






















































































































































































































































































































































































































































































































































































































































































































































































































































































































































































location is not modified; instead, the 
current value of the location is loaded 
into a general register, in preparation 
for the program to loop back and try 
again. During the execution of COMPARE 
AND SWAP, no other CPU can perform a 
store access or interlocked-update 
access at the specified location. 

Setting g Single Bit 

The following instruction sequence shows 
how the COMPARE AND SWAP instruction can 
be used to set a single bit in storage 
to one. Assume that the first byte of a 
word in storage called "WORD" contains 
eight flag bits. 

LA 6,X'80' 

SLL 6,24 

L 

RETRY LR 
OR 
CS 

BC 

7,WORD 

8,7 
8,6 
7,8,WORD 

4,RETRY 

Put bit to be ORed 
into GR6 

Shift left 24 places 
to align the byte 
to be ORed with 
the location of 
the flag bits 
within WORD 

Fetch current flag 
values 

load flags into GR8 
Set bit to one 
Store new flags if 

current flags un­
changed, or re­
fetch current 
flag values if 
changed 

If new flags are not 
stored, try again 

The format of the COMPARE AND SWAP 
instruction is: 

Machine Format 

Op Code 

BA 7 

Assembler Format 

CS 7,8,WORD 

The COMPARE AND SWAP instruction 
compares the first operand (general 
register 7 containing the current flag 
values) to the second operand in storage 
(WORD) while no CPU other than the one 
executing the COMPARE AND SWAP instruc­
tion is permitted to perform a store 
access or interlocked-update access at 
the specified storage location. 

If the comparison is successful, indi­
cating that the flag bits have not been 
changed since they were fetched, the 
modified copy in general register 8 is 

stored into WORD. If the flags have 
been changed, the compare will not be 
successful, and their new values are 
loaded into general register 7. 

The conditional branch (BC) instruction 
tests the condition code and reexecutes 
the flag-modifying instructions if the 
COMPARE AND SWAP instruction indicated 
an unsuccessful comparison (condition 
code 1). When the COMPARE AND SWAP 
instruction is successful (condition 
code 0), the flags contain valid data, 
and the program exits from the loop. 

The branch to RETRY will be taken only 
if some other program modifies the 
contents of WORD. This type of a loop 
differs from the typical "bit-spin" 
loop. In a bit-spin loop, the program 
continues to loop until the bit changes. 
In this example, the program continues 
to loop only if the value does change 
during each iteration. If a number of 
CPUs simultaneously attempt to modify a 
single location by using the sample 
instruction sequence, one CPU will fall 
through on the first try, another will 
loop once, and so on until all CPUs have 
succeeded. 

Updating Counters 

In this example, a 32-bit counter is 
updated by a program using the COMPARE 
AND SWAP instruction to ensure that the 
counter will be correctly updated. The 
original value of the counter is 
obtained by loading the word containing 
the counter into general register 7. 
This value is moved into general regis­
ter 8 to provide a modifiable copy, and 
general register 6 (containing an incre­
ment to the counter) is added to the 
modifiable copy to provide the updated 
counter value. The COMPARE AND SWAP 
instruction is used to ensure valid 
storing of the counter. 

The program updating the counter checks 
the result by examining the condition 
code. The condition code 0 indicates a 
successful update, and the program can 
proceed. If the counter had been 
changed between the time that the 
program loaded its original value and 
the time that it executed the COMPARE 
AND SWAP instruction, the execution 
would have loaded the new counter value 
into general register 7 and set the 
condition code to 1, indicating an 
unsuccessful update. The program must 
then repeat the update sequence until 
the execution of the COMPARE AND SWAP 
instruction results in a successful 
update. 

The following instruction 
performs the above procedure: 

sequence 
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LA 6,1 Put increment (1) into 
GR6 

L 7,CNTR Put original counter 
value into GR7 

LOOP LR 8,7 Set up copy in GR8 to 
modify 

AR 8,6 Increment copy 
CS 7,8,CNTR Update counter in 

storage 
BC 4,LOOP If original value had 

changed, update new 
value 

The following shows two CPUs, A and B, 
executing this instruction sequence 
simultaneously: both CPUs attempt to 
add one to CNTR. 

CPU A CPU B Comments 
GR7 GR8 CNTR GR7 GR8 

16 
16 16 CPU A loads GR7 

and GR8 from 
CNTR 

16 16 CPU B loads GR7 
and GR8 from 
CNTR 

17 CPU B adds one 
to GR8 

17 CPU A adds one 
to GR8 

17 CPU A executes 
CSi successful 
match, store 

17 CPU B executes 
CS; no match, 
GR7 changed to 
CNTR value 

18 CPU B loads GR8 
from GR7, adds 
one to GR8 

18 CPU B executes 
CSi successful 
match, store 

BYPASSING POST AND WAIT 

BYPASS POST Routine 

The following routine allows the SVC 
"POST" as used in OS/VS to be bypassed 
whenever the corresponding WAIT has not 
yet been executed, provided that the 
supervisor WAIT and POST routines use 
COMPARE AND SWAP to manipulate event 
control blocks (ECBs). 

GRO contains the POST code. 
GR1 contains the address of the ECB. 
GR5 contains 40 00 00 00{16} 
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HSPOST OR 0,5 Set bit 1 of 
GR1 to one 

L 3,0(1) GR3 = contents 
of ECB 

LTR 3,3 ECB marked 
'waiting'! 

BC 4,PSVC Yes, execute 
post 
SVC 

CS 3,0,0(1) No, store post 
code 

BC 8,EXITHP Continue 
PSVC POST (1),(0) ECB address is 

EXITHP [Any instruction] 

in GR1, post 
code in GRO 

The following routine may be used in 
place of the previous HSPOST routine if 
it is assumed that bit 1 of the contents 
of GRO is already set to one and if the 
ECB is assumed to contain zeros when it 
is not marked "WAITING." 

HSPOST SR 3,3 
CS 3,0,0(1) 
BC 8,EXITHP 
POST (1),(0) 

EXITHP [Any instruction] 

BYPASS WAIT Routine 

A BYPASS WAIT function, corresponding to 
the BYPASS POST, does not use the CS 
instruction, but the FIFO LOCK/UNLOCK 
routines which follow assume its use. 

HSWAIT TM 
BC 

O(1),X'40' 
1,EXITHW If bit 1 is one, 

then ECB is al­
ready posted; 
branch to exit 

WAIT ECB=(l) 
EXITHW [Any instruction] 

LOCK/UNLOCK 

When a common storage area larger than a 
doubleword is to be updated, it is 
usually necessary to provide special 
interlocks to ensure that a single 
program at a time updates the common 
area. Such an area is called a serially 
reusable resource (SRR). 

In general, updating a list, or even 
scanning a list, cannot be safely accom­
plished without first "freezing" the 
list. However, the COMPARE AND SWAP and 
COMPARE DOUBLE AND SWAP instructions can 
be used in certain restricted situations 
to perform queuing and list 
manipUlation. Of prime importance is 
the capability to perform the 
lock/unlock functions and to provide 
sufficient queuing to resolve 



contentions, either in a LIFO or FIFO 
manner. The lock/unlock functions can 
then be used as the interlock mechanism 
for updating an SRR of any complexity. 

The lock/unlock functions are based on 
the use of a "header" associated with 
the SRR. The header is the common 
starting point for determining the 
states of the SRR, either free or in 
use, and also is used for queuing 
requests when contentions occur. 
Contentions are resolved using WAIT and 
POST. The general programming technique 
requires that the program that encount­
ers a "locked" SRR must "leave a mark on 
the wall" indicating the address of an 
ECB on which it will WAIT. The "unlock­
ing" program sees the mark and posts the 
ECB, thus permitting the waiting program 
to continue. In the two examples given, 
all programs using a particular SRR must 
use either the LIFO queuing scheme or 
the FIFO scheme; the two cannot be 
mixed. When more complex queuing is 
required, it is suggested that the queue 
for the SRR be locked using one of the 
two methods shown. 

LOCK/UNLOCK with LIFO Queuing for 
Contentions 

The header consists of a word, that is, 
a four-byte field aligned on a word 
boundary. The word can contain zero, a 
positive value, or a negative value. 

• A zero value indicates that the 
serially reusable resource (SRR) is 
free. 

• A negative value indicates that the 
SRR is in use but no additional 
programs are waiting for the SRR. 

• A positive value indicates that the 
SRR is in use and that one or more 
additional programs are waiting for 
the SRR. Each waiting program is 
identified by an element in a 
chained list. The positive value 
in the header is the address of the 
element most recently added to the 
list. 

Each element consists of two words. The 
first word is used as an ECB; the second 
word is used as a pointer to the next 
element in the list. A negative value 
in a pointer indicates that the element 
is the last element in the list. The 
element is required only if the program 
finds the SRR locked and desires to be 
placed in the list. 

The following chart describes the action 
taken for LIFO LOCK and LIFO UNLOCK 
routines. The routines following the 
chart allow enabled code to perform the 
actions described in the chart. 
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Action 

Header Contains Header Contains Header Contains 
Function Zero Positive Value Negative Value 

LIFO LOCK SRR i s free. SRR is in use. Store the 
(the incoming Set the header contents of the header into 
element is at to a negative location A+4. Store address A 
location A) value. Use the into the header. WAIT; the ECB 

SRR. is at location A. 

LIFO UNLOCK Error Some program is The list is 
waiting for the empty. Store 
SRR. Move the zeros into the 
pointer from header. The SRR 
the "last in" is free. 
element into 
the header. 
POST; the ECB 
is in the "last 
in" element. 

LIFO LOCK Routine: 

Initial Conditions: 

GRI contains the address of the incom­
ing element. 

GR2 contains the address of the header. 

LLOCK SR 
ST 
LNR 

3,3 
3,0(1) 
0,1 

GR3 = 0 
Initialize the ECB 
GRO = a negative 

value 
TRYAGN CS 3,0,0(2) Set the header to 

a negative value 
if the header 

USE 

BC 

ST 

CS 

LA 
BC 

8,USE 

3,4(1) 

contains zeros 
Did the header 

contain zeros? 
No, store the 

value of the 
header into the 
pointer in the 
incoming element 

3,1,0(2) Store the address 
of the incoming 
element into the 
header 

3,0(0) GR3 = 0 
7,TRYAGN Did the header get 

updated? 
WAIT ECB=(1) Yes, wait for the 

resource; the 
ECB is in the 
incoming element 

[Any instruction] 

LIFO UNLOCK Routine: 

Initial Conditions: 

GR2 contains the address of the header. 
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LUNlK L 

A LTR 

BC 
L 
CS 

BC 

1,0(2) 

1,1 

4,B 
0,4(1) 
1,0,0(2) 

7,A 

GR1 = the contents 
of the header 

Does the header 
contain a neg­
ative value? 

No, load the 
pointer from the 
"last in" element 
and store it in 
the header 

Did the header get 
updated? 

POST (1) Yes, post the "last 
in" element 

Continue 
B 

EXIT 

BC 
SR 
CS 

BC 
[Any 

15,EXIT 
0,0 
1,0,0(2) 

The header contains 
a negative value; 
free the header 

7,A and continue 
instruction] 

Note that the LOAD instruction L 1,0(2) 
at location LUNLK would have to be CS 
1,1,0(2) if it were not for the rule 
concerning storage-operand consistency. 
This rule requires the LOAD instruction 
to fetch a four-byte operand aligned on 
a word boundary such that, if another 
CPU changes the word being fetched by an 
operation which is also at least word­
consistent, either the entire new or the 
entire old value of the word is 
obtained, and not a combination of the 
two. (See the section "Storage-Operand 
Consistency" in Chapter 5, "Program 
Execution.") 

LOCK/UNLOCK with FIFO Queuing for 
Contentions 

The header always contains the address 
of the most recently entered element. 
The header is originally initialized to 
contain the address of a posted ECB. 
Each program using the serially reusable 
resource (SRR) must provide an element 
regardless of whether contention occurs. 



Each program then enters the address of 
the element which it has provided into 
the header, while simultaneously it 
removes the address previously contained 
in the header. Thus, associated with 
any particular program attempting to use 
the SRR are two elements, called the 
"entered element" and the "removed 
element." The "entered element" of one 
program becomes the "removed element" 
for the immediately following program. 
Each program then waits on the removed 
element, uses the SRR, and then posts 
the entered element. 

When no contention occurs, that is, when 
the second program does not attempt to 
use the SRR until after the first 
program is finished, then the POST of 
the first program occurs before the WAIT 
of the second program. In this case, 
the bypass-post and bypass-wait routines 
described in the preceding section are 
applicable. For simplicity, these two 
routines are shown only by name rather 
than as individual instructions. 

In the example, the element need be only 
a single word, that is, an ECB. 
However, in actual practice, the element 
could be made larger to include a point­
er to the previous element, along with a 
program identification. Such informa­
tion would be useful in an error 
situation to permit starting with the 
header and chaining through the list of 
elements to find the program currently 
holding the SRR. 

It should be noted that the element 
provided by the program remains pointed 
to by the header until the next program 
attempts to lock. Thus, in general, the 
entered element cannot be reused by the 
program. However, the removed element 
is available, so each program gives up 
one element and gains a new one. It is 
expected that the element removed by a 
particular program during one use of the 
SRR would then be used by that program 
as the entry element for the next 
request to the SRR. 

It should be noted that, since the 
elements are exchanged from one program 
to the next, the elements cannot be 
allocated from storage that would be 
freed and reused when the program ends. 
It is expected that a program would 
obtain its first element and release its 
last element by means of the routines 
described in the section "Free-Pool 
Manipulation" in this appendix. 

The following chart describes the action 
taken for FIFO LOCK and FIFO UNLOCK. 

Function Action 

FIFO LOCK Store address A 
into the header. 

(the incoming WAIT; the ECB is at 
element is at the location addres-
location A) sed by the old con-

tents of the header. 

FIFO UNLOCK POST; the ECB is at 
location A. 

The following routines allow enabled 
code to perform the actions described in 
the previous chart. 

FIFO LOCK Routine: 

Initial conditions: 

GR3 contains the address of the header. 
GR4 contains the address, A, of the 

element currently owned by this 
program. This element becomes the 
entered element. 

FLOCK LR 2,4 

SR 
ST 
L 

TRYAGN CS 

BC 

LR 

1,1 
1,0(2) 
1,0(3) 

1,2,0(3) 

7,TRYAGN 

HSWAIT 

GR2 now contains 
address of ele­
ment to be 
entered 

GR1 = ° 
Initialize the ECB 
GR1 = contents of 

the header 
Enter address A 

into header 
while remember­
ing old contents 
of header into 
GR1; GR1 now 
contains address 
of removed 
element 

Removed element 
becomes new cur­
rently owned 
element 

Perform bypass-
wa it rout i ne; if 
ECB already 
posted, con-
t i nue; if not, 
wait; GR1 con­
tains the ad­
dress of the ECB 

USE [Any instruction] 

FIFO UNLOCK Routine: 

Initial conditions: 

GR2 contains the address of the removed 
element, obtained during the FLOCK 
routine. 

GR5 contains 40 00 00 00{16} 
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FUNLK LR 1,2 Place address of en-
tered element in 
GR1; GR1 = address 
of ECB to be posted 

SR 0,0 GRO = 0; GRO has a 
post code of zero 

OR 0,5 Set bit 1 of GRO to 
one 

HSPOST Perform bypass-post 
routine; if ECB has 
not been waited on, 
then mark posted 
and continue; if it 
has been waited on, 
then post 

CONTINUE [Any instruction] 

FREE-POOL MANIPULATION 

It is anticipated that a program will 
need to add and delete items from a free 
list without using the lock/unlock 
routines. This is especially likely 
since the lock/unlock routines require 
storage elements for queuing and may 
require working storage. The 
lock/unlock routines discussed previous­
ly allow simultaneous lock routines but 
permit only one unlock routine at a 
time. In such a situation, multiple 
additions and a single deletion to the 
list may all occur simultaneously, but 
multiple deletions cannot occur at the 
same time. In the case of a chain of 
pointers containing free storage 
buffers, multiple deletions along with 
additions can occur simultaneously. In 
this case, the removal cannot be done 
using the COMPARE AND SWAP instruction 
without a certain degree of exposure. 

Consider a chained list of the type used 
in the LIFO lock/unlock example. Assume 
that the first two elements are at 
locations A and B, respectively. If one 
program attempted to remove the first 
element and was interrupted between the 
fourth and fifth instructions of the 
LUNLK routine, the list could be changed 
so that elements A and C are the first 
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two elements when the interrupted 
program resumes execution. The COMPARE 
AND SWAP instruction would then succeed 
in storing the value B into the header, 
thereby destroying the list. 

The probability of the occurrence of 
such list destruction can be reduced to 
near zero by appending to the header a 
counter that indicates the number of 
times elements have been added to the 
list. The use of a 32-bit counter guar­
antees that the list will not be 
destroyed unless the following events 
occur, in the exact sequence: 

1. An unlock routine is interrupted 
between the fetch of the pointer 
from the first element and the 
update of the header. 

2. The list is manipulated, including 
the deletion of the element refer­
enced in 1, and exactly 2 32 -1 addi­
tions to the list are performed. 
Note that this takes on the order 
of days to perform in any practical 
situation. 

3. The element referenced in 1 is 
added to the list. 

4. The unlock routine interrupted in 1 
resumes execution. 

The following routines use such a count­
er in order to allow multiple, simul­
taneous additions and removals at the 
head of a chain of pointers. 

The list consists of a doubleword header 
and a chain of elements. The first word 
of the header contains a pointer to the 
first element in the list. The second 
word of the header contains a 32-bit 
counter indicating the number of addi­
tions that have been made to the list. 
Each element contains a pointer to the 
next element in the list. A zero value 
indicates the end of the list. 

The following chart describes the free­
pool-list manipulation. 



Action 

Function Header = O,Count Header = A,Count 

ADD TO LIST Store the first word of the header into 
(the incoming location A. store the address A into the 
element is at first word of the header. Decrement the 
location A) second word of the header by one. 

DELETE FROM The list is empty. Set the first word of the 
LIST header to the value of 

the contents of location 
A. Use element A. 

The following routines 
code to perform the 
manipulation described 
chart. 

allow enabled 
free-pool-list 

in the above 

ADD TO FREE LIST Routine: 

Initial Conditions: 

GR2 contains the address of the element 
to be added. 

GR4 contains the address of the header. 

ADDQ LM 0,1,0(4) GRO,GRI = contents 
of the header 

TRYAGN ST 0,0(2) Point the new ele-
ment to the top 
of the list 

LR 3,1 Move the count to 
GR3 

BCTR 3,0 Decrement the count 
CDS 0,2,0(4) Update the header 
BC 7,TRYAGN 

DELETE FROM FREE LIST Routine: 

Initial conditions: 

GR4 contains the address of the header. 

DELETQ LM 2,3,0(4) GR2,GR3 = con-
tents of the 
header 

TRYAGN LTR 2,2 Is the list 
empty? 

BC 8,EMPTY Yes, get help 
L 0,0(2) No, GRO = the 

pointer from 
the first 
element 

LR 1,3 Move the count 
to GRI 

CDS 2,0,0(4) Update the 
header 

BC 7,TRYAGN 
USE [Any instruction] The address of 

the removed 
element is in 
GR2 

Note that the LM (LOAD MULTIPLE) 
instructions at locations ADDQ and 
DELETQ would have to be CDS (COMPARE 
DOUBLE AND SWAP) instructions if it were 
not for the rule concerning storage­
operand consistency. This rule requires 
the LOAD MULTIPLE instructions to fetch 
an eight-byte operand aligned on a 
doubleword boundary such that, if anoth­
er CPU changes the doubleword being 
fetched by an operation which is also at 
least doubleword-consistent, either the 
entire new or the entire old value of 
the doubleword is obtained, and not a 
combination of the two. (See the 
section "Storage-Operand Consistency" in 
Chapter 5, "Program Execution.") 
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The following figures list instructions 
by name, mnemonic, operation code, and 
facility. Some models may offer 
instructions that do not appear in the 
figures, such as those provided for 
assists or as part of special or custom 
features. 

The operation codes for the vector 
facility are not included in this appen­
dix. See the pUblication IBM System/370 
Vector Operations, SA22-7125, for opera­
tion codes associated with this 
facility. 

The operation code 00 hex with a 
two-byte instruction format is allocated 
for use by the program when an indi­
cation of an invalid operation is 
required. It is improbable that this 
operation code will ever be assigned to 
an instruction implemented in the CPU. 

Explanation of Symbols in "Character­
istics" and ~ Code" Columns 

9 Causes serialization and checkpoint 
synchronization. 

9 1 Causes serialization and checkpoint 
synchronization when the Mt and R2 
fields contain all ones and all 
zeros, respectively. 

$ Causes serialization. * The handling of bits 8-15 of the 
operation code for some of the I/O 
instructions depends on the 
instruction and the facilities 
installed. See the description of 
the instruction for details. 

A Access exceptions for logical 
addresses. 

Al Access exceptions; not all access 
exceptions may occur; see instruc­
tion description for details. 

AI Access exceptions for instruction 
address. 

AS Access exceptions and ASN­
translation-specification 
exception; see instruction descrip­
tion for details. 

AT ASN-translation exceptions (which 
include addressing, ASN-translation 
specification, AFX translation, and 
ASX translation>. 

B PER branch event. 
BS Branch-and-save facility. 
C Condition code is set. 
CK CPU-timer and clock-comparator 

facility. 
CS Channel-set-switching facility. 
D Data exception. 
DC Direct-control facility. 
DF Decimal-overflow exception. 
DK Decimal-divide exception. 
DM Depending on the model, DIAGNOSE 

may generate various program 
exceptions and may change the 
condition code. 

DU Dual-address-space facility. 
EF Extended facility. 

