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If all bytes of operand 2 are processed before those of operand 1, zero-digits are 
inserted in to the remaining positions of operand 1. If all bytes of operand 1 are 
processed before those of operand 2, the operation is terminated, and the remain
ing bytes of operand 2 are ignored. 

3.3.3 .. 3. Unpack Instruction (UNPK) 

The unpack instruction transfers packed data from operand 2 in to operand 1 in 
unpacked format (reverse of pack instruction). The zone code inserted into 
operand 1 bytes during unpacking is 0101 if operations are in ASCII mode. If 
operations are in EBCDIC mode, the zone code inserted into operand 1 bytes 
durin g unpackin g is 1111. 

If operand 1 is too short to contain all the unpacked digits from operand 2, the 
operation is terminated and the remaining digits of operand 2 are ignored. If all 
digits of operand 2 are processed before all operand 1 bytes, the remaining bytes 
of operand 1 are zerofilled. 

3.3.3..4. Zero Add (Packed) Decimal Instruction (ZAP) 

The zero and add instruction transfers data from operand 2 to operand 1. This is 
accomplished by accessing only the bytes (digits) of operand 2, and storing them 
in operand 1 locations. 

Operand 1 must contain at least as many bytes as operand 2. If operand 1 contains 
more bytes than operand 2, the most significant bytes of operand 2 are zerofilled. 

The sign of operand 2 is transferred directly to operand 1 without change, unless 
the result is a negative zero. In this case, the resulting sign of operand 1 is forced 
to plus. A condition code reflecting the sign of operand 2 (with the exception men
tioned) is stored in the FA S field of privileged s tora ge. 

3.3 .. 3.5. Compare (Packed) Decimal Instruction (CP) 

The compare decimal instruction compares operand 2 with operand 1. The comparison 
is accomplished by adding the twos complement of operand 2 to operand 1 and setting 
an appropriate condition code. The result of the addition is not stored, but the con
dition code is stored in the F AS field of privileged storage. 

The comparison is processed from left to right and will terminate at the first in
equality. Operand 1 must include at least as many bytes as operand 2. If operand 
1 is larger than operand 2, zero digits are assumed to extend to operand 2. 

3.3.3.6. Add (Packed) Decimal Instruction (AP) 

The add decimal instruction algebraically adds the decimal digits of operand 2 to 
those of operand 1, and stores the resulting sum in operand 1. 

Operand 1 must include at least as many bytes as operand 2. If operand 1 is larger 
than operand 2, zero digits are used to extend operand 2. 

If the result of the addition is a negative zero, the sign of the result in operand 1 
is forced to plus. The sign inserted will be ASCII or EBCDIC minus or plus, accord
ing to the processing mode. An appropriate condition code (result zero, negative, 
positive, or overflow) is stored in the FAS field of privileged storage. 
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3.3.3.7. Subtract (Packed) Decimal Instruction (SP) 

3 
SECTION: P AG E: 

The subtract decim al instruction algebraically subtracts operand 1 from operand 
2 and stores the resulting difference in operand L The subtraction is accomplished 
by adding the decimal tens complement of operand 2 to operand 1. 

Operand 1 must include at least as many bytes as operand 2. If operand 1 is larger 
than operand 2, zero digits are assumed to extend operand 2. 

If the result of the subtraction is a negative zero, the sign of the result of operand 
1 is forced to a plus. The sign inserted will be a minus or plus ASCII or EBCDIC, 
according to the processing mode. An appropriate condition code (result zero, 
negative, positive, or overflow) is stored in the FAS field of privileged storage. 

3.3.3.8. Multiply (Packed) Decimal Instruction (MP) 

The multiply decimal instruction multiplies operand 2 (multiplicand) by operand 1 
(multiplier) and stores the resulting product in operand 1. The number of bytes in 
the multiplier (originally in operand 1) is equal to the number of bytes in operand 
1 minus the num ber of bytes in operand 2. If the multiplier includes more bytes than 
this difference, the most significant bytes of the multiplier are ignored. 

The multiplication process consists of adding the multiplicand to operand 1 
(initially zeroed) a number of times determined by the multiplier digits. Each 
addition is processed from right to left, starting at the digit position in operand 
1 corresponding to the position of the most significant multiplier digit. After 
each addition, the most significant multiplier digit is reduced by one. This 
process is repeated until the most significant multiplier digit is reduced to zero 
and then the next most significant multiplier digit is treated as the most signifi
cant digit. When all multiplier digits are reduced to zero, operand 1 contains the 
completed product, except for the sign. If the multiplier and multiplicand have 
like signs, a plus is inserted into the least significant digit of the product; if 
the signs are unlike, a minus is inserted. An example of the basic multiply opera
tion is as follows: 

16 
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Example: Multiply 320 (+) by 21 (-) 

Operand 1 = 1 00 10211-1 (multiplier); Operand 2 =~ (multiplicand) 

[ 
op 1 100 10211-1 
op 1 100100 It-I 

100 I 00 11-1 op 1 
t MSD 

op 2 103120100 I 
t MSD 

op 1 103 120 11-1 

[ill 
-[ill 

[01J 

op 1 103120 11-1 
op 2 103 120 11-1 
op 1 I 06140 11-1 

~ 
-~ 

~ 
I G op 1 I 06 140 11-1 

op I 06 140 100 I 
op 1 I 06140 100 I 

~ew MSD 

op 2: I 001321 tL of 
multiplier 

op 1 I 061 72 100 I 

Step 5 - G 

resUl1t1 061721 0-1 

G 
[TI 

multiplier 
digit 

Operation 

(1) Store multiplier digit. Clear same 
in operand 1. 

(2) Add operand 2 to operand 1 
starting from right to left at most 
significant digit (MSD) of multi
plier. 

(3) Decrement MSD of multiplier, op 1 
saved. 

(4) Repeat steps 2 and 3. 

(5) Multiplier digit now equal to zero. 

Store new digit and clear same 
in op 1. 

(6) Add op 2 to op 1, from right to 
left, starting at digit position 
corresponding to new MSD of 
multiplier. 

(7) Decrement new MSD of multiplier 
digit (step 5). 

(8) Insert sign. 
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3.3.3.9. Divide (Packed) Decimal lnstruction (OP) 

3 
SECTION: PAG E: 

The divide decimal instruction divides operand 1 (dividend) by operand 2 (divisor). 
The quotient and the remainder are stored at the address originally containing 
operand 1; the quotient is right justified in the (Ll- L2) most significant bytes of 
the storage area, and the remainder right justified in the (L2 + 1) least significant 
bytes in the same area. The sign of the quotient is positive if the signs of the 
dividend and divisor are alike, and negative if the signs are not alike. 

