
































































































































































































































































































































APPENDIX A. INSTRUCTION REPERTOIRE

Al. OPERATION CODE SEQUENCE

OPERATION TIMING
CODE MNEMONIC INSTRUCTION DESCRIPTION IN p
SECONDS
00 Supervisor Call 0.75
01 Supervisor Call 0.75
02 CL Compare A Lower (AL):(Y); Set CD Accordingly 1.50
03 CcL* Compare A Lower 1.50
04 MSL Masked Selective Load (YN)»AL for (AUN):I 1.50
05 MSL* Masked Selective Load 1.50
06 CLMm Compare A Lower Masked by [(AU) | AND] (AL)] :[(AU) 2.0
A Upper ()] ; set CD Accordingly
07 CLMm* Compare A Lower Masked by 2.0
A Upper
10 LU Load A Upper (Y)=>AU 1.50
11 LU* Load A Upper 1.50
12 LL Load A Lower (Y)»AL 1.50
13 LL* Load A Lower 1.50
14 AL Add to Lower (AL)+(Y)»AL 1.50
15 AL* Add to Lower 1.50
16 ANL Add Negatively to Lower (ALY—(Y)~AL 1.50
17 ANL* Add Negatively to Lower 1.50
20 AA Add to A (A)+(Y-1Y)-A 3.0
21 AA* Add to A 3.0
22 ANA Add Negatively to A (A)—(Y—-1,Y)~A 3.0
23 ANA* Add Negatively t5 A 3.0
24 M ultip! AL)- (Y)>A 6.5
25 M :’:u!:i,:!?:' e 6.5 %.375@
7.375(3)
26 D Divide (AL)*(Y)>AL; Remainder~AU | 6.5 2.375G)
27 D* Divide 6.5 @
30 SLJI Store Location and Jump Indirect | (IAR)+1- Location in(Y); 2.25375@
(Y)+1- IAR
31 SLJI* Store Location and Jump Indirect 2.25
32 LB Load Index Register (Y)>~IR 1.5
33 LB* Load Index Register 1.5
34 J Jump Y-1AR 0.75
35 J* Jump 0.75
36 LBK Load Index Register with Z-1R 0.75
‘*Konstant”’
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TIMING D

OPERATION
CODE MNEMONIC INSTRUCTION DESCRIPTION IN p
SECONDS
37 LBK* Load Index Register with 0.75
‘‘Konstant’’
40 CcY Clear Y 0-Y 1.50
41 CY* Clear Y 1.50
42 SB Store Index Register (IR)»Y 1.50
43 SB* Store Index Register 1.50
44 SL Store A Lower (AL)-Y 1.50
45 SL* Store A Lower 1.50
46 SuU Store A Upper (AU)-Y 1.50
47 SU* Store A Upper 1.50
51 OR Inclusive OR (AL) [I3 (Y)->AL 1.50
52 AND Logical AND (AL) (Y)-»AL 1.50
53 XOR Exclusive OR (AL) (Y)-»AL 1.50
54 EJI Enable Interrupts and (Y16_0)~> IAR; enables interrupts 1.50
Jump Indirect
55 Indi .
JI Jump Indirect (Y1g.0" AR 1.50
56 TB Test B-Register for Equality If (IR)=Y,(1AR)}+2-1AR 2.5
IF(IR)2Y,(IR)+1-IR
E 57 TZ Test Any Location for Zero 1f(Y)=0,(1AR)+2~lAR 2.25
o H(Y)Z0,(Y)-1-Y
o
= 60,61 JE Jump on Equal If CD equal condition set; 0.75
<
z Y-1AR
@ 62,63 JNE Jump on Not Equal If CD equal condition clear, 0.75
wl
o Y- IAR
% 64,65 JNLS Jump on Not Less If CD not less than condition, 0.75
3 Y-I1AR
<
o 66,67 JLS Jump on Less If CD less than condition, 0.75
=
8 Y- 1AR
60 Juz Jump on A Upper Zero If (AU)=0, Y~>IAR 0.75
61 Iz Jump on A Lower Zero If (AL)=0, Y~IAR 0.75
62 JUNZ Jump on A Upper Non-Zero If (AU)=0, Y~IAR 0.75
63 JLNZ Jump on A Lower Non-Zero If (AL)#0, Y-IAR 0.75
64 JUP Jump on A Upper Positive If (AU) is positive, Y= IAR 0.75
65 JLP Jump on A Lower Positive If (AL) is positive, Y- IAR 0.75
66 JUN Jump on A Upper Negative If (AU) is negative, Y~ IAR 0.75
67 JLN Jump on A Lower Negative If (AL) is negative, Y~ IAR 0.75
70 LLK Load A Lower with ‘‘Konstant” | Z-AL 1.0
71 ALK Add to Lower A ‘‘Konstant’’ (AL)+Z~AL 1.0
If (IRP)=0,
72 SIR Store Index Register Pointer | "RFP>Yo_0 § 001y,
If (IRP)+0, 3.0