EK 

EO 
EU 
EX 
FK 
FP 
GO 

Gl 

G2 

GM 

IF 
II 
IK 
L 
LS 
MI 
MO 
MP 
P 
PK 
Q 

R 

RE 
RR 
RRE 
RS 
RX 
S 
SD 

SI 
SO 
SP 
SR 
SS 
SSE 
ST 
SW 
T 

TB 
TR 
XP 

APPENDIX ~ LISTS OF INSTRUCTIONS 

Storage-key-instruction-extension 
facility. 
Exponent-overflow exception. 
Exponent-underflow exception. 
Execute exception. 
Floating-point-divide exception. 
Floating-point facility. 
Instruction execution includes the 
implied use of general register O. 
Instruction execution includes the 
implied use of general register I. 
Instruction execution includes the 
implied use of general register 2. 
Instruction execution includes the 
implied use of multiple general 
registers. 
Fixed-point-overflow exception. 
Interruptible instruction. 
Fixed-point-divide exception. 
New condition code is loaded. 
Significance exception. 
Move-inverse facility. 
Monitor event. 
Multiprocessing facility. 
Privileged-operation exception. 
PSW-key-handling facility. 
Privileged-operation exception for 
semiprivileged instructions. 
PER general-register-alteration 
event. 
Recovery-extension facility. 
RR instruction format. 
RRE instruction format. 
RS instruction format. 
RX instruction format. 
S instruction format. 
PER storage-alteration event, which 
can be caused by READ DIRECT only 
when INVALIDATE PAGE TABLE ENTRY is 
not installed. 
SI instruction format. 
Special-operation exception. 
Specification exception. 
Suspend-and-resume facility. 
SS instruction format. 
SSE instruction format. 
PER storage-alteration event. 
Conditional-swapping facility. 
Trace exceptions (which include 
access and specification). 
Test-block facility. 
Translation facility. 
Extended-precision floating-point 
facility. 
Additional exceptions and events 
for PROGRAM CALL (which include 
addressing, EX translation, LX 
translation, PC-translation speci­
fication, and special-operation 
exceptions and space-switch event). 
Additional exceptions and events 
for PROGRAM TRANSFER (which include 
addressing, primary authority, and 
special-operation exceptions and 
space-switch event). 
Additional exceptions for SET 
SECONDARY ASN (which include ad­
dressing, secondary authority, and 
special operation). 
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Mne- Op Page 
Name monic Characteristics Code No. 

ADD AR RR C IF R lA 7-7 
ADD A RX C A IF R SA 7-7 
ADD DECIMAL AP 55 C A D DF ST FA 8-5 
ADD HALFWORD AH RX C A IF R 4A 7-7 
ADD LOGICAL ALR RR C R IE 7-8 

ADD LOGICAL AL RX C A R 5E 7-8 
ADD NORMALIZED (extended) AXR RR C XP SP EU EO LS 36 9-6 
ADD NORMALIZED (long) ADR RR C FP SP EU EO LS 2A 9-6 
ADD NORMALIZED (long) AD RX C FP A SP EU EO LS 6A 9-6 
ADD NORMALIZED (short) AER RR C FP SP EU EO LS 3A 9-6 

! 

ADD NORMALIZED (short) AE RX C FP A SP EU EO LS 7A 9-6 
ADD UNNORMALIZED (long) AWR RR C FP SP EO LS 2E 9-7 
ADD UNNORMALIZED (long) AW RX C FP A SP EO LS 6E 9-7 
ADD UNNORMALIZED (short) AUR RR C FP SP EO LS 3E 9-7 
ADD UNNORMALIZED (short) AU RX C FP A SP EO LS 7E 9-7 

AND NR RR C R 14 7-8 
AND N RX C A R 54 7-8 
AND (character) NC 55 C A ST D4 7-8 
AND (immediate) NI 51 C A ST 94 7-8 
BRANCH AND LINK BALR RR B R 05 7-9 

BRANCH AND LINK BAL RX B R 45 7-9 
BRANCH AND SAVE BA5R RR BS B R OD 7-9 
BRANCH AND SAVE BAS RX BS B R 4D 7-9 
BRANCH ON CONDITION BCR RR ¢1 B 07 7-10 
BRANCH ON CONDITION BC RX B 47 7-10 

BRANCH ON COUNT BCTR RR B R 06 7-11 
BRANCH ON COUNT BCT RX B R 46 7-11 
BRANCH ON INDEX HIGH BXH RS B R 86 7-11 
BRANCH ON INDEX LOW OR EQUAL BXLE RS B R 87 7-11 
CLEAR CHANNEL CLRCH S C RE P ¢ 9FOl* 13-16 

CLEAR I/O CLRIO 5 C P ¢ 9DOHE 13-17 
COMPARE CR RR C 19 7-12 
COMPARE C RX C A 59 7-12 
COMPARE (long) CDR RR C FP SP 29 9-8 
COMPARE (long) CD RX C FP A SP 69 9-8 

COMPARE (short) CER RR C FP SP 39 9-8 
Cor1PARE (short) CE RX C FP A SP 79 9-8 
COMPARE AND SWAP CS RS C SW A SP $ R ST BA 7-12 
COMPARE DECIMAL CP SS C A D F9 8-5 
COMPARE DOUBLE AND SWAP CDS RS C SW A SP $ R ST BB 7-12 

COMPARE HAlFWORD CH RX C A 49 7-14 
COMPARE LOGICAL CLR RR C 15 7-14 
COMPARE LOGICAL CL RX C A 55 7-14 
COMPARE LOGICAL (character) ClC SS C A D5 7-14 
COMPARE LOGICAL (immediate) ClI SI C A 95 7-14 

COMPARE LOGICAL C. UNDER MASK CLM RS C A BD 7-15 
COMPARE LOGICAL LONG CLCL RR C A SP II R OF 7-15 
CONNECT CHANNEL SET CONCS 5 C CS P $ B200 10-4 
CONVERT TO BINARY CVB RX A D IK R 4F 7-16 
CONVERT TO DECIMAL CVD RX A ST 4E 7-17 

DIAGNOSE DM P DM 83 10-5 
DISCONNECT CHANNEL SET DISCS S C CS P $ B201 10-6 
DIVIDE DR RR SP IK R ID 7-17 
DIVIDE D RX A SP IK R 5D 7-17 
DIVIDE (long) DDR RR FP SP EU EO FK 2D 9-9 

Instructions Arranged by Name (Part 1 of 4) 

B-2 System/370 Principles of Operation 



Mne- Op Page 
Name monic Characteristics Code No. 

DIVIDE (long) DD RX FP A SP EU EO FK 6D 9-9 
DIVIDE (short) DER RR FP SP EU EO FK 3D 9-9 
DIVIDE (short) DE RX FP A SP EU EO FK 7D 9-9 
DIVIDE DECIMAL DP SS A SP D DK ST FD 8-5 
EDIT ED SS C A D ST DE 8-6 

EDIT AND MARK EDMK SS C A D G1 R ST DF 8-9 
EXCLUSIVE OR XR RR C R 17 7-18 
EXCLUSIVE OR X RX C A R 57 7-18 
EXCLUSIVE OR (character) XC SS C A ST D7 7-18 
EXCLUSIVE OR (immediate) XI SI C A ST 97 7-18 

EXECUTE EX RX AI SP EX 44 7-19 
EXTRACT PRIMARY ASN EPAR RRE DU Q SO R B226 10-6 
EXTRACT SECONDARY ASN ESAR RRE DU Q SO R B227 10-7 
HALT DEVICE HDV S C P ¢ 9E01* 13-19 
HALT I/O HID 5 C P ¢ 9EOO* 13-23 

HALVE (long) HDR RR FP SP EU 24 9-10 
HALVE (short) HER RR FP SP EU 34 9-10 
INSERT ADDRESS SPACE CONTROL lAC RRE C DU Q SO R B224 10-7 
INSERT CHARACTER IC RX A R 43 7-20 
INSERT CHARACTERS UNDER MASK ICM RS C A R BF 7-20 

INSERT PSW KEY IPK S PK Q G2 R B20B 10-8 
INSERT STORAGE KEY ISK RR P Al SP SO R 09 10-8 
INSERT STORAGE KEY EXTENDED ISKE RRE EK P Al R B229 10-9 
INSERT VIRTUAL STORAGE KEY IVSK RRE DU Q Al SO R B223 10-10 
INVALIDATE PAGE TABLE ENTRY IPTE RRE EF P Al $ B221 10-11 

LOAD LR RR R 18 7-20 
LOAD L RX A R 58 7-20 
LOAD (long) LDR RR FP SP 28 9-10 
LOAD (long) LD RX FP A SP 68 9-10 
LOAD (short) LER RR FP SP 38 9-10 

LOAD (short) LE RX FP A SP 78 9-10 
LOAD ADDRESS LA RX R 41 7-21 
LOAD ADDRESS SPACE PARAMETERS LASP SSE C DU P AS SP SO E500 10-12 
LOAD AND TEST LTR RR C R 12 7-21 
LOAD AND TEST (long) LTDR RR C FP SP 22 9-11 

LOAD AND TEST (short) LTER RR C FP SP 32 9-11 
LOAD COMPLEMENT LCR RR C IF R 13 7-21 
LOAD COMPLEMENT (long) LCDR RR C FP SP 23 9-11 
LOAD COMPLEMENT (short) LCER RR C FP SP 33 9-11 
LOAD CONTROL LCTL RS P A SP B7 10-20 

LOAD HALFWORD LH RX A R 48 7-22 
LOAD MULTIPLE LM RS A R 98 7-22 
LOAD NEGATIVE LNR RR C R 11 7-22 
LOAD NEGATIVE (long) LNDR RR C FP SP 21 9-11 
LOAD NEGATIVE (short) LNER RR C FP SP 31 9-11 

LOAD POSITIVE LPR RR C IF R 10 7-22 
LOAD POSITIVE (long) LPDR RR C FP SP 20 9-12 
LOAD POSITIVE (short) LPER RR C FP SP 30 9-12 
LOAD PSW LPSW 5 L P A SP ¢ 82 10-20 
LOAD REAL ADDRESS LRA RX C TR P Al R B1 10-21 

LOAD ROUNDED (ext. to long) LRDR RR XP SP EO 25 9-12 
LOAD ROUNDED (long to short) LRER RR XP SP EO 35 9-12 
MONITOR CALL MC 51 SP MO AF 7-23 
MOVE (character) MVC 55 A ST D2 7-23 
MOVE (immediate) MVI 51 A ST 92 7-23 
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MOVE INVERSE MVCIN SS MI A ST E8 7-24 
MOVE LONG MVCL RR C A SP II R ST OE 7-24 
MOVE NUMERICS MVN SS A ST Dl 7-27 
MOVE TO PRIMARY MVCP SS C DU Q A SO 9 ST DA 10-22 
MOVE TO SECONDARY MVCS SS C DU Q A SO 9 ST DB 10-22 

MOVE WITH KEY MVCK SS C DU Q A ST D9 10-24 
MOVE WITH OFFSET MVO SS A ST Fl 7-27 
MOVE ZONES MVZ SS A ST D3 7-28 
MULTIPLY MR RR SP R lC 7-28 
MULTIPLY M RX A SP R 5C 7-28 

MULTIPLY (extended) MXR RR XP SP EU EO 26 9-13 
MULTIPLY (long to extended) MXDR RR XP SP EU EO 27 9-13 
MULTIPLY (long to extended) MXD RX XP A SP EU EO 67 9-13 
MULTIPLY (long) MDR RR FP SP EU EO 2C 9-13 
MULTIPLY (long) MD RX FP A SP EU EO 6C 9-13 

MULTIPLY (short to long) MER RR FP SP EU EO 3C 9-13 
MULTIPLY (short to long) ME RX FP A SP EU EO 7C 9-13 
MULTIPLY DECIMAL MP SS A SP D ST FC 8-10 
MULTIPLY HALFWORD MH RX A R 4C 7-29 
OR OR RR C R 16 7-29 

OR 0 RX C A R 56 7-29 
OR (character) OC SS C A ST D6 7-29 
OR (immediate) 01 SI C A ST 96 7-29 
PACK PACK SS A ST F2 7-30 
PROGRAM CALL PC S DU Q AT Zl T 9 GM B R ST B218 10-25 

PROGRAM TRANSFER PT RRE DU Q AT SP Z2 T 9 B ST B228 10-31 
PURGE TLB PTLB S TR P $ B20D 10-36 
READ DIRECT RDD SI DC P A1 $ SD 85 10-36 
RESET REFERENCE BIT RRB S C TR P Al SO B213 10-36 
RESET REFERENCE BIT EXTENDED RRBE RRE C EK P A1 B22A 10-37 

RESUME I/O RIO S C SR P ¢ 9C02* 13-26 
SET ADDRESS SPACE CONTROL SAC S DU SP SO 9 B219 10-38 
SET CLOCK SCK 5 C P A SP B204 10-39 
SET CLOCK COMPARATOR SCKC 5 CK P A SP B206 10-39 
SET CPU TIMER SPT 5 CK P A SP B208 10-40 

SET PREFIX SPX S MP P A SP $ B210 10-40 
SET PROGRAM MASK SPM RR L 04 7-31 
SET PSW KEY FROM ADDRESS SPKA S PK Q B20A 10-41 
SET SECONDARY ASN SSAR RRE DU AT Z3 T 9 ST B225 10-41 
SET STORAGE KEY SSK RR P Al SP SO 9 08 10-45 

SET STORAGE KEY EXTENDED SSKE RRE EK P Al ¢ B22B 10-45 
SET SYSTEM MASK SSM S P A SP SO 80 10-46 
SHIFT AND ROUND DECIMAL SRP SS C A D DF ST FO 8-10 
SHIFT LEFT DOUBLE SLDA RS C SP IF R 8F 7-31 
SHIFT LEFT DOUBLE LOGICAL SLDL RS SP R 8D 7-32 

SHIFT LEFT SINGLE SLA RS C IF R 8B 7-32 
SHIFT LEFT SINGLE LOGICAL SLL RS R 89 7-33 
SHIFT RIGHT DOUBLE SRDA RS C SP R 8E 7-33 
SHIFT RIGHT DOUBLE LOGICAL SRDL RS SP R 8C 7-33 
SHIFT RIGHT SINGLE SRA RS C R 8A 7-34 

SHIFT RIGHT SINGLE LOGICAL SRL RS R 88 7-34 
SIGNAL PROCESSOR SIGP RS C MP P $ R AE 10-46 
START I/O SIO S C P 9 9COO* 13-27 
START I/O FAST RELEASE SIOF S C P 9 9C01* 13-27 
STORE ST RX A ST 50 7-34 
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STORE (long) STD RX FP A SP ST 60 9-14 
STORE (short) STE RX FP A SP ST 70 9-14 
STORE CHANNEL ID STIDC S C P ¢ B203 13-32 
STORE CHARACTER STC RX A ST 42 7-34 
STORE CHARACTERS UNDER MASK STCM RS A ST BE 7-35 

STORE CLOCK STCK S C A $ ST B205 7-35 
STORE CLOCK COMPARATOR STCKC S CK P A SP ST B207 10-47 
STORE CONTROL STCTL RS P A SP ST B6 10-48 
STORE CPU ADDRESS STAP S MP P A SP ST B212 10-48 
STORE CPU ID STIDP S P A SP ST B202 10-48 

STORE CPU TIMER STPT S CK P A SP ST B209 10-49 
STORE HALFWORD STH RX A ST 40 7-36 
STORE MULTIPLE STM RS A ST 90 7-36 
STORE PREFIX STPX S MP P A SP ST B211 10-49 
STORE THEN AND SYSTEM MASK STNSM SI TR P A ST AC 10-50 

STORE THEN OR SYSTEM MASK STOSM SI TR P A SP ST AD 10-50 
SUBTRACT SR RR C IF R 1B 7-36 
SUBTRACT S RX C A IF R 5B 7-36 
SUBTRACT DECIMAL SP SS C A D DF ST FB 8-11 
SUBTRACT HALFWORD SH RX C A IF R 4B 7-37 

SUBTRACT LOGICAL SLR RR C R IF 7-37 
SUBTRACT LOGICAL SL RX C A R SF 7-37 
SUBTRACT NORMALIZED (ext.) SXR RR C XP SP EU EO LS 37 9-14 
SUBTRACT NORMALIZED (long) SDR RR C FP SP EU EO LS 2B 9-14 
SUBTRACT NORMALIZED (long) SD RX C FP A SP EU EO LS 6B 9-14 

SUBTRACT NORMALIZED (short) SER RR C FP SP EU EO LS 3B 9-14 
SUBTRACT NORMALIZED (short) SE RX C FP A SP EU EO LS 7B 9-14 
SUBTRACT UNNORMALIZED (long) SWR RR C FP SP EO LS 2F 9-15 
SUBTRACT UNNORMALIZED (long) SW RX C FP A SP EO LS 6F 9-15 
SUBTRACT UNNORMALIZED (short) SUR RR C FP SP EO LS 3F 9-15 

SUBTRACT UNNORMALIZED (short) SU RX C FP A SP EO LS 7F 9-15 
SUPERVISOR CALL SVC RR ¢ OA 7-38 
TEST AND SET TS S C A $ ST 93 7-38 
TEST BLOCK TB RRE C TB P Al II $ GO R B22C 10-50 
TEST CHANNEL TCH S C P ¢ 9FOO* 13-33 

TEST I/O TID S C P ¢ 9DOO* 13-34 
TEST PROTECTION TPROT SSE C EF P Al E501 10-52 
TEST UNDER MASK TM S1 C A 91 7-38 
TRANSLATE TR SS A ST DC 7-39 
TRANSLATE AND TEST TRT SS C A GM R DD 7-40 

UNPACK UNPK SS A ST F3 7-40 
WRITE DIRECT WRD SI DC P Al $ 84 10-54 
ZERO AND ADD ZAP SS C A D DF ST F8 8-12 
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DIAGNOSE DM P DM 83 10-5 
A ADD RX C A IF R 5A 7-7 
AD ADD NORMALIZED (long) RX C FP A SP EU EO LS 6A 9-6 
ADR ADD NORMALIZED (long) RR C FP SP EU EO LS 2A 9-6 
AE ADD NORMALIZED (short) RX C FP A SP EU EO LS 7A 9-6 

AER ADD NORMALIZED (short) RR C FP SP EU EO LS 3A 9-6 
AH ADD HALFWORD RX C A IF R 4A 7-7 
AL ADD LOGICAL RX C A R 5E 7-8 
ALR ADD LOGICAL RR C R IE 7-8 
AP ADD DECIMAL SS C A D DF ST FA 8-5 

AR ADD RR C IF R 1A 7-7 
AU ADD UNNORMALIZED (short) RX C FP A SP EO LS 7E 9-7 
AUR ADD UNNORMALIZED (short) RR C FP SP EO LS 3E 9-7 
AW ADD UNNORMALIZED (long) RX C FP A SP EO LS 6E 9-7 
AWR ADD UNNORMALIZED (long) RR C FP SP EO LS 2E 9-7 

AXR ADD NORMALIZED (extended) RR C XP SP EU EO LS 36 9-6 
BAL BRANCH AND LINK RX B R 45 7-9 
BALR BRANCH AND LINK RR B R 05 7-9 
BAS BRANCH AND SAVE RX BS B R 4D 7-9 
BASR BRANCH AND SAVE RR BS B R OD 7-9 

BC BRANCH ON CONDITION RX B 47 7-10 
BCR BRANCH ON CONDITION RR ¢l B 07 7-10 
BCT BRANCH ON COUNT RX B R 46 7-11 
BCTR BRANCH ON COUNT RR B R 06 7-11 
BXH BRANCH ON INDEX HIGH RS B R 86 7-11 

BXLE BRANCH ON INDEX lOW OR EQUAL RS B R 87 7-11 
C COMPARE RX C A 59 7-12 
CD COMPARE (long) RX C FP A SP 69 9-8 
CDR COMPARE (long) RR C FP SP 29 9-8 
CDS COMPARE DOUBLE AND SWAP RS C SW A SP $ R ST BB 7-12 

CE COMPARE (short) RX C FP A SP 79 9-8 
CER COMPARE (short) RR C FP SP 39 9-8 
CH COMPARE HALFWORD RX C A 49 7-14 
CL COMPARE LOGICAL RX C A 55 7-14 
CLC COMPARE LOGICAL (character) SS C A 05 7-14 

CLCL COMPARE LOGICAL LONG RR C A SP II R OF 7-15 
CLI COMPARE LOGICAL (immediate) SI C A 95 7-14 
CLM COMPARE LOGICAL C. UNDER MASK RS C A BD 7-15 
CLR COMPARE LOGICAL RR C 15 7-14 
CLRCH CLEAR CHANNEL S C RE P ¢ 9FOl* 13-16 

CLRIO CLEAR I/O S C P ¢ 9001* 13-17 
CONCS CONNECT CHANNEL SET S C CS P $ B200 10-4 
CP COMPARE DECIMAL SS C A 0 F9 8-5 
CR COMPARE RR C 19 7-12 
CS COMPARE AND SWAP RS C SW A SP $ R ST BA 7-12 

CVB CONVERT TO BINARY RX A 0 IK R 4F 7-16 
CVD CONVERT TO DECIMAL RX A ST 4E 7-17 
0 DIVIDE RX A SP IK R 50 7-17 
DO DIVIDE (long) RX FP A SP EU EO FK 60 9-9 
DDR DIVIDE (long) RR FP SP EU EO FK 20 9-9 

DE DIVIDE (short) RX FP A SP EU EO FK 70 9-9 
DER DIVIDE (short) RR FP SP EU EO FK 3D 9-9 
DISCS DISCONNECT CHANNEL SET S C CS P $ B201 10-6 
DP DIVIDE DECIMAL SS A SP 0 OK ST FD 8-5 
DR DIVIDE RR SP IK R 10 7-17 
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ED EDIT SS C A D ST DE 8-6 
EDMK EDIT AND MARK SS C A D G1 R ST DF 8-9 
EPAR EXTRACT PRIMARY ASN RRE DU Q SO R B226 10-6 
ESAR EXTRACT SECONDARY ASN RRE DU Q SO R B227 10-7 
EX EXECUTE RX AI SP EX 44 7-19 

HDR HALVE (long) RR FP SP EU 24 9-10 
HDV HALT DEVICE S C P ¢ 9E01* 13-19 
HER HALVE (short) RR FP SP EU 34 9-10 
HIO HALT I/O S C P ¢ 9EOO* 13-23 
lAC INSERT ADDRESS SPACE CONTROL RRE C DU Q SO R B224 10-7 