The division process consists of subtracting the divisor from and adding the 
divisor to the dividend. A count of each subtraction and addition is stored in a 
working storage location called the quotient counter, whose content is inserted 
into the appropriate operand 1 (quotient) location after each subtraction cycle 
and associated addition cycle is completed. 

Before each subtraction cycle the quotient counter is initially set to 09. The 
divisor is then subtracted from the most significant portion of the dividend (trial 
dividend). If the magnitude of the divisor is less than that of the dividend (deter
mined after subtraction), the upper digit of the quotient counter is incremented by 
one. The subtraction is repeated until the magnitude of the dividend becomes less 
than that of the divisor before subtraction, and less than zero after subtraction. 
When this occurs, the quotient counter is not incremented, and the addition cycle 
begins. 

The divisor is then right shifted one digit and is added to a new dividend which 
includes the next most significant digit, and the lower digit of the quotient counter 
is incremented by one. The addition continues until the trial dividend again becomes 
greater than zero. 

When this occurs, the quotient counter is not incremen ted, and the entire contents 
of the quotient counter is entered into the most significant byte of the previous 
trial dividend. 

The subtraction and addition cycles continue until the least significant byte, 
which contains the sign of the operand 1, is accessed. When this occurs, the 
subtraction cycle is completed as before. In the addition cycle followin g, however, 
the divisor is added to the dividend once to restore the dividend to the value it had 
prior to the last subtraction. Also during this cycle, the appropriate signs of the 
quotient and remainder are inserted into the proper locations. An example of the 
basic division operation is as follows: 

18 
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Example: Divide 1149 (+) by 21 (-) 

Operand -2 

Quotient 
Counter 

09 

08 

07 

06 

05 

Quotient 
Counter 

cliJ 

Operand -1 

I 9919914619+ I 
19919916719+ I 
1 9919918819+ 1 

Operand -1 

I 
I 05 1 00 1 09 19+ 1 

1051001 rEE I 
- 2 1 

105 1 001 07 18 + 1 

05 00 05 7+ 

05 00 03 6+ 

05 00 01 5+ 

05 99 99 4+ 

I 051991 t914r I 
+ 2 1 

i 
10514-10115+ I 

Quotient Remainder 

Operand -1 = 1 001 0111419+ I 

Operation 

(1) Subtract divisor from trial dividend. 

(2) Store initial count of 09 in quotient 
counter; do not increment upper digit, 
since result is less than zero. 

(3) Dividend less than zero; add divisor, 
right shifted, to dividend. 

(4) Dividend still less than zero; decre
ment lower digit of quotient counter. 

(5) Repeat steps 3 and 4. 

(6) Repeat steps 3 and 4. 

(7) Repeat steps 3 and 4. 

Operation 

(8) Repeat step 3. Dividend greater 
than zero; do not decrement quotient 
counter. Store quotient count in 
operand 1. 

(9) Subtract divisor from new trial 
dividend. 

(10) a. Store appropriate sign of quotient 
in lower digit of quotient counter. 

b. Dividend still greater than zero; 
increment upper digit of quotient 
counter. 

(11) Repeat steps 9, 10 b. 

(12) Repeat steps 9, 10 b. 

(13) Repeat steps 9, 10 b. 

(14) Repeat step 9. Do not increment 
quotient counter, since dividend 
is less than zero. 

(15) Restore dividend. Store quotient 
count and sign in appropriate 
operand 1 location. 
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SECTION: PAGE: 

3.3.4. Branch Instructions 

The branch instructions, which have the RX instruction format, are used to change 
the sequence in which program instructions are executed. 

3.3.4.1. Bra.nch-On-Condition Instruction (BC) 

The branch-on-condition instruction tests the condition code stored in the F AS 
field of privileged storage, and initiates a program sequence change (branch) if 
a specified condition is met. The condition to be tested is specified by the M1 
(Rl) field of the instruction. If the condition is met, the branch is initiated by 
transferring the BIOI field of the instruction to the F AP field of privileged 

storage. 

The Ml bits are used to test the condition codes as follows: 

M1 Bit Test Code Condition 

8 0 10 002 
9 110 01 2 
10 210 10 2 
11 310 112 

3.3.4.2. Branch and Link Instruction (BAL) 

The branch and link instruction unconditionally initiates a program sequence 
branch. The instruction causes the address of the next sequential instruction 
(F AP) to be stored in the register specified by the R1 field of the instruction; 
it t.hen transfers the contents of the B2D2 field to F AP. 

3.3.5. State Control (Privileged and Special) Instructions 

The state control (privileged and special) instructions use the SI format and modify 
or store the processor or input/output fields of privileged storage. These instructions 
are not directly available to a programmer, but are generated by an assembler routine 
to provide overall (input/output) control for one program or several concurrent programs. 

3.3.5.1. Load Program State Control Instruction (LPSC) 

The load program state control (privileged) instruction replaces or modifies the 
processor or inpu t/ ou tpu t wo rd and directs the instruction sequence to proceed 
either under control of the processor or as specified by input/output control. This 
instruction is also used to restrict the alter and display functions of storage loca
tion 4 (04), or to remove the restriction. It should be noted that when the Restrict 
Alter display is set, only location 4 (04) can be altered but any location of main 
storage can he displayed. The various functions of the load program state control 
instruction are specified by the 12 field of the instruction as follows: 

Bit 8 Bit 9 Modification 

0 0 No program state control modification. 

0 1 Load full program state control word. 

0 Clear ASCII bit to zero, enter EBCDIC mode. 

I 1 Set ASCII bit to one, enter ASCII mode. 

20 
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Bit 10 = 1 

Bit 10 = 0 

Bit 11 = 1 

Bit 11 = 0 

Bit 12 = 1 

Bit 13 = 1 

Load or modify input/output pro gram state control word. 

Load or modify processor program state control word. 

Next instruction is under control of processor program state control. 

N ext instruction is under control of input/ ou tput program state control. 

Restrict display and alter function to location 4 (04). 

Remove restriction on display and alter function. 

3.3.5.2. Store Program State Control Instruction (SPSC) 

The store program state control (privileged) instruction transfers the program state 
control word specified by the 12 field (bit 10) of the instruction to the storage 
locations specified by BIDI field of the instruction. If bit 10 = 0, the processor 
program state control word is stored; if bit 10 = 1, the input/output program state 
control word is stored. 

