




Instructions by Format Type 

RR Format 

�~�o�d�e� Rl R2 
0 7 8 11 12 15 

Fixed Point Floating Point 

Load Load S/L 
Load and Test Load and Test S/L 
Load Complement Load Complement S/L 
Load Positive Load Positive S/L 
Load Negative Load Negative S/L 
Add Add Normalized S/L 
Add Logical Add Unnormalized S/L 
Subtract Subtract Normalized S/L 
Subtract Logical Subtract Unnormalized S/L 
Compare Compare S/L 
Multiply E Halve S/L 
Divide E Multiply S/L 

Divide S/L 

Log;cal Status Switching 

Compare Set Program Mask 2 
AND Supervisor Call 3 
OR Set Storage Key Z 
Exclusive OR Insert Storage Key Z 

Branching 

Branch on Condition 1 
Branch and Link 
Branch on Count 

RX Format 

�~�C�,�_�o�_�d�_�e�~�~�R�~�1�~�~�X�~�2�~�~�B�~�2�~�~� ______ 0_2 ____ �~�~�J� 
7 B 11 12 15 16 19 20 31 

Fixed Point 

LoadH/F 
AddH/F 
Add Logical 
Subtract H/F 
Subtract Logical 
CompareH/F 
Multiply H 
Multiply F 
Divide F 
Convert to Binary 
Convert to Decimal 
Store H/F 

Logical 

Compare 
Load Address 
Insert Character 
Store Character 
AND 
OR 
Exclusive OR 
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E 
E 

Floating Point 

Load S/L 
Add Normalized S/L 
Add Unnormalized S/L 
Subtract Normalized S/L 
Subtract Unnormalized S/L 
Compare S/L 
Multiply S/L 
Store S/L 
Divide S/L 

Branching 

Branch on Condition 1 
Branch and Link 
Branch on Count 
Execute 

RS Format 

Op Code Rl R3 B2 O2 �'�~� 
7 B 11 12 1516 1920 31 

Fixed Point �~�o�g�i�c�a�l� 

Load Multiple Shift Left Single 2 
Store Multiple Shift Right Single 2 
Shift Left Single 2 Shift Left Double E,2 
Shift }light Single 2 Shift Right Double E,2 
Shift Left Double E,2 
Shift Right Double E,2 Branching 

Branch on High 
Branch on Low-Eq 

SI Format 

I Op Code 12 B1 0
1 �,�~� 

0 78 15'16 1920 31 

Input/Output Status Switching 

Start 110 4 LoadPSW 4 
Test J/O 4 Set Syster,n Mask 4 
Halt 110 4 Write Direct Y 
Test Channel 4 Read Direct Y 

Diagnose 
Logical Test and Set 4 

Move 
Compare 
AND 
OR 
Exclusive OR 
Test Under Mask 

SS Format 

Op Code Ll I L2 I �~�?�,�-�-�0� __ d_B_2 �~�I�~�[�~� 
'---:...-----:::-17 ':""8 ----:-11:':1:-:'2----:-15:':1:-:-6 19 20 31 32 35 36 .. 7 

Decimal Logical 

Pack Move 5 
Unpack Move Numeric 5 
Move With Offset Move Zone 5 
Zero and Add T Compare 5 
Add T AND 5 
Subtract T OR 5 
Compare T Exclusive OR 5 
Multiply T Translate 5 
Divide T Translate and Test 5 

Edit T,5 
Edit and Mark T,5 

FORMAT NOTES 

E Rl must be even 
F Fullword 
H Halfword 
L Long 
S Short 
T Decimal feature 
Y Direct control feature 
Z Protection feature 
1 Ri used as mask Ml 
2 R2 or Ra ignored 
3 Rl and R2 used as immediate information 
4 12 ignored 
5 Ll and L2 used as eight-bit L field 

All floating-point instructions are part of the floating-point fea­
ture. 



Control Word Formats 

Base and Index Registers 

Base Address or Index 
o 78 31 

0-7 Ignored 
8-31 Base address or index 

Program Status Word 

I System Mask I Key I AMWpl Interruption Code 
o 78 1112 1516 31 

Instruction Address 

0-7 System mask 
0 Channel 0 

mask 
1 Channell 

mask 
2 Channel 2 

mask 
3 Channel 3 

mask 
4 Channel 4 

mask 
5 Channel 5 

mask 
6 Channel 6 

mask 
7 External mask 

8-11 Protection key 
12 ASCII-8 mode (A) 

Channel Command Word 

I Command I Code 
0 78 

13 Machine check mask 
(M) 

14 Wait state (W) 
15 Problem state (P) 
16-31 Interruption code 
32-33 Instruction length 

. code (ILC) 

63 

34-35 Condition code (CC) 
36-39 Program mask 

36 Fixed-point overflow 
mask 

37 Decimal overflow 
mask 

38 Exponent underflow 

39 
40-63 

mask 
Significance mask 
Instruction address 

Data Address 
31 

I Flags 1000~ Count 

0-7 
8-31 

32-36 
32 
33 
34 

Command code 
Data address 
Command flags 
Chain data flag 
Chain command flag 
Suppress length 
indication flag 

35 Skip flag 
36 Program-controlled 

interruption flag 
37-39 Zero 
40-47 Ignored 
48-63 Count 

63 

Command Code Assignment 

FLAGS NAMES 
Write 
Read 
Read Backward 
Control 
Sense 

CD CC SLI PCI 
CD CC SLI SKIP PCI 
CD CC SLI SKIP PCI 
CD CC SLI PCI 
CD CC SLI SKIP PCI 

CODE 

MMMMMMOI 
MMMMMM10 
MMMM 1100 
MMMMMMU 
MMMM 0100 

Transfer in Channel x x x x 1000 

== Chain data CD 

CC 
SLI 

= Chain command 
= Suppress length 

SKIP 

PCI 
= Skip 
= Program­

controlled 
interruption indication 

Channel Address Word 

I Key /0000/ 
34 78 

0-3 Protection key 
4-7 Zero 
8-31 Command address 

Channel Status Word 

I Key I 0000 I 
34 78 

Status 
32 

0-3 Prote~tion key 
4-7 Zero 
8-31 Command address 

32-47 Status 
32 Attention 
33 Status modifier 
34 Control unit end 
35 Busy 
36 Channel end 
37 Device end 
38 Unit check 
39 Unit exception 

Command Address 

31 

Command Address 

4748 

Count 

40 Program-controlled 
interruption 

41 Incorrect length 
42 Program check 
43 Protection check 

31 

63 

44 Channel data check 
45 Channel control check 
46 Interface control 

check 
47 Chaining check 

48-63 Count 
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Operation Codes 

RR FORMAT 

xxxx 

0000 
0001 
0010 
0011 
0100 
0101 
OlIO 
0111 
1000 
1001 
1010 
1011 
1100 
1101 
1110 
1111 

SPM 
BALR 
BeTR 
BeR 
SSK 
15K 
SVC 

~-

Branching and 
Status Switching 

OOOOxxxx 

Set Program Mask 
Branch and Li nk 
Branch on Count 
Branch/Condition 
Set Key 
Insert Key 
Supervisor Call 

RX FORMAT Fixed-Point Halfword 
and Branching 

OlOOxxxx 

0000 STH Store 
0001 LA Load Address 
0010 STC Store Character 
0011 Ie Insert Character 
0100 EX Execute 
0101 BAL Branch and Li nk 
0110 BCT Branch on Count 
0111 Be Branch/Condition 
1000 LH Load 
1001 CH Compare 
1010 AH Add 
lOll SH Subtract 
1100 MH Multiply 
1101 
1110 CVD Convert-Decimal 
1111 CVB Convert-Binary 

RS, SI FORMAT 
Branching Status 

Switching and Shifting 

xxxx 

0000 
0001 
0010 
0011 
0100 
0101 
0110 
0111 
1000 
1001 
1010 
lOll 
1100 
1101 
1110 
1111 

--
SSM 

LI'SW 

WRD 
RI)D 
BXH 
BXLE 
SRL 
SlL 
SRA 
SLA 
SRDL 
SLDL 
SRDA 
SLDA 

SS FORMAT 

xxxx 

0000 
0001 
0010 
0011 
0100 
0101 
0110 
0111 
1000 
1001 
1010 
lOll 
1100 
1101 
1110 
1111 _. 

l000xxxx 

Set System Mask 

Load PSW 
Diognose 
Write Direct 
Read Direct 
Branch/High 
Branch/Low-Equal 
Shift Right SL 
Shift Left SL 
Shift Right S 
Shift Left S 
Shift Right DL 
Sh ift Left D L 
Shift Right D 
Shift Left D 

l100xxxx 

Note: N = Normalized 
SL = Single Logical 
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Fixed-Paint Full Word 
and Logical 

OOOlxxxx 

LPR Load Positive 
LNR Load Negative 
LTR Load and Test 
LCR Load Complement 
NR AND 
CLR Compare Logical 
OR OR 
XR Exclusive OR 
LR Load 
CR Compare 
AR Add 
SR Subtract 
MR Multiply 
DR Divide 
ALR Add Logical 
SLR Subtract Logical 

Fixed-Point Full Word 
and Logical 

OIOlxxxx 

ST Store 

N AND 
CL Compare Logical 
0 OR 
X Exclusive OR 
L Load 
e Compare 
A Add 
S Subtract 
M Multiply 
D Divide 
AL Add Logical 
SL Subtract Logical 

Fixed-Point Logical 
and Input/Output 

STM 
TM 
MVI 
TS 
NI 
CLI 
01 
XI 
LM 

510 
TlO 
HIO 
TCH 

MVN 
MVC 
MVZ 
NC 
CLC 
OC 
XC 

TR 
TRT 
ED 
EDMK 

loolxxxx 

Store Multiple 
Test Under Mask 
Move 
Test and Set 
AND 
Compare Logical 
OR 
Exclusive OR 
Laad Multiple 

Start I/O 
Test I/O 
Halt I/O 
Test Channel 

Logical 

110lxxxx 

Move Numeric 
Move 
Move Zone 
AND 
Compare Logical 
OR 
Exclusive OR 

Translate 
Translate and Test 
Edit 
Edit and Mark 

DL " Double Logical 
U = Unnormallzed 

Floating -Point 
Long 

001 Oxxxx 

LPDR Load Positive 
LNDR Load Negative 
lTDR Load and Test 
lCDR Load Complement 
HDR Halve 

LDR Load 
CDR Compare 
ADR AddN 
SDR Subtract' N 
MDR Multiply 
DDR Divide 
AWR Add U 
SWR Subtract U 

Fleating-Polnt' 
Long 

OllOxxxx 

STD Store 

LD Load 
CD Compare 
AD Add N 
SD Subtract N 
MD Multiply 
DD Divide 
AW Add U 
SW Subtract U 

1010xxxx 

I110xxxx 

Floating-Point 
Short 

OOllxxxx 

LPER Load Positive 
LNER Load Negative 
LTER Load and Test 
LCER Load Complement 
HER Halve 