000*Y5_3
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TIMING D

OPERATION
CODE MNEMONIC INSTRUCTION DESCRIPTION IN u
SECONDS
If (IR)#0, (IR)—1-IR and
73 JBNZ Jump and Modify If Index Y-1AR 1.75
Register Non-Zero If (IR)=0, (IAR)+1-IAR
74 SAD Store Address of A Lower (AL11-07 Y1190 3.0
75 SSR Store Special Register and (SR)>Y5_g; 0-SRy 3.0
Inactivate
76 SUJ Store Location and Jump (IAR)+1-Y;Y+1-1AR 2.0
77 Supervisor Call 0.75
5000 Supervisor Call 1.0
5001 Supervisor Call 1.0
5002 #* FA Floating-point Add (A)+(Y=1,Y)>A 4.35 +x
5003 ** FS Floating-point Subtract (A)—(Y-1,Y)=A 4,35 +x
5004 ** FM Floating-point Multiply (A). (Y=1,Y)>A 12.0
5005 ** FD Floating-point Divide (A)~(Y-1,Y)>A 12.0
5006 ** FP Floating-point Pack Normalize (A),pack 3.5 +x
with biased characteristic
from Y and store A.
5007 ** FU Floating-point Unpack Unpack A, leave mantissa 3.5
in A, store characteristicin Y
5010%* RS Read and Set (Y)»AL, 1-Y{4 25
5011 LIC Load Input Channel Load 1/0 Channe! K from 5.3
(IAR)+1 and (IAR)+2, initiate minimum
input; then (IAR)+3~IAR
5012 LOC Load Output Channel Same as LIC except that output 5.3
is initiated minimum
5013 LFC Load External Function Channel | Same as LIC except that exter- 5.6
nal function is initiated minimum
5015 STIC Stop Input on Channel Stop Input on Channel K 2.15
minimum
5016 STOC Stop Output on Channel Stop Output on Channel K 2.15
minimum
5017 SSD Store Speciai Designators (SD) » IAR+1 2.5
5020 LSD Load Special Designators (IAR+1) > SD 2.5
5021 TIC Test Input on Channel If input Channel K idle, 1.0
(IAR)+ 2~1AR
5022 TOC Test Qutput on Channel If output Channel K idle, 1.0
(I1AR)+2~1AR
5023 TFC Test External Function If external function Channel K 1.0
on Channel idle, {IAR)+2-1AR
5024 WF1 Wait for Interrupt Stop C/A unit {not 1/0) 1.0
until interrupt
5025
5026 NOP No Operation (IAR)+1 » 1AR 1.0
5030
AAl Atlow All Interrupts Allow all interrupts 1.0
5031
PAIl Prevent All Interrupts Prevent all interrupts 1.0

5034 }
5035




TIMING (D)