3.3.5.3. Supervisor Request Call Instruction (SRC) 

The supervisor request call (special) instruction stores the 12 Held of the instruction 
in the SRC field of the input/output program state control word in privileged storage 
and sets an interrupt request. 

The interrupt request is granted immediately if the processor mode is in effect, and 
no interrupt requests are generated by I/O devices during the execution of the SCR 
instruction. If operation is in the input/output mode or if an I/O interrupt request 
becomes active, the SCR interrupt request is stored in the store interrupt pending 
flip-flop (ASIRF FF). 

3.3.6. Input/Output Instruction 

The input/output instruction provides a means of initiating the operation of all peripheral 
devices associated with the processor, and of determining the status of each device. 
These instructions use the SI format, modified to accomplish the required functions. 

3.3.6.1. Execute I/O Instruction (XIOF) 

The execute I/O instruction causes the device whose address is specified by the 
12 (DA) field of the instruction to perform the function specified by the least signifi
cant byte of the BIDI field of the instruction. 

Bit 27 of the instruction is reserved to inhibit interrupts when the specified function 
is ended or if an error occurs during the execution of that function. 

A condition code is stored in the FAS field of privileged storage to indicate whether 
the function was accepted or rejected by the selected device. 

3.3.6.2. Test I/O Instruction (TIO) 

The test I/O instruction tests the status indicators of the synchronizer associated 
with the device specified by the 12 (DA) field of the instruction. The contents of the 
status indicators is stored in the memory location specified by the BIDI field of 
the instruction, and an appropriate condition code is stored in the F AS field of the 
privileged storage. If the device specified is not busy, the status indicators in the 
synchronizer, including interrupt request, are cleared as the status byte is transferred 
to the storage area specified in the instruction. 
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I- W 
cI: 0 
2 0 
a: u 
0 Q. 
~ 0 

40 
48 

~ 49 
51 A6 

t-- AA 
RX AB 

91 
92 
94 

51 95 
96 
A9 

01 
02 
04 

55 05 
06 
DC 
DE 

Fl 
F2 
F3 
F8 
F9 

SS FA 
FB 
FC 

FO 

45 
RX 

47 

51 
AO 
A8 

51 AI 

51 
A4 
A5 

APPENDIX A. 

INSTRUCTION REPERTOI RE 

5 1rH 
LH 
CH 
AI 
AH 
SH 

TM 
IIVI 
NI 

CI..l 
01 

HPR 

MVN 
MVC 

NC 
CI.C 
OC 
TR 
ED 

P 
IJ 

K 

P 

MVO 
AC 
NPK 

ZA 
CP 
AP 
SP 
MP 

DP 

INSTRUCTION 

Store Hallword 
Load Hallword 
Comport Hallword 
Add Imm.diat. 
Add Hollword 
Subtract Hallword 

TlSt Under Mask 
Mov. Imm.diate 
AN 0 Immediat. 
Compare Immediale 
OR Imm.diat. 
Holt 8 Proc .. d 

Mov. Num.ric 
Man Charact.r 
AND Character 
Compar. Logical 
OR Charact.r 
Translate 
Edit 

Movl with Offstt 
Pock 
Unpack 
Zero and Add 
Comport Decima I 
Add O.cimal 
Subtract Decimal 
Multiply D.cima I 

Oivid. D.cimal 

L Branch and Link BA 
e.c Branch on Condition 

OPERATION 

BINARY 
(Rt) - B202 
(B202)- R, 
(R,): (B202); set CC 
12 (Sign Exl)+(B1Dll-Bl0H2 Bytes); set CC 
(R,) + (B202) - R, ; sel CC 
(R,)-(B202)- R,; set cc 

LOGICAL 
12 (Mask): BIOI; sel CC 

12- BI01 
120 (BIOI) - BIOI; sel CC 
(BIOI): 12 ; sel CC 

12 E9 (Bl01)-Bl01; set CC 
Display BIOI 

(B202) Low.r- BIOI Low.r (Zones Unchanged) 
(B202)- BIOI 
(B202)0 (BIOIl-BtOl; s.t CC 

·(Bl01\: (B202); s.t CC 
(B202)$(BIOIl-BtOl; sel CC 
nBIOI) +8202] - BIOI 
Unpack 8 Expand OP2 (L,+ll- OP,; Control Pal inOP, 
MSB 01 OP, : Fill Char, DSB:2016 ,SSB:21'6,FSB:22'6 

DECIMAL 
(B202)- BIOI (Shift left lour bits)* 
(B202) Packed- BI01* 
(B2 02) Unpk - BIOI (Generat. lontS)* 
(B202)-BIOI Dec. (UH2)*;stt CC 
(Bl01l: (B202) Oec.(L1 ~ L2)* ;s.t CC 
(Bl01)+(B202)-BI01 D.c.(Uh2)*; set CC 
{BIOI HB202)-Bl0l D.c. (U~L2)1I; s.t CC 
OP2 I OP, - OP, ; L, + I: Size of product; L2+1 : Size 
01 Mult.; OP, must hav. L2 + 1 ltoding d.c. zero* II 
OP, +OP2-0P,;Ll>l2;Quolient in L,-L2 MSB of OP, 

BRANCH 
(FAP)-R" B202- FAP 
If malch, (B202)- FAPj see charI 

PRIVILEGED (State Control) 
S PS 
LPS 

C S lor. Stat. 
C Load Stole 

Sf! c Sup.rvisor Call 

F' Ellcul. I/O XXO 
TI o T.st 1/0 

(PSC)-BIDI 
(Bl0n-psc 

SPECIAL (State Control) 

12-"(16);5" interrupt 

INPUT/OUTPUT 
Function:--+ O.vice j set CC 
Tnt O.vic. Slalus - BIOI i stt CC 

toOata processed nghl to I.ft .:OR - =Mlnus 
CC=Condition Cod, 

0=AND 
+= Plus : = Comparl R = Prog. Reg. (): Cont.nts of 

INSTRUCTIONS, 
FORMATS, CODES 

MULTIPLEXER CHANNEL 

1 01 I Inpu' Operalion NOTE: WM= 11 'NDICATES L T FORMAT 
L I I I Oulput Operotion 

-l 0 I I Ascending Address 
I I I 
L' ~ 0 I ~::~:;:;n~o~:dress 

~IJ Terminolion Bit 

L T BUFFER CONTROL WORD 

[-BYTE I-!_BYTE 2 -/-I3YTE 3-!-BYTE 4--+1 

II1II TIBI STATUS I ADDRESS TRAP 10 I DATA ADDRESS ~ 
o TRANSFER DATA 
G I 'I TERMINATION BIT 

10 BUFFER READY 
~J END OF BUFFER SEGMENT 

STATUS BYTE ._-_. __ . 