LER Load 
CER Compare 
ALR Add N 
SER Subtract N 
MER Multiply 
DER Divide 
AUR Add U 
SUR Subtract U 

Floating-Point 
Short 

0111xxxx 

STE Store 

LE Load 
CE Compare 
AE Add N 
SE Subtract N 
ME Multiply 
DE Divide 
AU Add U 
SU Subtract U 

1011xxxx 

Decimal 

111lxxxx 

MVO 
PACK 
UNPK 

ZAP 
CP 
AP 
SP 
MP 
DP 

S .. Single 
D - Double 

Move with Offset, 
Pack 
Unpack 

Zero and Add 
Compare 
Add 
Subtract 
Multiply 
Divide 



Permanent Storage Assignment Logical Operations 

ADDRESS LENGTH PURPOSE AND zero not zero 
0 00000000 double word Initial program loading PSW Compare Logical equal low high 

8 00001000 double word Initial program loading CCWI Edit zero < zero > zero 
16 00010000 double word Initial program loading CCW2 Edit and Mark zero < zero > zero 
24 00011000 double word External old PSW Exclusive OR zero not zero 
32 00100000 double word Supervisor call old PSW OR zero not zero 
40 00101000 double word Program old PSW Test Under Mask zero mixed one 

48 0011 0000 double word Machine-check old PSW Translate and Test zero incomplete complete 

56 00111000 double word Input/output old PSW 
64 01000000 double word Channel status word Status Switching 
72 01001000 word Channel address word Test and Set 
76 01001100 word Unused 

zero one 

80 01010000 word Timer 
84 01010100 word Unused Input I Output Operations 
88 01011000 double word External new PSW 
96 01100000 double word Supervisor call new PSW Halt I/O interruption CSW burst op not oper-

104 0110 1000 double word Program new PSW pending stored stopped ational 

112 0111 0000 double word Machine-check new PSW Start I/O successful CSW busy not oper-
120 01111000 double word Input/output new PSW stored ational 
128 10000000 Diagnostic scan-out area 0 

Test I/O available CSW busy not oper-
o The size of the diagnostic scan-out area depends on the par- stored ational 
ticular model and I/O channels. 

Test Channel available burst inter- not oper-
ruption mode ational 
pending 

CONDITION CODE SETTING NOTES 

Condition Code Setting available Unit and channel available 
burst op Burst operation stopped 

stopped 
Fixed-Point Arithmetic busy Unit or channel busy 

0 1 2 3 
carry A carry out of the sign position occurred 
complete Last result byte nonzero 

AddH/F zero < zero > zero overflow CSW stored Channel status word stored 
Add Logical zero, not zero, zero, not zero, equal Operands compare equal 

no carry no carry carry carry F Fullword 
CompareH/F equal low high > zero Result is greater than zero 
Load and Test zero < zero > zero H Halfword 
Load Complement zero < zero > zero overflow halted Data transmission stopped. Unit in halt-reset mode 
Load Negative zero < zero high First operand compares high 
Load Positive zero > zero overflow incomplete Nonzero result byte; not last 
Shift Left Double zero < zero > zero overflow L Long precision 
Shift Left Single zero < zero > zero overflow < zero Result is less than zero 
Shift Right Double zero < zero > zero low First operand compares low 
Shift Right Single zero < zero > zero mixed Selected bits are both zero and one 
Subtract H/F zero < zero > zero overflow not oper- Unit or channel not operational 
Subtract Logical not zero, zero, not zero, ational 

no carry carry carry not zero Result is not all zero 
one Selected bits are one 
overflow Result overflows 

Decimal Arithmetic S Short precision 

Add Decimal zero < zero > zero overflow zero Result or selected bits are zero 

Compare Decimal equal low high The condition code also may be changed by LOAD PSW, SET 
Subtract Decimal zero < zero > zero overflow PROGRAM MASK, DIAGNOSE, and by an interruption. 
Zero and Add zero < zero > zero overflow 

Floating-Point Arithmetic Interruption Action 

Add Normalized S/L zero < zero > zero overflow SOURCE INTERRUPTION CODE MASK ILC EXE-

Add Unnormalized S/L zero < zero > zero overflow IDENTIFICATION PSW BITS 16-31 BITS SET CUTION 

Compare S/L equal low high Input/Output (old PSW 56, new PSW 120, Priority 4) 
Load and Test S/L zero < zero > zero 
Load Complement S/L zero < zero > zero Channel 0 00000000 aaaaaaaa 0 x completed 
Load Negative S/L zero < zero Channell 00000001 aaaaaaaa 1 x completed 
Load Positive S/L zero > zero Channel 2 00000010 aaaaaaaa 2 x completed 
Subtract Channel 3 00000011 aaaaaaaa 3 x completed 

Normalized S/L zero < zero > zero overflow Channel 4 00000100 aaaaaaaa 4 x completed 
Subtract Unnorm- Channei 5 00000101 aaaaaaaa 5 x completed 

alized S/L zero < zero > zero overflow Channel 6 00000110 aaaaaaaa 6 x completed 
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Program (old PSW 40, new PSW 104, priority 2) 
Operation 00000000 00000001 1,2,3 suppressed 
Privileged 0000000000000010 1,2 suppressed 

operation 
Execute 00000000 00000011 2 suppressed 
Protection 00000000 00000100 0,2,3 suppressed 

or 
terminated 

Addressing 00000000 00000101 0,1,2,3 suppressed 
or 
terminated 

Specification 0000000000000110 1,2,3 supptessed 
Data 00000000 00000111 2,3 terminated 
Fixed-point 00000000 00001000 36 1,2 completed 

overflow 
Fixed-point divide 00000000 00001001 1,2 suppressed 

or 
completed 

Decimal overflow 0000000000001010 37 3 completed 
Decimal divide 0000000000001011 3 suppressed 
Exponent 00000000 00001100 1,2 terminated 

overflow 
Exponent 0000000000001101 38 1,2 completed 

underflow 
Significance 0000000000001110 39 1,2 completed 
Floating-point 00000000 00001111 1,2 suppressed 

divide 

Supervisor Call (old PSW 32, new PSW 96, priority 2) 
Inst-;uction bits 00000000 rr r r rr rr 1 completed 

External (old PSW 24, new PSW 88, priority 3) 
Timer 00000000 Innnnnnn 7 x_ completed 
Interrupt key 00000000 nlnnnnnn 7 x completed 
External signal 2 00000000 nnlnnnnn 7 x completed 
External signal 3 00000000 nnn1nnnn 7 x completed 
External signal 4 00000000 nnnnlnnn 7 x completed 
External signal 5 00000000 nnnnnlnn 7 x completed 
External signal 6 00000000 nnnnnn1n 7 x completed 
External signal 7 00000000 nnnnnnn1 7 x completed 

Machi-ne Check (old PSW 48, new PSW 112, priority 1) 
Machine 00000000 00000000 13 x terminated 

malfunction 

NOTES 

a Device address bits 
n 
r 
x 

Other external-interruption conditions 
Bits of Rl and R2 field of SUPERVISOR CALL 

Unpredictahle 

Instruction Length Recording 

INSTRUC-

PSW BITS TION 

CODE 32-33 BITS 0-1 
o 00 
1 01 00 
2 10 01 
2 10 10 
3 11 11 
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INSTRUCTION 

LENGTH 

Not available 
One halfword 
Two halfwords 
Two halfwords 
Three halfwords 

FORMA']' 

RR 
RX 

RS or SI 
SS 

Program Interruptions 

Exceptions resulting from improper specification .or use 
of an instruction and data cause a program inter­
ruption. 

Operation (OP) 

The operation code is not assigned or the assigned 
operation is not available on the particular cpu. 

The operation is suppressed. 
The instruction-length code is 1, 2, or 3. 

Privileged Operation (M) 

A privileged instruction is encountered in the problem 
state. 

The operation is suppressed. 
The instruction-length code is 1 or 2. 

NAME MNEMONIC FORMAT ACTION 

Diagnose SI Suppressed 
Halt 110 HIO SI Suppressed 
Insert Storage Key ISK RR Suppressed 
LoadPSW LPSW SI Suppressed 
Read Direct RDD SI Suppressed 
Set Storage Key SSK RR Suppressed 
Set System Mask SSM SI Suppressed 
Start 110 SIO SI Suppressed 
Test Channel TCH SI Suppressed 
Test I/O TIO SI Suppressed 
Write Direct WRD SI Suppressed 

Execute (EX) 

The subject instruction of EXECUTE is another EXECUTE. 

The operation is suppressed. 
The instruction-length code is 2. 

NAME 

Execute 

Protection (P) 

MNEMONIC 

EX 
FORMAT 

RX 
ACTION 

Supp:ressed 

The key of an instruction or operand location does not 
match the protection key in the psw. 

The instruction length-code is 0, 2, or 3. 

Instructions Subiect to Store Protection 

When the protection feature contains only the facility 
to monitor operations changing storage contents, the 
check is made for every use of the folloWing instruc­
tions. In addition, these instructions are subject to a 
protection exception when both store and fetch viola­
tions are monitored. The operation is suppressed on a 
store violation, except in the case of STORE MULTIPLE, 

READ DIRECT, TEST AND SET, and variable-length opera­
tions, which are terminated. 



NAME MNEMONIC FORMAT ACTION NAME MNEMONIC FORMAT ACTION 

Add Decimal AP SS Terminated Load Multiple LM RS Terminated 
AND NC SS Terminated Load PSW LPSW SI Terminated 
AND NI SI Suppressed Multiply M RX Terminated 
Convert to Decimal CVD RX Suppressed Multiply (long) MD RX Terminated 
Diagnose SI Unpredictable Multiply (short) ME RX Terminated 
Divide Decimal DP SS Terminated Multiply Halfword MH RX Terminated 
Edit ED SS Terminated OR 0 RX Terminated 
Edit and Mark EDMK SS Terminated Set System Mask SSM SI Terminated 
Exclusive OR XC SS Terminated Subtract S RX Terminated 
Exclusive OR XI SI Suppressed Subtract Halfword SH RX Terminated 
Move MVC SS Terminated Subtract Logical SL RX Terminated 
Move MVI SI Suppressed Subtract Norm-
Move Numerics MVN SS Terminated alized (long) SD RX Terminated 
Move with Offset MVO SS Terminated Subtract Norm-
Move Zones MVZ SS Terminated alized (short) SE RX Terminated 
Multiply Decimal MP SS Terminated Subtract Unnorm-
OR OC SS Terminated alized (long) SW RX Terminated 
OR 01 SI Suppressed Subtract Unnorm-
Pack PACK SS Terminated alized (short) SU RX Terminated 
Read Direct RRD SI Terminated Test Under Mask TM SI Terminated 
Store ST RX Suppressed Translate And Test TRT SS Terminated 
Store (long) STD RX Suppressed Write Direct WRD SI Terminated 
Store (short) STE RX Suppressed 
Store Character STC RX Suppressed 
Store Halfword STH RX Suppressed Instructions Subiect to Store and Fetch Protection 
Store Multiple STM RS Terminated 

When the protection feature contains the facility to Test and Set TS SI Terminated 
Translate TR SS Terminated monitor for both store and fetch violations, the follow-
Unpack UNPK SS Terminated ing instructions can cause the exception either by a 
Zero and Add ZAP SS Terminated 

store or fetch violation. The operation is terminated, 

Instructions Subiect to Fetch Protection except in the case of DIAGNOSE, which is unpredictable. 