OPERATION
CODE MNEMONIC INSTRUCTION DESCRIPTION IN o
SECONDS

5041 SRU Shift Right A Upper Shift AU right (END-OFF) 1 +x
K bit positions

5042 SRL Shift Right A Lower Shift AL right (END-OFF) 1 +x
K bit positions

5043 SRA Shift Right A Shift A right (END-OFF) 1 +x
K bit positions

5044 SCA Scale A Shift A left (END AROUND) 2 +x
K places or until normalized;
K less shift> 000178

5045 SLU Shift Left A Upper Shift AU left (END AROUND) 1+x
K bit positions

5046 SLL Shift Left A Lower Shift AL left (END AROUND) 1 +x
K bit positions

5047 SLA Shift Left A Shift A left (END AROUND) 1.25 +x
K bit positions

5050 TK Test Keys Skip if keys designated by K 1.0
are set. (IAR)+2~1AR

5051 TNB Test No Borrow If borrow indicator off, 1.0
(IAR)+2~ AR

5052 TOF Test Overflow If overflow indicator on, 1.0
(IAR)+2-1AR

5053 TNO Test No Overflow If overflow indicator off, 1.0
(IAR)+ 2~ 1AR

5054 TOP Test Odd Parity If sum of 1’s in (AU) XYY 2.4
(AL) is ODD, (IAR)+2~ AR minimum

5055 TEP Test Even Parity If sum of 1’s in (AU) 2.4
(AL) is EVEN, (IAR)+2 > [AR minimum

5056 SK Stop on Key Settings (if not Stop, if keys designated by K 1.0

in Guard Mode) are set; if in Guard Mode,

(IAR)+1-1AR

5060 RND Round A If (A) is positive and (ALy7)=1, .
AU+1-AL; 1.625
If (A) is negative and (AL;7)=0,
(AU)—-1-AL,; otherwise (AU)~>AL

5061 CPL Complement A Lower The complement of (AL)-AL 1.0

5062 CPU Complement A Upper The complement of (AU)-AU 1.0

5063 CPA Complement A The complement of (A)- A 1.875

5065 LGM Load Guard Mode ((1AR)+1)17._g> Upper Limit 1.75
((IAR)*1)g_ g~ Lower Limit,
Guard Mode is set and
(IAR)+2 » IAR

5066 SAA Set Audible Alarm 1.0

5067 EE! Enable ESI Interrupt If K=0, allow ESI Interrupts, 1.0

10M #0;
If K=208, allow ESI Interrupts,
IOM #1
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TIMING D

OPERATION

CODE MNEMONIC INSTRUCTION DESCRIPTION IN p
SECONDS

5070 BT Block Transfer Transfer K words from 1.750+1.5n

ADRAU—> ADRAL

5072 LIR Load Index Register Pointer Ko _g~IRP 2.5

5073 LSR Load Special Register Ks _ g~ SR 1.0

5074 DB Decimal-to-Binary Conversion (AU15_12 9-6 3-0)10~AL2 7.735

5075 BD Binary-to-Decimal Conversion ALoAU15.12 9.6, 3-0)10 8.250

5077 Supervisor Call 1.0




A2. FUNCTIONAL GROUP SEQUENCE

TIMING
OF a0 IMNEMONIC|  INSTRUCTION DESCRIPTION IN v
SECONDS
ARITHMETIC COMMANDS
5060 RND Round A If (A) is positive and 1.625
(ALy7)=1, AU+1-AL; If
(A) is negative and (AL17)=
0, (AU)—1~AL; otherwise
(AU)->AL.
14 AL Add to Lower (AL)+(Y)»AL 1.50
15 AL* Add to Lower 1.50
16 ANL Add Negatively to Lower (AL)Y—(Y)-> AL 1.50
17 ANL * Add Negatively to Lower 1.50
20 AA Add to A (A)+(Y-1,Y)>A 3.0
21 AA* Add to A 3.0
22 ANA Add Negatively to A (A)—(Y-1,Y)-A 3.0
23 ANA * Add Negatively to A 3.0
24 M Multiply (AL). (Y)>A 6-5@3
25 M* Multiply 6.5@ 7
26 D Divide (AL)+ (Y)-AL; Remainder-AU 6.5@;':;:%
27 D* Divide ' 6.5@7:375@)
71 ALK Add to Lower A ‘‘Konstant’’ (AL)+Z~AL 1.0
FLOATING-POINT ARITHMETIC COMMANDS
5002 #* FA Floating Point Add (A)+(Y=1,Y)-A 4.35+x
5003 ** FS Floating Point Subtract (A)—(Y-1,Y)-A 4.35+x
5004 ** FM Floating Point Multiply (A).(Y-1,Y)-A 12.0
5005 ** FD Floating Point Divide (A)=(Y—=1,Y)=A 12.0
5006 ** FP Floating Point Pack Normalize (A),pack with 3.5+x
biased characteristic from (Y), 3.5
and store in A.
5007%% FU Floating Point Unpack Unpack A, leave mantissa 3.5
in A. Store characteristic in Y.
BINARY/DECIMAL CONVERSION COMMANDS
5074 DB Decimal-to-Binary Conversion (AUis_12, 96, 3-0)AL, 7.375
5075 BD Binary-to-Decimal Conversion AL~ (AU15_12’ 9—6, 3-0)10 8.250
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TIMING D
OPERATION | \yNEMONIC INSTRUCTION DESCRIPTION IN o
CODE SECONDS
LOGICAL COMMANDS