Bil 0 I 2 3 4 5 E. 

Coni 
Oeloil All 5101 Unil Busy Chon Dev Uni 

lIod. End End End Ch i--g 7 

t Unil 
k. ~cePt 

CHANNEL ERROR STATUS 
Mem. Bil Signal Funcl ion Mem 
Loc. Pos. Loc. 

0010 Interfoct Error 001 E 
Device Address Pari'y Error 
Bus in Pari ty Error 
Address Out 
SeleclOut 
Operolional In 
Address In 
Command Ou' 

00 t F 

MULTIPLEXER 
CHANNEL COMMANDS 

XF Code Bits 
Function 

P 0 1 2 3 4 5 6 

Test P X X X X 0 0 0 

Sense r-----, 
P, LO_-, 0 

Wrile pi 1 0 

Read P: COMMAND I I 
I OETAI LS : 

Control pI ..J I 
Read Backward P L ____ J;- -, 0 

Reserved for P X X X X I 0 0 
Chan. ConI. 

X = Vanable 10 Control Un"s 
P' Panty Bil (Odd) 

7 

0 

0 
I 

0 

I 
0 

0 

---
Bit 
Pos 

0-7 

Signal F'Jnction 

Slolus In 
Service Oul 
Service In 
TIME OUT HEQUEST 

Suppress Out 
Selecl In 
Terminote/KII FF 
Input O"ection/ Kt FF 

Device Address Regist.r 

FIRST SENSE 
BYTE 

Bit Indicalion 
--

P Parity (Odd) 
0 Command Rejlcl 
I Intervenlion Required 
2 Bus Out Parity 
3 Equipmtnt Check 
4 Dolo Check 
5 Dolo Lot. 
6 Undefined 
7 Und.f ined 
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CONDITION CODE (CC) SETTINGS 
-----

Cond ition CodlS/Conditions 
Instr 

0(00) 1(0t) 2(10) 3 (II) 

SH (AB) Result: ZlrO Result: Neg. Result PositivI OVlrflow 
AH(AA) _1 _1 AI! A6) 
AP (FA) 
SP (FB) 

CH (49) (R I ): (OPz ) (Rt)«OPz ) (R t) >(OPz) 
CLI (95) (OPt): 12 (OPt)( 12 (OPI > 12 
CLC(D5) (OP,) :(OPZ) (OPI) < (OP2 ) (OPI) > (OP2 ) 

CP (F9) (OPt):(OPz) (OPt) < (OPz) (OPI»(OPZ) 
ZAP FB) (OP2T;-e- (OPz) Nlg-- (OPZ) Pas. 

NI (94) RISull:Zlro RlSull jt Zero 
NC (04) ___ L_ -~-0I!96) 
OC (06) 

HI(91) No motch or Portial match Full match 
mask "II -----

XIOF(A4) Acclptld s~tus Plndl~ Busy Rejected 
----

TIO (AS) Availabll Valid Status Busy Rejected 

SIGN ZONE 

BRANCHICONDITION 
Condilion cod."Jol=ll-2T3l 

BCInslr.ll~ ~~ 
ASCII 1010 lOll alaI 

RI : Adrs of program rlgister 

8101 : Adrs Ilf operand on. 
B2D2 : Adrs of operond two 

I ' Immediotl oplrand 

EBCDIC 1100 1101 1111 

L2 ' One less than length of operand Iwo 

* , Most slg. bit of Bt or 82 Field: 
I indicalls indexing of OPt or OP2 

ll: ani less than length of operand ani 

1/0 INSTRUCTION FORMAT 

f--.BYTE I-+-BYTE 2 +BYTE 3+ BYTE 4--1 

START I/O ~ CODE (A4) I DEVICE ADRS I I XF CODE I 
I I I 1 1 

TEST I/O~~~~~ DEVICE ADRS I STATUS STORE ADRS I 
10000 I XXXX INOT SHARED 
II XXX I xyvy I SHARED 
I I I 

X X X X : Subchonnll Address 

YYY: Dlvic, Number 

Appendix A 

SECTION: PA G E: 

PROGRAM STATE CONTROL STORAGE 

f- BYTE I 

10 11121314151617 

CC: Condition Codl 
A: ASCII Control Code 

SRC 

A:I : ASCII 
A'O :EBCDIC 

PROGRAM ADDRESS 

PROGRAM ADDRESS 

PROGRAM STATE CONTROL 

Load Action * PSC Next Instr Alter/Display 
Selection Control * Action * 

-----Instr. Instr. Instr. Instr. 
Bit Action Bit PSC Bit Control Bit Action 7'9 r--;-o ~ psc '12'13 

0 0 Nonl a Proc. a Proc. I a Restrict 
a I Fullword I I/o I I/O a I Remove 
I a ASCII Off Restriction 
1 1 ASCl! On 

*Load State Instruction only 

INTERNAL IIO COMMANDS 
--

Instruction Bit/Function 
I/O Device DA 

24 25 26 27 28 29 30 3' 

Cord Reader I Inh Imoqe Read 
Int 

Read/Punch 2 Stkr ! ! Punch Sel 
f---

Printer 3 
48 Char. bar 

Numeric * * (24:1) 