When the protection feature contains the facility to NAME MNEMONIC FORMAT ACTION 

Add Decimal AP SS Terminated 
monitor for both store and fetch violations, the follow- AND NC SS Terminated 
ing instructions can cause the exception only by a fetch Diagnose SI Unpredictable 

violation. The operation is terminated, except in the Divide Decimal DP SS Terminated 
Edit ED SS Terminated 

case of EXECUTE, which is suppressed. Edit And Mark EDMK SS Terminated 
NAME MNEMONIC FORMAT ACTION Exclusive OR XC SS Terminated 

Add A RX Terminated Move MVC SS Terminated 
Add Halfword AH RX Terminated Move Numerics MVN SS Terminated 
Add Logical AL RX Terminated Move with Offset MVO SS Terminated 
Add Normalized Move Zones MVZ SS Terminated 

(long) AD RX Terminated Multiply Decimal MP SS Terminated 
Add Normalized OR OC SS Terminated 

( short) AE RX Terminated Pack PACK SS Terminated 
Add Unnormalized Subtract Decimal SP SS Terminated 

(long) AW RX Terminated Test and Set TS SI Terminated 
Add Unnormalized Translate TR SS Terminated 

( short) AU RX Terminated Unpack UNPK SS Terminated 
AND N RX Terminated Zero and Add ZAP SS Terminated 
Compare C RX Terminated 
Compare CL RX Terminated 

Addressing (A) Compare CLI SI Terminated 
Compare CLC SS Terminated An address specifies any part of data, instruction, or 
Compare (long) CD RX Terminated 
Compare (short) CE RX Terminated control words outside the available storage for the par-
Compare Decimal CP SS Terminated ticular installation. 
Compare Halfword CH RX Terminated In most cases, the operation is terminated. Data in 
Convert to Binary CVB RX Terminated 
Divide D RX Terminated storage remain unchanged, except when designated by 
Divide (long) DD RX Terminated valid addresses. The operation is suppressed for CON-
Divide (short) DE RX Terminated VERT TO DECIMAL, DIAGNOSE, EXECUTE, immediate in-
Exclusive OR X RX Terminated 
Execute EX RX Suppressed structions (NI, XI, MVI, 01), and certain store-type opcr-
Insert Character IC RX Terminated ations (ST, STC, STH, STD, and STE). 
Load L RX Terminated The instruction-length code is normally 1, 2, or 3; 
Load (long) LD RX Terminated 
Load (short) LE RX Terminated however, it may be 0 in the case of a data address. 
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NAME 

Add 
Add Decimal 
Add Halfword 
Add Logical 
Add Normalized 

(Long) 
Add Normalized 

( Short) 
Add Un norm­

alized (Long) 
Add Unnorm-

alized (Short) 
AND 

AND 
AND 
Compare 
Compare Decimal 
Compare Halfword 
Compare Logical 
Compare Logical 
Compare Logical 
Compare (Long) 
Compare (Short) 
Convert to Binary 
Convert to Decimal 

Diagnose 
Divide 
Divide Decimal 
Divide (Long) 
Divide (Short) 

Edit 
Edit and Mark 
Exclusive OR 
Exclusive OR 
Exclusive OR 
Execute 

Insert Character 
Insert Storage Key 

Load 
Load Halfword 
Load (Long) 
Load Multiple 
LoadPSW 
Load (Short) 

Move 
Move 
Move Numerics 
Move with Offset 
Move Zones 
Multiply 
Multiply Decimal 
Multiply Halfword 
Multiply (Long) 
Multiply (Short) 

OR 
OR 
OR 

Pack 

Read Direct 

Set Storage Key 
Set System Mask 
Store 
Store Character 
Store Halfword 
Store (Long) 
Store Multiple 
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MNEMONIC 

A 
AP 
AH 
AL 

AD 

AE 

AW 

AU 
N 

NI 
NC 
C 
CP 
CH 
CL 
CLI 
CLC 
CD 
CE 
CVB 
CVD 

D 
DP 
DD 
DE 

ED 
EDMK 
X 
XI 
XC 
EX 

IC 
ISK 

L 
LH 
LD 
LM 
LPSW 
LE 

MVI 
MVC 
MVN 
MVO 
MVZ 
M 
MP 
MH 
MD 
ME 

o 
01 
OC 

PACK 
RDD 

SSK 
SSM 
ST 
STC 
STH 
STD 
STM 

FORMAT 

RX 
SS 
RX 
RX 

RX 

RX 

RX 

RX 
RX 

SI 
SS 
RX 
SS 
RX 
RX 
SI 
SS 
RX 
RX 
RX 
RX 

SI 
RX 
SS 
RX 
RX 

SS 
SS 
RX 
SI 
SS 
RX 

RX 
RR 

RX 
RX 
RX 
RS 
SI 
RX 

SI 
SS 
SS 
SS 
SS 
RX 
SS 
RX 
RX 
RX 

RX 
SI 
SS 
SS 
SI 

RR 
SI 
RX 
RX 
RX 
RX 
RS 

ACTION 

Terminated 
Terminated 
Terminated 
Terminated 

Terminated 

Terminated 

Terminated 

Terminated 
Terminated 

Suppressed 
Terminated 
Terminated 
Terminated 
Terminated 
Terminated 
Terminated 
Terminated 
Terminated 
Terminated 
Terminated 
Suppressed 

Suppressed 
Terminated 
Terminated 
Terminated 
Terminated 

Terminated 
Terminated 
Terminated 
Suppressed 
Terminated 
Suppressed 

Terminated 
Terminated 

Terminated 
Terminated 
Terminated 
Terminated 
Terminated 
Terminated 

Suppressed 
Terminated 
Terminated 
Terminated 
Terminated 
Terminated 
Terminated 
Terminated 
Terminated 
Terminated 

Terminated 
Suppressed 
Terminated 

Terminated 
Terminated 
Suppressed 
Terminated 
Suppressed 
Suppressed 
Suppressed 
Suppressed 
Terminated 

NAME 

Store (Short) 
Subtract 
Subtract Decimal 
Subtract Halfword 
Subtract Logical 
Subtract Norm-

alized (Long) 
Subtract Norm­

alized (Short) 
Subtract Un­

normalized 
(Long) 

Subtract Un­
normalized 
( Short) 

Test Under Mask 
Test and Set 
Translate 
Translate and 

Test 

Unpack 

Write Direct 

Zero and Add 

MNEMONIC 

STE 
S 
SP 
SH 
SL 

SD 

SE 

SW 

SU 

TM 
TS 
TR 

TRT 

UNPK 

WRD 

ZAP 

FORMAT 

RX 
RX 
SS 
RX 
RX 

RX 

RX 

RX 

RX 
SI 
SI 
SS 

SS 
SS 
SI 

SS 

ACTION 

Suppressed 
Terminated 
Terminated 
Terminated 
Terminated 

Tenninated 

Tenninated 

Tenninated 

Terminated 

Terminated 
Terminated 
Terminated 

Terminated 

Terminated 

Terminated 

Terminated 

The addressing interruption can occur in normal sequential 
operation following branching, LOAD psw, interruption, or man­
ual operation. Instruction execution is suppressed. 

Specification (S) 

1. A data, instruction, or control-word address. does 
not specify an integral boundary for the unit of in­
formation. 

2. The Rl field of an instruction specifies an odd 
register address for a pair of general registers. that 
contain a 64-bit operand. 

3. A floating-point register address other than 0, 2, 
4, or 6 is specified. 

4. The multiplier or divisor in decimal arithmetic 
exceeds 15 digits and sign. 

5. The first operand field is shorter than or equal to 
the second operand field in decimal multiplication or 
division. 

6. The block address specified in SET STORAGE KEY 

or INSERT STORAGE KEY has the four low-order bits not 
all zero. 

7. A psw with a nonzero protection key is encoun­
tered when the protection feature is not installed, 

In all of these cases the operation is suppressed. 
The instruction-length code is 1, 2, or 3. 

NAME MNEMONIC FORMAT 

Add A RX 
Add Halfword AH RX 
Add Logical AL RX 
Add Normalized 

( Long) ADR RR 
Add Normalized 

(Long) AD RX 
Add Normalized 

( Short) AER RR 
Add Normalized 

( Short) AE RX 

ACTION 

Suppressed 
Suppressed 
Suppressed 

Suppressed 

Suppressed 

Suppressed 

Suppressed 

NOTE 

4 
2 
4 

3 

3,8 

3 

3,4 



NAME MNEMONIC FORMAT ACTION NOTE NAME MNEMONIC FORMAT ACTION NOTE 

Add Unnorm- Multiply 
alized (Long) AWR RR Suppressed 3 Decimal MP SS Suppressed 5 

Add Unnorm- Multiply 
alized (Long) AW RX Suppressed 3,8 Halfword MH RX Suppressed 2 

Add Unnorm- Multiply (Long) MDR RR Suppressed 3 
alized (Short) AUR RR Suppressed 3 Multiply (Long) MD RX Suppressed 3,8 

Add Unnorm- Multiply (Short) MER RR Suppressed 3 
alized (Short) AU RX Suppressed 3,4 Multiply (Short) ME RX Suppressed 3,4 

AND N RX Suppressed 4 

Compare C RX Suppressed 4 
OR 0 RX Suppressed 4 

Compare Set Storage 
Halfword CH RX Suppressed 2 Key SSK RR Suppressed 7 

Compare Shift Left 
Logical CL RX Suppressed 4 Double SLDA RS Suppressed 1 

Compare Shift Left 
(Long) CDR RR Suppressed 3 Double 

Compare Logical SLDL RS Suppressed 1 
(Long) CD RX Suppressed 3,8 Shift Right 

Compare Double SRDA RS Suppressed 1 
( Short) CER RR Suppressed 3 Shift Right 

Compare 
Suppressed 

Double 
( Short) CE RX 3,4 Logical SRDL RS Suppressed 1 

Convert to Store ST RX Suppressed 4 
Binary CVB RX Suppressed 8 Store Halfword STH RX Suppressed 2 

Convert to Store (Long) STD RX Suppressed 3,8 
Decimal CVD RX Suppressed 8 Store Multiple STM RS Suppressed 4 

Diagnose SI Suppressed Store (Short) STE RX Suppressed 3,4 
Divide DR RR Suppressed 1 Subtract S RX Suppressed 4 
Divide D RX Suppressed 1,4 Subtract 
Divide Decimal DP SS Suppressed 5 Halfword SH RX Suppressed 2 
Divide (Long) DDR RR Suppressed 3 Subtract 
Divide (Long) DD RX Suppressed 3,8 Logical SL RX Suppressed 4 
Divide (Short) DER RR Suppressed 3 Subtract Norm-
Divide (Short) DE RX Suppressed 3,4 alized (Long) SDR RR Suppressed 3 