IC INSERT CHARACTER RX A R 43 7-20 
ICM INSERT CHARACTERS UNDER MASK RS C A R BF 7-20 
IPK INSERT PSW KEY S PK Q G2 R B20B 10-8 
IPTE INVALIDATE PAGE TABLE ENTRY RRE EF P Al $ B221 10-11 
ISK INSERT STORAGE KEY RR P Al SP SO R 09 10-8 

ISKE INSERT STORAGE KEY EXTENDED RRE EK P Al R B229 10-9 
IVSK INSERT VIRTUAL STORAGE KEY RRE DU Q Al SO R B223 10-10 
L LOAD RX A R 58 7-20 
LA LOAD ADDRESS RX R 41 7-21 
LASP LOAD ADDRESS SPACE PARAMETERS SSE C DU P AS SP SO E500 10-12 

LCDR LOAD COMPLEMENT (long) RR C FP SP 23 9-11 
LCER LOAD COMPLEMENT (short) RR C FP SP 33 9-11 
LCR LOAD COMPLEMENT RR C IF R 13 7-21 
LCTL LOAD CONTROL RS P A SP B7 10-20 
LD LOAD (long) RX FP A SP 68 9-10 

LDR LOAD (long) RR FP SP 28 9-10 
LE LOAD (short) RX FP A SP 78 9-10 
LER LOAD (short) RR FP SP 38 9-10 
LH LOAD HALFWORD RX A R 48 7-22 
LM LOAD MULTIPLE RS A R 98 7-22 

LNDR LOAD NEGATIVE (long) RR C FP SP 21 9-11 
LNER LOAD NEGATIVE (short) RR C FP SP 31 9-11 
LNR LOAD NEGATIVE RR C R 11 7-22 
LPDR LOAD POSITIVE (long) RR C FP SP 20 9-12 
LPER LOAD POSITIVE (short) RR C FP SP 30 9-12 

LPR LOAD POSITIVE RR C IF R 10 7-22 
LPSW LOAD PSW S L P A SP ¢ 82 10-20 
LR LOAD RR R 18 7-20 
LRA LOAD REAL ADDRESS RX C TR P Al R Bl 10-21 
LRDR LOAD ROUNDED (ext. to long) RR XP SP EO 25 9-12 

LRER LOAD ROUNDED (long to short) RR XP SP EO 35 9-12 
LTDR LOAD AND TEST (long) RR C FP SP 22 9-11 
L TER LOAD AND TEST (short) RR C FP SP 32 9-11 
LTR LOAD AND TEST RR C R 12 7-21 
M MULTIPLY RX A SP R 5C 7-28 

MC MONITOR CALL SI SP MO AF 7-23 
MD MULTIPLY (long) RX FP A SP EU EO 6C 9-13 
MDR MULTIPLY (long) RR FP SP EU EO 2C 9-13 
ME MULTIPLY (short to long) RX FP A SP EU EO 7C 9-13 
MER MULTIPLY (short to long) RR FP SP EU EO 3C 9-13 

MH MULTIPLY HALFWORD RX A R 4C 7-29 
MP MULTIPLY DECIMAL SS A SP D ST FC 8-10 
MR MULTIPLY RR SP R lC 7-28 
MVC MOVE (character) SS A ST D2 7-23 
MVCIN MOVE INVERSE SS MI A ST E8 7-24 
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MVCK MOVE WITH KEY SS C DU Q A ST 09 10-24 
MVCL MOVE LONG RR C A SP II R ST OE 7-24 
MVCP MOVE TO PRIMARY SS C DU Q A SO ¢ ST DA 10-22 
MVCS MOVE TO SECONDARY 55 C DU Q A SO ¢ ST DB 10-22 
MVI MOVE (immediate) 51 A ST 92 7-23 

MVN MOVE NUMERICS 55 A ST Dl 7-27 
MVO MOVE WITH OFFSET SS A ST Fl 7-27 
MVZ MOVE ZONES SS A ST 03 7-28 
MXD MULTIPLY (long to extended) RX XP A SP EU EO 67 9-13 
MXDR MULTIPLY (long to extended) RR XP SP EU EO 27 9-13 

MXR MULTIPLY (extended) RR XP SP EU EO 26 9-13 
N AND RX C A R 54 7-8 
NC AND (character) SS C A ST 04 7-8 
NI AND (immediate) SI C A ST 94 7-8 
NR AND RR C R 14 7-8 

0 OR RX C A R 56 7-29 
OC OR (character) 55 C A ST 06 7-29 
01 OR (immediate) SI C A ST 96 7-29 
OR OR RR C R 16 7-29 
PACK PACK 55 A ST F2 7-30 

PC PROGRAM CALL S DU Q AT Zl T ¢ GM B R ST B218 10-25 
PT PROGRAM TRANSFER RRE DU Q AT SP Z2 T ¢ B ST B228 10-31 
PTLB PURGE TLB 5 TR P $ B20D 10-36 
ROD READ DIRECT 51 DC P Al $ SO 85 10-36 
RIO RESUME I/O S C SR P ¢ 9C02* 13-26 

RRB RESET REFERENCE BIT 5 C TR P Al SO B213 10-36 
RRBE RESET REFERENCE BIT EXTENDED RRE C EK P Al B22A 10-37 
S SUBTRACT RX C A IF R 5B 7-36 
SAC SET ADDRESS SPACE CONTROL S DU SP SO ¢ B219 10-38 
SCK SET CLOCK S C P A SP B204 10-39 

SCKC SET CLOCK COMPARATOR S CK P A SP B206 10-39 
SO SUBTRACT NORMALIZED (long) RX C FP A SP EU EO LS 6B 9-14 
SDR SUBTRACT NORMALIZED (long) RR C FP SP EU EO LS 2B 9-14 
SE SUBTRACT NORMALIZED (short) RX C FP A SP EU EO LS 7B 9-14 
SER SUBTRACT NORMALIZED (short) RR C FP SP EU EO LS 3B 9-14 

SH SUBTRACT HALFWORD RX C A IF R 4B 7-37 
SIGP SIGNAL PROCESSOR RS C MP P $ R AE 10-46 
SIO START I/O S C P ¢ 9COO* 13-27 
SIOF START I/O FAST RELEASE 5 C P ¢ 9COl* 13-27 
SL SUBTRACT LOGICAL RX C A R 5F 7-37 

SLA SHIFT LEFT SINGLE RS C IF R 8B 7-32 
SLDA SHIFT LEFT DOUBLE RS C SP IF R 8F 7-31 
SLDL SHIFT LEFT DOUBLE LOGICAL RS SP R 80 7-32 
SLL SHIFT LEFT SINGLE LOGICAL RS R 89 7-33 
SLR SUBTRACT LOGICAL RR C R IF 7-37 

SP SUBTRACT DECIMAL SS C A 0 OF ST FB 8-11 
SPKA SET PSW KEY FROM ADDRESS S PK Q B20A 10-41 
SPM SET PROGRAM MASK RR L 04 7-31 
SPT SET CPU TIMER S CK P A SP B208 10-40 
SPX SET PREFIX S MP P A SP $ B210 10-40 

SR SUBTRACT RR C IF R IB 7-36 
SRA SHIFT RIGHT SINGLE RS C R 8A 7-34 
SRDA SHIFT RIGHT DOUBLE RS C SP R 8E 7-33 
SRDL SHIFT RIGHT DOUBLE LOGICAL RS SP R 8C 7-33 
SRL SHIFT RIGHT SINGLE LOGICAL RS R 88 7-34 
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SRP SHIFT AND ROUND DECIMAL SS C A D OF ST FO 8-10 
SSAR SET SECONDARY ASN RRE DU AT Z3 T ¢ ST B225 10-41 
SSK SET STORAGE KEY RR P Al SP SO ¢ 08 10-45 
SSKE SET STORAGE KEY EXTENDED RRE EK P Al ¢ B228 10-45 
SSM SET SYSTEM MASK S P A SP SO 80 10-46 

ST STORE RX A ST 50 7-34 
STAP STORE CPU ADDRESS S MP P A SP ST B212 10-48 
STC STORE CHARACTER RX A ST 42 7-34 
STCK STORE CLOCK S C A $ ST B205 7-35 
STCKC STORE CLOCK COMPARATOR S CK P A SP ST B207 10-47 

STCM STORE CHARACTERS UNDER MASK RS A ST BE 7-35 
STCTL STORE CONTROL RS P A SP ST B6 10-48 
STD STORE (long) RX FP A SP ST 60 9-14 
STE STORE (short) RX FP A SP ST 70 9-14 
STH STORE HALFWORD RX A ST 40 7-36 

STIDC STORE CHANNEL ID 5 C P ¢ B203 13-32 
STIDP STORE CPU 10 5 P A SP ST B202 10-48 
STM STORE MULTIPLE RS A ST 90 7-36 
STNSM STORE THEN AND SYSTEM MASK SI TR P A ST AC 10-50 
STOSM STORE THEN OR SYSTEM MASK SI TR P A SP ST AD 10-50 

STPT STORE CPU TIMER S CK P A SP ST B209 10-49 
STPX STORE PREFIX S MP P A SP ST B211 10-49 
SU SUBTRACT UNNORMALIZED (short) RX C FP A SP EO LS 7F 9-15 
SUR SUBTRACT UNNORMALIZED (short) RR C FP SP EO LS 3F 9-15 
SVC SUPERVISOR CALL RR ¢ OA 7-38 

SW SUBTRACT UNNORMALIZED (long) RX C FP A SP EO LS 6F 9-15 
SWR SUBTRACT UNNORMALIZED (long) RR C FP SP EO LS 2F 9-15 
SXR SUBTRACT NORMALIZED (ext.) RR C XP SP EU EO LS 37 9-14 
TB TEST BLOCK RRE C TB P Al II $ GO R B22C 10-50 
TCH TEST CHANNEL 5 C P ¢ 9FOO* 13-33 

TIO TEST I/O 5 C P ¢ 9DOO* 13-34 
TM TEST UNDER MASK 51 C A 91 7-38 
TPROT TEST PROTECTION SSE C EF P Al E501 10-52 
TR TRANSLATE SS A ST DC 7-39 
TRT TRANSLATE AND TEST 55 C A GM R DD 7-40 

TS TEST AND SET 5 C A $ ST 93 7-38 
UNPK UNPACK 55 A ST F3 7-40 
WRD WRITE DIRECT 51 DC P Al $ 84 10-54 
X EXCLUSIVE OR RX C A R 57 7-18 
XC EXCLUSIVE OR (character) 55 C A ST D7 7-18 

XI EXCLUSIVE OR (immediate) 51 C A ST 97 7-18 
XR EXCLUSIVE OR RR C R 17 7-18 
ZAP ZERO AND ADD 55 C A D DF ST F8 8-12 
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04 SET PROGRAM MASK SPM RR l 7-31 
05 BRANCH AND LINK BALR RR a R 7-9 
06 BRANCH ON COUNT BCTR RR B R 7-11 
07 BRANCH ON CONDITION BCR RR ¢1 B 7-10 
08 SET STORAGE KEY SSK RR P Al SP SO ¢ 10-45 

09 INSERT STORAGE KEY ISK RR P Al SP SO R 10-8 
OA SUPERVISOR CALL SVC RR ¢ 7-38 
OD BRANCH AND SAVE BASR RR as B R 7-9 
OE MOVE LONG MVCL RR C A SP II R ST 7-24 
OF COMPARE LOGICAL LONG CLCL RR C A SP II R 7-15 

10 LOAD POSITIVE LPR RR C IF R 7-22 
11 LOAD NEGATIVE LNR RR C R 7-22 
12 LOAD AND TEST LTR RR C R 7-21 
13 LOAD COMPLEMENT LCR RR C IF R 7-21 
14 AND NR RR C R 7-8 

15 COMPARE LOGICAL CLR RR C 7-14 
16 OR OR RR C R 7-29 
17 EXCLUSIVE OR XR RR C R 7-18 
18 LOAD LR RR R 7-20 
19 COMPARE CR RR C 7-12 

lA ADD AR RR C IF R 7-7 
IB SUBTRACT SR RR C IF R 7-36 
IC MULTIPLY MR RR SP R 7-28 
1D DIVIDE DR RR SP IK R 7-17 
IE ADD LOGICAL ALR RR C R 7-8 

IF SUBTRACT LOGICAL SLR RR C R 7-37 
20 LOAD POSITIVE (long) LPDR RR C FP SP 9-12 
21 LOAD NEGATIVE (long) LNDR RR C FP SP 9-11 
22 LOAD AND TEST (long) LTDR RR C FP SP 9-11 
23 LOAD COMPLEMENT (long) LCDR RR C FP SP 9-11 

24 HALVE (long) HDR RR FP SP EU 9-10 
25 LOAD ROUNDED (ext. to long) LRDR RR XP SP EO 9-12 
26 MULTIPLY (extended) MXR RR XP SP EU EO 9-13 
27 MULTIPLY (long to extended) MXDR RR XP SP EU EO 9-13 
28 LOAD (long) LDR RR FP SP 9-10 

29 COMPARE (long) CDR RR C FP SP 9-8 
2A ADD NORMALIZED (long) ADR RR C FP SP EU EO LS 9-6 
2B SUBTRACT NORMALIZED (long) SDR RR C FP SP EU EO LS 9-14 
2C MULTIPLY (long) t-mR RR FP SP EU EO 9-13 
2D DIVIDE (long) DDR RR FP SP EU EO FK 9-9 

2E ADD UNNORMALIZED (long) AWR RR C FP SP EO LS 9-7 
2F SUBTRACT UNNORMALIZED (long) SWR RR C FP SP EO LS 9-15 
30 LOAD POSITIVE (short) LPER RR C FP SP 9-12 
31 LOAD NEGATIVE (short) LNER RR C FP SP 9-11 
32 LOAD AND TEST (short) LTER RR C FP SP 9-11 

33 LOAD COMPLEMENT (short) LCER RR C FP SP 9-11 
34 HALVE (short) HER RR FP SP EU 9-10 
35 LOAD ROUNDED (long to short) LRER RR XP SP EO 9-12 
36 ADD NORMALIZED (extended) AXR RR C XP SP EU EO LS 9-6 
37 SUBTRACT NORMALIZED (ext.) SXR RR C XP SP EU EO LS 9-14 

38 LOAD (short) LER RR FP SP 9-10 
39 COMPARE (short) CER RR C FP SP 9-8 
3A ADD NORMALIZED (short) AER RR C FP SP EU EO LS 9-6 
3B SUBTRACT NORMALIZED (short) SER RR C FP SP EU EO LS 9-14 
3C MULTIPLY (short to long) MER RR FP SP EU EO 9-13 

Instructions Arranged by Operation Code (Part 1 of 4) 
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3D DIVIDE (short) DER RR FP SP EU EO FK 9-9 
3E ADD UNNORMALIZED (short) AUR RR C FP SP EO LS 9-7 
3F SUBTRACT UNNORMALIZED (short) SUR RR C FP SP EO LS 9-15 
40 STORE HALFWORD STH RX A ST 7-36 
41 LOAD ADDRESS LA RX R 7-21 

42 STORE CHARACTER STC RX A ST 7-34 
43 INSERT CHARACTER IC RX A R 7-20 
44 EXECUTE EX RX AI SP EX 7-19 
45 BRANCH AND LINK BAL RX B R 7-9 
46 BRANCH ON COUNT BCT RX B R 7-11 

47 BRANCH ON CONDITION BC RX B 7-10 
48 LOAD HALFWORD LH RX A R 7-22 
49 COMPARE HALFWORD CH RX C A 7-14 
4A ADD HALFWORD AH RX C A IF R 7-7 
4B SUBTRACT HALFWORD SH RX C A IF R 7-37 

4C MULTIPLY HALFWORD MH RX A R 7-29 
4D BRANCH AND SAVE BAS RX BS B R 7-9 
4E CONVERT TO DECIMAL CVD RX A ST 7-17 
4F CONVERT TO BINARY CVB RX A D IK R 7-16 
50 STORE ST RX A ST 7-34 

54 AND N RX C A R 7-8 
55 COMPARE LOGICAL CL RX C A 7-14 
56 OR 0 RX C A R 7-29 
57 EXCLUSIVE OR X RX C A R 7-18 
58 LOAD L RX A R 7-20 

59 COMPARE C RX C A 7-12 
5A ADD A RX C A IF R 7-7 
5B SUBTRACT S RX C A IF R 7-36 
5C NULTIPLY M RX A SP R 7-28 
5D DIVIDE D RX A SP IK R 7-17 

5E ADD LOGICAL AL RX C A R 7-8 
SF SUBTRACT LOGICAL SL RX C A R 7-37 
60 STORE (long) STD RX FP A SP ST 9-14 
67 MULTIPLY (long to extended) MXD RX XP A SP EU EO 9-13 
68 LOAD (long) LD RX FP A SP 9-10 

69 COMPARE (long) CD RX C FP A SP 9-8 
6A ADD NORMALIZED (long) AD RX C FP A SP EU EO LS 9-6 
6B SUBTRACT NORMALIZED (long) SD RX C FP A SP EU EO LS 9-14 
6C MULTIPLY (long) MD RX FP A SP EU EO 9-13 
6D DIVIDE (long) DD RX FP A SP EU EO FK 9-9 

6E ADD UNNORMALIZED (long) AW RX C FP A SP EO LS 9-7 
6F SUBTRACT UNNORMALIZED (long) SW RX C FP A SP EO LS 9-15 
70 STORE (short) STE RX FP A SP ST 9-14 
78 LOAD (short) LE RX FP A SP 9-10 
79 COMPARE (short) CE RX C FP A SP 9-8 

7A ADD NORMALIZED (short) AE RX C FP A SP EU EO LS 9-6 
7B SUBTRACT NORMALIZED (short) SE RX C FP A SP EU EO LS 9-14 
7C MULTIPLY (short to long) ME RX FP A SP EU EO 9-13 
70 DIVIDE (short) DE RX FP A SP EU EO FK 9-9 
7E ADD UNNORMALIZED (short) AU RX C FP A SP EO LS 9-7 

7F SUBTRACT UNNORMALIZED (short) SU RX C FP A SP EO LS 9-15 
80 SET SYSTEM MASK SSM S P A SP SO 10-46 
82 LOAD PSW LPSW S L P A SP ¢ 10-20 
83 DIAGNOSE DM P DM 10-5 
84 WRITE DIRECT WRD SI DC P Al $ 10-54 

Instructions Arranged by Operation Code (Part 2 of 4) 
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85 READ DIRECT RDD SI DC P Al $ SD 10-36 
86 BRANCH ON INDEX HIGH BXH RS B R 7-11 
87 BRANCH ON INDEX LOW OR EQUAL BXLE RS B R 7-11 
88 SHIFT RIGHT SINGLE LOGICAL SRL RS R 7-34 
89 SHIFT LEFT SINGLE LOGICAL SLL RS R 7-33 

8A SHIFT RIGHT SINGLE SRA RS C R 7-34 
8B SHIFT LEFT SINGLE SLA RS C IF R 7-32 
8C SHIFT RIGHT DOUBLE LOGICAL SRDL RS SP R 7-33 
8D SHIFT LEFT DOUBLE LOGICAL SLDL RS SP R 7-32 
8E SHIFT RIGHT DOUBLE SRDA RS C SP R 7-33 

8F SHIFT LEFT DOUBLE SLDA RS C SP IF R 7-31 
90 STORE MULTIPLE STM RS A ST 7-36 
91 TEST UNDER MASK TM SI C A 7-38 
92 MOVE (immediate) MVI SI A ST 7-23 
93 TEST AND SET TS S C A $ ST 7-38 

94 AND (immediate) Nl SI C A ST 7-8 
95 COMPARE LOGICAL (immediate) CLI SI C A 7-14 
96 OR (immediate) 01 SI C A ST 7-29 
97 EXCLUSIVE OR (immediate) XI SI C A ST 7-18 
98 LOAD MULTIPLE LM RS A R 7-22 

9COO* START I/O SIO S C P ¢ 13-27 
9C01* START I/O FAST RELEASE SIOF S C P ¢ 13-27 
9C02* RESUME I/O RIO S C SR P ¢ 13-26 
9DOO* TEST I/O TIO S C P ¢ 13-34 
9D01* CLEAR I/O CLRIO S C P ¢ 13-17 

9EOO* HALT I/O HIO S C P ¢ 13-23 
9E01* HALT DEVICE HDV S C P ¢ 13-19 
9FOO* TEST CHANNEL TCH S C P ¢ 13-33 
9F01* CLEAR CHANNEL CLRCH S C RE P ¢ 13-16 
AC STORE THEN AND SYSTEM MASK STNSM SI TR P A ST 10-50 

AD STORE THEN OR SYSTEM MASK STOSM SI TR P A SP ST 10-50 
AE SIGNAL PROCESSOR SIGP RS C MP P $ R 10-46 
AF MONITOR CALL MC SI SP MO 7-23 
B1 LOAD REAL ADDRESS LRA RX C TR P Al R 10-21 
B200 CONNECT CHANNEL SET CONCS S C CS P $ 10-4 

B201 DISCONNECT CHANNEL SET DISCS S C CS P $ 10-6 
B202 STORE CPU 10 STIDP S P A SP ST 10-48 
B203 STORE CHANNEL ID STIDC S C P ¢ 13-32 
B204 SET CLOCK SCK S C P A SP 10-39 
B205 STORE CLOCK STCK S C A $ ST 7-35 

B206 SET CLOCK COMPARATOR SCKC S CK P A SP 10-39 
B207 STORE CLOCK COMPARATOR STCKC S CK P A SP ST 10-47 
B208 SET CPU TIMER SPT S CK P A SP 10-40 
B209 STORE CPU TIMER STPT S CK P A SP ST 10-49 
B20A SET PSW KEY FROM ADDRESS SPKA S PK Q 10-41 

B20B INSERT PSW KEY IPK S PK Q G2 R 10-8 
B20D PURGE TLB PTlB S TR P $ 10-36 
B210 SET PREFIX SPX S MP P A SP $ 10-40 
B211 STORE PREFIX STPX S MP P A SP ST 10-49 
B212 STORE CPU ADDRESS STAP S MP P A SP ST 10-48 

