentheses) and a
modified base address M where M = m + (Bb) + (V). If the bank term is missing, the
current operand bank setting is assumed. The b and v index designators allow for

relative addressing. If they are not used, direct addressing is implied.

If CM is specified by the programmer, the contents of A are divided by the complement
of the operand at the storage address.

If MG is specified by the programmer, the contents of A are divided by the magnitude

(absolute value) of the operand at the storage address.

Normally the coefficient is rounded if one-half or greater. If UR is specified by the

programmer, rounding will not take place.

The initial contents are of the Q register are always destroyed by this instruction.
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Hp290Md

FLOATING DIVIDE FDV

MACHINE
47 23 — T 0
| ICLENL T
May be an r|3|3|b|4 e | | I N T N DR
upper or
lower ~ NORMAL
instruction 47 23 0
I T T T 1 17 I T 1 ]
_ N N N S R 3,)3,by 4 ym; B
47 il 25 0
ToT - T 11 7T | R
I7 P hyvge 17161512131%2 3,3/by o ym I AUGMENTED
COMPASS
N I~
AN A A I A
LOCN IUPERAIION,MI]NFI[RS ADDRESS FIELD COMMENTS
|
| U S S S FpAViAICIMlqlMIGIQ:UIN\ﬂtJlRl I{Ia-l)l”!l}lbl'llyl [ S N N S T N O T A
2 2 3 > & > |
L2346 7 8)9f0r pzrsIullspslnps|r912012‘)221251241251zsinlz-lnpop-pszlupspsln]39139140“ [42]43]44]45]46|47/48]39)50;
Function code—l I—O tional, second index
p
designator.

Optional, transmit

complement of

operand

Optional, transmit

magnitude of

d .
operan designator.
Optional, leave Zero or omitted, use no
coefficient index,

un-normalized

Optional, leave

coefficient
un-rounded

Optional, bank term *, current program address,

0-7, transmits number to
Operand Bank Register.

$, transmits bank number
in which base address
resides to Operand Bank

Register.

*, transmits Instruction
Bank Register to Operand

Bank Register,

Zero or blank, use no index.

1-6, use relative addressing.

7, use indirect addressing.

Optional, first index

1-6, use relative addressing,

7, use indirect addressing.

Optional, base address.
Zero if omitted.

td bit not programmable.
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FDV

HopmQs0rH

FLOATING Dy DY FORMAT: ¥Iiv, o\ MG, TR {a) m, b. v

™S
o

[ Sou
[ 2T M specified
7 Ves

N r
No MG No J. i S UR VoNo R N Vst
specifiedv)—"[“"”m A /}'—_)Gpr'\xfirdj_)(n Qe }_"!
e N
T Yes N
I ‘

(A1 -a

lve, 77 s )/l\
I L
(apy 0s 1 YeR | Ny
- / i
i

©)

_ Use Lower
Was No | Instruction at
Instruction (P) as Next

\Lower? Instruction

Use Upper

Instruction at
(P) + 1 as Next
Instruction

M-

me B0

Z20—~HU~xOQNHU

FDV (A)/ (M) ~A
FDV, CM (A)/(M) ~A
FDV, MG (A)/|(M)] =~ A

FDV, UR (A)/(M), final coefficient unrounded
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Ly 2 > X

FDV

PROBLEM:
Divide the contents of A by a floating point number at address

DENOM.

SOLUTION:

LOCN OPERATION,MODIFIERS ~ ADDRESS FIELD COMMENTS

|

I =
O T W T 101Vllllliilpltl”¢lMllllllllL'llllIlll‘]ll'\III
|

P12y 3(4|S|6 |7 (8|90t [12]13]ie[45[16[17)18]19420]21]22)23]24)25)26)27|28|29|30|31132]33|34/35]36(3738)39|40[4 ]42]43[44[45/46]47(48|4950]

PROBLEM:
Do a Floating Divide by the absolute value of the number at address
PAR modified by Index Register 1.