Exclusive OR X RX Suppressed 4 
Subtract Norm-

alized (Long) SD RX Suppressed 3,8 
Execute EX RX Suppressed 2 Subtract Norm-
Halve (Long) HDR RR Suppressed 3 alized (Short) SER RR Suppressed 3 
Halve (Short) HER RR Suppressed 3 Subtract Norm-

Insert Storage 
alized (Short) SE RX Suppressed 3,4 

Suppressed 7 Subtract Un-
Key ISK RR normalized 

Load L RX Suppressed 4 (Long) SWR RR Suppressed 3 
Load and Test Subtract Un-

(Long) LTDR RR Suppressed 3 normalized 
Load and Test (Long) SW RX Suppressed 3,8 

( Short) LTER RR Suppressed 3 Subtract Un-
Load Comple- normalized 

ment (Long) LCDR RR Suppressed 3 ( Short) SUR RR Suppressed 3 
Load Comple- Subtract Un-

ment (Short) LCER RR Suppressed 3 normalized 
Load Halfword LH RX Suppressed 2 ( Short) SU RX Suppressed 3,4 
Load (Long) LDR RR Suppressed 3 
Load (Long) LD RX Suppressed 3,8 

The specification interruption can occur in normal sequential Load 
Multiple LM RS Suppressed 4 operation following branching, LOAD PSW, interruption, or man-

Load Negative ual operation (Note 1). 
(Long) LNDR RR Suppressed 3 

Load Negative 
( Short) LNER RR Suppressed 3 

Load Positive SPECIFICATION INTERRUPTION NOTES 

(Long) LPDR RR Suppressed 3 1 Even register specification 
Load Positive 2 Two-byte unit of information specification 

( Short) LPER RR Suppressed 3 3 Floating-point register specification 
LoadPSW LPSW SI Suppressed 8 4 Four-byte unit of information specification 
Load (Short) LER RR Suppressed 3 5 Decimal multiplier or divisor size specification 
Load (Short) LE RX Suppressed 3,4 6 Zero protection key specification 
Multiply MR RR Suppressed 1 7 Block address specification 
Multiply M RX Suppressed 1,4 8 Eight-byte unit of information specification 
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Data (D) 

1. The sign or digit codes of operands in decimal 
arithmetic, or editing operations, or CONVERT TO 

BINARY, are incorrect. 
2. Fields .in decimal arithmetic overlap incorrectly. 
3. The decimal multiplicand has too many high­

order significant digits. 
The operation is terminated in all three cases. 
The instruction-length code is 2 or 3. 

NAME MNEMONIC FORMAT ACTION NOn: 

Add Decimal AP SS Terminated 1,2 
Compare 

Decimal CP SS Terminated 1,2 
Convert to 

Binary CVB RX Terminated 1 
Divide Decimal DP SS Terminated 1,2 
Edit ED SS Terminated 1 
Edit and Mark EDMK SS Terminated 1 
Multiply 

Decimal MP SS Terminated 1,2,3 
Subtract 

Decimal SP SS Terminated 1,2 
Zero and Add ZAP SS Terminated 1,2 

DATA INTERRUPTION NOTES 

1 All instructions listed may have incorrect sign or digit 
codes. 

2 Overlapping fields 
3 Multiplicand length 

Fixed-Point Overflow (IF) 

A high-order carry occurs or high-order significant bits 
are lost in fixed-point addition, subtraction, shifting, 
or sign-control operations. 

The operation is completed by ignoring the infor­
mation placed outside the register. The interruption 
may be masked by psw bit 36. 

The instruction-length code is 1 or 2. 
NAME MNEMONIC FORMAT ACTION 

Add AR RR Completed 
Add A RX Completed 
Add Halfword AH RX Completed 
Load Complement LCR RR Completed 
Load Positive LPR RR Completed 
Shift Left Double SLDA RS Completed 
Shift Left Single SLA RS Completed 
Subtract SR RR Completed 
Subtract S RX Completed 
Subtract Halfword SH RX Completed 

Fixed-Point Divide (lK) 

1. The quotient exceeds the register size in fixed­
point division, including division by zero. 

2. The result of CONVERT TO BINARY exceeds 31 bits. 
Division is suppressed. Conversion is completed by 

ignoring the information placed outside the register. 
The instruction-length code is 1 or 2. 

NAME 

Convert to Binary 
Divide 
Divide 
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MNEMONIC 

CVB 
DR 
D 

FORMAT 

RX 
RR 
RX 

ACTION 

Completed 
Suppressed 
Suppressed 

Decimal Overflow (DF) 
The destination field is too small to contain the result 
field in decimal operations. 

The operation is completed by ignoring the over­
flow information. The interruption may be masked by 
psw bit 37. 

The interruption-length code is 3. 
NAME 

Add Decimal 
Subtract Decimal 
Zero and Add 

MNEMONIC 

AP 
SP 
ZAP 

Decimal Divide (DK) 

FORMAT 

SS 
SS 
SS 

ACTION 

Completed 
Completed 
Completed 

The quotient exceeds the specified data field. 
The operation is suppressed. 
The instruction-length code is 3. 

NAME MNEMONIC FORMAT ACTION 

Divide Decimal DP SS Suppressed 

Exponent Overflow (E) 
The result characteristic exceeds 127 in floating-point 
addition, subtraction, multiplication, or division. 

The operation is terminated. 
The instruction-length code is 1 or 2. 

NAME MNEMONIC FORMAT ACTlION 

Add Normalized 
(Long) ADR RR Terminated 

Add Normalized 
(Long) AD RX Terminated 

Add Normalized 
( Short) AER RR Terminated 

Add Normalized 
( Short) AE RX Terminated 

Add Unnorm-
alized (Long) AWR RR Terminated 

Add Unnorm-
alized (Long) AW RX Terminated 

Add Unnorm-
alized (Short) AUR RR Terminated 

Add Unnorm-
alized (Short) AU RX Terminated 

Divide (Long) bDR RR Terminated 
Divide (Long) DD RX Terminated 
Divide (Short) DER RR Terminated 
Divide (Short) DE RX Terminated 
Multiply (Long) MDR RR Terminated 
Multiply (Long) MD RX Terminated 
Multiply (Short) MER RR Terminated 
Multiply (Short) ME RX Terminated 
Subtract Norm-

alized (Long) SDR RR Terminated 
Subtract Norm-

alized (Long) SD RX Terminated 
Subtract Norm-

alized (Short) SER RR Terminated 
Subtract Norm-

alized (Short) SE RX Terminated 
Subtract Unnorm-

alized (Long) SWR RR Terminated 
Subtract Unnorm-

alized (Long) SW RX Terminated 
Subtract Unnorm-

ali zed (Short) SUR RR Terminated 
Subtract Unnorm-

ali zed (Short) SU RX Terminated 



Exponent Underflow (U) 

The result characteristic is less than zero in Boating-
point addition, subtraction, multiplication, or division. 

T-he operation is completed by making the result of 
the operation a true zero. The interruption may be 
masked by psw bit 38. 

The instruction-length code is 1 or 2. 
NAME MNEMONIC FORMAT ACTION 

Add Normalized 
(Long) ADR RR Completed 

Add Normalized 
( Long) AD RX Completed 

Add Normalized 
( Short) AER RR Completed 

Add Normalized 
( Short) AE RX Completed 

Divide (Long) DDR RR Completed 
Divide (Long) DD RX Completed 
Divide (Short) DER RR Completed 
Divide (Short) DE RX Completed 
Multiply (Long) MDR RR Completed 
Multiply (Long) MD RX Completed 
Multiply (Short) MER RR Completed 
Multiply (Short) ME RX Completed 
Subtract Norm-

alized (Long) SDR RR Completed 
Subtract Norm-

alized (Long) SD RX Completed 
Subtract Norm-

alized (Short) SER RR Completed 
Subtract Norm-

alized (Short) SE RX Completed 

Significance (LS) 

The result of a Boating-point addition or subtraction 
has an all-zero fraction. 

The operation is completed. The interruption may 
be masked by psw bit 39. The manner in which the 
operation is completed is determined by the mask bit. 

The instruction-length code is 1 or 2. 
NAME MNEMONIC FORMAT ACTION 

Add Normalized 
(Long) ADR RR Completed 

Add Normalized 
(Long) AD RX Completed 

Add Normalized 
( Short) AER RR Completed 

Add Normalized 
(Short) AE RX Completed 

Add Unnorm-
alized (Long) AWR RR Completed 

Form A22-6821-2, -3, -4, -5 
Page Revised 1113/67 
By TNL N22-0244 

NAME MNEMONIC FORMAT ACTION 

Add Unnorm-
alized (Long) AW RX Completed 

Add Unnorm-
alized (Short) AUR RR Completed 

Add Unnorm-
alized (Short) AU RX Completed 

Subtract Norm-
alized (Long) SDR RR Completed 

Subtract N orm-
alized (Long) SD RX Completed 

Subtract Norm-
alized (Short) SER RR Completed 

Subtract Norm-
alized (Short) SE RX Completed 

Subtract Unnorm-
alized (Long) SWR RR Completed 

Subtract Unnorm-
alized (Long) SW RX Completed 

Subtract Unnorm-
alized (Short) SUR RR Completed 

Subtract U rinorm-
alized (Short) SU RX Completed 

Floating-Point Divide (FK) 

Division by a Boating-point number with zero fraction 
is attempted. 

The operation is suppressed. 
The instruction-length code is 1 or 2. 

NAME MNEMONIC FORMAT ACTION 

Divide (Long) DDR RR Suppressed 
Divide (Long) DD RX Suppressed 
Divide (Short) DER RR Suppressed 
Divide (Short) DE RX Suppressed 

Functions that May Differ Among Models 

Instruction Execution 

In the editing operations, overlapping fields give un­
predictable results. 

Equipment connected to the hold-in line of READ 

DIRECT should be so constructed that the hold signal 
will be removed when READ DIRECT is performed. Ex­
cessive duration of this instruction may reslllt in in­
complete updating of the timer. 

The purpose of the 12 field and the operand address 
in the SI format of DIAGNOSE may be further defined 
for a particular CPU and its appropriate diagnostic 
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procedures. Similarly the number of low-order address 
bits that must be zero is further specified for a par­
ticular CPU. When the address does not have the re­
quired number of low-order zeros, a speciflcation ex­
ception is recognized and causes a program interrup' 
tion. 

Whether DIAGNOSE is subject to protection action 
depends on the model. 

The diagnose operation is completed either by tak­
ing the next sequential instruction or by obtaining a 
new psw from location 112. The diagnostic procedure 
may affect the problem, supervisor, and interruptable 
states of the CPU, and the contents of storage registers 
and timer, as well as the progress of I/O operations. 

Instruction Termination 

Only one program interruption occurs for a given iI1-
struction. The old psw always identifies a valid cause. 
This does not preclude simultaneous occurrence of 
any other causes. Which of several causes is identifled 
may vary from one occasion to the next and from one 
model to another. 