B213 RESET REFERENCE BIT RRB S C TR P Al SO 10-36 
B218 PROGRAM CALL PC S DU Q AT Zl T ¢ GM B R ST 10-25 
B219 SET ADDRESS SPACE CONTROL SAC S DU SP SO ¢ 10-38 
B221 INVALIDATE PAGE TABLE ENTRY IPTE RRE EF P Al $ 10-11 
B223 INSERT VIRTUAL STORAGE KEY IVSK RRE DU Q Al SO R 10-10 

Instructions Arranged by Operation Code (Part 3 of 4) 
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B224 INSERT ADDRESS SPACE CONTROL lAC RRE C DU Q SO R 10-7 
B225 SET SECONDARY ASN SSAR RRE DU AT Z3 T 9 ST 10-41 
B226 EXTRACT PRIMARY ASN EPAR RRE DU Q SO R 10-6 
B227 EXTRACT SECONDARY ASN ESAR RRE DU Q SO R 10-7 
B228 PROGRAM TRANSFER PT RRE DU Q AT SP Z2 T 9 B ST 10-31 

B229 INSERT STORAGE KEY EXTENDED ISKE RRE EK P Al R 10-9 
B22A RESET REFERENCE BIT EXTENDED RRBE RRE C EK P Al 10-37 
B22B SET STORAGE KEY EXTENDED SSKE RRE EK P Al 9 10-45 
B22C TEST BLOCK TB RRE C TB P Al II $ GO R 10-50 
B6 STORE CONTROL STCTL RS P A SP ST 10-48 

B7 LOAD CONTROL LCTL RS P A SP 10-20 
BA COMPARE AND SWAP CS RS C SW A SP $ R ST 7-12 
BB COMPARE DOUBLE AND SWAP CDS RS C SW A SP $ R ST 7-12 
BD COMPARE LOGICAL C. UNDER MASK CLM RS C A 7-15 
BE STORE CHARACTERS UNDER MASK STCM RS A ST 7-35 

BF INSERT CHARACTERS UNDER MASK ICM RS C A R 7-20 
01 MOVE NUMERICS MVN SS A ST 7-27 
02 MOVE (character) MVC SS A ST 7-23 
03 MOVE ZONES MVZ SS A ST 7-28 
D4 AND (character) NC SS C A ST 7-8 

05 COMPARE LOGICAL (character) CLC SS C A 7-14 
D6 OR (character) OC SS C A ST 7-29 
D7 EXCLUSIVE OR (character) XC SS C A ST 7-18 
D9 MOVE WITH KEY MVCK SS C DU Q A ST 10-24 
DA NOVE TO PRIMARY MVCP SS C DU Q A SO 9 ST 10-22 

DB MOVE TO SECONDARY MVCS SS C DU Q A SO 9 ST 10-22 
DC TRANSLATE TR SS A ST 7-39 
DO TRANSLATE AND TEST TRT SS C A GM R 7-40 
DE EDIT ED SS C A D ST 8-6 
DF EDIT AND MARK EDMK SS C A D G1 R ST 8-9 

E500 LOAD ADDRESS SPACE PARAMETERS LASP SSE C DU P AS SP SO 10-12 
E501 TEST PROTECTION TPROT SSE C EF P Al 10-52 
E8 MOVE INVERSE MVCIN SS MI A ST 7-24 
FO SHIFT AND ROUND DECIMAL SRP 55 C A D DF ST 8-10 
Fl MOVE WITH OFFSET MVO 55 A ST 7-27 

F2 PACK PACK SS A 5T 7-30 
F3 UNPACK UNPK S5 A ST 7-40 
F8 ZERO AND ADD ZAP 5S C A D DF ST 8-12 
F9 COMPARE DECIMAL CP S5 C A D 8-5 
FA ADD DECIMAL AP SS C A D DF ST 8-5 

FB SUBTRACT DECIMAL SP SS C A D DF ST 8-11 
FC MULTIPLY DECIMAL MP 5S A SP D ST 8-10 
FD DIVIDE DECIft1AL DP SS A SP D DK ST 8-5 

Instructions Arranged by Operation Code (Part 4 of 4) 
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BRANCH AND SAVE BASR RR Bsl 
1 1= 

R OD 7-9 
BRANCH AND SAVE BAS RX BS R 4D 7-9 

Instructions Arranged by Facility: Branch and Save 

Mne- Op Page 
Name monic Characteristics Code No. 

CONNECT CHANNEL SET CONCS S C cslp 
1 

$ 

1 
B200 10-4 

DISCONNECT CHANNEL SET DISCS S C CS P $ B201 10-6 

Instructions Arranged by Facility: Channel-Set Switching 

Mne- Op Page 
Name monic Characteristics Code No. 

ADD AR RR C IF R lA 7-7 
ADD A RX C A IF R 5A 7-7 
ADD DECIMAL AP SS C A D DF ST FA 8-5 
ADD HALFWORD AH RX C A IF R 4A 7-7 
ADD LOGICAL ALR RR C R IE 7-8 

ADD LOGICAL AL RX C A R 5E 7-8 
AND NR RR C R 14 7-8 
AND N RX C A R 54 7-8 
AND (character) NC SS C A ST D4 7-8 
AND (immediate) NI SI C A ST 94 7-8 

BRANCH AND LINK BALR RR B R 05 7-9 
BRANCH AND LINK BAL RX B R 45 7-9 
BRANCH ON CONDITION BCR RR ¢1 B 07 7-10 
BRANCH ON CONDITION BC RX B 47 7-10 
BRANCH ON COUNT BCTR RR B R 06 7-11 

BRANCH ON COUNT BCT RX B R 46 7-11 
BRANCH ON INDEX HIGH BXti RS B R 86 7-11 
BRANCH ON INDEX LOW OR EQUAL BXLE RS B R 87 7-11 
CLEAR I/O ClRIO S C P ¢ 9D01* 13-17 
COMPARE CR RR C 19 7-12 

COMPARE C RX C A 59 7-12 
COMPARE DECIMAL CP SS C A D F9 8-5 
COMPARE HAlFWORD CH RX C A 49 7-14 
COMPARE LOGICAL ClR RR C 15 7-14 
COMPARE LOGICAL Cl RX C A 55 7-14 

COMPARE LOGICAL (character) ClC SS C A D5 7-14 
COMPARE LOGICAL (immediate) ClI SI C A 95 7-14 
COMPARE LOGICAL C. UNDER MASK CLM RS C A BD 7-15 
CONPARE LOGICAL LONG CLCL RR C A SP II R OF 7-15 
CONVERT TO BINARY CVB RX A D IK R 4F 7-16 

CONVERT TO DECIMAL CVD RX A ST 4E 7-17 
DIAGNOSE DM P DM 83 10-5 
DIVIDE DR RR SP IK R ID 7-17 
DIVIDE D RX A SP IK R 5D 7-17 
DIVIDE DECIMAL DP SS A SP D DK ST FD 8-5 

Instructions Arranged by Facility: Commercial Instruction Set (Part 1 of 3) 
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EDIT ED SS C A D ST DE 8-6 
EDIT AND MARK EDMK SS C A D G1 R ST DF 8-9 
EXCLUSIVE OR XR RR C R 17 7-18 
EXCLUSIVE OR X RX C A R 57 7-18 
EXCLUSIVE OR (character) XC SS C A ST D7 7-18 

EXCLUSIVE OR (immediate) XI SI C A ST 97 7-18 
EXECUTE EX RX AI SP EX 44 7-19 
HALT DEVICE HDV S C P ¢ 9E01* 13-19 
HALT I/O HIO S C P ¢ 9EOO* 13-23 
INSERT CHARACTER IC RX A R 43 7-20 

INSERT CHARACTERS UNDER MASK ICM RS C A R BF 7-20 
INSERT STORAGE KEY ISK RR P Al SP SO R 09 10-8 
LOAD lR RR R 18 7-20 
LOAD l RX A R 58 7-20 
LOAD ADDRESS lA RX R 41 7-21 

LOAD AND TEST lTR RR C R 12 7-21 
LOAD COMPLEMENT lCR RR C IF R 13 7-21 
LOAD CONTROL LCTl RS P A SP B7 10-20 
lOAD HAlFWORD LH RX A R 48 7-22 
lOAD MULTIPLE LM RS A R 98 7-22 

LOAD NEGATIVE LHR RR C R 11 7-22 
lOAD POSITIVE LPR RR C IF R 10 7-22 
lOAD PSW lPSW S l P A SP ¢ 82 10-20 
MONITOR CAll MC 51 5P MO AF 7-23 
MOVE (character) MVC 55 A 5T D2 7-23 

MOVE (immediate) MVI SI A 5T 92 7-23 
MOVE LONG MVCL RR C A SP II R 5T OE 7-24 
MOVE NU~1ERIC5 MVH 55 A 5T Dl 7-27 
MOVE WITH OFF5ET MVO 55 A 5T F1 7-27 
MOVE ZONES MVZ S5 A 5T D3 7-28 

MULTIPLY MR RR SP R lC 7-28 
MULTIPLY M RX A SP R 5C 7-28 
MULTIPLY DECIMAL MP 55 A 5P D 5T FC 8-10 
MULTIPLY HALFWORD MH RX A R 4C 7-29 
OR OR RR C R 16 7-29 

OR 0 RX C A R 56 7-29 
OR (character) OC 55 C A 5T D6 7-29 
OR (immediate) 01 51 C A 5T 96 7-29 
PACK PACK 55 A 5T F2 7-30 
SET CLOCK 5CK S C P A 5P B204 10-39 

SET PROGRAM MA5K 5PM RR L 04 7-31 
SET 5TORAGE KEY S5K RR P Al SP 50 ¢ 08 10-45 
SET SYSTEM MA5K 5SM 5 P A SP 50 80 10-46 
SHIFT AND ROUND DECIMAL 5RP 5S C A D DF ST FO 8-10 
SHIFT LEFT DOUBLE SLDA RS C SP IF R SF 7-31 

SHIFT LEFT DOUBLE lOGICAL SLDL R5 SP R 8D 7-32 
SHIFT LEFT SINGLE SlA RS C IF R 8B 7-32 
SHIFT lEFT SINGLE lOGICAL 5ll R5 R 89 7-33 
SHIFT RIGHT DOUBLE SRDA RS C SP R 8E 7-33 
SHIFT RIGHT DOUBLE lOGICAL SRDL RS 5P R 8C 7-33 

SHIFT RIGHT SINGLE SRA RS C R 8A 7-34 
SHIFT RIGHT SINGLE LOGICAL SRL RS R 88 7-34 
START I/O 510 5 C P ¢ 9COO* 13-27 
START I/O FAST RELEASE SIOF S C P ¢ 9C01* 13-27 
STORE ST RX A 5T 50 7-34 
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STORE CHANNEL ID STIDC S C P ¢ B203 13-32 
STORE CHARACTER STC RX A ST ct2 7-34 
STORE CHARACTERS UNDER MASK STCM RS A ST BE 7-35 
STORE CLOCK STCK S C A $ ST B205 7-35 
STORE CONTROL STCTL RS P A SP ST B6 10-48 

STORE CPU ID STIDP S P A SP ST B202 10-48 
STORE HALFWORD STH RX A ST 40 7-36 
STORE MULTIPLE STM RS A ST 90 7-36 
SUBTRACT SR RR C IF R 1B 7-36 
SUBTRACT S RX C A IF R 5B 7-36 

SUBTRACT DECIMAL SP SS C A D DF ST FB 8-11 
SUBTRACT HALFWORD SH RX C A IF R 4B 7-37 
SUBTRACT LOGICAL SLR RR C R 1F 7-37 
SUBTRACT LOGICAL SL RX C A R SF 7-37 
SUPERVISOR CALL SVC RR ¢ OA 7-38 

TEST AND SET TS S C A $ ST 93 7-38 
TEST CHANNEL TCH S C P ¢ 9FOO* 13-33 
TEST I/O TIO S C P ¢ 9DOO* 13-34 
TEST UNDER MASK TM SI C A 91 7-38 
TRANSLATE TR SS A ST DC 7-39 

TRANSLATE AND TEST TRT SS C A GM R DD 7-40 
UNPACK UNPK SS A ST F3 7-40 
ZERO AND ADD ZAP SS C A D DF ST F8 8-12 

Instructions Arranged by Facility: Commercial Instruction Set (Part 3 of 3) 
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COMPARE AND SWAP CS RS C swl A spl $ I R ST BA 7-12 
COMPARE DOUBLE AND SWAP CDS RS C SW A SP $ R ST BB 7-12 

Instructions Arranged by Facility: Conditional Swapping 
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SET CLOCK COMPARATOR SCKC S CK P A SP B206 10-39 
SET CPU TIMER SPT S CK P A SP B208 10-40 
STORE CLOCK COMPARATOR STCKC S CK P A SP ST B207 10-47 
STORE CPU TIMER STPT S CK P A SP ST B209 10-49 

Instructions Arranged by Facility: CPU Timer and Clock Comparator 
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READ DIRECT RDD SI Dclp A' I $ I SD 85 10-36 
WRITE DIRECT WRD SI DC P Al $ 84 10-54 

Instructions Arranged by Facility: Direct Control 
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EXTRACT PRIMARY ASN EPAR RRE DU Q SO R B226 10-6 
EXTRACT SECONDARY ASN ESAR RRE DU Q SO R B227 10-7 
INSERT ADDRESS SPACE CONTROL lAC RRE C DU Q SO R B224 10-7 
INSERT VIRTUAL STORAGE KEY IVSK RRE DU Q Al SO R B223 10-10 
LOAD ADDRESS SPACE PARAMETERS LASP SSE C DU P AS SP SO E500 10-12 

MOVE TO PRIMARY MVCP SS C DU Q A SO ¢ ST DA 10-22 
MOVE TO SECONDARY MVCS SS C DU Q A SO ¢ ST DB 10-22 
MOVE WITH KEY MVCK SS C DU Q A ST D9 10-24 
PROGRAM CALL PC S DU Q AT Zl T ¢ GM B R ST B218 10-25 
PROGRAM TRANSFER PT RRE DU Q AT SP Z2 T ¢ B ST B228 10-31 

SET ADDRESS SPACE CONTROL SAC S DU SP SO ¢ B219 10-38 
SET SECONDARY ASN SSAR RRE DU AT Z3 T ¢ ST B225 10-41 

Instructions Arranged by Facility: Dual Address Space 
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INVALIDATE PAGE TABLE ENTRY IPTE RRE EFlp A' I $ I B221 10-11 
TEST PROTECTION TPROT SSE C EF P Al E501 10-52 

Instructions Arranged by Facility: Extended Facility (without MVS Assist) 
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ADD NORMALIZED (extended) AXR RR C XP SP EU EO LS 36 9-6 
LOAD ROUNDED (ext. to long) LRDR RR XP SP EO 25 9-12 
LOAD ROUNDED (long to short) LRER RR XP SP EO 35 9-12 
MULTIPLY (extended) MXR RR XP SP EU EO 26 9-13 
MULTIPLY (long to extended) MXDR RR XP SP EU EO 27 9-13 

MULTIPLY (long to extended) MXD RX XP A SP EU EO 67 9-13 
SUBTRACT NORMALIZED (ext.) SXR RR C XP SP EU EO LS 37 9-14 

Instructions Arranged by Facility: Extended-Precision Floating Point 

Appendix B. Lists of Instructions B-17 



Mne- Op Page 
Name monic Characteristics Code No. 

ADD NORMALIZED (long) ADR RR C FP SP EU EO LS 2A 9-6 
ADD NORMALIZED (long) AD RX C FP A SP EU EO LS 6A 9-6 
ADD NORMALIZED (short) AER RR C FP SP EU EO LS 3A 9-6 
ADD NORMALIZED (short) AE RX C FP A SP EU EO lS 7A 9-6 
ADD UNNORMAlIZED (long) AWR RR C FP SP EO LS 2E 9-7 

ADD UNNORMALIZED (long) AW RX C FP A SP EO lS 6E 9-7 
ADD UNNORMALIZED (short) AUR RR C FP SP EO LS 3E 9-7 
ADD UNNORMAlIZED (short) AU RX C FP A SP EO LS 7E 9-7 
COMPARE (long) CDR RR C FP SP 29 9-8 
COMPARE (long) CD RX C FP A SP 69 9-8 

COMPARE (short) CER RR C FP SP 39 9-8 
COMPARE (short) CE RX C FP A SP 79 9-8 
DIVIDE (long) DDR RR FP SP EU EO FK 2D 9-9 
DIVIDE (long) DD RX FP A SP EU EO FK 6D 9-9 
DIVIDE (short) DER RR FP SP EU EO FK 3D 9-9 

DIVIDE (short) DE RX FP A SP EU EO FK 7D 9-9 
HALVE (long) HDR RR FP SP EU 24 9-10 
HALVE (short) HER RR FP SP EU 34 9-10 
LOAD (long) LDR RR FP SP 28 9-10 
LOAD (long) LD RX FP A SP 68 9-10 

LOAD (short) LER RR FP SP 38 9-10 
LOAD (short) LE RX FP A SP 78 9-10 
LOAD AND TEST (long) LTDR RR C FP SP 22 9-11 
LOAD AND TEST (short) LTER RR C FP SP 32 9-11 
LOAD COMPLEMENT (long) LCDR RR C FP SP 23 9-11 

LOAD COMPLEMENT (short) LCER RR C FP SP 33 9-11 
LOAD NEGATIVE (long) LNDR RR C FP SP 21 9-11 
LOAD NEGATIVE (short) LNER RR C FP SP 31 9-11 
LOAD POSITIVE (long) LPDR RR C FP SP 20 9-12 
LOAD POSITIVE (short) LPER RR C FP SP 30 9-12 

I"'lUL TIPL Y (long) MDR RR FP SP EU EO 2C 9-13 
MULTIPLY (long) MD RX FP A SP EU EO 6C 9-13 
MULTIPLY (short to long) MER RR FP SP EU EO 3C 9-13 
MULTIPLY (short to long) 1"1E RX FP A SP EU EO 7C 9-13 
STORE (long) STD RX FP A SP ST 60 9-14 

STORE (short) STE RX FP A SP ST 70 9-14 
SUBTRACT NORMALIZED (long) SDR RR C FP SP EU EO LS 2B 9-14 
SUBTRACT NORMALIZED (long) SD RX C FP A SP EU EO LS 6B 9-14 
SUBTRACT NORMALIZED (short) SER RR C FP SP EU EO LS 3B 9-14 
SUBTRACT NORMALIZED (short) SE RX C FP A SP EU EO LS 7B 9-14 

SUBTRACT UNNORMALIZED (long) SWR RR C FP SP EO LS 2F 9-15 
SUBTRACT UNNORMALIZED (long) SW RX C FP A SP EO LS 6F 9-15 
SUBTRACT UNNORMALIZED (short) SUR RR C FP SP EO LS 3F 9-15 
SUBTRACT UNNORMALIZED (short) SU RX C FP A SP EO LS 7F 9-15 

Instructions Arranged by Facility: Floating Point 
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Mne- Op Page 
Name monic Characteristics Code No. 

MOVE INVERSE MVCIN ss MIl A I I ST E8 7-24 

Instructions Arranged by Facility: Move Inverse 

Mne- Op Page 
Name monic Characteristics Code No. 

SET PREFIX SPX S MP P A SP $ B210 10-40 
SIGNAL PROCESSOR SIGP RS C MP P $ R AE 10-46 
STORE CPU ADDRESS STAP S MP P A SP ST B212 10-48 
STORE PREFIX STPX S MP P A SP ST B211 10-49 

Instructions Arranged by Facility: Multiprocessing 

Mne- Op Page 
Name monic Characteristics Code No. 

INSERT PSW KEY IPK S PKIQ 
1 

G21 R B20B 10-8 
SET PSW KEY FROM ADDRESS SPKA S PK Q B20A 10-41 

Instructions Arranged by Facility: PSW-Key Handling 

Mne- Op Page 
Name monic Characteristics Code No. 

CLEAR CHANNEL CLRCH S C RElp I ¢ 
f 

9FOHE 13-16 

Instructions Arranged by Facility: Recovery Extensions 

Mne- Op Page 
Name monic Characteristics Code No. 

INSERT STORAGE KEY EXTENDED ISKE RRE EK P Al R B229 10-9 
RESET REFERENCE BIT EXTENDED RRBE RRE C EK P Al B22A 10-37 
SET STORAGE KEY EXTENDED SSKE RRE EK P Al ¢ B22B 10-45 

Instructions Arranged by Facility: Storage-Key-Instruction Extensions 

Mne- Op Page 
Name monic Characteristics Code No. 

RESUME I/O RIO S C SRlp I ¢ I 9C02* 13-26 

Instructions Arranged by Facility: Suspend and Resume 
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Mne- Op Page 
Name monic Characteristics Code No. 

TEST BLOCK TB RRE C TBlp Al III $ GOI R B22C 10-50 

Instructions Arranged by Facility: Test Block 

Mne- Op Page 
Name monic Characteristics Code No. 

LOAD REAL ADDRESS LRA RX C TR P Al R B1 10-21 
PURGE TLB PTLB S TR P $ B20D 10-36 
RESET REFERENCE BIT RRB S C TR P Al SO B213 10-36 
STORE THEN AND SYSTEM MASK STNSM S1 TR P A ST AC 10-50 
STORE THEN OR SYSTEM MASK STOSM SI TR P A SP ST AD 10-50 

Instructions Arranged by Facility: Translation 
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This appendix lists the condition-code 
setting for instructions in the 
System/370 architecture which set the 
condition code. In addition to those 
instructions listed which set the condi­
tion code, the condition code may be 
changed by DIAGNOSE and the target of 
EXECUTE. The condition code is loaded 
by LOAD PSW, by SET PROGRAM MASK, and by 
an interruption. The condition code is 
set to zero by initial CPU reset and is 
loaded by the successful conclusion of 
the initial-program-loading sequence. 