51 OR Inclusive OR (AL) I3 (Y)-AL 1.50

52 AND Logical AND (AL) (Y)»AL 1.50

53 XOR Exclusive OR (AL) (Y)»AL 1.50
5061 CPL Complement A Lower The complement of (AL)>AL 1.0
5062 CPU Complement A Upper The complement of (AU)-AU 1.0
5063 CPA Complement A The complement of (A)-A 1.875

TRANSFER COMMANDS

10 LU Load A Upper (Y)»AU 1.50

11 LU* Load A Upper 1.50

12 LL Load A Lower (Y)»AL 1.50

13 LL* Load A Lower 1.50

44 SL Store A Lower (AL)>Y 1.50

45 SL* Store A Lower 1.50

46 MU Store A Upper (AU)->Y 1.50

47 SU* Store A Upper 1.50

70 LLK Load A Lower with ‘‘Konstant” | Z-AL 1.0

04 MSL Masked Selective Load (Yn)=AL for (AUy)=1 1.50

05 MSL* Masked Selective Load 1.50

32 LB Load Index Register (Y)-IR 1.5

33 LB* toad index Register 1.5

42 SB Store Index Register (IR)>Y 1.50

43 SB* Store Index Register 1.50

36 LBK Load Index Register with Z-1R 0.75

‘‘Konstant'’
37 LBK* Load index Register with 0.75
‘“Konstant"’

74 SAD Store Address of A Lower (Alyj1 -0 VY11-0 3.0
5072 LIR Load Index Register Pointer Ky _~IRP 2.5
5073 LSR Load Special Register Ks _p~SR 1.0

72 SIR Store Index Register Pointer (IRP)>Yo_g Ifo((l)le)Y:s(_)_’s 3.0

If (IRP)=0,
000->Ys_s3
75 SSR Store Special Register and (SR)>Yg_g, 0-SRy 3.0
Inactivate

40 cY Clear Y 0-Y 1.50

41 CY* Clear Y 1.50
5070 BT Block Transfer Transfer K words from 1.750+1.5n

ADRpy~ADRp
5017 ~ SSD Store Special Designators (SD) > IAR+1 2.5
5020 LSD Load Special Designators (IAR+1)~> SD 2.5
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TIMING(D)