When instruction execution is terminated by an in­
terruption, all, part, or none of the result may be 
stored. The result data, therefore, are unpredictable. 
The setting of the condition code, if called for, may 
also be unpredictable. In general, the results of the 
operation should not be used for further computation. 

Cases of instruction termination for a program in­
terruption are: 

Protection: The key of the addressed storag~ loca­
tion does not match the protection key in the psw. A 
store violation causes the operation to be terminated 
in the case of STORE MULTIPLE, READ DIRECT, TEST AND 

SET, and variable-length operations. Protected stor­
age remains unchanged. The timing signals of READ 

DIRECT may have been made available. The operation 
is terminated on a fetch violation, except for EXECUTE, 

which is suppressed. 

Addressing: An address specifies any part of data, 
instruction, or control word outside the available stor­
age for the particular installation. In most cases the 
operation is terminated. Data in storage remain un­
changed, except when designated by valid addresses. 

When part of an operand in CLC is specified in an 
unavailable location, the comparison may end at an 
inequality, or the operation may be terminated by the 
addressing exception, even though inequality could 
have been established from the available operand 
parts. 
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Data: The sign or digit codes of operands in deci­
mal arithmetic, CONVERT TO BINARY, or editing opera­
tions are incorrect, or fields in decimal arithmetic .over­
lap incorrectly, or the decimal multiplicand has too 
many high-order significant digits. The operation is 
terminated in all three cases. The condition code set­
ting, if called for, is unpredictable for protection, ad­
dreSSing, and data exceptions. 

Exponent Overflow: The result exponent of an ADD, 

SUBTRACT, MULTIPLY, or DIVIDE overflows and the re­
sult fraction is not zero. The operation is terminated. 
The condition code is set to 3 for ADD and SUBTHACT, 

and remains unchanged for MULTIPLY and DIVIDE. 

Machine-Check Interruption 

For a machine-check interruption, the old ps'w is 
stored at location 48 with a zero interruption eode. 
The state of the CPU is scanned out into the storage 
area starting with location 128 and extending through 
as many words as are required by the given cpu. The 
new psw is fetched from location 112. Proper execu­
tion of these steps depends on the nature of the ma­
chine check. A change in the machine-check mask bit 
due to the loading of a new psw results in a change 
in the treatment of machine checks. Depending upon 
the nature of a machine check, the old treatment may 
still be in force for several cycles. Machine checks that 
occur in operations executed by I/O channels may 
either cause a machine-check interruption or arc re­
corded in the csw for that operation. 

Instruction-Length Code 

The instruction-length code is predictable only for 
program and supervisor-call interruptions. For I/O and 
external interruptions, the interruption is not caused 
by the last interpreted instruction, and the code is not 
predictable for these classes of interruptions. For ma­
chine-check interruptions, the setting of the code is a 
function of the malfunction and therefore unpredict­
able. 

For the supervisor-call interruption the iIllstruction­
length code is 1, indicating the halfword length of 
SUPERVISOR CALL; for the program interruptions, the 
codes 1, 2, and 3 indicate the instruction length in 
halfwords. The code 0 is reserved for program inter­
ruptions where the length of the instruction is not 
available because of certain overlap conditions in in­
struction fetching. In those cases, the instrUlction ad­
dress in the old psw does not represent the next in­
struction address. The instruction-length code 0 can 
occur only for a program interruption caused by a 
protected or unavailable data address. 



Timer 
Updating of the timer may be omitted when I/O data 
transmission approaches the limit of storage capability 
and when a channel sharing CPU equipment and op­
erating in burst mode causes CPU activity to be locked 
out. 

When a high-resolution timer is installed, the follow­
ing rules apply: 

1. Use of the contents of location 83 as a source of 
an instruction yields unpredictable results. 

2. The storing of data by the channel at location 83 
has an unpredictable effect on the eight low-order bits 
of the timer value, while fetching of data by the chan­
nel from word location 83 yields unpredictable results. 

3. In a system having shared storage, storing in the 
low-order byte of another cpu's timer has an unpre­
dictable effect on the eight low-order bits of the timer 
value, while a fetch-type operation to the timer loca­
tion of another CPU causes the content of the low-order 
byte to be unpredictable. 

System Control Panel 

The system-reset function may correct the parity of 
general and floating-point registers, as well as the 
parity of the psw. 

Pressing the start key after a system reset without 
first introducing a new instruction address yields 
unpredictable results. 

The number of data switches is sufficient to allow 
storing of a full physical storage word. Correct parity 
generation is provided. In some models, either correct 
or incorrect parity is generated under switch control. 

The data in the storage, general register or floating­
point register location, or the instruction-address part 
of the psw as specified by the address switches and 
the storage-select switch can be displayed by the dis­
play key. When the location designated by the address 
switches and storage-select switch is not available, the 
displayed information is unpredictable. In some mod­
els, the instruction address is permanently displayed 
and hence is not explicitly selected. 

When the address-comparison switches are set to 
the stop position, the address in the address switches 
is compared against the value of the instruction ad­
dress on some models, and against all addresses on 
others. Comparison includes only that part of the in­
struction address corresponding to the physical word 
size of storage. 

Comparison of the entire halfword instruction ad­
dress is provided in some models, as is the ability to 
compare data addresses. 

The test light may be on when one or more diag­
nostic functions under control of DIAGNOSE are acti­
vated, or when certain abnormal circuit breaker or 
thermal conditions occur. 

Normal Channel Operation 

Channel capacity depends on the way I/O operations 
are programmed and the activity in the rest of the 
system. In view of this, an evaluation of the ability 
of a specific I/O configuration to function concurrent­
ly must be based on the application. Two systems em­
ploying identical complements of I/O devices may be 
able to execute certain programs in common, but it 
is possible that other programs requiring, for example, 
data chaining may not run on one of the systems. 

The time when the interruption due to the PCI flag 
occurs depends on the model and the current activity. 
The channel may cause the interruption an unpredict­
able time after control of the operation is taken over 
by the ccw containing the PCI flag. 

The content of the count field in a csw associated 
with an interruption due to the PC! flag is unpredict­

~ able. The content of the count field depends on the 
model and its current activity. 

When the interruption condition due to the PC! flag 
has been delayed until the operation at the subchannel 
has been terminated, two interruptions from the sub­
channel still may take place, with the first interruption 
indicating and clearing the PCI condition alone, and 
the second providing the csw associated with the end­
ing status. Whether one or two interruptions occur de­
pends on the model, and on whether the PCI condition 
has been assigned the highest priority for interruption 
at the time of termination. 

When the channel has established which device on 
the channel will cause the next I/O interruption, the 
identity of the device is preserved in the channel. Ex­
cept for conditions associated with termination of an 
operation at the subchannel, the current assignment 
of priority for interruptions among devices mayor 
may not be canceled when START I/O or TEST I/O is 
issued to the channel, depending upon the model. 

The assignment of priority among requests for in­
terruption from channels is based on the type of chan­
nel. The priorities of selector channels are in the order 
of their addresses, with channel 1 having the highest 
priority. The interruption priority of the multiplexor 
channel is not fixed, and depends on the model and 
the current activity in the channel. 

Channel Programming Errors 

A data address referring to a location not provided in 
the model normally causes program check when the 
device offers a byte of data to be placed at the non­
existent location or requests a byte from that location. 
Models in which the channel does not have the ca­
pacity to address 16,777,216 bytes of storage cause 
program check whenever the address is found to ex­
ceed the addressing capacity of the channel. 
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In the following cases, action depends on the ad­
dressing capacity of the model. 

1. When the data address in the ccw designated 
by the CAW exceeds the addressing capacity of the 
model, the I/O operation is not initiated and the csw 
is stored during the execution of START I/O. Normally 
an invalid data address does not preclude the initi­
ation of the operation. 

2. When the data address in a ccw fetched during 
command chaining exceeds the addressing capacity of 
the model, the I/O operation is not initiated. 

3. When a ccw fetched on data chaining contains 
an address exceeding the addressing capacity of the 
model and the device signals channel end immediate­
ly upon transferring the last byte designated by the 
preceding ccw, program check is indicated to the pro­
gram. Normally, program check is not indicated un­
less the device attempts to transfer one more byte of 
data. 

4. Data addresses are not checked for validity dur­
ing skipping, except that the initial data address in 
the ccw cannot exceed the addressing capacity of the 
model. 

When the channel detects chaining check, program 
check, or protection check, the content of the count 
field in the associated csw is unpredictable. 

\Vhen the channel detects a programming error in 
the CAW or in the first ccw, the PCI bit may unpre­
dictably appear in a csw stored by START I/O without 
the PCI Hag being on in the first ccw associated with 
the START I/O. 

When a programming error occurs in the informa­
tion placed in the CAW or ccw and the addressed 
channel or subchannel is working, either condition 
code 1 or 2 may be set, depending on the model. 
Similarly, either code 1 or 3 may be set when a pro­
gramming error occurs and a part of the addressed 
I/O system is not operational. 

When a programming error occurs and the ad­
dressed device contains an interruption condition, 
with the channel and subchannel in the available 
state, START I/O mayor may not clear the interruption 
condition, depending on the type of error and the 
model. If the instruction has caused the device to be 
interrogated, as indicated by the presence of the busy 
bit in the csw, the interruption condition has been 
cleared, and the csw contains program check, as well 
as the status from the device. 
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""Vhen the channel detects several error conditions, 
all conditions may be indicated or only one may ap­
pear in the csw, depending on the condition and the 
model. 

Channel Equipment Errors 

Parity errors detected by the channel on data sent to 
or received from the I/O device on some models cause 
the current operation to be terminated. When the 
channel and the CPU share common equipment, parity 
errors on data may cause malfunction reset to be per­
formed. The recovery procedure in the channel and 
subsequent state of the sub channel upon a malfunc­
tion reset depend on the model. 

Detection of channel control check or interface con­
trol check causes the current operation, if any, to be 
immediately terminated and causes the channel to per­
form the malfunction-reset function. The recovery pro­
cedure in the channel and the subsequent state of the 
subchannel upon a malfunction reset depend on the 
model. 

The contents of the csw, as well as the address in 
the psw identifying the I/O device, are unpredictable 
upon the detection of a channel-control-check eon­
dition. 

Some channels can tolerate an absence of data trans­
fer during a burst mode operation, such as occurs 
when reading a long gap on tape, for not more than 
approximately one-half minute. Equipment malfunc­
tion may be indicated when an absence of data trans­
fer exceeds this time. 

Execution of malfunction reset in the channel de­
pends on the type of error and model. It may cause 
all operations in the channel to be terminated and all 
operational subchannels to be reset to the available 
state. The channel may send the malfunction-reset 
signal to the device connected to the channel at the 
time the malfunctioning is detected, or a channel shar­
ing common equipment with the CPU may send the 
system-reset signal to all devices attached to the chan­
nel. 

The method of processing a request for interruption 
due to equipment malfunctioning, as indicated by the 
presence of the channel-control-check and interface­
control-check conditions, depends on the model. In 
channels sharing common equipment with the CPU, 

malfunctioning detected by the channel may be indi­
cated by the machine-check interruption. 