Instruction 

ADD, ADD HALFWORD 
ADD DECIMAL 
ADD LOGICAL 

ADD NORMALIZED 
ADD UNNORMALIZED 

AND 
CLEAR CHANNEL 
CLEAR I/O 

COMPARE (gen, fl pt) 
COMPARE HALFWORD 

COMPARE AND SWAP 
COMPARE DECIMAL 
COMPARE DOUBLE AND SWAP 
COMPARE LOGICAL 
COMPARE LOGICAL CHARACTERS 

UNDER MASK 

COMPARE LOGICAL LONG 
CONNECT CHANNEL SET 

DISCONNECT CHANNEL SET 

EDIT, EDIT AND MARK 
EXCLUSIVE OR 

HALT DEVICE 

HALT I/O 

INSERT ADDRESS SPACE CONTROL 
INSERT CHARACTERS UNDER MASK 
LOAD ADDRESS SPACE 

PARAMETERS 

LOAD AND TEST (gen, fl pt) 
LOAD COMPLEMENT (gen) 
LOAD COMPLEMENT (fl pt) 
LOAD NEGATIVE (gen, fl pt) 
LOAD POSITIVE (gen) 

LOAD POSITIVE (fl pt) 
LOAD REAL ADDRESS 

MOVE LONG 

MOVE TO PRIMARY, MOVE TO 
SECONDARY 

MOVE WITH KEY 

Zero 
Zero 
Zero, 

o 

no carry 
Zero 
Zero 

Zero 
Reset signaled 
No operation 

in progress 
Equal 
Equal 

Equal 
Equal 
Equal 
Equal 
Equal 

Equal 
Successful 

Successful 

Zero 
Zero 

Interruption 
pending/busy 

Interruption 
pending 

Zero 
All zeros 
Parameters 

loaded 

Zero 
Zero 
Zero 
Zero 
Zero 

Zero 
Translation 

available 
Length equal 

Length =< 256 

Length =< 256 

APPENDIX ~ CONDITION-CODE SETTINGS 

The condition codes for the vector 
facility are not included in this appen­
dix. See the pUblication IBM System/370 
Vector Operations, SA22-7125, for the 
condition codes set by vector 
instructions. 

Some models may offer instructions which 
set the condition code and do not appear 
in this document, such as those provided 
for assists or as part of special or 
custom features. 

Condition Code 

1 

< zero 
< zero 
Not zero, 

no carry 
< zero 
< zero 

Not zero 

CSW stored 

Low 
Low 

Not equal 
Low 
Not equal 
Low 
Low 

Low 
Connected to 

another CPU 
Connected to 

another CPU 
< zero 
Not zero 

CSW stored 

CSW stored 

One 
First bit one 
Primary ASN 

not available 

< zero 
< zero 
< zero 
< zero 

ST entry 
invalid 

Length low 

> zero 
> zero 
Zero, 

carry 
> zero 
> zero 

2 

Channel busy 
Channel busy 

High 
High 

High 

High 
High 

High 

> zero 

3 

Overflow 
Overflow 
Not zero, 

carry 

Not operational 
Not operational 

Not operational 

Not operational 

Channel Not operational 
working 

Burst operation Not operational 
terminated 

First bit zero --
Secondary ASN Space-switch 

not available event 
or not 
authorized 

> zero 
> zero 
> zero 

> zero 

> zero 
PT entry 

invalid 
Length high 

Overflow 

Overflow 

Length 
violation 

Destructive 
overlap 

length > 256 

Length > 256 

Summary of Condition-Code Settings (Part 1 of 2) 
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Condition Code 

Instruction 0 1 2 3 

OR Zero Not zero -- --
RESET REFERENCE BIT, RESET R bit zero, R bit zero, R bit one, R bit one, 

REFERENCE BIT EXTENDED C bit zero C bit one C bit zero C bit one 
RESUME I/O Successful -- -- Not operational 
SET CLOCK Set Secure -- Not operational 
SHIFT AND ROUND DECIMAL Zero < zero > zero Overflow 

SHIFT LEFT (DOUBLE/SINGLE) Zero < zero > zero Overflow 
SHIFT RIGHT (DOUBLE/SINGLE) Zero < zero > zero --
SIGNAL PROCESSOR Order accepted Status stored Busy Not operational 
START I/O, START I/O FAST Successful CSW stored Busy Not operational 

,RELEASE 
STORE CHANNEL ID ID stored CSW stored Busy Not operational 

STORE CLOCK Set Not set Error Not operational 
SUBTRACT, SUBTRACT HALFWORD Zero < zero > zero Overflow 
SUBTRACT DECIMAL Zero < zero > zero Overflow 
SUBTRACT LOGICAL -- Not zero, Zero, Not zero, 

no carry carry carry 
SUBTRACT NORMALIZED Zero < zero > zero --
SUBTRACT UNNORMALIZED Zero < zero > zero --
TEST AND SET Left bit zero Left bit one -- --
TEST BLOCK Usable Not usable -- --
TEST CHANNEL Available Interruption Burst mode Not operational 

pending 
TEST I/O Available CSW stored Busy Not operational 

TEST PROTECTION Can fetch, Can fetch, Cannot fetch, Translation not 
can store cannot store cannot store available 

TEST UNDER MASK All zeros Mixed -- All ones 
TRANSLATE AND TEST All zeros Incomplete Complete --
ZERO AND ADD Zero < zero > zero Overflow 

EXElanation: 

-- Not applicable 
> zero Result greater than zero 
< zero Result less than zero 
=< 256 Equal to, or less than, 256 
> 256 Greater than 256 
High First operand high 
Low First operand low 
length Length of first operand 

Summary of Condition-Code Settings (Part 2 of 2) 
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APPENOIX ~ FACILITIES 

Commercial Instruction Set •...•.•••.••••..••••••••••.•.•.. 0-1 
Other Facilities •.•..•••••.••.•.••••.•••••••..••••••••.•.• 0-1 

Branch and Save .•.....•..•....•......•••••...••••••.•.•. 0-2 
Channel Indirect Oata Addressing •...••••..•••.•.••.•.... 0-2 
Channel-Set Switching .•......•..••.•••••.....•.•....••.. 0-2 
Clear I/O ••...........•.•.•.•.•.•••..•.•...........•.... 0-2 
Command Retry •..••..•••••....•..••••••••••..•••.••.••••. 0-2 
Conditional Swapping .•••.•.....•••••.•••....••.....••.•. 0-2 
CPU Timer and Clock Comparator .•••.•..•.•......•........ 0-2 
Direct Control ..•••....•.•.•..•.•.••.•.••••••..•........ 0-2 
Dual-Address Space (OAS) •.•.....•••.••••.•.•..••...•..•. 0-2 
Extended ........•......•.••.....••....•....••.•..•.....• 0-3 
Extended-Precision Floating Point ...................•... 0-3 
Extended Real Addressing .....•...•..•......•..•...•.•... 0-3 
External Signals ••.....•••....••.•....•••..••••.•••..... 0-3 
Fast Release •...•••.•..........•••••.•••.•••...•••..•••. 0-3 
Floating Point •.•.•..............•..•..•....•..•.•.•••.. 0-4 
Halt Device ..••.•.•...•.•.....•..•.•••••.........•..•... 0-4 
I/O Extended Logout .......•..••..••..••....•••.•...••.•. 0-4 
Limited Channel Logout ........•••••..•••••..•••.....•.•. 0-4 
Move Inverse ...............•...••••.••••...••...••..•... 0-4 
Multiprocessing .....................••••...•............ 0-4 
PSW-Key Handling •....•.....•••..•.••.•••.••••.•..•..•.•. 0-4 
Recovery Extensions ....•.•.....•.••.•••••••••••..•..•... 0-4 
Segment Protection ....•...•..••.•....•••..•••..••..•.•.. 0-4 
Service Signal ....••.••..••.•....•.•.•................•. 0-4 
Start-I/O-Fast Queuing ..•.......•..••••..•.•••.......... 0-4 
Storage-Key-Instruction Extensions ....•.........•...•... 0-5 
Storage-Key 4K-Byte Block ....•..•....•••••.••....•....•. 0-5 
Suspend and Resume ....•........•...•..••................ 0-5 
Test Block .......•....................•.......•......... 0-5 
Translation ••••.•........•..•...••••.••......•••.•.•••.. 0-5 
Vector •...•.•...•..............•.••.•.•.•..••••.••.•..•. 0-5 
31-Bi t IOAWs •...••....•.............••.•..•••..•.•.•.••. 0-5 

This appendix lists the facilities in 
System/370. Every system includes a 
CPU, main storage, and the capability 
for at least one byte-multiplexer, 
block-multiplexer, or selector channel. 
The capability may be implemented by 
means of a separate physical unit or may 
be provided by sharing the physical unit 
with the CPU. 

control bit (if block multiplexing 
is provided), for the interrupt-key 
and interval-timer masks, for chan­
nel masks associated with installed 
channels, for monitor masks, for 
control of installed machine­
check-handling facilities, and for 
the IOEL control (if an installed 
channel has the I/O-extended-Iogout 
facility) 

COMMERCIAL INSTRUCTION SET 

Every CPU incorporates the commercial 
instruction set (listed in Appendix B) 
and the associated basic computing func­
tions, including: 

• Byte-oriented operands 

• General registers 

• Basic-control (BC) mode 

• Control registers, with bit posi­
tions for the block-multiplexing-

• Key-controlled protection 

• Interval timer 

• TOO clock 

• Basic operator facilities 

OTHER FACILITIES 

Additionally, the following facilities 
are available: 
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BRANCH AND SAVE 

Includes the BRANCH AND SAVE (BAS and 
BASR) instruction. 

CHANNEL INDIRECT DATA ADDRESSING 

Includes indirect-data-address words and 
the associated CCW flag, which facili­
tate storage addressing when virtual 
addresses are used. 

CHANNEL-SET SWITCHING 

Provides the ability to connect a chan­
nel set to any CPU in a multiprocessing 
configuration. It includes the 
instructions CONNECT CHANNEL SET and 
DISCONNECT CHANNEL SET. 

CLEAR I/O 

Provides the clear-I/O (CLRIO) function 
on a channel when the CLEAR I/O instruc­
tion is executed. When the CLRIO func­
tion is not implemented, CLEAR I/O is 
executed as TEST I/O. 

COMMAND RETRY 

Provides the capability in a channel to 
retry a command without the occurrence 
of an I/O interruption. The retry is 
initiated by the control unit. 

CONDITIONAL SWAPPING 

Includes the instructions COMPARE AND 
SWAP and COMPARE DOUBLE AND SWAP. 

CPU TIMER AND CLOCK COMPARATOR 

Includes the clock comparator, the CPU 
timer, the associated extensions to 
external interruption, control-register 
positions for the clock-comparator and 
CPU-timer masks, and the instructions 
SET CLOCK COMPARATOR, STORE CLOCK COMPA­
RATOR, SET CPU TIMER, and STORE CPU 
TIMER. 
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DIRECT CONTROL 

Includes the external-signal facility 
and the read-write-direct facility, 
which contains the instructions READ 
DIRECT and WRITE DIRECT. 

DUAL-ADDRESS SPACE (DAS) 

Includes the following: 

1. Dual-space control, which includes: 

a. An address-space control, PSW 
bit 16 

b. A primary ASN, bits 16-31 of 
control register 4 

c. A secondary ASN, bits 16-31 of 
control register 3 

d. A secondary-segment-table 
designation, in control regis­
ter 7 

2. DAS authorization mechanisms, which 
include the following: 

a. An extraction-authority 
control, bit 4 of control 
register 0 

b. A PSW-key mask, bits 0-15 of 
control register 3 

c. A secondary-space control, bit 
5 of control register 0 

d. A subsystem-linkage control, 
bit 0 of control register 5 

e. An ASN-translation control, bit 
12 of control register 14 

f. An authorization index, bits 
0-15 of control register 4 

g. A space-switch-event-control 
bit, bit 31 of control register 
1 

3. PC-number translation, which uses 
the linkage-table designation in 
control register 5 

4. ASN translation, which uses an 
ASN-first-table origin, bits 20-31 
of control register 14 

5. ASN authorization 

6. DAS tracing 

7. The following instructions: 

EXTRACT PRIMARY ASN (EPAR) 
EXTRACT SECONDARY ASN (ESAR) 
INSERT ADDRESS SPACE CONTROL (lAC) 
INSERT VIRTUAL STORAGE KEY (IVSK) 



LOAD ADDRESS SPACE PARAMETERS 
(LASP) 

MOVE TO PRIMARY CMVCP) 
MOVE TO SECONDARY CMVCS) 
MOVE WITH KEY (MVKC) 
PROGRAM CALL (PC) 
PROGRAM TRANSFER CPT) 
SET ADDRESS SPACE CONTROL (SAC) 
SET SECONDARY ASN (SSAR) 

8. Nine new exception or event condi­
tions which result in a program 
interruption. These conditions 
are: 

AFX-translation exception 
ASN-translation-specification 

exception 
ASX-translation exception 
EX-translation exception 
LX-translation exception 
PC-translation-specification excep-

tion 
Primary-authority exception 
Secondary-authority exception 
Space-switch event 

For page- and segment-translation 
exceptions, a bit is stored with 
the translation-exception address. 
This bit indicates whether the 
address was translated by using the 
primary or secondary segment-table 
designation. 

The following System/370 instructions 
are changed or affected by the installa­
tion of DAS, as noted: 

• 

• 

• 

Execution of the SET PSW KEY FROM 
ADDRESS instruction is permitted in 
the problem state, subject to the 
contents of bit positions 0-15 of 
control register 3. When the bit 
in the control register correspond­
ing to the PSW-key value to be set 
is one, execution is allowed; 
otherwise, a privileged-operation 
exception 1S recognized. The 
contents of control register 3 are 
ignored in the supervisor state. 

Execution of the INSERT PSW KEY 
instruction is permitted in the 
problem state, subject to the 
extraction-authority control, bit 4 
of control register O. When the 
bit is one, execution is allowed; 
otherwise, a privileged-operation 
exception is recognized. The 
extraction-authority control is 
ignored in the supervisor state. 

LOAD REAL ADDRESS uses the contents 
of control register 7, instead of 
the contents of control register 1, 
when PSW bit 16 is one. Thus the 
second operand is translated either 
as a primary virtual address or as 
a secondary virtual address, 
depending on the mode specified in 
the PSW. 

• The second-operand address of 
EXECUTE is defined to be an 
instruction address rather than a 
logical address. In secondary­
space mode, it is thus unpredict­
able whether the target instruction 
is fetched from the primary space 
or the secondary space. 

EXTENDED 

Includes the instructions INVALIDATE 
PAGE TABLE ENTRY and TEST PROTECTION, 
the common-segment facility and the 
associated bit position in the segment­
table entry, low-address protection and 
the associated control-register position 
for the low-address-protection control 
bit, and 12 MVS-dependent instructions. 
INVALIDATE PAGE TABLE ENTRY lncludes 
revisions to the READ DIRECT and WRITE 
DIRECT instructions to make the operand 
addresses real instead of logical. 

EXTENDED-PRECISION FLOATING POINT 

Includes the extended-precision 
floating-point instructions (listed in 
Appendix B). 

EXTENDED REAL ADDRESSING 

Provides for a 26-bit page-frame real 
address in the page-table entry for 
4K-byte pages. 

EXTERNAL SIGNALS 

to external 
signals, the 

Includes the extension 
interruptions for external 
control-register position 
external-signal mask, and the 
accept external signals. 

FAST RELEASE 

for the 
means to 

Provides the start-I/O-fast-release 
(SIOF) function on the channel when the 
START I/O FAST RELEASE instruction is 
executed. This function provides for 
fast release of the CPU, which occurs 
before the device-selection procedure is 
completed, reducing the CPU delay asso­
ciated with the initiation of the I/O 
operation. When the SIOF function is 
not implemented, START I/O FAST RELEASE 
is executed as START I/O. 
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FLOATING POINT 

Includes the floating-point instructions 
(listed in Appendix B) and the 
floating-point registers. The 
floating-point facility, together with 
the commercial instruction set, is some­
times referred to as the universal 
instruction set. 

HALT DEVICE 

Provides the halt-device (HDV) function 
on a channel when the HALT DEVICE 
instruction is executed. When the HDV 
function is not implemented, HALT DEVICE 
is executed as HALT I/O. 

I/O EXTENDED LOGOUT 

Provides for the storing of detailed 
channel-error information in a storage 
area designated by a pointer. 

LIMITED CHANNEL LOGOUT 

Provides four bytes of channel-status 
information for model-independent recov­
ery from channel errors. 

MOVE INVERSE 

Includes the MOVE INVERSE instruction. 

MULTIPROCESSING 

Includes the following facilities, which 
permit the formation of a multiprocess­
ing configuration: 

• Shared Main Storage 

• Prefixing 

• CPU-Address Identification 

• CPU Signaling and Response 

• TOO-Clock Synchronization 

These facilities include four extensions 
to the external interruption (external 
call, emergency signal, TOD-clock-sync 
check, and malfunction alert), control­
register positions for the TOD-clock­
sync-control bit and for the masks for 
the four external-interruption condi­
tions, and the instructions SET PREFIX, 

0-4 System/370 Principles of Operation 

SIGNAL PROCESSOR, STORE CPU ADDRESS, and 
STORE PREFIX. 

PSW-KEY HANDLING 

Includes the instructions SET PSW KEY 
FROM ADDRESS and INSERT PSW KEY. 

RECOVERY EXTENSIONS 

Includes the following: 

• Machine-check external-damage code 
at real locations 244-247, the 
external-damage-code-validity bit 
(bit 26 of the machine-check­
interruption code), and the 
channel-not-operational indication 
in the machine-check external­
damage code. 

• 

• 

The clear-channel (CLRCH) function 
in a channel when the CLEAR CHANNEL 
instruction is executed; when the 
CLRCH function is not implemented, 
CLEAR CHANNEL is executed as TEST 
CHANNEL. 

The full-channel-logout-valid bit 
(bit 15) and the interface­
inoperative bit (bit 27) in the 
limited channel logout. 

SEGMENT PROTECTION 

Provides a segment-protection bit in the 
segment-table entry. When the bit is 
one, an attempt to store in the segment 
causes a protection exception to be 
recognized. 

SERVICE SIGNAL 

Provides an external interruption which 
is used by the service-call logical 
processor (SCLP) to signal to the 
control program. 

START-I/O-FAST QUEUING 

Provides for fast release of the CPU by 
the channel during the execution of 
START I/O FAST RELEASE and the queuing 
of the operation at the subchannel when 
the control unit or device is busy, 
rather than termination of the operation 
by means of an I/O interruption with a 
deferred-condition-code-l indication. 
The queuing of the operation at the 



subchannel appears to the program as if 
no busy indication had been encountered. 
Includes the ability to store a nonzero 
value in the measurement byte at 
location 185. 

STORAGE-KEY-INSTRUCTION EXTENSIONS 

Provides the instructions INSERT STORAGE 
KEY EXTENDED, RESET REFERENCE BIT 
EXTENDED, and SET STORAGE KEY EXTENDED. 
These instructions provide 31-bit 
addresses and operate on the storage 
keys associated with a 4K-byte block of 
storage. 

STORAGE-KEY 4K-BYTE BLOCK 

Provides for a single key associated 
with each 4K-byte block of storage, and 
the storage-key-exception control, bit 7 
of control register O. When this facil­
ity is not installed, a separate storage 
key is associated with each 2K-byte 
block of storage. 

SUSPEND AND RESUME 

Provides a suspend bit in the CCW which 
may indicate that the channel program is 
to be suspended, as well as a bit in the 
CAW that controls whether the suspend 
bit should be examined and a new bit in 
the channel-status word which indicates 
that a channel program has been 
suspended. The instruction RESUME I/O 
causes a suspended channel program to be 
resumed. 

TEST BLOCK 

Includes the TEST BLOCK instruction for 
testing the usability of a 4K-byte block 
of main storage. 

TRANSLATION 

Includes the following facilities: 

• 

• 

Dynamic Address Translation (DAT). 
The DAT facility includes ---the 
translation mechanism, with the 
associated control-register posi­
tions and program-interruption 
codes, and reference and change 
recording. The DAT facility also 
includes controls for 4K-byte page 
size and 64K-byte segment size. 
Depending on the model, controls 
for 2K-byte page size or 1M-byte 
segment size, or both, may also be 
provided. 

Program-Event Recording (PER). The 
PER faci!ity includes the associ­
ated control-register positions and 
extensions to the program­
interruption code. 

• Extended-Contro! (EC) Mode. 

• 

• 

SSM Suppression. This facility in­
c!udes the control-register posi­
tion for the SSM-suppression­
control bit and the program­
interruption code for special 
operation. 

Store Status and Noninitia!izing 
~! Reset. 

As part of these facilities, the follow­
ing instructions are provided: LOAD 
REAL ADDRESS, PURGE TLB, RESET REFERENCE 
BIT, STORE THEN AND SYSTEM MASK, and 
STORE THEN OR SYSTEM MASK. 

VECTOR 

The instructions and functions of the 
vector faci!ityand its registers are 
described in the publication IBM 
System/370 Vector Operations, SA22-7125. 