SOLUTION:
LOCN OPERATION,MODIFIERS ~ ADDRESS FIELD COMMENTS
) R T T S I FIDL‘/JIIIIIJ:PlelkllquILl!|llll'lllLJlilII111{!11

1 ]2 345164789 m|u||21>31w41r51-61”11.1-9:2012|122123120125126527123129130131|32|33L341!5136pvlulssloolla 142]43]44]45]46]47|48149(50]

PROBLEM:
Do a Floating Divide using address CARC with unrounded
arithmetic,

SOLUTION:

LOCN OPERATION,MODIFIERS ~ ADDRESS FIELD COMMENTS

|
N T | FIDIVI}IUIRI I .GAR:C. S N S Y W NV S T U N T T T N T N T O N Y
|

|

vJ2]3)4)5 16T (8|9 0)1 121131 14)15)16117)i8{19)20)21(22}23(24]25|2627{28{29|30|31|32)33{34/3536|37 3839|404 |42]43]44]45]46)47[48]49)50

PROBLEM:

Do a Floating Divide using the address specified in Index Registers
2 and 3.

SOLUTION:

LOCN OPERATION MODIFIERS  ADDRESS FIELD CGMMENTS

| I
B S N F!Divllliii}ijllliiBiliAiLiiil‘lii(iiki'LliJL‘l

i !

rq2(3|4qs|6jr8i9logn J213]14 )15 |18]17)18[19120]21)22)23]24|25({26)27)28]29]30}31 |32]33)34[35]36]37|3B|39]40{4  [42]43{44 45[46]4748]49|50]
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NEW CONCEPTS OF GROUP 14

Floating point arithmetic offers to most people the most troublesome arithmetic to
work with. They can understand integer format. The octal numbers 0—=>013 and
7—=> 1751 in integer format offer no problem. They can understand fractional format
The octal numbers 340—=> 0 and 727—=> 7 offer no problem But a mixture of
integers and fractions using floating point format loses many people completely. Some
people memorize rules. Some people carry a rulebook with them. These methods are
cumbersome and often forgetful. This portion of the section deals with floating point

format including the operation and use of the floating point instructions.

The method employed to show floating point format is based on the elementary rules
of algebra. In order to understand floating point format, one needs to know;
1. the difference of coefficient, base number, and exponent, and how changing

signs of the coefficient and exponent changes the value of the number.
2. the method we used in explaining integer and fractional formats.

First of all, let's consider the format. In scientific notation all numbers can be ex-
pressed like the following:
+
+C - B=°
This means that some coefficient is multiplied by some base number raised to an

exponent. Examples are:

1. 1.5 103

2. -3.6 10°
3. 7.1 1074
4 -6.8 107°

Here the base number is always 10 You may notice that the sign of the coefficient and

the sign of the exponent are mixed. Let us rearrange these numbers from the largest

to the smallest. They would be ordered like this:

14-19



1. 1.5 10 Largest
2. 7.1. 1074
3. -6.8- 1079
4. -3.6 10° Smallest

This we've learned from algebra. Note that the number with the positive coefficient

and exponent is the largest and how the number with the negative coefficient and posi-
tive exponent is the smallest. Note also that a number above zero has a positive co-
efficient and a number below zero has a negative coefficient. Note also that the sign
of the coefficient determines whether the number is positive or negative

When numbers are expressed on the machine, they are expressed in binary with a base
2. If the base is always 2, there are two quantities which the format must express:
the coefficient and the exponent. The engineers forthe 3400/3600/3800 systems have
formatted a floating point operand as such:

41146 36 0
[T  EXPONENT ; COEFFICIENT ]

Bits 47 and 35—=> 0 represent the coefficient. Bits 46 ——= 36 represent the

exponent.

The coefficient is always represented as a fraction with the point assumed to be between
bits 36 and 35. The sign of the fraction is bit 47. Now you ask, ''Why have the sign of
the coefficient as the uppermost bit?'" The answer is that it is the sign of the coefficient
which determines whether the complete operand is positive or negative. If it is out in
front, it can nicely be checked by the AJP, PL or AJP, MI instruction as is done with

the integer and fractional formats.

Now let's return to algebra and see how binary numbers are expressed. We will use

octal (easier to read) coefficients and exponents. Consider the numbers:

W N e
1
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These numbers are already ordered from largest to smallest. Now let's say more
about these numbers.