Alphabetic List of Instructions MNE-

NAME MONIC TYPE EXCEPTIONS CODE PG. 

The listings in the TYPE and EXCEPTIONS columns mean: Compare Logical CLR RR C 15 54 
A Addressing exception Compare Logical CL RX C P,A,S 55 54 
C Condition code is set Compare Logical CLI SI C P,A 95 54 
D Data exception Compare Logical CLC SS C P,A D5 54 
DF Decimal-overflow exception Compare (Long) CDR RRF,C S 29 47 
DK Decimal-divide exception Compare (Long) CD RXF,C P,A,S 69 47 
E Exponent-overflow exception Compare (Short) CER RRF,C S 39 47 
EX Execute exception Compare (Short) CE RXF,C P,A,S 79 47 
F Floating-point feature Convert to Binary CVB RX P,A,S,D, IK 4F 31 
FK Floating-point divide exception Convert to Decimal CVD RX P,A,S 4E 32 
IF Fixed-point overflow exception Diagnose SI M,P,A,S 83 76 
IK Fixed-point divide exception Divide DR RR S, IK ID 31 
L New condition code loaded Divide D RX P,A,S, IK 5D 31 
LS Significance exception Divide Decimal DP SS T P,A,S,D, DK FD 38 
M Privileged-operation exception Divide (Long) , DDR RRF S,U,E,FK 2D 49 
P Protection exception Divide (Long) DD RXF P,A,S,U,E,FK 6D 49 
S Specification exception Divide (Short) DER RRF S,U,E,FK 3D 49 
T Decimal feature Divide (Short) DE RXF P,A,S,U,E,FK 7D 49 
U Exponent-underflow exception Edit ED SS T,C P,A, D DE 57 
Y Direct control feature Edit and Mark EDMKSS T,e P,A, D DF 59 
Z Protection feature Exclusive OR XR RR C 17 55 

MNE- Exclusive OR X RX C P,A,S 57 55 
NAME MONIC TYPE EXCEPTIONS CODE PG. Exclusive OR XI SI C P,A 97 55 

Add AR RR C IF IA 28 
Exclusive OR XC SS C P,A D7 55 

Add A RX C P,A,S, IF 5A 28 
Execute EX RX P,A,S, EX 44 67 

Add Decimal AP SS T,e P,A, D, DF FA 37 Halt I/O HIO SI CM HE 96 

Add Halfword AH RX C P,A,S, IF 4A 28 Halve (Long) HDR RRF S 24 48 

Add Logical ALR RR C IE 28 Halve (Short) HER RRF S 34 48 

Add Logical AL RX C P,A,S 5E 28 Insert Character IC RX P,A -13 56 
Add Normalized Insert Storage Key ISK RRZ M, A,S 09 74 

(Long) ADR RRF,C S,U,E,LS 2A 45 Load LR RR 18 26 
Add Normalized Load L RX P,A,S 58 26 

(Long) AD RXF,C P ,A,S, U ,E,LS 6A 45 Load Address LA RX 41 56 
Add Normalized Load and Test LTR RR C 12 26 

(Short) AER RRF,C S,U,E,LS 3A 45 Load and Test 
Add Normalized (Long) LTDR RRF,C S 22 44 

(Short) AE RXF,C P,A,S,U,E,LS 7A 45 Load and Test 
Add Unnonn- ( Short) LTER RRF,C S 32 44 

alized (Long) AWR RRF,C S, E,LS 2E 46 Load Complement LCR RR C IF 13 27 
Add Unnonn- Load Complement 

alized (Long) AW RXF,C P,A,S, E,LS 6E 46 (Long) LCDR RRF,C S 23 44 
Add Unnonn- Load Complement 

alized (Short) AUR RRF,C S, E,LS 3E 46 ( Short) LCER RRF,C S 33 44 
Add Unnonn- Load Halfword LH RX P,A,S 48 26 

alized (Short) AU RXF,C P,A,S, E,LS 7E 46 Load (Long) LDR RRF S 28 44 
AND NR RR e 14 55 Load (Long) LD RXF P,A,S 68 44 
AND N RX C P,A,S 54 55 Load Multiple LM RS P,A,S 98 27 
AND NI SI C P,A 94 55 Load Negative LNR RR C 11 27 
AND NC SS X,C P,A D4 55 Load Negative 
Branch and Link BALR RR 05 66 (Long) LNDR RRF,C S 21 45 
Branch and Link BAL RX 45 66 Load Negative 
Branch on ( Short) LNER RRF,C S 31 45 

Condition BCR RR 07 65 Load Positive LPR RR C IF 10 27 
Branch on Load Positive 

Condition BC RX 47 65 (Long) LPDR RRF,C S 20 44 
Branch on Count BCTR RR 06 66 Load Positive 
Branch on Count BCT RX 46 66 ( Short) LPER RRF,C S 30 44 
Branch on Index LoadPSW LPSW SI LM,P,A,S 82 73 

High BXH RS 86 66 Load (Short) LER RRF S 38 44 
Branch on Index Load (Short) LE RXF P,A,S 78 44 

Low or Equal BXLE RS 87 66 Move MVI SI P,A 92 53 
Compare CR RR C 19 30 Move MVC SS P,A D2 53 
Compare C RX e P,A,S 59 30 Move Numerics MVN SS P,A Dl 54 
Compare Decimal CP SS T,C P,A, D F9 38 Move with Offset MVO SS P,A El 40 
Compare Halfword CH RX C P,A,S 49 30 Move Zones MVZ SS P,A D3 54 
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Form A22-6821 

MNE- List of Instructions by Set and Feature 
NAME MONIC TYPE EXCEPTIONS CODE PC. 

Multipl}r MR RR S lC ao 
Multiply M RX P,A,S 5C :30 Standard Instruction Set 
Multiply Decimal MP SS T P,A,S,D FC 38 
Multiply Halfword MH RX P,A,S 4C 30 NAME MNEMONIC TYPE CODE 

Multiply (Long) MDR RRF S.U,E 2C 48 Add AR RR C IA 
Multiply (Long) MD RXF P,A,S,U,E 6e 48 Add A RX C 5A 
Multiply (Short) MER RRF S,U,E 3C 48 Add Halfword AH RX C 4A 
Multiply (Short) ME RXF P,A,S,U,E 7C 48 Add Logical ALR RR C IE 
OR OR RR C 16 55 Add Logical AL RX C 5E 
OR 0 RX C P,A,S 56 55 AND NR RR C 14 
OR 01 SI C P,A 96 55 AND N RX C 54 
OR OC SS C P,A D6 55 AND NI SI C 94 
Pack PACK SS P,A F2 39 

AND NC SS C D4 

Read Direct RDD SI Y M,P,A 85 75 
Branch and Link BALR RR 05 
Branch and Link BAL RX 45 Set Program Mask SPM RR L 04 73 Branch on 

Set Storage Key SSK RRZ M, A,S 08 74 Condition BCR RR 07 Set System Mask SSM SI M,P,A 80 74 Branch on 
Shift Left Double SLDA RS C S, IF 8F 33 Condition BC RX 47 Shift Left Double Branch on Count BCTR RR 06 Logical SLDL RS S 8D 60 Branch on Count BCT RX 46 Shift Left Single SLA RS C IF 8B 32 Branch on Index Shift Left Single High BXH RS 86 Logical SLL RS 89 59 Branch on Index Shift Right Double SRDA RS C S 8E 34 Low or Equal BXLE RS 87 Shift Right Double 

Logical SRDL RS S 8C 60 Compare CR RR C 19 
Shift Right Single SRA RS C 8A 33 Compare C RX C 59 
Shift Right Single Compare Halfword CH RX C 49 

Logical SRL RS 88 60 Compare Logical CLR RR C 15 
Start I/O SIO SI CM 9C 94 Compare Logical CL RX C 55 
Store ST RX P,A,S 50 32 Compare Logical CLC SS C D5 
Store Character STC RX P,A 42 56 Compare Logical CLI SI C 95 
Store Halfword STH RX P,A,S 40 32 Convert to Binary CVB RX 4F 
Store (Long) STD RXF P,A,S 60 50 Convert to Decimal CVD RX 4E 
Store Multiple STM RS P,A,S 90 32 Diagnose SI 83 
Store (Short) STE RXF P,A,S 70 50 Divide DR RR ID 
Subtract SR RR C IF IB 29 Divide D RX 5D 
Subtract S RX C P,A,S, IF 5B 29 Exclusive OR XR RR C 17 
Subtract Decimal SP SS T,e P,A, D, DF FB 37 Exclusive OR X RX C 57 
Subtract Halfword SH RX C P,A,S, IF 4B 29 Exclusive OR XI 81 C 97 
Subtract Logical SLR RR C IF 29 Exclusive OR XC SS C D7 
Subtract Logical SL RX C P,A,S 5F 29 Execute EX .RX 44 
Subtract Norm- Halt I/O HIO SI C 9E alized (Long) SDR RRF,C S,U,E,LS 2B 46 Insert Character Subtract Norm- IC :RX 43 

aHzed (Long) SD RXF,C P,A,S, U ,E,LS 6B 46 Load LR RR 18 
Subtract Norm- Load L :RX 58 

alized (Short) SER RRF,C S,U,E,LS 3B 46 Load Address LA RX 41 
Subtract N orm- Load and Test LTR :RR C 12 

alized (Short) SE RXF,C P,A,S,U,E,LS 7B 46 Load Complement LCR RR C 13 
Subtract Unnorm- Load Halfword LH RX 48 

ali zed (Long) SWR RRF,C S, E,LS 2F 47 Load Multiple LM RS 98 
Subtract Unnorm- Load Negative LNR RR C 11 

alized (Long) SW RXF,C P,A,S, E,LS 6F 47 Load Positive LPR :RR C 10 
Subtract Unnorm- LoadPSW LPSW SI L 82 

alized (Short) SUR RRF,C S, E,LS 3F 47 Move MVI SI 92 Subtract Unnonn- Move MVC SS D2 alized (Short) SU RXF,C P,A,S, E,LS 7F 4~1 Move Numerics MVN SS Dl Supervisor Call SVC RR OA 74 Move with Offset MVO 5S Fl 
Test and Set TS SI C P,A 93 74 Move Zones MVZ 5S D3 
Test Channel TCH SI CM 9F 98 Multiply MR RR lC 
TestIlO TIO SI CM 9D 95 Multiply M RX 5C 
Test Under Mask TM SI C P,A 91 56 Multiply Halfword MH RX 4C 
Translate TR SS P,A DC 57 OR OR RR C 16 Translate and Test TRT SS C P,A DD 57 OR 0 RX C 56 
Unpack UNPK SS P,A F3 39 OR 01 81 C 96 
Write Direct W:RD SI Y M,P,A 84 75 OR oc 8S C D6 
Zero and Add ZAP SS T,C P,A, D, DF F8 37 Pack PACK SS F2 
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NAME MNEMONIC TYPE CODE NAME MNEMONIC TYPE CODE 