* 30 and 31 ===> Space; 31 only => Print and Space 

PRI NTI MEMORY LOCATIO NS 

Col. Decimal o ~Il 112 r 123456789 a 123456789 0123456789 0 I 23 

Mem. Hexadecimal B ,1,9 A 
Lac 0123456789ABCDEFOl23456789ABCDEFO 

Col. Dlcimal 3 J4 115 11
6 

456789 a I 2 3456789 0 12345678 9 0 t 23456 

Mem Hexadecimal A :r ~ Lac. '23456 789ABCDEFO I 2345 6789 A BCDna, 

Col Dlcimal 6 117 11
8 

J9 789 a I 2 3456789 a 1 2 3 4567 8 9 a 123456789 

Mem Hlxadecimal C ,1
0 

:I,E Loc. 23456789ABCDEFOl23456789ABCDEFOl2 

Col Decimal 10 1111 11'2 11
13 

012345678901234567890123456789012 

Mem. Hilodecimol 
E ,I~ ~t~ Lac. 3456789 A 8 CD E F 0 12345 6789 ABC 0 E Fa' 2 3 

PRINTABLE CHARACTERS COMPRESSED CARD CODE 1/0 STATUS BYTE 

lonr. Bits/Char 
._--_.- -------.. -----~.-~ 

NumeriC 8its Zone Bits/Char 
__ £!_Chor Bar_ 63 and <18 48 Chor Bar 

Bils 2 and 3 Char. Bar Bits 2 and 3 

-~:oJ~I~~I~ Bits 00 01 10 II 

Choroct,r 4 5 6 7 Character 

r-
Bit Punch Posit,ons 

Posit 'ons 

He~adecimol 4 5 6 7 

1 ----
h. a t 2 3 

I/O Device/Slotus Indicotion* 

Cord Punch or 
Printer Read Punch Card Reader 
(DA: 3) (DA:2) (DA,tl 

A bnormo I or Stkr Jom,In'lk, Stkr Jam, ConI 

a a 0 00 0 0 
Not Ready Punch Entry, or Par. Err, or 

Elil Chk Error Photocell Chk Err 
a 
0 I 
0 I 

, o 0 a I 3 12 
2 00 I 0 4 11 
3 a 0 I , I 12, I I 

Mlsleed, 

Paper Runaway No' Ready, 
Hopper Empty, 

0 I 0 4 o I o 0 5 0 or Stocker full 
V 0 I 0 I 
W 0 I I 0 W 

5 o 1 a I 2 12,0 
6 o , I 0 7 11,0 

Memory 
Punch Chk Err Overload 

0 I I I 
I a 0 

7 o I 1 1 6 12, It, 0 
8 1 0 0 a 9 8 

Data Par or Data Par or 
Cont. Par. Err Cont Par. Err 

I 0 
I a I + 

# I 0 L a 
< % @ I I M % 

9 I 0 0 , 9,3 8,12 

A tal 0 9,4 8, I I 
a I o , , 9, , 8,12, II 
C I I 0 0 9,5 B,O 

Bar Switch in Err. Photocell Chk Err mWL E STROBE 

Interrupt Interrupt I nlerrupl 
Pending Pendinq Pending 

I I 0 I # 
+ > I I a @ 

0 , , a , 9,2 B, 12, a 
E I 1 I 0 9,7 8, I I, a 

Form Overflow 
Hopper Empty 
or Stkr Full 

I ..., I I F I I I I 9,6 a, 12, II, a Paper Low ._-
*AII 11'5 - funct,on ~rform.d as splcified 

2 

Status 
Byte 
Bit· 

0 

I 

2 

3 

4 

5 

6 

7 
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MNEMONIC 

B 

NOP 

BH 

BL 
BE 

BNH 

BNL 
BNE 

BO 

BZ 

BM 

BNO 

BNZ 

BNM 

BO 

BZ 

BM 

BP 

BNO 

BNZ 

BNM 

BNP 

CONSTANT 
TYPE 

C 

X 

p* 

Z* 

H* 

y 

S* 

*9300 only. 

9300 EXTENDED OPERATION CODES 

HEXADECIMAL 
FUNCTION OPERATION FORMAT 

CODE, Rl 

BRANCH 47 F RX 

NO OPERATION 47 0 RX 

USED AFTER COMPARISON INSTRUCTIONS 

BRANCH IF HIGH 47 2 RX 

BRANCH IF LOW 47 4 RX 

BRANCH IF EQUAL 47 8 RX 

BRANCH IF NOT HIGH 47 D RX 

BRANCH IF NOT LOW 47 B RX 

BRANCH IF NOT EQUAL 47 7 RX 

USED AFTER TEST UNDER MASK INSTRUCTIONS 

BRANCH IF ALL ONES 47 1 RX 

BRANCH IF ALL ZEROS 47 8 RX 

BRANCH IF MIXED 47 4 RX 

BRANCH IF NOT ALL ONES 47 E RX 

BRANCH IF NOT ALL ZEROS 47 7 RX 

BRANCH IF NOT MIXED 47 B RX 

USED AFTER ARITHMETIC INSTRUCTIONS 

BRANCH IF OVERFLOW 47 1 RX 

BRANCH IF ZERO 47 8 RX 

BRANCH IF MINUS 47 4 RX 

BRANCH IF POSITIVE 47 2 RX 

BRANCH IF NO OVERFLOW 47 E RX 
BRANCH IF NOT ZERO 47 7 RX 

BRANCH IF NOT MINUS 47 B RX 

BRANCH IF NOT POSITIVE 47 D RX 

CONSTANT CHARACTERISTICS 

EXPLICIT IMPLIC IT TRUNCATION VALUE 
LENGTH LENGTH OR PADDING PADDED 

variable maximum on right side b la n ks 
1 - 256 256 

variable maximum on left side hexadec ima I 
1 - 256 256 0 

variable maximum on left side hexadec ima I 
1 - 16 16 0 

variable maximum on left side EBCDIC 
1 - 16 16 0 

variable 2 on left side hexadec ima I 
1 - 2 0 

variable 2 on left side hexadec i rna I 
1 - 2 0 

2 2 none none 
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SEC TION: 

AP'I=>ENDIX B. HEXADECIMAL T'ABLES 

B.l. HEXADECIMAL AND DECIMAL CONVERSION 

To convert to a decimal number, find the corresponding decimal number for each 
hexadecimal representation. Then find the sum of the decimal values. To convert 
to a hexadecimal, subtract the value in the table from the original decimal number 
that produces the smallest difference and note the hexadecimal equivalent. Repeat 
this procedure using the difference obtained in a previous calculation until a zero 
difference is obtained. The resulting hexadecimal representation (including zeros 
from columns not used) are the equivalent of the decimal number. 