31-B1T IDAWS 

Extends the size of the address field in 
the indirect-data-address word to 31 
bits. 
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PLUS 
1 a 
2 1 
4 2 
8 3 

16 4 
32 5 
64 6 

128 7 

256 8 
512 9 

1,024 10 
2,048 11 

4,096 12 
8,192 13 

16,384 14 
32,768 15 

65,536 16 
131,072 17 
262,144 18 
524,288 19 

1,048,576 20 
2,097,152 21 
4,194,304 22 
8,388,608 23 

16,777,216 24 
33,554,432 25 
67,108,864 26 

134,217,728 27 

268,435,456 28 
536,870,912 29 

1,073,741,824 30 
2,147,483,648 31 

4,294,967,296 32 
8,589,934,592 33 

17,179,869,184 34 
34,359,738,368 35 

68,719,476,736 36 
137,438,953,472 37 
274,877,906,944 38 
549,755,813,888 39 

1,099,511,627,776 40 
2,199,023,255,552 41 
4,398,046,511,104 42 
8,796,093,022,208 43 

17,592,186,044,416 44 
35,184,372,088,832 45 
70,368,744,177,664 46 

140,737,488,355,328 47 

281,474,976,710,656 48 
562,949,953,421,312 49 

1,125,899,906,842,624 50 
2,251,799,813,685,248 51 

4,503,599,627,370,496 52 
9,007,199,254,740,992 53 

18,014,398,509,481,984 54 
36,028,797,018,963,968 55 

72,057,594,037,927,936 56 
144,115,188,075,855,872 57 
288,230,376,151,711,744 58 
576,460,752,303,423,488 59 

1,152,921,504,606,846,976 60 
2,305,843,009,213,693,952 61 
4,611,686,018,427,387,904 62 
9,223,372,036,854,775,808 63 

18,446,744,073,709,551,616 64 

Powers of 2 (Part 1 of 2) 

APPENDIX ~ TABLE OF POWERS OF ~ 

MINUS 
1. 
0.5 
0.25 
0.125 

0.0625 
0.03125 
0.01562 5 
0.00781 25 

0.00390 625 
0.00195 3125 
0.00097 65625 
0.00048 82812 5 

0.00024 41406 25 
0.00012 20703 125 
0.00006 10351 5625 
0.00003 05175 78125 

0.00001 52587 89062 5 
0.00000 76293 94531 25 
0.00000 38146 97265 625 
0.00000 19073 48632 8125 

0.00000 09536 74316 40625 
0.00000 04768 37158 20312 5 
0.00000 02384 18579 10156 25 
0.00000 01192 09289 55078 125 

0.00000 00596 04644 77539 0625 
0.00000 00298 02322 38769 53125 
0.00000 00149 01161 19384 76562 5 
0.00000 00074 50580 59692 38281 25 

0.00000 00037 25290 29846 19140 625 
0.00000 00018 62645 14923 09570 3125 
0.00000 00009 31322 57461 54785 15625 
0.00000 00004 65661 28730 77392 57812 5 

0.00000 00002 32830 64365 38696 28906 25 
0.00000 00001 16415 32182 69348 14453 125 
0.00000 00000 58207 66091 34674 07226 5625 
0.00000 00000 29103 83045 67337 03613 28125 

0.00000 00000 14551 91522 83668 51906 64062 5 
0.00000 00000 07275 95761 41834 25903 32031 25 
0.00000 00000 03637 97890 70917 12951 66015 625 
0.00000 00000 01818 98940 35458 56475 83007 8125 

0.00000 00000 00909 49470 17729 28237 91503 90625 
0.00000 00000 00454 74735 08864 64118 95751 95312 5 
0.00000 00000 00227 37367 54432 32059 47975 97656 25 
0.00000 00000 00113 68683 77216 16029 73937 98828 125 

0.00000 00000 00056 84341 88608 08014 86968 99414 0625 
0.00000 00000 00028 42170 94304 04007 43484 49707 03125 
0.00000 00000 00014 21085 47152 02003 71742 24853 51562 5 
0.00000 00000 00007 10542 73576 01001 85871 12426 75791 25 

0.00000 00000 00003 55271 36788 00500 92935 56213 37890 625 
0.00000 00000 00001 77635 68394 00250 46467 78106 68945 3125 
0.00000 00000 00000 98817 94197 00125 23233 89053 34472 65625 
0.00000 00000 00000 44408 92098 50062 61616 94526 67236 32812 5 

0.00000 00000 00000 22204 46049 25031 30808 47263 33618 16406 25 
0.00000 00000 00000 11102 23024 62515 65404 23631 66809 08203 125 
0.00000 00000 00000 05551 11512 31257 82702 11815 83404 54101 5625 
0.00000 00000 00000 02775 55756 15628 91351 05907 91702 27050 78125 

0.00000 00000 00000 01387 77878 07814 45675 52953 95851 13525 39062 5 
0.00000 00000 00000 00693 88939 03907 22837 76476 97925 56762 69531 25 
0.00000 00000 00000 00346 94469 51953 61418 88238 48962 78381 34765 625 
0.00000 00000 00000 00173 47234 75976 80709 44119 24481 39190 67382 9125 

0.00000 00000 00000 00086 73617 37988 40354 72059 62240 69595 33691 40625 
0.00000 00000 00000 00043 36808 68994 20177 36029 81120 34797 66845 70312 5 
0.00000 00000 00000 00021 68404 34497 10088 68014 90560 17398 83422 85156 25 
0.00000 00000 00000 00010 84202 17248 55044 34007 45280 09699 41711 42578 125 

0.00000 00000 00000 00005 42101 08624 27522 17003 72640 04349 70855 71289 0625 

Appendix E. Table of Powers of 2 E-l 



18,446,744,073,709,551,616 64 
36,893,488,147,419,103,232 65 
73,786,976,294,838,206,464 66 

147,573,952,589,676,412,928 67 

295,147,905,179,352,825,856 68 
590,295,810,358,705,651,712 69 

1,180,591,620,717,411,303,424 70 
2,361,183,241,434,822,606,848 71 

4,722,366,482,869,645,213,696 72 
9,444,732,965,739,290,427,392 73 

18,889,465,931,478,580,854,784 74 
37,778,931,862,957,161,709,568 75 

75,557,863,725,914,323,419,136 76 
151,115,727,451,828,646,838,272 77 
302,231,454,903,657,293,676,544 78 
604,462,909,807,314,587,353,088 79 

1,208,925,819,614,629,174,706,176 80 
2,417,851,639,229,258,349,412,352 81 
4,835,703,278,458,516,698,824,704 82 
9,671,406,556,917,033,397,649,408 83 

19,342,813,113,834,066,795,298,816 84 
38,685,626,227,668,133,590,597,632 85 
77,371,252,455,336,267,181,195,264 86 

154,742,504,910,672,534,362,390,528 87 

309,485,009,821,345,068,724,781,056 88 
618,970,019,642,690,137,449,562,112 89 

1,237,940,039,285,380,274,899,124,224 90 
2,475,880,078,570,760,549,798,248,448 91 

4,951,760,157,141,521,099,596,496,896 92 
9,903,520,314,283,042,199,192,993,792 93 

19,807,040,628,566,084,398,385,987,584 94 
39,614,081,257,132,168,796,771,975,168 95 

79,228,162,514,264,337,593,543,950,336 96 
158,456,325,028,528,675,187,087,900,672 97 
316,912,650,057,057,350,374,175,801,344 98 
633,825,300,114,114,700,748,351,602,688 99 

1,267,650,600,228,229,401,496,703,205,376 100 
2,535,301,200,456,458,802,993,406,410,752 101 
5,070,602,400,912,917,605,986,812,821,504 102 

10,141,204,801,825,835,211,973,625,643,008 103 

20,282,409,603,651,670,423,947,251,286,016 104 
40,564,819,207,303,340,847,894,502,572,032 105 
81,129,638,414,606,681,695,789,005,144,064 106 

162,259,276,829,213,363,391,578,010,288,128 107 

324,518,553,658,426,726,783,156,020,576,256 108 
649,037,107,316,853,453,566,312,041,152,512 109 

1,298,074,214,633,706,907,132,624,082,305,024 110 
2,596,148,429,267,413,814,265,248,164,610,048 111 

5,192,296,858,534,827,628,530,496,329,220,096 112 
10,384,593,717,069,655,257,060,992,658,440,192 113 
20,769,187,434,139,310,514,121,985,316,880,384 114 
41,538,374,868,278,621,028,243,970,633,760,768 115 

83,076,749,736,557,242,056,487,941,267,521,536 116 
166,153,499,473,114,484,112,975,882,535,043,072 117 
332,306,998,946,228,968,225,951,765,070,086,144 118 
664,613,997,892,457,936,451,903,530,140,172,288 119 

1,329,227,995,784,915,872,903,807,060,280,344,576 120 
2,658,455,991,569,831,745,807,614,120,560,689,152 121 
5,316,911,983,139,663,491,615,228,241,121,378,304 122 

10,633,823,966,279,326,983,230,456,482,242,756,608 123 

21,267,647,932,558,653,966,460,912,964,485,513,216 124 
42,535,295,865,117,307,932,921,825,928,971,026,432 125 
85,070,591,730,234,615,865,843,651,857,942,052,864 126 

170,141,183,460,469,231,731,687,303,715,884,105,728 127 

340,282,366,920,938,463,463,374,607,431,768,211,456 128 

Powers of 2 (Part 2 of 2) 

E-2 System/370 Principles of Operation 



The following tables aid in converting hexadecimal values 
to decimal values, or the reverse. 

Direct Conversion Table 

This table provides direct conversion of decimal and 
hexadecimal numbers in these ranges: 

Hexadecimal 
000 to FFF 

Decimal 
0000 to 4095 

To convert numbers outside these ranges, and to con­
vert fractions, use the hexadecimal and decimal conver­
sion tables that follow the direct conversion table in this 
Appendix. 

0 1 2 3 4 5 6 

00_ 0000 0001 0002 0003 0004 0005 0006 
01_ 0016 0017 0018 0019 0020 0021 0022 
02_ 0032 0033 0034 0035 0036 0037 0038 
03_ 0048 0049 0050 0051 0052 0053 0054 
04_ 0064 0065 0066 0067 0068 0069 0070 
05_ 0080 0081 0082 0083 0084 0085 0086 
06_ 0096 0097 0098 0099 0100 0101 0102 
07_ 0112 0113 0114 0115 0116 0117 0118 
08_ 0128 0129 0130 0131 0132 0133 0134 
09_ 0144 0145 0146 0147 0148 0149 0150 
OA_ 0160 0161 0162 0163 0164 0165 0166 
OB_ 0176 0177 0178 0179 0180 0181 0182 
OC_ 0192 0193 0194 0195 0196 0197 0198 
OD_ 0208 0209 0210 0211 0212 0213 0214 
OE_ 0224 0225 0226 0227 0228 0229 0230 
OF_ 0240 0241 0242 0243 0244 0245 0246 

10_ 0256 0257 0258 0259 0260 0261 0262 
1L 0272 0273 0274 0275 0276 0277 0278 
12_ 0288 0289 0290 0291 0292 0293 0294 
13_ 0304 0305 0306 0307 0308 0309 0310 
14_ 0320 0321 0322 0323 0324 0325 0326 
15_ 0336 0337 0338 0339 0340 0341 0342 
16_ 0352 0353 0354 0355 0356 0357 0358 
17_ 0368 0369 0370 0371 0372 0373 0374 
18_ 0384 0385 0386 0387 0388 0389 0390 
19_ 0400 0401 0402 0403 0404 0405 0406 
1A_ 0416 0417 0418 0419 0420 0421 0422 
1B_ 0432 0433 0434 0435 0436 0437 0438 
lC_ 0448 0449 0450 0451 0452 0453 0454 
ID_ 0464 0465 0466 0467 0468 0469 0470 
1E_ 0480 0481 0482 0483 0484 0485 0486 
1F_ 0496 0497 0498 0499 0500 0501 0502 

APPENDIX ~ HEXADECIMAL TABLES 

7 8 9 A B C D E F 

0007 0008 0009 0010 0011 0012 0013 0014 0015 
0023 0024 0025 0026 0027 0028 0029 0030 0031 
0039 0040 0041 0042 0043 0044 0045 0046 0047 
0055 0056 0057 0058 0059 0060 0061 0062 0063 
0071 0072 0073 0074 0075 0076 0077 0078 0079 
0087 0088 0089 0090 0091 0092 0093 0094 0095 
0103 0104 0105 0106 0107 0108 0109 0110 0111 
0119 0120 0121 0122 0123 0124 0125 0126 0127 
0135 0136 0137 0138 0139 0140 0141 0142 0143 
0151 0152 0153 0154 0155 0156 0157 0158 0159 
0167 0168 0169 0170 0171 0172 0173 0174 0175 
0183 0184 0185 0186 0187 0188 0189 0190 0191 
0199 0200 0201 0202 0203 0204 0205 0206 0207 
0215 0216 0217 0218 0219 0220 0221 0222 0223 
0231 0232 0233 0234 0235 0236 0237 0238 0239 
0247 0248 0249 0250 0251 0252 0253 0254 0255 

0263 0264 0265 0266 0267 0268 0269 0270 0271 
0279 0280 0281 0282 0283 0284 0285 0286 0287 
0295 0296 0297 0298 0299 0300 0301 0302 0303 
0311 0312 0313 0314 0315 0316 0317 0318 0319 
0327 0328 0329 0330 0331 0332 0333 0334 0335 
0343 0344 0345 0346 0347 0348 0349 0350 0351 
0359 0360 0361 0362 0363 0364 0365 0366 0367 
0375 0376 0377 0378 0379 0380 0381 0382 0383 
0391 0392 0393 0394 0395 0396 0397 0398 0399 
0407 0408 0409 0410 0411 0412 0413 0414 0415 
0423 0424 0425 0426 0427 0428 0429 0430 0431 
0439 0440 0441 0442 0443 0444 0445 0446 0447 
0455 0456 0457 0458 0459 0460 0461 0462 0463 
0471 0472 0473 0474 0475 0476 0477 0478 0479 
0487 0488 0489 0490 0491 0492 0493 0494 0495 
0503 0504 0505 0506 0507 0508 0509 0510 0511 

Appendix F. Hexadecimal Tables F-l 



0 1 2 3 4 5 6 7 8 9 A B C D E F 

20_ 0512 0513 0514 0515 0516 0517 0518 0519 0520 0521 0522 0523 0524 0525 0526 0527 
21_ 0528 0529 0530 0531 0532 0533 0534 0535 0536 0537 0538 0539 0540 0541 0542 0543 
22_ 0544 0545 0546 0547 0548 0549 0550 0551 0552 0553 0554 0555 0556 0557 0558 0559 
23_ 0560 0561 0562 0563 0564 0565 0566 0567 0568 0569 0570 0571 0572 0573 0574 0575 
24_ 0576 0577 0578 0579 0580 0581 0582 0583 0584 0585 0586 0587 0588 0589 0590 0591 
25_ 0592 0593 0594 0595 0596 0597 0598 0599 0600 0601 0602 0603 0604 0605 0606 0607 
26_ 0608 0609 0610 0611 0612 0613 0614 0615 0616 0617 0618 0619 0620 0621 0622 0623 
27_ 0624 0625 0626 0627 0628 0629 0630 0631 0632 0633 0634 0635 0636 0637 0638 0639 
28_ 0640 0641 0642 0643 0644 0645 0646 0647 0648 0649 0650 0651 0652 0653 0654 0655 
29_ 0656 0657 0658 0659 0660 0661 0662 0663 0664 0665 0666 0667 0668 0669 0670 0671 
2A_ 0672 0673 0674 0675 0676 0677 0678 0679 0680 0681 0682 0683 06'84 0685 0686 0687 
2B_ 0688 0689 0690 0691 0692 0693 0694 0695 0696 0697 0698 0699 0700 0701 0702 0703 
2C_ 0704 0705 0706 0707 0708 0709 0710 0711 0712 0713 0714 0715 0716 0717 0718 0719 
2D_ 0720 0721 0722 0723 0724 0725 0726 0727 0728 0729 0730 0731 0732 0733 0734 0735 
2E - 0736 0737 0738 0739 0740 0741 0742 0743 0744 0745 0746 0747 0748 0749 0750 0751 
2F_ 0752 0753 0754 0755 0756 0757 0758 0759 0760 0761 0762 0763 0764 0765 0766 0767 
30_ 0768 0769 0770 0771 0772 0773 0774 0775 0776 0777 0778 0779 0780 0781 0782 0783 
3L 0784 0785 0786 0787 0788 0789 0790 0791 0792 0793 0794 0795 0796 0797 0798 0799 
32_ 0800 0801 0802 0803 0804 0805 0806 0807 0808 0809 0810 0811 0812 0813 0814 0815 
33_ 0816 0817 0818 0819 0820 0821 0822 0823 0824 0825 0826 0827 0828 0829 0830 0831 
34_ 0832 0833 0834 0835 0836 0837 0838 0839 0840 0841 0842 0843 0844 0845 0846 0847 
35_ 0848 0849 0850 0851 0852 0853 0854 0855 0856 0857 0858 0859 0860 0861 0862 0863 
36_ 0864 0865 0866 0867 0868 0869 0870 0871 0872 0873 0874 0875 0876 0877 0878 0879 
37_ 0880 0881 0882 0883 0884 0885 0886 0887 0888 0889 0890 0891 0892 0893 0894 0895 
38_ 0896 0897 0898 0899 0900 0901 0902 0903 0904 0905 0906 0907 0908 0909 0910 0911 
39_ 0912 0913 0914 0915 0916 0917 0918 0919 0920 0921 0922 0923 0924 0925 0926 0927 
3A_ 0928 0929 0930 0931 0932 0933 0934 0935 0936 0937 0938 0939 0940 0941 0942 0943 
3B_ 0944 0945 0946 0947 0948 0949 0950 0951 0952 0953 0954 0955 0956 0957 0958 0959 
3C_ 0960 0961 0962 0963 0964 0965 0966 0967 0968 0969 0970 0971 0972 0973 0974 0975 
3D_ 0976 0977 0978 0979 0980 0981 0982 0983 0984 0985 0986 0987 0988 0989 0990 0991 
3E_ 0992 0993 0994 0995 0996 0997 0998 0999 1000 1001 1002 1003 1004 1005 1006 1007 
3F_ 1008 1009 1010 1011 1012 1013 1014 1015 1016 1017 1018 1019 1020 1021 1022 1023 

0 1 2 3 4 5 6 7 8 9 A B C D E F 

40_ 1024 1025 1026 1027 1028 1029 1030 1031 1032 1033 1034 1035 1036 1037 1038 1039 
4L 1040 1041 1042 1043 1044 1045 1046 1047 1048 1049 1050 1051 1052 1053 1054 1055 
42_ 1056 1057 1058 1059 1060 1061 1062 1063 1064 1065 1066 1067 1068 1069 1070 1071 
43_ 1072 1073 1074 1075 1076 1077 1078 1079 1080 1081 1082 1083 1084 1085 1086 1087 
44_ 1088 1089 1090 1091 1092 1093 1094 1095 1096 1097 1098 1099 1100 1101 1102 1103 
45_ 1104 1105 1106 1107 1108 1109 lllO 1111 1112 1113 1114 1115 Ill6 1117 1118 1119 
46_ 1120 1121 1122 1123 1124 1125 1126 1127 1128 1129 1130 1131 1132 1133 1134 1135 
47_ 1136 1137 1138 1139 1140 1141 1142 1143 1144 1145 1146 1147 1148 1149 1150 1151 
48_ 1152 1153 1154 1155 1156 1157 1158 1159 1160 1161 1162 1163 1164 1165 1166 1167 
49_ 1168 1169 1170 1171 1172 1173 1174 1175 1176 1177 1178 1179 1180 1181 1182 1183 
4A_ 1184 1185 1186 1187 ll88 1189 1190 1191 1192 1193 1194 1195 ll96 1197 1198 1199 
4B_ 1200 1201 1202 1203 1204 1205 1206 1207 1208 1209 1210 1211 1212 1213 1214 1215 
4C_ 1216 1217 1218 1219 1220 1221 1222 1223 1224 1225 1226 1227 1228 1229 1230 1231 
4D_ 1232 1233 1234 1235 1236 1237 1238 1239 1240 1241 1242 1243 1244 1245 1246 1247 
4E_ 1248 1249 1250 1251 1252 1253 1254 1255 1256 1257 1258 1259 1260 1261 1262 1263 
4F_ 1264 1265 1266 1267 1268 1269 1270 1271 1272 1273 1274 1275 1276 1277 1278 1279 
50_ 1280 1281 1282 1283 1284 1285 1286 1287 1288 1289 1290 1291 1292 1293 1294 1295 
5L 1296 1297 1298 1299 1300 1301 1302 1303 1304 1305 1306 1307 1308 1309 1310 1311 
52_ 1312 1313 1314 1315 1316 1317 1318 1319 1320 1321 1322 1323 1324 1325 1326 1327 
53_ 1328 1329 1330 1331 1332 1333 1334 1335 1336 1337 1338 1339 1340 1341 1342 1343 
54_ 1344 1345 1346 1347 1348 1349 1350 1351 1352 1353 1354 1355 1356 1357 1358 1359 
55_ 1360 1361 1362 1363 1364 1365 1366 1367 1368 1369 1370 1371 1372 1373 1374 1375 
56_ 1376 1377 1378 1379 1380 1381 1382 1383 1384 1385 1386 1387 1388 1389 1390 1391 
57_ 1392 1393 1394 1395 1396 1397 1398 1399 1400 1401 1402 1403 1404 1405 1406 1407 
58_ 1408 1409 1410 1411 1412 1413 1414 1415 1416 1417 1418 1419 1420 1421 1422 1423 
59_ 1424 1425 1426 1427 1428 1429 1430 1431 1432 1433 1434 1435 1436 1437 1438 1439 
5A_ 1440 1441 1442 1443 1444 1445 1446 1447 1448 1449 1450 1451 1452 1453 1454 1455 
5B_ 1456 1457 1458 1459 1460 1461 1462 1463 1464 1465 1466 1467 1468 1469 1470 1471 
5C_ 1472 1473 1474 1475 1476 1477 1478 1479 1480 1481 1482 1483 1484 1485 1486 1487 
5D_ 1488 1489 1490 1491 1492 1493 1494 1495 1496 1497 1498 1499 1500 1501 1502 1503 
5E_ 1504 1505 1506 1507 1508 1509 1510 1511 1512 1513 1514 1515 1516 1517 1518 1519 
5F_ 1520 1521 1522 1523 1524 1525 1526 1527 1528 1529 1530 1531 1532 1533 1534 1535 