OPERATION
CODE MNEMONIC INSTRUCTION DESCRIPTION IN o
SECONDS
SHIFT COMMANDS
5041 SRU Shift Right A Upper Shift AU right (END-OFF) 1 +x
K bit positions
5042 SRL Shift Right A Lower Shift AL right (END-OFF) 1+x
K bit positions
5043 SRA Shift Right A Shift A right (END-OFF) 1+x
K bit positions
5044 SCA Scale A Shift A left (END AROUND) 2+x
K places or until normalized
K less shift- 000178
5045 SLU Shift Left A Upper Shift AU left (END AROUND) 1+x
K bit positions
5046 SLL Shift Left A Lower Shift AL left (END AROUND)
K bit positions
5047 SLA Shift Left A Shift A left (END AROUND) 1+x
K bit positions
LOOP CONTROL COMMANDS
73 JBNZ Jump and Modify if Index If (IR)#0, (IR)—1-IR and 1.75
Register Non-Zero Y-1AR
If (IR)=0, (IAR)+1-1AR
56 B Test B-Register for Equality If(IR)=Y, (IAR)2> IAR 2.5
If(IREY,(IRH1-IR
57 TZ Test Any Location for Zero (Y)=0,(IARH2- IAR 2.25
If(Y)£0,(Y)-1»Y
COMPARE COMMANDS
02 CL Compare A Lower (AL): (Y) set CD accordingly 1.50
03 CL* Compare A Lower 1.50
06 cLM Compare A Lower Masked by [au) AL]:[Av) 2.0
A Upper (Y)l; set CD accordingly
07 CLM* Compare A Lower Masked by 2.0
A Upper
COMPARISON JUMP COMMANDS (COMPARE DESIGNATOR SET)
60,61 JE Jump on Equal If CD equal condition set, 0.75
Y-1AR
62,63 INE Jump on Not Equal If CD equal condition clear, 0.75
Y-1AR
64,65 JNLS Jump on Not Less If CD not less than condition, 0.75
Y-1AR
66,67 JLS Jump on Less If CD less than condition, 0.75

Y- 1AR
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TIMING O

OPERATION
COADE 0 MNEMONIC INSTRUCTION DESCRIPTION IN n
SECONDS
ARITHMETIC JUMP COMMANDS (COMPARE DESIGNATOR NOT SET)
60 Juz Jump on A Upper Zero If (AU)=0, Y~1AR 0.75
61 Lz Jump on A Lower Zero If (AL)=0, Y>IAR 0.75
62 JUNZ Jump on A Upper Non-Zero If (AU)40, Y>IAR 0.75
63 JLNZ Jump on A Lower Non-Zero If (AL)40, Y>IAR 0.75
64 JUP Jump on A Upper Positive If (AU) is positive, Y- IAR 0.75
65 JLP Jump on A Lower Positive If (AL) is positive, Y-.1AR 0.75
66 JUN Jump on A Upper Negative If (AU) is negative, Y- I1AR 0.75
67 JLN Jump on A Lower Negative If (AL) is negative, Y~ IAR 0.75
UNCONDITIONAL JUMP COMMANDS
34 J Jump Y-1AR 0.75
35 J* Jump 0.75
55 JI Jump Indirect (Y16 g}~ AR 1.50
30 SLJI Store Location and Jump (1AR)+ 1~ Location in (Y); 2.25
Indirect (Y)+1-1AR
31 SLJI* Store Location and Jump 2.25
Indirect
76 SL)J Store Location and Jump (IAR)+1-Y; Y+1~IAR 2.0
SKIP COMMANDS
5050 TK Test Keys Skip if keys designated by K 1.0
are set. (IAR)+2~1AR
5051 TNB Test No Borrow If borrow indicator off, 1.0
(IAR)+2-1AR
5052 TOF Test Overflow If overflow indicator on, 1.0
(IAR)+2-1AR
5053 TNO Test No Overflow If overflow indicator off, 1.0
(IAR)+2-1AR
5054 TOP Test Odd Parity If sum of 1’s in (AU) 2.4
(AL) is ODD, (1AR)+2~1IAR minimum
5055 TEP Test Even Parity If sum of 1's in (AU) Y 2.4
(AL) is EVEN, (IAR)+2~1AR minimum
EXECUTIVE COMMANDS (INTERRUPT CONTROL)
5024 1 WFI Wait for Interrupt Stop C/A Unit (not 1/0) 1.0
5025 f untii Interrupt
5030
5031 AAl Aliow All Interrupts Allow all Interrupts 1.0
5034
5035 PAI Prevent All Interrupts Prevent all Interrupts 1.0
54 EJI Enable Interrupts and (Y F1AR; enables 1.50
. 16-0 !
Jump Indirect Interrupts
5067 EEI Enable ESI Interrupt If K=0 allows ESI Interrupts 1.0

1

10M #0; If K=208, allow ESI
Interrupts, 10M #1




TIMING(D)