BYTE BYTE 

0123 4567 0123 

HEX DEC HEX DEC HEX DEC HEX 

0 0 0 0 0 0 0 
1 1,048,576 1 65,536 1 4,096 1 
2 2,097,152 2 131,072 2 8,192 2 
3 3,145,728 3 196,608 3 12,288 3 
4 4,194,304 4 262,144 4 16,384 4 
5 5,242,880 5 327,680 5 20,480 5 
6 6,291,456 6 393,216 6 24,576 6 
7 7,340,032 7 458,752 7 28,672 7 
8 8,388,608 8 524,288 8 32,768 8 
9 9,437,184 9 589,824 9 36,864 9 
A 10,485,760 A 655,360 A 40,960 A 
B 11,534,336 B 720,896 B 45,056 B 
C 12,582,912 C 786,432 C 49,152 C 
D 13,631,488 D 851,968 D 53,248 0 
E 14,680,064 E 917,504 E 57,344 E 
F 15,728,640 F 983,040 F 61,440 F 

6 5 4 

Examples: 

Hexadecimal 6D03A1 to Decimal 

600 000 = 6291456 
DO 000 = 851968 

o 000 = 0000 
300 = 768 
AO = 160 

Jl = 1 ----
6DO 3A1 7144353 Result 

BYTE 

4567 0123 4567 

DEC HEX DEC HEX DEC 

0 0 ° ° 0 
256 1 16 1 1 
512 2 32 2 2 
768 3 48 3 3 

1,024 4 64 4 4 
1,280 5 80 5 5 
1,536 6 96 6 6 
1,792 7 112 7 7 
2,048 8 128 8 8 
2,304 9 144 9 9 
2,560 A 160 A 10 
2,816 B 176 B 11 
3,072 C 192 C 12 
3,328 D 208 D 13 
3,584 E 224 E 14 
3,840 F 240 F 15 

3 2 1 

Decimal 27043 to Hexadecimal 

27043 
24576* = 6000 

2467 
2304* = 900 

163 
160* AO 

3 3 
69A3 Result 

*Subtract largest num ber; see table 

1 
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----- ,---------------------------------------~----------~----------~------------

B.2. HEXADECIMAL ADDITION 

X 1 2 3 4 5 6 7 8 9 A B e 0 E F 10 

1 02 03 04 05 06 07 08 09 OA OB oe 00 OE OF 10 11 
-

2 03 04 05 06 07 08 09 OA OB oe 00 OE OF 10 11 12 

3 04 05 06 07 08 09 OA OB oe 00 OE OF 10 11 12 13 

4 05 06 07 08 09 OA OB oe 00 OE OF 10 11 12 13 14 

5 06 07 08 09 OA OB oe 00 OE OF 10 11 12 13 14 15 

6 07 08 09 OA OB oe 00 OE OF 10 11 12 13 14 15 16 

7 08 09 OA OB oe 00 OE OF 10 11 12 13 14 15 16 17 

8 09 OA OB oe 00 OE OF 10 11 12 13 14 15 16 17 18 

9 OA OB oe 00 OE OF 10 11 12 13 14 15 16 17 18 19 

A OB oe 00 OE OF 10 11 12 13 14 15 16 17 18 19 1A 

B oe 00 OE OF 10 11 12 13 14 15 16 17 18 19 lA IB 

e 00 OE OF 10 11 12 13 14 15 16 17 18 19 lA IB Ie 

0 OE OF 10 11 12 13 14 15 16 17 18 19 lA 1B Ie 10 

E OF 10 11 12 13 14 15 16 17 18 19 lA IB Ie 10 IE 

F 10 11 12 13 14 15 16 17 18 19 lA IB 1C -10 IE IF 

10 11 12 13 14 15 16 17 18 19 lA IB lC 10 IE IF 20 
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B.3. HEXADECIMAL MULTIPLICATION 

X 2 3 4 5 6 7 8 9 A 8 C D E F 10 

2 04 06 08 OA OC OE 10 12 14 16 18 lA lC IE 20 
~ -

3 06 09 OC OF 12 15 18 18 IE 21 24 27 2A 2D 30 
~ -

4 08 OC 10 14 18 lC 20 24 28 2C 30 34 38 3C 40 
~ 

5 OA OF 14 19 IE 23 28 2D 32 37 3C 41 46 48 50 
I----

6 OC 12 18 IE 24 2A 30 36 3C 42 48 4E 54 5A 60 
I----

7 OE 15 1C 23 2A 31 38 3F 46 4D 54 58 62 69 70 
~ 

8 10 18 20 28 30 38 40 48 50 58 60 68 70 78 80 
~ 

9 12 18 24 2D 36 3F 48 51 5A 63 6C 75 7E 87 90 
~ 

A 14 IE 28 32 3C 46 50 5A 64 6E 78 82 8C 96 AO 
~ 

8 16 21 2C 37 42 4D 58 63 6E 79 84 8F 9A A5 80 
I----

C 18 24 30 3C 48 54 60 6C 78 84 90 9C A8 84 CO 
~ 

D 1A 27 34 41 4E 58 68 75 82 8F 9C A9 86 C3 DO 
~ 

E 1C 2A 38 46 54 62 70 7E 8C 9A A8 86 C4 D2 EO 
~ 

F IE 2D 3C 48 5A 69 78 87 96 A5 84 C3 D2 E1 FO 
-' 

10 20 30 40 50 60 70 80 90 AO 80 CO DO EO FO 100 
--
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Appendix C 
SECTION: 

APPENDIX C. CHARACTER GF~APHIC 

1 

SET CODES AND PRINTER 
SYNCHRONIZER CODE 

C.l. EBCDIC AND 80-COLUMN PUNCHED CARD CODES 

80- COLUMN 

CARD CODE CHARACTER EBCDIC 

12-1 A 1100 0001 
12-2 B 1100 0010 
12-3 C 11 00 0011 
12-4 D 1100 0100 
12-5 E 1100 0101 
12-6 F 1100 0110 
12-7 G 1100 0111 
12-8 H 1100 1000 
12-9 I 1100 1001 
11-1 J 1101 0001 
11-2 K 1101 0010 
11-3 L 1101 0011 
11-4 M 1101 0100 
11-5 N 11 01 0101 
11-6 0 1101 0110 
11-7 P 1101 0111 
11-8 Q 1101 1000 
11-9 R 1101 1001 
0-2 S 1110 0010 
0-3 T 1110 0011 
0-4 U 111 0 0100 
0-5 V 1110 0101 
0-6 W 1110 0110 
0-7 X 1110 0110 
0-8 y 1110 1000 
0-9 Z 1110 1001 

0 0 1111 0000 
1 1 1111 0001 
2 2 1111 0010 
3 3 1111 0011 
4 4 1111 0100 
5 5 1111 0101 
6 6 1111 0110 
7 7 1111 0111 
8 8 1111 1000 
9 9 1111 1001 