F-2 System/370 Principles of Operation 



0 1 2 3 4 5 6 7 8 9 A B C D E F 

60_ 1536 1537 1538 1539 1540 1541 1542 1543 1544 1545 1546 1547 1548 1549 1550 1551 
61_ 1552 1553 1554 1555 1556 1557 1558 1559 1560 1561 1562 1563 1564 1565 1566 1567 
62_ 1568 1569 1570 1571 1572 1573 1574 1575 1576 1577 1578 1579 1580 1581 1582 1583 
63_ 1584 1585 1586 1587 1588 1589 1590 1591 1592 1593 1594 1595 1596 1597 1598 1599 
64_ 1600 1601 1602 1603 1604 1605 1606 1607 1608 1609 1610 1611 1612 1613 1614 1615 
65_ 1616 1617 1618 1619 1620 1621 1622 1623 1624 1625 1626 1627 1628 1629 1630 1631 
66_ 1632 1633 1634 1635 1636 1637 1638 1639 1640 1641 1642 1643 1644 1645 1646 1647 
67_ 1648 1649 1650 1651 1652 1653 1654 1655 1656 1657 1658 1659 1660 1661 1662 1663 
68_ 1664 1665 1666 1667 1668 1669 1670 1671 1672 1673 1674 1675 1676 1677 1678 1679 
69_ 1680 1681 1682 1683 1684 1685 1686 1687 1688 1689 1690 1691 1692 1693 1694 1695 
6~ 1696 1697 1698 1699 1700 1701 1702 1703 1704 1705 1706 1707 1708 1709 1710 1711 
68_ 1712 1713 1714 1715 1716 1717 1718 1719 1720 1721 1722 1723 1724 1725 1726 1727 
6C_ 1728 1729 1730 1731 1732 1733 1734 1735 1736 1737 1738 1739 1740 1741 1742 1743 
6D_ 1744 1745 1746 1747 1748 1749 1750 1751 1752 1753 1754 1755 1756 1757 1758 1759 
6E_ 1760 1761 1762 1763 1764 1765 1766 1767 1768 1769 1770 1771 1772 1773 1774 1775 
6F_ 1776 1777 1778 1779 1780 1781 1782 1783 1784 1785 1786 1787 1788 1789 1790 1791 
70_ 1792 1793 1794 1795 1796 1797 1798 1799 1800 1801 1802 1803 1804 1805 1806 1807 
7L 1808 1809 1810 1811 1812 1813 1814 1815 1816 1817 1818 1819 1820 1821 1822 1823 
72_ 1824 1825 1826 1827 1828 1829 1830 1831 1832 1833 1834 1835 1836 1837 1838 1839 
73_ 1840 1841 1842 1843 1844 1845 1846 1847 1848 1849 1850 1851 1852 1853 1854 1855 
74_ 1856 1857 1858 1859 1860 1861 1862 1863 1864 1865 1866 1867 1868 1869 1870 1871 
75_ 1872 1873 1874 1875 1876 1877 1878 1879 1880 1881 1882 1883 1884 1885 1886 1887 
76_ 1888 1889 1890 1891 1892 1893 1894 1895 1896 1897 1898 1899 1900 1901 1902 1903 
77_ 1904 1905 1906 1907 1908 1909 1910 1911 1912 1913 1914 1915 1916 1917 1918 1919 
78_ 1920 1921 1922 1923 1924 1925 1926 1927 1928 1929 1930 1931 1932 1933 1934 1935 
79_ 1936 1937 1938 1939 1940 1941 1942 1943 1944 1945 1946 1947 1948 1949 1950 1951 
7A_ 1952 1953 1954 1955 1956 1957 1958 1959 1960 1961 1962 1963 1964 1965 1966 1967 
7B_ 1968 1969 1970 1971 1972 1973 1974 1975 1976 1977 1978 1979 1980 198.1 1982 1983 
7C_ 1984 1985 1986 1987 1988 1989 1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 
7D_ 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 
7E_ 2016 2017 2018 2019 2020 2021 2022 2023 2024 2025 2026 2027 2028 2029 2030 2031 
7F_ 2032 2033 2034 2035 2036 2037 2038 2039 2040 2041 2042 2043 2044 2045 2046 2047 

0 1 2 3 4 5 6 7 8 9 A B C D E F 

80_ 2048 2049 2050 2051 2052 2053 2054 2055 2056 2057 2058 2059 2060 2061 2062 2063 
81_ 2064 2065 2066 2067 2068 2069 2070 2071 2072 2073 2074 2075 2076 2077 2078 2079 
82_ 2080 2081 2082 2083 2084 2085 2086 2087 2088 2089 2090 2091 2092 2093 2094 2095 
83_ 2096 2097 2098 2099 2100 2101 2102 2103 2104 2105 2106 2107 2108 2109 2110 2111 
84_ 2112 2113 2114 2115 2116 2117 2118 2119 2120 2121 2122 2123 2124 2125 2126 2127 
85_ 2128 2129 2130 2131 2132 2133 2134 2135 2136 2137 2138 2139 2140 2141 2142 2143 
86_ 2144 2145 2146 2147 2148 2149 2150 2151 2152 2153 2154 2155 2156 2157 2158 2159 
87_ 2160 2161 2162 2163 2164 2165 2166 2167 2168 2169 2170 2171 2172 2173 2174 2175 
88_ 2176 2177 2178 2179 2180 2181 2182 2183 2184 2185 2186 2187 2188 2189 2190 2191 
89_ 2192 2193 2194 2195 2196 2197 2198 2199 2200 2201 2202 2203 2204 2205 2206 2207 
8A_ 2208 2209 2210 2211 2212 2213 2214 2215 2216 2217 2218 2219 2220 2221 2222 2223 
8B_ 2224 2225 2226 2227 2228 2229 2230 2231 2232 2233 2234 2235 2236 2237 2238 2239 
8C_ 2240 2241 2242 2243 2244 2245 2246 2247 2248 2249 2250 2251 2252 2253 2254 2255 
8D_ 2256 2257 2258 2259 2260 2261 2262 2263 2264 2265 2266 2267 2268 2269 2270 2271 
8E_ 2272 2273 2274 2275 2276 2277 2278 2279 2280 2281 2282 2283 2284 2285 2286 2287 
8F_ 2288 2289 2290 2291 2292 2293 2294 2295 2296 2297 2298 2299 2300 2301 2302 2303 
90_ 2304 2305 2306 2307 2308 2309 2310 2311 2312 2313 2314 2315 2316 2317 2318 2319 
9L 2320 2321 2322 2323 2324 2325 2326 2327 2328 2329 2330 2331 2332 2333 2334 2335 
92_ 2336 2337 2338 2339 2340 2341 2342 2343 2344 2345 2346 2347 2348 2349 2350 2351 
93_ 2352 2353 2354 2355 2356 2357 2358 2359 2360 2361 2362 2363 2364 2365 2366 2367 
94_ 2368 2369 2370 2371 2372 2373 2374 2375 2376 2377 2378 2379 2380 2381 2382 2383 
95_ 2384 2385 2386 2387 2388 2389 2390 2391 2392 2393 2394 2395 2396 2397 2398 2399 
96_ 2400 2401 2402 2403 2404 2405 2406 2407 2408 2409 2410 2411 2412 2413 2·<tl4 2415 
97_ 2416 2417 241,8 2419 2420 2421 2422 2423 2424 2425 2426 2427 2428 2429 2430 2431 
98_ 2432 2433 2434 2435 2436 2437 2438 2439 2440 2441 2442 2443 2444 2445 2446 2447 
99_ 2448 2449 2450 2451 2452 2453 2454 2455 2456 2457 2458 2459 2460 2461 2462 2463 
9A_ 2464 2465 2466 2467 2468 2469 2470 2471 2472 2473 2474 2475 2476 2477 2478 2479 
9B_ 2480 2481 2482 2483 2484 2485 2486 2487 2488 2489 2490 2491 2492 2493 2494 2495 
9C_ 2496 2497 2498 2499 2.500 2501 2502 2503 2504 2505 2506 2507 2508 2509 2510 2511 
9D_ 2512 2513 2514 2515 2516 2517 2518 25·19 2520 2521 2522 2523 2524 2525 2526 2527 
9E_ 2528 2529 2530 2531 2532 2533 2534 2535 2536 2537 2538 2539 2540 2541 2542 2543 
9F_ 2544 2545 2546 2547 2548 2549 2550 2551 2552 2553 2554 2555 2556 2557 2558 2559 
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0 1 2 3 4 5 6 7 8 9 A B C D E F 

AO_ 2560 2561 2562 2563 2564 2565 2566 2567 2568 2569 2570 2571 2572 2573 2574 2575 
AL 2576 2577 2578 2579 2580 2581 2582 2583 2584 2585 2586 2587 2588 2589 2590 2591 
A2_ 2592 2593 2594 2595 2596 2597 2598 2599 2600 2601 2602 2603 2604 2605 2606 2607 
A3 - 2608 2609 2610 2611 2612 2613 2614 2615 2616 2617 2618 2619 2620 2621 2622 2623 
A4 2624 - 2625 2626 2627 2628 2629 2630 2631 2632 2633 2634 2635 2636 2637 2638 2639 
A5_ 2640 2641 2642 2643 2644 2645 2646 2647 2648 2649 2650 2651 2652 2653 2654 2655 
A6_ 2656 2657 2658 2659 2660 2661 2662 2663 2664 2665 2666 2667 2668 2669 2670 2671 
A7 - 2672 2673 2674 2675 2676 2677 2678 2679 2680 2681 2682 2683 2684 2685 2686 2687 
A8 __ 2688 2689 2690 2691 2692 2693 2694 2695 2696 2697 2698 2699 2700 2701 2702 2703 
A9_ 2704 2705 2706 2707 2708 2709 2710 2711 2712 2713 2714 2715 2716 2717 2718 2719 
AA - 2720 2721 2722 2723 2724 2725 2726 2727 2728 2729 2730 2731 2732 2733 2734 2735 
AB_ 2736 2737 2738 2739 2740 2741 2742 2743 2744 2745 2746 2747 2748 2749 2750 2751 
AC_ 2752 2753 2754 2755 2756 2757 2758 2759 2760 2761 2762 2763 2764 2765 2766 2767 
AD - 2768 2769 2770 2771 2772 2773 2774 2775 2776 2777 2778 2779 2780 2781 2782 2783 
AE - 2784 2785 2786 2787 2788 2789 2790 2791 2792 2793 2794 2795 2796 2797 2798 2799 
AF - 2800 2801 2802 2803 2804 2805 2806 2807 2808 2809 2810 2811 2812 2813 2814 2815 
BO_ 2816 2817 2818 2819 2820 2821 2822 2823 2824 2825 2826 2827 2828 2829 2830 2831 
Bl - 2832 2833 2834 2835 2836 2837 2838 2839 2840 2841 2842 2843 2844 2845 2846 2847 
B2 - 2848 2849 2850 2851 2852 2853 2854 2855 2856 2857 2858 2859 2860 2861 2862 2863 
B3 - 2864 2865 2866 2867 2868 2869 2870 2871 2872 2873 2874 2875 2876 2877 2878 2879 
B4 - 2880 2881 2882 2883 2884 2885 2886 2887 2888 2889 2890 2891 2892 2893 2894 2895 
B5 - 2896 2897 2898 2899 2900 2901 2902 2903 2904 2905 2906 2907 2908 2909 2910 2911 
B6 - 2912 2913 2914 2915 2916 2917 2918 2919 2920 2921 2922 2923 2924 2925 2926 2927 
B7 - 2928 2929 2930 2931 2932 2933 2934 2935 2936 2937 2938 2939 2940 2941 2942 2943 
B8 - 2944 2945 2946 2947 2948 2949 2950 2951 2952 2953 29.54 2955 2956 2957 2958 2959 
B9_ 2960 2961 2962 2963 2964 296.5 2966 2967 2968 2969 2970 2971 2972 2973 2974 2975 
BA - 2976 2977 2978 2979 2980 2981 2982 2983 2984 2985 2986 2987 2988 2989 2990 2991 
BB - 2992 2993 2994 2995 2996 2997 2998 2999 3000 3001 3002 3003 3004 3005 3006 3007 
BC_ 3008 3009 3010 3011 3012 3013 3014 3015 3016 3017 3018 3019 3020 3021 3022 3023 
BD - 3024 3025 3026 3027 3028 3029 3030 3031 3032 3033 3034 3035 3036 3037 3038 3039 
BE - 3040 3041 3042 3043 3044 3045 3046 3047 3048 3049 3050 3051 30.52 3053 3054 3055 
BF 3056 3057 3058 3059 3060 3061 3062 3063 3064 3065 3066 3067 3068 3069 3070 3071 

0 1 2 3 4 5 6 7 8 9 A B C D E F 

CO - 3072 3073 3074 3075 3076 3077 3078 3079 3080 3081 3082 3083 3084 3085 3086 3087 
Cl - 3088 3089 3090 3091 3092 3093 3094 3095 3096 3097 3098 3099 3100 3101 3102 3103 
C2_ 3104 310.5 3106 3107 3108 3109 3110 3111 3112 3113 3114 3115 3116 3117 3118 3119 
C3 - 3120 3121 3122 3123 3124 3125 3126 3127 3128 3129 3130 3131 3132 3133 3134 3135 
C4_ 3136 3137 3138 3139 3140 3141 3142 3143 3144 3145 3146 3147 3148 3149 3150 3151 
C5_ 31.52 3153 3154 3155 3156 3157 3158 3159 3160 3161 3162 3163 3164 3165 3166 3167 
C6 - 3168 3169 3170 3171 3172 3173 3174 3175 3176 3177 3178 3179 3180 3181 3182 3183 
C7 - 3184 3185 3186 3187 3188 3189 3190 3191 3192 3193 3194 3195 3196 3197 3198 3199 
C8_ 3200 3201 3202 3203 3204 3205 3206 3207 3208 3209 3210 3211 3212 3213 3214 3215 
C9_ 3216 3217 3218 3219 3220 3221 3222 3223 3224 3225 3226 3227 3228 3229 3230 3231 
CA - 3232 3233 3234 323.5 3236 3237 3238 3239 3240 3241 3242 3243 3244 3245 3246 3247 
CB - 3248 3249 3250 3251 32.52 3253 3254 3255 32.56 3257 3258 3259 3260 3261 3262 3263 
CC - 3264 3265 3266 3267 3268 3269 3270 3271 3272 3273 3274 3275 3276 3277 3278 3279 
CD - 3280 3281 3282 3283 3284 3285 3286 3287 3288 3289 3290 3291 3292 3293 3294 3295 
CE -- 3296 3297 3298 3299 3300 3301 3302 3303 3304 3305 3306 3307 3308 3309 3310 3311 
CF - 3312 3313 3314 3315 3316 3317 3318 3319 3320 3321 3322 3323 3324 3325 3326 3327 
DO - 3328 3329 3330 3331 3332 3333 3334 3335 3336 3337 3338 3339 3340 3341 3342 3343 
Dl 3344 334.5 3346 3347 3348 3349 3350 33.51 33.52 33.53 3354 3355 3356 3357 3358 3359 
D2 - 3360 3361 3362 3363 3364 3365 3366 3367 3368 3369 3370 3371 3372 3373 3374 3375 
D3 - 3376 3377 3378 3379 3380 3381 3382 3383 3384 3385 3386 3387 3388 3389 3390 3391 
D4_ 3392 3393 3394 3395 3396 3397 3398 3399 3400 3401 3402 3403 3404 3405 3406 3407 
D5 - 3-408 3409 3410 3411 3412 3413 3414 3415 3416 3417 3418 3419 3420 3421 3422 3423 
D6_ 3424 3425 3426 3427 3428 3429 3430 3431 3432 3433 3434 3435 3436 3437 3438 3439 
D7 - 3440 3441 3442 3443 3444 3445 3446 3447 3448 3449 3450 3451 3452 3453 3454 3455 
D8 - 3456 3457 3458 3459 3460 3461 3462 3463 3464 3465 3466 3467 3468 3469 3470 3471 D9_ 3472 3473 3474 3475 3476 3477 3478 3479 3480 3481 3482 3483 3484 3485 3486 3487 DA - 3488 3489 3490 3491 3492 3493 3494 3495 3496 3497 3498 3499 3500 3501 3502 3503 DB - 3504 3505 3506 3507 3508 3509 3510 3511 3.512 3513 3514 3515 3516 3517 3518 3519 
DC 3520 3521 3522 3523 3524 3525 3526 3527 3528 3529 3530 3531 3.532 3533 3534 3535 DD - 3536 3537 3538 3539 3540 3541 3542 3543 3.544 3545 3546 3547 3548 3549 3550 3551 DE - 3552 3553 3554 3555 3556 3557 3558 3559 3560 3561 3562 3563 3564 3565 3566 3567 DF 3568 3569 3570 3571 3572 3573 3574 3575 3576 3577 3578 3579 3580 3581 3582 3583 
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EO_ 3584 3585 3586 3587 3588 3589 3590 3591 3592 3593 3594 3595 3596 3597 3598 3599 
EL 3600 3601 3602 3603 3604 3605 3606 3607 3608 3609 3610 3611 3612 3613 3614 3615 
E2_ 3616 3617 3618 3619 3620 3621 3622 3623 3624 3625 3626 3627 3628 3629 3630 3631 
E3_ 3632 3633 3634 3635 3636 3637 3638 3639 3640 3641 3642 3643 3644 3645 3646 3647 
E4_ 3648 3649 3650 3651 3652 3653 3654 3655 3656 3657 3658 3659 3660 3661 3662 3663 
E5_ 3664 3665 3666 3667 3668 3669 3670 3671 3672 3673 3674 3675 3676 3677 3678 3679 
E6_ 3680 3681 3682 3683 3684 3685 3686 3687 3688 3689 3690 3691 3692 3693 3694 3695 
E7_ 3696 3697 3698 3699 3700 3701 3702 3703 3704 3705 3706 3707 3708 3709 3710 3711 
E8_ 3712 3713 3714 3715 3716 3717 3718 3719 3720 3721 3722 3723 3724 3725 3726 3727 
E9_ 3728 3729 3730 3731 3732 3733 3734 3735 3736 3737 3738 3739 3740 3741 3742 3743 
EA_ 3744 3745 3746 3747 3748 3749 3750 3751 3752 3753 3754 3755 3756 3757 3758 3759 
EB_ 3760 3761 3762 3763 3764 3765 3766 3767 3768 3769 3770 3771 3772 3773 3774 3775 
EC_ 3776 3777 3778 3779 3780 3781 3782 3783 3784 3785 3786 3787 3788 3789 3790 3791 
ED_ 3792 3793 3794 3795 3796 3797 3798 3799 3800 3801 3802 3803 3804 3805 3806 3807 
EE_ 3808 3809 3810 3811 3812 3813 3814 3815 3816 3817 3818 3819 3820 3821 3822 3823 
EF_ 3824 3825 3826 3827 3828 3829 3830 3831 3832 3833 3834 3835 3836 3837 3838 3839 

FO_ 3840 3841 3842 3843 3844 3845 3846 3847 3848 3849 3850 3851 3852 3853 3854 3855 
Fl - 3856 3857 3858 3859 3860 3861 3862 3863 3864 3865 3866 3867 3868 3869 3870 3871 
F2 - 3872 3873 3874 3875 3876 3877 3878 3879 3880 3881 3882 3883 3884 3885 3886 3887 
F3 - 3888 3889 3890 3891 3892 3893 3894 3895 3896 3897 3898 3899 3900 3901 3902 3903 
F4_ 3904 3905 3906 3907 3908 3909 3910 3911 3912 3913 3914 3915 3916 3917 3918 3919 
F5_ 3920 3921 3922 3923 3924 3925 3926 3927 3928 3929 3930 3931 3932 3933 3934 3935 
F6_ 3936 3937 3938 3939 3940 3941 3942 3943 3944 3945 3946 3947 3948 3949 3950 3951 
F7 - 3952 3953 3954 3955 3956 3957 3958 3959 3960 3961 3962 3963 3964 3965 3966 3967 
F8_ 3968 3969 3970 3971 3972 3973 3974 3975 3976 3977 3978 3979 3980 3981 3982 3983 
F9_ 3984 3985 3986 3987 3988 3989 3990 3991 3992 3993 3994 3995 3996 3997 3998 3999 
FA_ 4000 4001 4002 4003 4004 4005 4006 4007 4008 4009 4010 4011 4012 4()13 4014 4015 
FB_ 4016 4017 4018' 4019 4020 4021 4022 4023 4024 4025 4026 4027 4028 4029 4030 4031 
FC_ 4032 4033 4034 4035 4036 4037 4038 4039 4040 4041 4042 4043 4044 4045 4046 4047 
FD_ 4048 4049 4050 4051 4052 4053 4054 4055 4056 4057 4058 4059 4060 4061 4062 4063 
FE_ 4064 4065 4066 4067 4068 4069 4070 4071 4072 4073 4074 4075 4076 4077 4078 4079 
FF_ 4080 4081 4082 4083 4084 4085 4086 4087 4088 4089 4090 4091 4092 4093 4094 4095 
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Conversion Table: H~mtkc;1IUl1 and Decimal Integers 

HALFWORD 

BYTE BYTE 

BITS: 0123 4567 0123 4567 

Hex Decimal Hex Decimal Hex Decimal Hex Decimal 

0 0 9 0 0 0 0 0 
1 268 , 435 , 456 1 16,777,216 1 1,048,576 1 65,536 
2 531.,870,912 2 33,554,432 2 2,097,152 2 131,072 
3 R05 , 306 , 368 3 50 331 648 3 3,145,728 3 196608 
4 1,073,741 824 4 67 108 864 4 4,194 304 4 262,144 
5 1,342,177,280 5 83,886,080 5 5,242,880 5 327,680 
6 1,610,612,736 6 100,663,296 6 6,291,456 6 393,216 
7 1,8711,-048,19:2 7 117 440 512 7 7,340,032 7 458,752 
8 2,147,483,648 8 134,217 728 8 8,388,608 8 524,288 
9 ~,415,919, 104 9 150,994,944 9 9,437,184 9 589,824 
A 2,684,354,560 A 167,772,160 A 10,485,760 A 655,360 
B 2,952,790 016 B 184 549 376 B 11,534 336 B 720 896 
C 3,221,225,472 C 201 326 592 C 12,582 912 C 786 432 
0 3,489,660,928 0 218,103,808 0 13 631 488 0 851,968 
E 3,758,096,384 E 234,881,024 E 14,680,064 E 917,504 
F 14,026,531,840 F 251,658,240 F 15,728,640 F 983,040 

8 7 6 5 

TO CONVERT HEXADECIMAL TO DECIMAL 
EXAMPLE 

1. Locate the column of decimal numbers corresponding to Conversion of 
the left-most digit or letter of the hexadecimal; select Hexadecimal Value 
from this column and record the number that corresponds 
to the position of the hexadecimal digit or letter. 1. 0 

2. Repeat step 1 for the next (second from the left) 
2. 3 position. 

3. Repeat step 1 for the units (third from the left) 3. 4 
position. 

4. Add the numbers selected from the table to form the 4. Decimal 

decimal number. 