Set Program Mask SPM RR L 04 Load (Long) LDR RRF 28 
Set System Mask SSM SI 80 Load (Long) LD RXF 68 
Shift Left Double SLDA RS C 8F Load Negative 
Shift Left Single SLA RS C 8B (Long) LNDR RRF,C 21 
Shift Left Double Load Negative 

Logical SLDL RS 8D ( Short) LNER RRF,C 31 
Shift Left Single Load Positive 

Logical SLL RS 89 (Long) LPDR RRF,C 20 
Shift Right Double SRDA RS C 8E Load Positive 
Shift Right Single SRA RS C 8A (Short) LPER RRF,C 30 
Shift Right Double Load (Short) LER RRF 38 

Logical SRDL RS 8C Load (Short) LE RXF 78 
Shift Right Single Multiply (Long) MDR RRF 2C 

Logical SRL RS 88 Multiply (Long) MD RXF 6C 
Start I/O SIO SI C 9C Multiply (Short) MER RRF 3C 
Store ST RX 50 Multiply (Short) ME RXF 7C 
Store Character STC RX 42 Store (Long) STD RXF 60 
Store Halfword STH RX 40 Store (Short) STE RXF 70 
Store Multiple STM RS 90 Subtract Norm-
Subtract SR RR C IB alized (Long) SDR RRF,C 2B 
Subtract S RX C 5B Subtract Norm-
Subtract HaHword SH RX C 4B alized (Long) SD RXF,C 6B 
Subtract Logical SLR RR C IF Subtract N otm-
Subtract Logical SL RX C 5F alized (Short) SER RRF,C 3B 
Supervisor Call SVC RR OA Subtract Norm-
Test and Set TS SI C 93 alized (Short) SE RXF,C 7B 
Test Channel TCH SI C 9F Subtract Unnorm-
Test I/O TIO SI C 9D alized (Long) SWR RRF,C 2F 
Test Under Mask TM SI C 91 Subtract Unnorm-
Translate TR SS DC alized (Long) SW RXF,C 6F 
Translate and Test TRT SS C DD Subtract Unnorm-
Unpack UNPK SS F3 alized (Short) SUR RRF,C 3F 

Subtract Unnorm-
Floating-Point Feature Instructions alized (Short) SU RXF,C 7F 

NAME MNEMONIC TYPE CODE 
Decimal Feature Instructions Add Normalized 

(Long) ADR RRF,C 2A NAME MNEMONIC TYPE CODE 
Add Normalized Add Decimal AP SS T,C FA 

(Long) AD RXF,C 6A Compare Decimal CP SS T,C F9 
Add Normalized Divide Decimal DP SS T FD 

( Short) AER RRF,C 3A Edit ED SS T,C DE 
Add Normalized Edit and Mark EDMK SS T,C DF 

( Short) AE RXF,C 7A Multiply Decimal MP SS T FC 
Add Unnorm- Subtract Decimal SP SS T,C FB 

alized (Long) AWR RRF,C 2E Zero and Add ZAP SS T,C F8 
Add Unnorm-

alized (Long) AW RXF,C 6E Commercial Instruction Set 
Add Unnorm- The commercial instruction set includes the instructions of both 

alized (Short) AUR RRF,C 3E the standard instruction set and the decimal feature. 
Add Unnorm-

alized (Short) AU RXF,C 7E Protection Feature Instructions 
Compare (Long) CDR RRF,C 29 
Compare (Long) CD RXF,C 69 

NAME MNEMONIC TYPE CODE 

Compare (Short) CER RRF,C 39 Insert Storage Key ISK RRZ 09 

Compare (Short) CE RXF,C 79 Set Storage Key SSK RRZ 08 

Divide (Long) DDR RRF 2D Scientific Instruction Set Divide (Long) DD RXF 6D 
Divide (Short) DER RRF 3D The scientific instruction set includes the instructions of both 
Divide (Short) DE RXF 7D the standard instruction set and the Hoating-point feature. 

Halve Long HDR RRF 24 Universal Instruction Set Halve (Short) HER RRF 34 
When the ,instructions associated with storage protection are 

Load and Test 
(Long) LTDR RRF,C 22 

added to the commercial and scientific features, a universal 

Load and Test 
instruction set is obtained. 

( Short) LTER RRF,C 32 
Direct Control Feature Instructions Load Complement 

(Long) LCDR RRF,C 23 NAME MNEMONIC TYPE CODE 

Load Complement Read Direct RDD SI Y 85 
( Short) LCER RRF,C 33 Write Direct WRD SI Y 84 
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List of Instructions by Operation Code CODE MNEMONIC PAGE 

59 C 30 
5A A 28 

CODE MNEMONIC PAGE 5B S 29 
04 SPM 73 5C M 30 
05 BALR 66 5D D 31 
06 BCTR 66 5E AL 28 
07 BCR 65 5F SL 29 
08 SSK 74 60 STD 50 
09 ISK 74 68 LD 44 
OA SVC 74 69 CD 47 
10 LPR 27 6A AD 45 
11 LNR 27 6B SD 46 
12 LTR 26 6C MD 48 
13 LCR 27 6D DD 49 
14 NR 55 6E AW 46 
15 CLR 54 6F SW 47 
16 OR 55 70 STE 50 
17 XR 55 78 LE 44 
18 LR 26 79 CE 47 
19 CR 30 7A AE 45 
lA AR 28 7B SE 46 
IB SR 29 7C ME 48 
lC MR 30 7D DE 49 
ID DR 31 7E AU 46 
IE ALR 28 7F SU 47 
IF SLR 29 80 SSM 74 
20 LPDR 44 82 LPSW 73 
21 LNDR 45 83 76 
22 LTDR 44 84 "VRD 75 
23 LCDR 44 85 RDD 75 
24 HDR 48 86 BXH 66 
28 LDR 44 87 BXLE 66 
29 CDR 47 88 SRL 60 
2A ADR 45 89 SLL 59 
2B SDR 46 8A SRA 33 
2C MDR 48 8B SLA 32 
2D DDR 49 8e SRDL 60 
2E AWR 46 8D SLDL 60 
2F SWR 47 8E SRDA 34 
30 LPER 44 8F SLDA 33 
31 LNER 45 90 STM 32 
32 LTER 44 91 TM 56 
33 LCER 44 92 MVI 53 
34 HER 48 93 TS 74 
38 LER 44 94 NI 55 
39 CER 47 95 CLI 54 
3A AER 45 96 01 55 
3B SER 46 97 XI 55 
3C MER 48 98 LM 27 
3D DER 49 9C SIO 94 
3E AUR 46 9D TIO 95 
3F SUR 47 9E HIO 96 
40 STH 32 9F TCH 98 
41 LA 56 D1 MVN 54 
42 STC 56 D2 MVC 53 
43 IC 56 b3 MVZ 54 
44 EX 67 D4 NC 55 
45 BAL 66 D5 CLC 54 
46 BCT 66 D6 OC 55 
47 BC 65 D7 XC 55 
48 LH 26 DC TR 57 
49 CH 30 DD TRT 57 
4A AH 28 DE ED 57 
4B SH 29 DF EDMK 59 
4C MH 30 F1 MVO 40 
4E CVD 32 F2 PACK 39 
4F CVB 31 F3 UNPK 39 
50 ST 32 F8 ZAP 37 
54 N 55 F9 CP 38 
55 CL 54 FA AP 37 
56 0 55 FB SP 37 
57 X 55 FC MP 38 
58 L 26 FD DP 38 
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Where more than one page-reference is given, maior references 
appear first and in italic type, 

Access to main storage, tight of .......................................... 70, 17 
Adapter, channel-to-channel ................................................ 84, 85 
ADD DECIMAL instruction (AP) 

~;!:'l~o~ ~~.~.::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::: :i3:'~ 
ADD HALFWORD instruction (AH) 

~;!~~l~O~f .~~~ .. :::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::: l~g 
ADD instruction (AR, A) .................................................... 28 
ADD LOGICAL instruction (ALR, AL) ............................ 28 
ADD NORMALIZED instruction (ADR, AD, AER, AE) 

Descri12tj.on .... .................... ...................................... ..... ... .... 45 

AJDaU~~O~MALIZEri' i~~~·~ti~~· (' AWR~' AW~' AUR; ·Al1~·5 
~;=l~o~ ~~~ .. :::::::::::::: :::::::::::: ::::::::::::::::::::::::::::::::::::::: :i36~g 

Address 
Generation .......................................................................... 13 
Of channel address word ( CAW) .................................... 15 
Of channel status word (CSW) ........................................ 15 
Of diagnostic scan-out area .............................................. 15 
Of initial program loading CCWI .................................... 15 
Of initial program loading CCW2 .................................... 15 
Of old and new program status words (PSW) ................ 15 

~!i:!h:: :::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::: l~g 
Address-compare switch on system control panel ................ 126 