" (space) 0100 0000 
12-8-2 rt 0100 1010 
12-8-4 "- 0100 1100 
12-8-5 ( 0100 1101 
12-8-6 + 0100 1110 
12-8-7 I (vertica I line) 0100 1111 
12 & 0101 0000 
11-8-2 I 0101 1010 
11-8-3 $ 0101 1011 
11-8-4 * 0101 1100 
11-8-5 ) 0101 1101 
11-8-6 0101 1110 
11-8-7 -. (not) 0101 1111 
11 - 0110 0000 
0-1 / 0110 0001 
0-8-4 % 0110 1100 
0-8-5 _ (underscore) 0110 11 01 
0-8-6 > 0110 1110 
0-8-7 ? 0110 1111 
8-2 0111 1010 
8-3 it 0111 1011 
8-4 (aJ 0111 1100 
8-5 '(apostrophe) 0111 1101 
8-6 = 0111 1110 
8-7 " 0111 1111 
0-8-3 , (comma) 0110 1011 

12-8-3 0100 1011 
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C,,2. 63-CHARACTER GRAPHIC SET CARD CODE AND 6-BIT PRINTER SYNCHRONIZER 
CARD 

r---
i SO··CO 

CARD 

12--4 
12--5 
12--6 

12·-7 
12·-8 
12--9 

11·-4 
11·-5 
11·-6 

11·-7 
11·-8 
11·-9 

0-2 
0-3 
0-4 

0-5 
0-6 
0-7 

0-8 
0-9 

o 

2 

3 
4 
5 

6 
7 
8 

LUMN 
CODE 

CHARACTER 

A 
B 
C 

-
D 
E 
F 

G 
H 
I 

J 
K 
L 

-
M 
N 
0 

p 

Q 
R 

S 
T 
U 

-
V 
W 
X 

-
y 

Z 

0 
1 
2 

3 
4 
5 

6 
7 
8 

9 

--
63-CH GRAPHICS 
6 BIT PRINTER CODE 

000001 
000010 
00001l. 

-------
000100 
000101 
000110 

-
000111 
001000 
001001 

01000l. 
010010 
010011 

--
010100 
010101 
010110 

01011l. 
011000 
01100 l. 

100010 
100011 
100100 

100101 
100110 
100111 

-
101000 
101001 

11 0000 
110001 
110010 

110011 
110100 
110101 

110110 
110111 
111000 

111001 
-

SO-COLUMN 
CHARACTER 

63-CH GRAPHICS 
CARD CODE 6 BIT PRINTER CODE -

12 & 010000 
11 - 100000 

0-1 I 100001 
.-

12-8-3 001011 
11-8-3 $ 011011 
0-8-3 , 101011 

--
8-3 It 111011 

12-8-4 < 001100 
11-8-4 * 011100 

0-8-4 % 101100 
8-4 @ 111100 

12-8-5 ( 001101 
.-

11-8-5 ) 011101 
0-8-5 (U nderscore) 101101 
8-5 I 111101 

--
12-8-6 + 001110 
11-8-6 , 011110 
0-8-6 > 101110 

--
8-6 :;;: 111110 

12-8-7 I 001111 
11-8-7 --, 011111 

0-8-7 ? 101111 
8-7 II 111111 

12-8-2 rt 001010 
.-

11-8-2 ! 011010 
0-8-2 Not Assigned 101010 
8-2 111010 

--

.-

.-

2 
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A second 63-character type bar, containing 6 different special symbols is available 
for the UNIVAC 9200/9200 II/9300/9300 II Systems processor printer and are given 
as follows: 

STANDARD SO-COLUMN 6-BIT SPECIAL ORDER 

PRINTER BAR CARD CODE PRINTER CODE PRINTER BAR 

-- U nderl i ne 0-5-8 101101 f. Not Equal 

\ Absolute 12-8-7 001111 ] Right Bracket 

--, Logical Not 11-8-7 011111 ~ Delta 
II Quotes 8-7 111111 J:( Lozenge 

¢ Cent Si gn 12-8-2 001010 [ Left Bracket 

Not Ass i gned 0-8-2 101010 '\ Back Slash 

Note that the symbols on the special bar take on the 80-column card codes and 6-bit 
printer codes already assigned. It is therefore the responsibility of programming to 
perform, by means of suitable software, any required translation. 

C.3. 48-CHARACTER GRAPHIC SET CARD CODE AND 6-BIT PRINTER SYNCHRONIZER 
CODE 

SO-COl 
CARD 

lJMN 
CHARACTER 

4S-CH GRAPHICS 
ODE 6-BIT PRINTER CODE c 

12-1 A 000000 
12-2 B 000001 
12-3 C 000010 

12-4 D 000011 
12-5 E 000100 
12-6 F 000101 

12-7 G 000110 
12-8 H 000111 
12-9 I 001000 

11-1 J 001001 
11-2 K 001010 
11-3 L 001011 

11-4 M 001100 
11-5 N 001101 
11-6 0 001110 

11-7 p 001111 
11-8 Q 100000 
11-9 R 100001 

0-2 S 100010 
0-3 T 100011 
0-4 U 100100 

0-5 V 100101 
0-6 W 100110 
0-7 X 100111 
0-8 Y 101000 
0-9 Z 101001 

The UNIVAC 9300/9300 II Systems processor printer does 
not use a 48-character print set. 

I 

i 

I 

: 

SO-COLUMN 
CHARACTER 

4S-CH GRAPHICS 
CARD CODE 6-BIT PRINTER CODE 

0 0 110000 
1 1 110001 
2 2 110010 

3 3 110011 
4 4 110100 
5 5 110101 

6 6 110110 
7 7 110111 
8 8 111000 

9 9 111 00 1 

12 & 101011 
11 - 111101 

0-1 / 111110 

12-8-3 111010 
11-8-3 $ 111011 
0-8-3 , 111111 

8-3 It 101101 
11-8-4 * 111100 
0-8-4 % 1011 00 

8-4 @ 101110 
8-5 I 101111 

12,-8-6 + 101010 
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CA. 16-CHARACTER GRAPHIC SET CARD CODE AND 6-BIT PRINTER SYNCHRONIZER 
CODE 

80-COLUMN 
CARD CODE 

0 
1 
2 

3 
4 
5 

6 
7 
8 

9 
12-8-3 
11-8-3 

11-8-4 
11 
0-1 

0-8-3 

CH ARACTER 16-DIGIT GRAPHIC 

6-BI T PRINT CODE 

0 110000 
1 110001 
2 110010 

-
3 110011 
4 110100 
5 110101 

--
6 110110 
7 110111 
8 111 000 

9 111001 
111010 

$ 111011 

-
* 111100 
- (dash or minus) 111101 

I 111110 
, 111111 

The UNIVAC 9200/9200 II Systems Processor printer does not use a 16-
character print set. 