1. represents a positive number greater than +1

2. represents a positive fraction

3. represents a negative fraction

4. represents a negative number less than -1

Now how do we match these numbers with how they look in machine format? Just as in
integer and fractional formats, we draw a vertical number scale and compare positive

forms only.

Algebraic Notation Machine Notation
17
2 777(octa1) ------------------------------- 37TTX———>X
2 1T 3776 Xx——>X

Positive Numbers Greater Than 1

9l . 2001X ——>X
e S S 2000X ——>X
0 L 1776X ——> X

Positive Fractions

w
-3
-J

It is because all formats are laid out the same. Tlie smallest number expressible in all
three formats is 40——= 0. Don't think though that you can mix formats and instructions
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at will during the program. The instruction and format of the operands must agree.

From the scale it is apparent that any positive number greater than 1 will be between
20000———=0 and 37777——> "7, and any positive fraction will be between
00000 ——=0 and 20000——=>0. Examples below point out a few of the number con-

versions.

Algebraic Notation Computer Notation
1. .5 28 = 200650 ————> 0
2. .5+ 278 E 177150 —————> 0

D)
What about negative numbers? What is the computer notation for -.5 - 26 ’

If you remember integer and fractional formats, all we did was complement. From
number 1 above 200650 ————=> 0 becomes 577127———= 7. This is the answer to

the negative number, and of course, the sign shows negative. When the computer adds,
subtracts, multiplies, or divides two floating point operands, it will always normalize
and round the coefficient. This makes the answer as close as possible., However,

the programmer may declare unnormalized or unrounded arithmetic for certain applica-

tives by specifying UN or UR respectively.

POSSIBLE ERRORS

The possible errors for the four floating point instructions include the following:

Instruction Fault

1. FAD Exponent Overflow - this occurs when the carry during the coefficient add
causes the exponent to extend beyond 1777. 1777

octal is the maximum positive exponent allowed in

the format.

Exponent Underflow- this occurs when the carry during the coefficient add
causes the exponent to extend beyond -1777. -1777 is

the maximum negative exponent allowed in the format.

FSB Same faults as above.

FMU Same faults as above - this occurs when the addition of the exponents



causes the exponent to exceed 1777 for Overflow or
-1777 for Underflow.

4, FDV Same as above - occurs when the exponents are subtracted. The re-
sult must be between -1777 and 1777.
Divide Fault - occurs when the divisor is zero.

One further point on floating point operands is noted. If the computer answer results
in zero, the answer will be 0———=>0. This is so that the AJP, ZR or AJP, NZ instruc-

tion can determine it as it can for integers or fractions.
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Problem 14:

A formula for Z states that 2 = . 05(3X2-2XY+ YZ). Solve for 2 if X and Y are given in

floating point format.

Flowchart: ) o
Form 2XY Form 3x2 -2XY rm ) _>®
%2 2xy + ¥
@-—) Muiiigly Store At Z

Problem 14 could be solved by coding in the following manner:

LOCATION | JOPERATION,MODIFIERS ADDRESS FIELD COMMENTS

R R A N I ) LI U ST R I PR AL BULI L SCIRE: Nk SENCIRE FE U Tk JF VEITE BE EFELRE NE-2€ 18] 0 bt ezt 030 agas e 47 1 an 4w S6 31 (38033 {54 |8 [ 36 8713 89| 0: 4150214058448 140 67 6N G40 TR 0T

o\ TpeMT VAL T P

i TR o w4u..‘:lv.z.,,:=, N

SAVE . | IBsS .. ... li P N i

Com/s7 . | DEC ... .. . &- ,JL}.-ahsL. T D

/4. .\ Bss ... . I
j
]
1

KNI VO U TSP S O SIS SU Y S S SN DU S S GRS SRS SO WY M S U S0 SO Ut S

| LA e
o ML{»[.;;,})/ L .
. llemy o COMST Ox
e | BTA . ISAVE T P
04 o X
MU BUSTHL o BXEEL
BB BAUE . N
e .. .| BTA  SAVE i
e lEDA ot . . ; »
L Ml N e .\/m,z i
. AD ‘:‘SAME R ISYk#2-AXYIYAEL
T TEmMu . easTaa f_ZA/A—L E{/A‘LuATLm/ i
did Lad Tl4n.‘=z,l‘2—x'1sx L i il L x'|=l ‘‘‘‘‘‘ Lol . [N EN R R A B S ST R
e | BT H_El/AL, ..... e . . . N .