OPERATION
CODE MNEMONIC INSTRUCTION DESCRIPTION IN o
SECONDS
EXECUTIVE COMMANDS (1/0)

5011 LiC Load Input Channel Load 1/0 Channel K from 5.3
(IAR)+1 and (IAR)+2, initiate minimum
input; then (IAR)+ 3~ IAR

5012 LOC Load Qutput Channel Same as LIC except that 5.3
output is initiated minimum

5013 LFC Load External Function Same as LIC except that 5.6

Channel External Function is initiated minimum

5015 STIC Stop Input on Channel Stop Input on Channel K 2.15

minimum

5016 STOC Stop Output on Channel Stop Output on Channel K 2.15

minimum

5021 TIC Test Input on Channel If Input Channel K idle, 1.0
(IAR)+2~1AR

5022 TOC Test Output on Channel If Qutput Channel K idle, 1.0
(IAR)+2-IAR

5023 TFC Test External Function If External Function Channel 1.0

on Channel K idle, (IAR)+2- IAR
EXECUTIVE COMMANDS (STORAGE PROTECTION)

5065 LGM Load Guard Mode (IAR)+1)y ;_g > Upper Limit 1.75

((IAR)*1)g_ > Lower Limit,

Guard Mode is set and

(IAR)+2 - 1AR
EXECUTIVE COMMANDS (STOP)
5056 SK Stop on Key Settings Stop, if Keys designated 1.0

(if not in Guard by K are set; if in Guard
Mode) Mode, (IAR) +1-1AR

EXECUTIVE COMMAND (SPECIAL)

5010 RS Read and Set (Y)»AL,1-Yqy 2.5

5026 NCP No Operation 1.0

5066 SAA Set Audible Alarm 1.0

SUPERVISOR CALL COMMANDS
00 Supervisor Call 0.75
01 Supervisor Call 0.75
77 Supervisor Call 0.75

5000 Supervisor Call 1.0

5001 Supervisor Call 1.0

5077 Supervisor Call 1.0
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LEGEND

Subscripts specify bit positions in the register or quantity subscripted.
N represents each bit position.

* = To index an Assembler instruction, prefix operand with *(asterisk). The Assembler will add 1 to
octal operation code, or set 212 = 1 of IAR + 1.

X — number of shifts { seconds
8
n = number of words in the block
*% = IR sensitive if 212 of IAR + 1 is set to 1; indexing is indicated by prefixing the operand with an

asterisk (*).

AL = Lower Accumulator

AU = Upper Accumulator

A = Upper and Lower Accumulators acting as one register

IR = The active Index Register

IAR = Instruction Address Register

CD = Compare Designator

Y = On the left of the » symbol, the storage address in the low-order 12 bits of the instruction (bits 11-0);
on the right of the - symbol, the storage location specified by that address.

K = The unsigned integer or bit configuration in the low-order 6 bits of the instruction (bits 5-0).

Z = The low-order 12 bits of the instruction, extended to 18 bits by repetition of bit 11 in bit positions
17-12, and treated as a constant in the range — 3777 to + 3777 octal.

() = Contents of the register named in the parentheses; e.g., (Y) = contents of Y.

- = Replaces the contents of

= Compare aigebraically the quantities on either side of this symbol.
= Exclusive OR

XOR
m = Logicai AND
[ OR |

= Logical OR

@ Several timing figures shown are different from those published in a previous edition
of this document.

@ Multiplying numbers of like signs.

(3) Multiplying numbers of unlike signs.

@ Dividing positive numbers.

@ Dividing numbers of unlike signs or negative signs.
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APPENDIX B. UNIVAC 418-1lll RTAOS
MINIMUM HARDWARE
REQUIREMENTS

1 418-11l1 Processor Unit with 32 K Main Storage
8 1/0 Channels

1 Drum Subsystem consisting of:
2 FH-432 drums;
or
1 FH-1782 drum;
or
1 FH-880 drum;
or
1 FASTRAND Il Subsystem;
or
1 FASTRAND HI Subsystem

2 Tape units (VI C or VIII C) with Synchronizer
1 9000 Series Subsystem

1 Communications Subsystem (CTMC or WTS) is required for real time users
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