4 
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APPENDIX D. PO\NERS 
POWERS 

POWERS OF 2 

2n n 2n n 

1 0 262 144 18 
2 1 525 288 19 
4 2 1 048 576 20 
8 3 2 097 152 21 

16 4 4 194 304 22 
32 5 8 388 608 23 
64 6 16 777 216 24 

128 7 33 554 432 25 
256 8 67 108 864 26 
512 9 134 217 728 27 

1 024 10 268 435 456 28 
2 048 11 536 870 912 29 
4 096 12 1 073 741 824 30 
8 192 13 2 147 483 648 31 

16 384 14 4 294 967 296 32 
32 768 15 8 589 934 592 33 
65 536 16 17 179 869 184 34 

131 072 17 34 359 738 368 35 

POWERS OF 16 

16 n n 

1 0 
16 1 

256 2 
4 096 3 

65 536 4 
1 048 576 5 

16 777 216 6 
268 435 456 7 

4 294 967 296 8 
68 719 476 736 9 

1 099 511 627 776 10 
17 592 186 044 416 11 

281 474 976 710 656 12 
4 503 599 627 370 496 13 

72 057 594 037 927 936 14 
1 152 921 504 606 846 976 15 

OF 
OF 

2· , 
18 
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Add 

Ha Ifword Instruction (A H) 

Immedliate Instruction (AI) 

(Packed) Decimal Instruction (AP) 

Additional Nonshared Subchannel Device Address 

Address 

Devi ce (Byte 67) 

Format, Selector Channel 

Addressing, Channel 

Alignment, Form 

A I ternate 

BCW Format 

Execute and Staticize Cycle 

Sumrnary Interrupt (L T) 

AND 

Character Instruction (NC) 

Immediate Instruction (NI) 

Arithmetic 

B 

BCW Format, Alternate 

Binary 

Instructions 

Num bel' Representation 

Bits, Sign 

Boundaries, Storage 

Branch 

and Link Instruction (BAL) 

Condition 

I nstruc:tions 
-On-Condition Instruction (BC) 

Index 
SEC TION: I PAGE, 1 

INDEX 

Pa ragraph Page ---

3.3.1.5 3-10 

3.3.1.4 3-9 

3.3.3.6 3-15 

2.2.8.4 2-10 

2.2.7 2-8 

2.4.Ll 2-23 

2.4.1 2-23 

1.3.2.7 1-13 

2.3.!5 2-18 
2.2.12.2 2-15 

2.3.7.2 2-21 

3.3.2.9 3-11 

3.3.2.3 3-10 

103..1.3 1-9 

2.3.5 2-18 

3.3.1 3-8 

1.4.1 1-15 

1.4.3.1 1-16 

2.1.2 2-2 

3.3.4.2 3-20 

Appendix A A-2 

3.3.4 3-20 

3.3.4.1 3-20 
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Buffer Control Words 

Bytes 68-127 

Location 

Multiplexer 

c 

Card Code Image Mode 

80-Col umn Card 

90-Co I umn Ca rd 

Carel Code Translation 

80-Column Card 

90-Column Card 

Cha ining, Command 

Channel 

Address, Multiplexer 

Address Word (CAW) and DiagnostiC Interrupt 

Addressing 

Checking 

Command Word (CCW) 

Error Status 

Instructions, Special Selector 

Instructions, Summary of Special 

Multiplexer 

Sel ector 

Status Byte, Multiplexer 

Status Word (CSW) 

Character Graphic Set Card Codes 

Character Representation 

Che::king, Parity 

Cod-e, Condition (CC) 

Codes 

Data Formats and 

EEiCD IC, 80-Column Card, and Printer Synchron izer 

Internal 

OF' 
Tab les of 

Command 

Chaining 

Transfer In Channel (TIC) 

Word, Channel (CCW) 

Commands, I/O 

Paragraph Page -
2.2.8 2-9 

2.2.8.3 2-9 

2.3.2 2-16 

2.5.1.1 2-32 

2.5.2.1 2-34 

2.5.1 2-31 
2.5.2 2-33 

2.4.4 2-24 

2.4.1.2 2-23 

2.4.9 2-26 

2.4.1 2-23 

2.3.8, 2.4.13 2-22, 2-30 

2.4.10 2-27 

Appendix A A-I 

2.4.14 2-31 

2.3.7.4 2-21 

1.3.1.4.1 1-11 

1.3.1.4.2 1-12 

2.3.3 2-17 

2.4.12 2-30 

Appendix C C-3 

1.4.4 1-17 

2.1.3 2-3 

2.4.8 2-26 

1.4, Appendix A 1-14, A-I 

Appendi x C C-l 

2.5.3 2-34 

1.4.6 1-17 
Appendix A A-2 

2.4.4 2-24 

2.4.7 2-25 

2.4.10 2-27 

2.4.6 2-25 
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Halfword Instruction (CH) 

Logical Character Instruction (CLC) 

Log~cal Immediate Instruction (CLI) 

(Packed) Decimal Instruction (CP) 

Component Description 

Compressed Card Code 

Concurrent Operations 

Condition Code 

Settings 

Configuration, System 

Constant Characteristics 

Control 

Data Direction 

Inpu t/Output 

Multiplexer Channel 

Pri ntj~r 

Processor 

Program State 

Sele~ction Channel 

Word, Pri nter Buffer 

Word, Processor Program State (Bytes 0-3) 

Word, Input/Output Program State 

Words, Buffer, (Bytes 68-127) 

Cycle 

Alternate Execute and Staticize 

Load 

D 

Data 

Direction Control 

Formats and Codes 

Translation 

Decirnal 

Instructions 

Number Representation 

DescrilPtion, Component 

Index 3 
SECTION: PA G E: 

Par agraph .!:!!. 
3.3.1.3 3--9 

3.3.2.10 3--11 

3.3.2.4 3--10 

3.3.3.5 3--15 

1.3 1--9 

Appendix A A·-2 

2.4.3 2--24 

2.3.4, 2.4.8 2--17,2-26 

Appendi x A A-2 

1.2 1--4 

Appendix A A-3 

1.3.1.2 1--9 

2.3.5.1 2--19 

2.2.11 2--14 

2.3 2--15 

2.2.10 2--10 

2.2 2--4 

2.2.1 2--6 

2.4 2--23 

2.2.10.2 2-11 

2.2.1.1 2--6 

2.2.1.2 2--7 

2.2.8 2--9 

2.2.12.2 2--15 

2.2.12.1 2--15 

2.3.5.1 2--19 

1.4, Appendi x A 1--14, A-I 

2.5 2--31 

3.3.3 3--13 

1.4.3 1--16 

1.3 1--9 
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Devi ce 
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