G4t PSR SR SR ST S U I S O A ST AR e

1
.

|

!

Somewhere within this subprogram would also be included the symbols X and Y in the
location field with a declaration of the prestored data or area reserved.
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Student Problem 14A:

Solve for Sif S= (P/q+ 1XF/2 -3) and p, q, and r are given in floating point format.

Flowchart:

Problem 14A could be solved by coding in the following manner:

LOCATION | JOPERATION, MODIFIERS ADDRESS FIELD COMMENTS
]
129 ieinre iy o ke v 00 2 e 008 Y0020 1300 31102530\ 208 G965 0T IO (30 100 Le) an g 01 eaies Lae a7 (000w S8 0 (50 i0 00 130 50 0T 5K $9 0 ; 41 AR (6D | 445 ek 47 108 60 7817572
Ll TN S T S O SO O S S N OO S0 W S S W S VT N WA SN S S IO SO0 PO SO TN S A S S TR ST N
I
L Lt ! foill Lt ! i L L i Ll e
----- Lt 1 . - iiid SO R TN S S L
I i 1. L4 L Ak i i § S B WS T | i L i Lot _f 1
i
T 0 T S R Y S L P IR TR N i it fodd
|
b : il fii il L deas o : i i il I Lodol
i
i I3 Lobd i} e l S T I | ISR WS SOUN-SENN S W O SN WU NSNS AU SN SO SO0 SN UK ST SIS S SN T ) I -t
i
L .l fdd PN I L 4 L L i At
i
s i L L i O A N S PR NS bt L
1 Lol I i L L 1 bededd lod A
i
L L L i Ll L.l Lot SIS S S S S S L L L i
i
: il RSN SN U N U NN N S L T T S N W WO S B S
1 1
TR ST L SIS S U RN A i dedo i il ihEd ik L iniod Lot
i
ik L PR U B W S W S TN N S S Y SRR N Lot de i i TR TS SO U0 U S T WY WY SO
i
L i I B i T ! I i L 1 bod L : Lok bk L i) Ll a1 Lot b
!
[T T N S T O S S T S Y N S U N Y S S AR L bl d Lt 1 i bedd b d i AL
!
Lill i Ldd TR U S S I it L L] i T Lt Lt LAt i
| |
L i b A bl Ly L) | R S S S ST e L b d i
1 |
i Ll : L . L Lo i 4.1 i Lo
il i L1l FIN IS SO T N WY T ST s Ll Lo 1 Lod 1) 1
i
i) el L 1 Lod L : Lol
i
Loddd I L i Ll L Lol L Lt 1 id fododol i
[
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GROUP 15

SEARCH



GROUP 15

SEARCH
1. Equality Search EQS
2. Threshold Search THS
3. Masked Equality Search MEQ
4, Masked Threshold Search MTH
5. Search Equality SEQU
6. Search Masked Equality SMEQ
7. Search Within Limits SEWL
8. Search Magnitude Within Limits SMWL
9. Locate List Element Upper LSTU
10, Locate List Element Lower LSTL
11. Scan SCAN

This group of instructions searches one or more storage words from memory until it
has made a find, or until the specified list has been completely searched. One memory

reference is required for each address searched.

The first four instructions use an index register for the number of addresses to be
searched. If a find is made, a full exit is taken. If no find is made, a half exit is
taken. Because of this principle, these four instructions are upper instructions, and
the computer assembler will force these instructions to the upper position, Therefore
the programmer should not modify these instructions with modifiers, bank terms, or
second index designators, since this overrides the assembler and makes the use of

these instructions ineffective,

The next four instructions make use of Index Registers 1, 2, and 3. By using Index

Register 3 as an incrementer, some storage addresses can be skipped.
The next two instructions locate an element within a list. This list must have been pre-
viously set up by the programmer, and now an element may be specified by its order in

the list.

The last instr<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>