Aagh::~fs .............................................................. 88, 89, 94, 112 

~~~~~ori~~~.~ ................................................................................................................. ·.· ... ·7~~'I~~-f~~ 
I/O devices .......................................................... 88, 89, 94, 112 
Limitations .......................................................................... 8 
Nonexistent areas ................................................................ 102 
Of locations in main and shared storage .......................... 8 
Of registers· ........................................................................ 9 
Of subchannels and shared subchannels .......................... 89 
Wraparound feature with maximum storage ................. 8, 101 

Altering of an instruction by EXECUTE ....................... 67,128 
Alternate-prefix light on system control panel ...................... 126 
AND instruction (NR, N, NI, NC) 

Descri12tion ................... ;.................................................. ..... 55 
Example of use ........................................................... 133, 136.4 

Appendixes A-G ................................................................ 127-167 
Arithmetic 
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ASCII(A) bit (in PSW) ..................................................... 71, 15 
ASCII-8 

(See "USA standard code for information interchange 
extended to eight bits,") 

Assembly language, symbolic operand designations for 
System/360 

(See individual instruction descriptions, ) 
Attention condition ............ ; ............................................. 113, 111 

Base address .......................................................................... .. 
Basic unit of information (the byte) .................................. .. 
Bits 
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elndex 
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BRANCH AND LINK instruction (BALR, BAL) 

~:!:'l~o~f .~~~ .. :::::::::::::::: :::::::::::::::::::::::::::::::::::::::::::::::::: 1~~ 
BRANCH ON CONDITION instruction (BCR, BC) 

~:~~l~oJ ~~~.:::::::::: :::::::::::::::::::: :::::::::::: :::::::::::::::::::::::::: Ig~ 
BRANCH ON COUNT instruction (BCTR, BCT) 

~:!~~l~iOof ~~~.:::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::: Igg 
BRANC~ ,ON INDEX HIGH instruction (BXH) 

~:~~tl~~f ~~~.:::::::::::::::::::::::::::::::: :::::::: :::::::::::::::::::::::::::: l~g 
BRANCH ON INDEX LOW OR EQUAL instruction 

(BXLE) .......................................................................... 66 
Branchin~ 

As B; ? ange i~ se9-uential operations ................................ 62 

g:fi~~~~n m~~~~~ .. ~~ .. :::::::::::::::::::::::::::::::::::::::::::::::::::::::::::: ~~ 
Examples .............................................................................. 127 
Instruction formats .............................................................. 64 
Instructions .............................................................. , ......... 64-67 
Sequential operation exceptions in .................................... 62 
Uses ...................................................................................... 14 

Burst mode of operation ...................................................... 85, 18 
Bus-out check (sense bit) ...................................................... 106 
Busy condition ........................................................................ 114 
Bytes ........................................................................................ 8 

CAW (channel address word) ...................................... 99, 19, 87 
CCW 

(See "channel command word,") 
Central processing unit (CPU) .. . ..... .. ... ................ ........... .. .. 8 
Chain-command flag (in CCW) ...................................... 99, 101 
Chain:-data flag (in CCW) ................................................ 99, 101 
Chaining 

Of commands ...................................................................... 103 
Of data ................................................................................ 101 

Chaining check condition ...................................................... 118 
Channel 

Address ................................................................................ 89 

et~}: ..••..••...•••...•••••..•.••.•••••.••....••.•••.••.•.. ..• ··•· ••.• i~;~ 
Compatibility of operation ................................................ 88 
Data rate capabilities .......................................................... 88 

:i~ift~~n;r~~ded"::::::::::::::::::::::::::::::::::::::::::::::::::::::::: :~~, 1~: 
Function . . . ..... . . .. . .. ..... ... ... ..... ... ... ... ............. .. ..... .. . ... . . .. ... .. . .. 85 

~~ft1~1~! ~;J:ti~~ .. ::::::::::::::::::::::::::::::::::::::::::::::::::::::::: :Z~: ig 
§~b~h=~~g .~~~~~ .. ::::::::::::::::::::::::::::::::::::::::::::::::::::::::::~~6~gg 

Channel address word ( CAW) .................................... 99, 19, 87 
Channel command word (CCW) 

Composition ................................................................ ... ..... 99 
Types .................................................................................... 19 

Channel control check condition .......................................... 118 
Channel data check condition .............................................. 118 
Channel end condition ...................................................... 115. 111 
Channel operation, possible differences among models in 

normal .............................................................................. 163 
Channel status conditions 

g~:~~~r c~~~~~l . ~h~~k"::::::::::::::::::::::::::::::::::::::::::::::::::: U~ 
Channel data check ........................................................ 118 
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~:~:f:~! ~~~fr~l '~h~~k":::::::::::::::::::::::::::::::::::::::::::::::::::::: U~ 
Program check .................................................................... 117 
Program-controlled interruption ........................................ 116 
Protection· check ............... .. .. . . . . . .... ... .... ..... .. .... ... ... ........ .... 117 

Channel status word (CSW) 
Command address .............................................................. 119 

g~~!~~~ .. : :::::::::::::::::::::::: ::::::::::::::::::::::::::::::::::::::::::::::::: ~ ~~, gg 
Protection key ...................................................................... 119 
Status bits ............................................................................ 120 

Channel-· to-channel adapter ............................................... 84, 85 
Characteristic in Hoating-point operands .................... 41, 11, 138 
Check biit (parity bit) ............................................................ 8 
Classes of instructions ............................................................ 154 
Clock, timer as a real-time .................................................... 82 
Code 

g~c.::d::··:::::::::::..:l~~:I~J 
Instruction-length .................................................... 71, 156, 162 
Interruption .................................................................. 15 71,77 
Operation .... , ................................................... 12, 13, 154, 167.1 
USASCII-8 ...................... , ......................................... 12, 36, 150 

Code, condition 
(See "condition code.") 

Command 
Chaining ..... . . .... .. . . ... .... .................................................... 103 

~f!~:~~:::::::]~f~ 
Transfer in Channel ........................................................ 107, 20 
Write ............. , .................................................................. 105,19 

Command address 

8I g~~ '.::'.:' ....... : : .. : .. :: .... : .... : .......... : : .... :: ........ :: .................... :'.:: :'.: .... :: .... : ...... ::: : .... 113, l~g 
Command immediate (or immediate operation) ......... 106, 108 
Command reject (sense bit) .................................... ........... 106 
Commercial instruction set .................................................. 167 5 
COMPARE DECIMAL instruction (CP) , 

Description ............... " .......... , ........... , ... . . . ... .. . .... . . . . .. .. . . .. .. . . . . 38 
Example of use ·· .. · ............................................................. 136.2 

COMPARE HALFWORD instruction (CH) 

~:!~p1~~f ~~~. '.':::::::::::::::::::::::::::::::::::::::::::::::::: ::::::::::::::::: l~g 
COMPARE instruction (CR, C) .................. ...................... 30 
COMPARE instruction (CDR, CD, CER, CE) 

~::~~1~o:r ~~~ .. :::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::: i36~~ 
COMPARE LOGICAL instruction (CLR, CL, CLI CLC) D .. ' 

cofE~~? u~ •••••••• : •••••••••••••• : •••••• :: •••• :.· ••••••••••• : •••••••••••••• 1~ 
As a design feature . .. . .. .. . .. . .... .. . ..... ... .... .. .. .. .. . .. ... .. . .. .... .. .. 5 
Limitations ......................... " . .. . .. . .... .... . . . ..... .. . . . . . . . . . . 5 
Of models .......................................................... ............... 5 
Of operation .................................................................... ... 88 

g~~cfi~~~l~~d! an address .................................................... 13 

t: 6r~~ch~n~S~ .. :::::::::::::: ::::::::::::::::::::::::::::::::::::::::::::::::: :14, ~5 
In decimal arithmetic operations ...................................... 36 
In fixed-point arithmetic operations ................................. 25 
In Hoating-point arithmetic operations .............................. 42 

~~ lt~c~r~~a::~~~~~.:::::::::::::::::::::::::::::::::::::::::::::::::::::::::::: ~~ 
For I/O instmctions according to states of 110 system.. 92 
Summary ........................................................................ 65,155 

Control command .................................................... .... 106, 20, 100 
Control Ranel 

(See system control panel.") 
Control section in CPU ........................................ ................. 9 
Control unit 

Address in device address ................................ ................. 89 
Address in I/O old PSW .................................. 112 

~~!~~~~nt .~~ .. ~~~~.~~ .. :::'.::::::::::::::::::::::::::::::::::::::::::::::::::. :8~: ~~ 
Indistinguishable from 110 devices ................................ 18, 85 

170 

Selection ..................................................................... , .. . .. . .. 84 
Shared by 110 devices ................................................... 85, 89 

Control unit end condition .............................................. 114, 111 
Control word formats .............................................................. 153 
CONVERT TO BINARY instruction (CVB) 

~:!~~1~~f ~~~ .. :::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::.:: IgA 
CONVERT TO DECIMAL instruction (CVD) 

~:!~~~~f ~~~':::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::.:: Igg 
Count 

In CCW .............................................................................. 100 
In CSW ................ : ............................................................... 120 

Counter, instruction (instruction address portion of 
current PSW) .................................................................. 71 

CPU (central processing unit) .............................................. 8 
CPU facilities .......................................................................... 8 
CSW 

(See "channel status word.") 

Data 
Address in CCW ................................................................ 99 

~~~i~i~~ ::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::: :101, ~~ 
Chaining (as affected by compatibility) ...................... 88, 163 
Channel prefetching and bufferjng of ............................. 101 
Exception ........................................................................ 810, 160 
Positioning of in main storage ........................................ . 8 
Switches ...................... ' ............. '" .,. '" ........................ , ... .... 126 

Data check (sense bit) ......................................................... 107 
Data format 

Decimal arithmetic ...................... , ...................... , ..... , .. ... .. . 35 
Fixed-point arithmetic ........................................................ 24 
Floating-point arithmetic .................................................. 41 
Logical operations .............................................................. 51 
Summary .............................................................................. 151 

Data rate (as affected by compatibility) .............................. 88 
Data transfer . 

Basic procedure for a .......................................................... 21 
Termination of a ................................................................ 109 

Decimal arithmetic 

~~~~~~~~~od~' '~~tt~g~":::::::::::::::":::::::::::::::::::::::::::::::::::::: ~g 
Data format ........................................................................ 35 
Examples ............................................................................ 136.2 
Exceptions ............................................................................ 40 
Instruction formats ........................... , ....................... , .. . . . .. . 36 
Instructions ......... "'" ................................... '" .................... :36-40 
Numb<:lr representation ...................................................... 35 
Packed and zoned formats ............................................... 35 
Representation in USASCII-8 and EBCDIC .................. 11,36 

Decimal feature instructions ................................................. 167 
Decimal fields, shifting of .............................................. 136.4, 40 
Decimal-divide exception ................................................... 40, 80 
Decimal-overflow exceftion ....................................... .40, 801, 160 
Decimal-to-hexadecima, hexadecimal-to-decimal 

conversion .................................................................. 140-147 
Decision-making by BRANCH ON CONDITION 

instruction ................................................................ 65, 14,63 
Design feature 

Compatibility as a.............................................................. 5 
General-purpose system as a............................................ 5 
Multisystem operation as a ................................................ 6, 17 
Solid logic technology as a................................................ 6 

~~it:~is~IZrt;r~:r:~ ... ~~.~ .. :::::::::::::::::::::::::::::::::::::::::::::::::: g 
Device 

1~1~:~r~~~i6::~i~:~~:~:::::::::::::::::::::::::::::::: :::::::::::::::::::::.: Iii 
Address in START 110 ...................................................... 94 
Error condition .................................................................... 93 

De~f~e~~j~~~~i~~n .. :::::::::::::::::::::::::::::::::::::::::::::::::::::ji~:ii~ 
DIAGNOSE instruction ...................................................... 76, 162 
Diagnostic procedure (initiated by a machine check) ........ 16 
Diagnostic scan-out area, address of .................................... 15 



Differences among models, possible ...................................... 161 
Digit selector in editing ........................................................ 58 
Direct control feature .......................................................... 17, 82 
Direct control feature instructions ........................................ 167 
Displacement portion of address .......................................... 14 
Display key on system control panel .................................... 126 
DIVIDE DECIMAL instruction (DP) 

~:!~~1~0~ ~;~ .. :::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::: 136~g 
DIVIDE instruction (DR, D) 

Description ... .. ...... .. ... ... .. ... ....... ... ... .. ... .. . .. ... . . .. . .. . . . . . . . . . . . . .. . . . 31 
Example of use .................................................................... 130 

DIVIDE instruction (DDR, DD, DER, DE) .................... 49 
Double word ............................................................................ 8 

EBCDIC (extended binary-coded-decimal interchange 
. code) ......... : ........................................................ 12, 36,150.2 

EDJT AND MARK instruction (EDMK) 

~:!~~1~0~ ~~~ .. :::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::: 136~~ 
EDIT instruction (ED) 

~::~~~i~ ~~~ .. :::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::: 13£r 
Emergency pull switch on system control panel .................. 124 
Equipment check (sense bit) ................................................ 107 
Error 

Channel equipment ........................................................ 93, 164 
Channel programming .................................................... 93, 163 
Device .................................................................................. 93 
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