TO CONVERT DECIMAL TO HEXADECIMAL 
EXAMPLE 

1. (a) Select from the table the highest decimal number 
Conversion of that is equal to or less than the number to be CO;'l-
Decimal Value verted. 

(b) Record the hexadecimal of the column containing 
1. D the se lected number. 

(c) Subtract the selected decimal from the number to 
be converted. 

2. 3 
2. Using the remainder from step l(c} repeat all of step 1 

to develop the second position of the hexadecimal 
(and a remainder) . 3. 4 

3. Using the remainder from step 2 repeat all of step 1 to 
4. Hexadecimal 

develop the units position of the hexadecimal. 

4. Combine terms to form the hexadecimal number. 

POWERS OF 16 TABLE 

Example: 268,435,45610 = (2.68435456 x 108)10 = 1000 0000 16 = (107)16 

16n 

1 0 
16 1 

256 2 
4 096 3 

65 536 4 
1 048 576 5 

16 m 216 6 
268 435 456 7 

4 294 967 296 8 
68 719 476 736 9 

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

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

72 057 594 037 927 936 14", E 

,1 152 921 504 606 846 976 15,/' F 
v 

Decimal Values 
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Hex 

0 
1 
2 
3 
4 
5 
6 
7 
8 
9 
A 
B 
C 
0 
E 
F 

034 

3328 

48 

4 

3380 

3380 

-3328 
~ 

~ 
4 

-4 

D34 

HALFWORD 

BYTE BYTE 

0123 4567 0123 4567 

Decimal Hex Decimal Hex Decimal Hex Decimal 

0 0 0 0 0 0 0 
4,096 1 256 1 16 1 1 
8,192 2 512 2 32 2 2 

12,288 3 -m 3 48 3 3 
16 384 4 1.024 4 64 4 4 
20,480 5 1,280 5 80 5 5 
24,576 6 1,536 6 96 6 6 
28672 7 1,792 7 112 7 7 
32 768 8 2.048 8 128 8 8 
36,864 9 2,304 9 144 9 9 
40.960 A 2,560 A 160 A 10 
45 056 B 2 816 B 176 B 11 
49 152 C 3.072 C 192 C 12 
53,248 0 3,328 0 208 0 13 
57,344 E 3,584 E 224 E 14 
61,440 F 3;840 F -m- F 15 

4 3 2 1 

Ta convert integer numbers greater than the capacity of 
table, use the techniques below: 

HEXADECIMAL TO DECIMAL 

Successive cumulative multiplication from left to right, 
adding units pasition. 

Example: 03416 = 338010 

DECIMAL TO HEXADECIMAL 

0= 13 

~ 
208 

3 = + 3 
2t1 
x16 

3376 
4= +4 

3380 

Divide and collect the remainder in reverse order. 



Conversion Table: Hexadecimal and Decimal Fractions 

BYTE 

BITS 0123 4567 

Hex Decimal Hex Decimal Hex 

.0 .0000 .00 .()()()() 0000 .000 .()()()() 

.1 .0625 .01 .0039 0625 .001 .0002 

.2 .1250 .02 .0078 1250 .002 .0004 

.3 .1875 .03 .0117 1875 .003 .0007 

.4 .2500 .04 .0156 2500 .004 .0009 

.5 .3125 .05 .0195 3125 .005 .0012 

.6 .3750 .06 .0234 3750 .006 .0014 

.7 .4375 .07 .0273 4375 .007 .0017 

.8 .5000 .08 .0312 5000 .008 .0019 

.9 .5625 .09 .0351 5625 .009 .0021 

.A .6250 .OA .0390 6250 .OOA .0024 

· B .6875 .OB .0429 6875 .OOB .0026 
.C .7500 .OC .0468 7500 .OOC .0029 
.D .8125 .00 .0507 8125 .000 .. 0031 

• E .8750 .OE .0546 8750 .OOE .0034 
• F .9375 .OF .0585 9375 .OOF .0036 

1 2 

TO CONVERT .ABC HEXADECIMAL TO DECIMAL 

Find.A in position I .6250 

Find .OB in position 2 .0429 6875 

Find .00<: in position 3 .0029 2968 7500 

. ABC Hex is equal to .6708 9843 7500 

TO CONVERT .13 DECIMAL TO HEXADECIMAL 

HALFWORD 

3 

BYTE 

0123 4567 

Decimal Hex Decimal Equivalent 

0000 
4414 
8828 
3242 
7656 
2070 
6484 
0898 
5312 
9726 
4140 
8554 
2968 
7382 
1796 
6210 

0000 .0000 .0000 0000 0000 0000 
0625 .0001 .0000 1525 8789 0625 
1250 .0002 .0000 3051 7578 1250 
1875 .0003 .0000 4577 6367 1875 
2500 .0004 .0000 6103 5156 2500 
3125 .0005 .0000 7629 3945 3125 
3750 .0006 .0000 9155 2734 3750 
4375 .0007 .0001 0681 1523 4375 
5000 .0008 .0001 2207 0312 5000 
5625 .0009 .0001 3732 9101 5625 
6250 .OOOA .0001 5258 7890 6250 
6875 .OOOB .0001 6784 6679 6875 
7500 .OOOC .0001 8310 5468 7500 
8125 .OOOD .0001 9836 4257 8125 
8750 .OOOE .0002 1362 3046 8750 
9375 .OOOF .0002 2888 1835 9375 

4 

To convert fractions beyond the capocity of table, use techniques below: 

HEXADECIMAL FRACTION TO DECIMAL 

Convert the hexodecimal fraction to its decimal equivalent using the same 
technique as for integer numbers. Divide the results by 16n (n is the 
number of fraction positions) . 
Example: .8A7 = .54077110 

8A716 = 2215 10 .540771 
163 = 4096 409612215 .000000 

1. Find .1250 next lowest to 
subtract 

.1300 
-.1250 = .2 Hex 

2. Find .0039 0625 next lowest to .0050 0000 
-.0039 0625 = .01 

3. Find.OOO9 7656 2500 .0010 9375 0000 
-.0009 7656 2500 = .004 

4. Find .0001 0681 1523 4375 .0001 1718 7500 ()()()() 
-.0001 0681 1523 4375 = .0007 

.0000 1037 5976 5625 = .2147 Hex 

5 .• 13 Decimal is approximately equal to _______ --J+ 

DECIMAL FRACTION TO HEXADECIMAL 

Collect integer ports of product in the order of colculation. 

Example: .540810 = .8A716 

.5408 

1
8 ~ 

A'-

7 .-

x16 
[].6528 

x16 
fi:QI.4448 

x16 
[].1l68 
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Hexadecimal Addition and Subtraction Table 

Exemple: 6 + 2 = 8, 8 - 2. 6, and 8 - 6 .. 2 

1 2 3 4 5 6 7 8 9 A B C 0 E F 

1 02 03 04 05 06 07 08 09 OA OB OC OD OE OF 10 

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

3 04 05 06 07 08 09 OA OB OC OD OE OF 10 11 12 

4 05 06 07 08 09 OA OB OC OD OE OF 10 11 12 13 

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

6 07 08 09 OA OB OC OD OE OF 10 11 12 13 14 15 

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

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

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

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

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

C OD OE OF 10 11 12 13 14 15 16 17 18 19 lA lB 

0 OE OF 10 11 12 13 14 15 16 17 18 19 lA 18 lC 

E OF 10 11 12 13 14 15 16 17 18 19 lA lB lC 10 

F 10 11 12 13 14 15 16 17 18 19 lA 18 lC 10 IE 

Hexadecimal Multiplication Table. 
Example: 2 x" = 08, F x 2 = IE 

1 2 3 4 5 6 7 8 9 A B C 0 E F 

1 01 02 03 04 05 06 07 08 09 OA OB oc 00 OE OF 

2 02 04 06 08 OA oc OE 10 12 14 16 18 lA lC IE 

3 03 06 09 oc OF 12 15 18 lB IE 21 24 27 2A 20 

4 04 08 oc 10 14 18 lC 20 24 28 2C 30 34 38 3C 

5 05 OA OF 14 19 IE 23 28 20 32 37 3C 41 46 4B 

6 06 oc 12 18 IE 24 2A 30 36 3C 42 48 4E 54 5A 

7 07 OE 15 lC 23 2A 31 38 3F 46 40 54 5B 62 69 

8 08 10 18 20 28 30 38 40 48 50 58 60 68 70 78 

9 09 12 lB 24 20 36 3F 48 51 5A 63 6C 75 7E 87 

A OA 14 IE 28 32 3C 46 SO SA 64 6E 78 82 8C 96 

B OB 16 21 2C 37 42 40 58 63 6E 79 84 8F 9A AS 

C oc 18 24 30 3C 48 54 60 6C 78 84 90 9C M '84 

0 OD lA 27 34 41 4E 5B 68 75 82 8F 9C A9 B6 C3 

E OE lC 2A 38 46 54 62 70 7E 8C 9A M B6 C4 02 

F OF IE 20 3C 4B SA 69 78 87 96 AS 84 C3 02 E1 
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APPENDIX ~ EBCDIC ~ 

EXTENDED BINARY-CODED-DECIMAl INTER­
CHANGE CODE (EBCDIC) 

The 256-position EBCDIC table shows 
graphic-character, control-character, 
and formatting-character representations 
for EBCDIC. The bit-position numbers, 
bit patterns, hexadecimal represent­
ations, and card-hole patterns for these 
and other possible EBCDIC characters are 
also shown. 

To find the card-hole pattern for most 
characters, partition the table into 
four blocks, as follows: 

1 3 

2 4 

Block 1 : Zone punches at top of table; 
digit punches at left 

Block 2: Zone punches at bottom of 
table; digit punches at left 

Block 3 : Zone punches at top of table; 
digit punches at right 

Block 4 : Zone punches at bottom of 
table; digit punches at right 

Fifteen positions in the table are 
exceptions to the above arrangement. 
Each such position is indicated by a 
circled number in the upper right corner 
of the box for that position. The 
card-hole patterns for these positions 
are shown beneath the table. 
Bit-position numbers, bit patterns, and 
hexadecimal representations for these 
positions are found in the usual manner. 
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The EBCDIC table shows 94 graphic· 
character positions. Some products have 
used an 88-character, 63-character, or 
62-character subset of these graphic 
characters. 

The 94-character set consists of all 
graphic characters shown in the EBCDIC 
table. This character set can be used 
for interchange with other systems; 
those systems may use codes, other than 
EBCDIC, which have 94 graphic 
characters. 

An 88-character set, that has been used 
consists of the 94-character set with 
the graphic characters at 6A, 79, AI, 
CO, DO, and EO hex omitted. This char­
acter set has been used for 44-key 
keyboard applications which require both 
uppercase and lowercase alphabetic char­
acters. 

A 63-character set that has been used 
consists of the---94-character set with 
the lowercase alphabetic characters 
omitted and with the graphic characters 
at 6A, 79, AI, CO, and DO hex omitted. 
This character set has been used for 
interchange with other systems; those 
systems may have used codes, other than 
EBCDIC, which have 63 graphic 
characters. 

A 62-character set that has been used 
consists of the 63-character set with 
the graphic character at EO hex omitted. 
This character set has been used for 
44-key keyboard applications which do 
not require lowercase alphabetic charac­
ters. 

Character 

SEL 
% 
R 
a 
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Thirteen positions (4A, 4F, SA, 5B, SF, 
6A, 79, 7B, 7C, AI, CO, DO, and EO hex) 
are defined in the table as Data Proc­
essing National Use positions. Each 
such position contains a shaded triangle 
in the top left corner of the box for 
that position. The graphic characters 
provided in these positions on printing 
and display devices may differ from one 
language to another or from one country 
to another. The characters provided for 
use in data-processing applications by 
the English (U.S.) version of EBCDIC are 
shown in the table. 

The other graphic characters shown in 
the EBCDIC table are provided for data­
processing applications in the English 
(U.S.) version of EBCDIC and in addi­
tional versions of EBCDIC in other 
languages which use a latin-based alpha­
bet. Products designed for data­
processing applications in a language 
which does not use a Latin-based alpha­
bet support character sets meeting the 
particular requirements of that 
language. 

Word-processing products normally 
support a character set slightly differ­
ent from the one shown in the table. 
Additionally, a number of application 
areas (such as printing and publishing, 
magnetic-ink character recognition, and 
some programming languages) also require 
unique character-set support. 

Some examples of the use of the EBCDIC 
table are shown in the following figure: 

Type 

Control Character 
Special Graphic 
Upper Case 
Lower Case 
Control Character, 
function not yet 
assigned 

Bit Pattern 

00000100 
01 101100 
11 01 1001 
10000001 
00 11 0000 

- ..J .. 
Bit Positions 
01 234567 

Hex Hole Pattern 

Zone Punches I Digit Punches 

04 12-91-4 
6C 01- 8 - 4 
09 111- 9 
81 12 - 01- 1 

' 30 12 - 11 - 0 - 91- 8 - 1 
I 
1 



I Bit Positions 0,1 

~~~--T---~----~--~--~--~--~----~--~----~--~---r---'---'----~ I Bit POlitions 2,3 
r-_4----r_---r----r_--4---~--_+--~----r_--~--~----~--~--_+--_4--~ :~ 

o 

1 

J 
] 

DC2 

DC3 

:~V 

NL 

BS 

pac 

CAN 

EM 

UBS 

CUI 

IFS 

IGS 

IRS 

FS SYN 

WUS IR 

BYP/ PP 
INP 

LF TRN 

ETB NBS 

ESC EaT 

SA SBS 

SFE IT 

SM/SW RFF 

CSP CU3 

MFA DC4 

ENQ NAK 

ACK 

~ar!! Hole Pottern. 

CD 12-0-9-8-1 CD 12-11-0-9-8-1 

~ 
12-11-9-8-1 CD No Punches 
11-0-9-8-1 CD 12 

Contra I Choracter Representotians 

ACK Acknow ledge E1X 
BEL Bell FF 
BS Backspace FS 
BYP/INP Bypass/lnhibi t Presentation GE 
CAN Cancel HT 
CR Carriage Return IFS 
CSP Contra I Sequence Prefix IGS 
CU1 Cu~tamer Use 1 IR 
CU3 Custamer Use 3 IRS 
DCl Devi ce Control 1 IT 
DC2 Device Control 2 IUS/ITB 
DC3 Devi ce Control 3 
OC4 Dev i ce Control 4 LF 
OEL D.I.te MFA 
OLE Data link Escape NAK 
OS Digit Select NBS 
EM End of Medium NL 
ENQ Enquiry NUL 
EO Eight Ones pac 
EaT End of Transmission 
ESC ElCace PP 
ETB End of Transmission Block RES/ENP 

RSP 

< % @ 

> 

CD 11 ® 
CD 12-11-0 

~ CD 12-0 12 

End of Text 
Farm Feed 
Field Separator 
Graphi c Escape 
Horizontal Tab 
Interchange Fi Ie Separator 
Interchange Group Separator 
Index Return 
Interchange Record Separator 
Indent Tab 
Interchange Unit Separator/ 
Intermediate Transmission Block 
Line Feed 
Modify Field Attribute 
Negative Acknowledge 
Numeri c Backspace 
New line 
Null 
Program-Operator 
Communi cotion 
Pre5enta tion Posi ti on 
Restore/Enable Presentation 

11-0 

0-8-2 

RFF 
RNL 
RPT 
SA 
SBS 
SEL 
SFE 
SI 
SM/SW 
SO 
SOH 
SOS 
SPS 
STX 
SUB 
SYN 
lRN 
UBS 
VT 
WUS 

® 
® 
@ 

0-1 

11-0-9-1 

12-11 

Required Form Feed 
Required New line 
Repeat 
Set Attribute 
Subscript 
s"1,,ct 
Start Field Extended 
Shift In 
Set Mode/Switch 
Shift Out 
Start of Heading 
Start of Signifi canc.e 
Superscript 
Start of Text 
Substi tute 
Synchronous Idle 
Transparent 
Uni t I!a ckspa ce 
Verti co I Tab 
Word Underscore 

C 

D M U 

N V 

o W 

G X 

H Q Y 

z 

SHY 

Formatting Choracter Representations 
NSP Numeric Space 
RSP Required Space 
SP Space 
SHY Syllable Hyphen 

Special Graphic Characters 

Cent Sign Comma 
Period, Decimcd Point ~o Percent 

< Less-than Sign Underscore 

Left Parenthesis > Greeter-than Sign 
Plus Sign Question Mark 

I Logical OR Grave Accent 
& Ampersand Colon 

Exclamation Point Number Sign 
Dalla. Sign @ At Sign 
Asterisk Prime, Apostrophe 
R:gl-.t Pore ... tl-..es:s Equal 5:g" 
Semicolon Quotation Mork 
Logical NOT Tilde 
Minus Sign, Hyphen Opening Brace 

/ Slash Closing Brace 
Vertical li ne Reverse Slant 
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APPENDIX ~ CHANGES AFFECTING COMPATIBILITY BETWEEN SYSTEM/360 AHD SYSTEM/370 

Removal of USASCII-8 Mode ••••••••••••••••••••••••••••••• H-1 
Operation Codes of 110 Instructions ••••••••••••••••••••• H-1 

Halt I/O ..••••.•••••••••••..•••••••••••••••••••••••••. H-1 
start 1/0 ..•.•.••.•.••••••.•••.•••••.••••••••••••••.•• H-1 
Test Channel ..•.•.•••••••••.••••••••.•••••••••••••.••• H-2 

Logout ..•.•...••....•.•••••••••••••••••••••..••••.••••.• H-2 
Command Retry ..••...•••••.••••••••••••.•••••••••..•••..• H-2 
Channel Prefetching .•••..•••••.•••••••.•••••••.••••••••. H-2 
Validity of Data ....••..•••..••••••••••••••••••••.•••••• H-2 

This appendix summarizes those changes 
included in the System/370 architecture 
that may affect whether or not a program 
written according to the System/360 
architecture will operate on models 
implementing the System/370 architecture 
described in this publication. Not 
included are descriptions of System/370 
functions which are compatible exten­
sions, that is, (1) those that are 
suppressed on initialization, such as 
block multiplexing, and (2) those that 
are specified in such a manner that they 
cause program exceptions on System/360, 
such as new instructions. 

REMOVAL OF USASCII-8 MODE 

System/360 provides for USASCII-8 by a 
mode under control of PSW bit 12. USAS­
CII-8 was a proposed zoned-decimal code 
that has since been rejected. When bit 
12 of the System/360 PSW is one, the 
preferred codes for USASCII-8 are gener­
ated for decimal results. When PSW bit 
12 is zero, the preferred codes for 
EBCDIC are generated. 

In System/370, the USASCII-8 mode and 
the associated meaning of PSW bit 12 are 
removed. In System/370, all 
instructions whose execution in 
System/360 depends on the setting of PSW 
bit 12 are executed generating the 
preferred codes for EBCDIC. 

Bit 12 of the PSW is 
System/370 as follows: 

handled in 

• 

• 

In models that do not have the 
translation facility installed, a 
one in PSW bit position 12 causes a 
program interruption for specifica­
tion exception. 

In models that have the translation 
facility installed, a one in PSW 
bit position 12 causes the CPU to 
operate in the extended-control 
(EC) mode. 

OPERATION CODES OF I/O INSTRUCTIONS 

In System/360, the operation codes of 
the four I/O instructions (HALT 1/0, 
START I/O, TEST CHANNEL, and TEST 1/0) 
are one byte in length, and bits 8-15 of 
the I/O instructions are ignored. In 
System/370, the operation codes of all 
I/O instructions are the first two bytes 
of the instruction. System/360 programs 
that execute I/O instructions in which 
any of bits 8-15 is not zero may perform 
a different function when executed on a 
System/370 CPU, as explained below. 

In System/370, HALT I/O (HIO) is 
assigned the operation code 9EOO hex and 
HALT DEVICE (HDV) the operation code 
9E01. Because bits 8-14 are ignored in 
both instructions, an instruction 
executed as HALT I/O in System/360 will 
still be executed as HALT I/O 1n 
System/370 if the third hex digit is any 
value and the fourth hex digit is an 
even value. However, in System/370, if 
bit 15 of the instruction is one, the 
function performed will be the HIO func­
tion or the HDV function, depending on 
the design of the channel. 

In System/370, START 110 is assigned the 
operation code 9COO and RESUME 1/0 is 
assigned the operation code 9C02. 
Therefore, an. instruction executed as 
START 110 in System/360 will be executed 
as RESUME 110 in System/370 if bits 8-15 
of the instruction contain the value 02 
hex and the suspend-and-resume facility 
is installed. When the suspend-and­
resume facility is installed, operation 

Changes Affecting Compatibility between System/360 and System/370 H-l 



codes in the range 9C03 through 9CFF 
cause an operation exception to be 
recognized. If the suspend-and-resume 
facility is not installed, bits 8-14 of 
the instruction are always ignored, and 
bit 15 is ignored when the block­
multiplexing-control bit (bit 0 of 
control register 0) is zero at the time 
the instruction is executed. 

Test Channel 

In System/370, TEST CHANNEL is assigned 
the operation code 9FOO and CLEAR CHAN­
NEL (CLRCH) the operation code 9F01 hex. 
Because bits 8-14 of the instruction are 
ignored in both instructions, an 
instruction executed as TEST CHANNEL in 
System/360 will still be executed as 
TEST CHANNEL in System/370 if the third 
hex digit is any value and the fourth 
hex digit is an even value. However, in 
System/370, if bTt15 of the instruction 
is one, the CLRCH function is performed 
if the recovery-extension facility is 
installed; otherwise, the TCH function 
is performed. 

LOGOUT 

In System/360, the logout area starts 
with location 128 and extends through as 
many locations as the given model 
requires. Portions of this area are 
used for machine-check logout, and other 
portions may be used for channel logout. 
While no limit is set on the size of the 
logout area, the extent of the area used 
on most System/360 models is less than 
that stored by a comparable System/370 
model. 

On System/370, the machine-check inter­
ruption causes information to be stored 
at locations 216-239, 244-255, and 
352-511. Additionally, the model may 
store logout information in the fixed­
logout area, locations 256-351, and the 
model may also have a machine-check 
extended-logout (MCEL) area, which, on 
initialization, is specified to start at 
location 512. Channels may place logout 
information in the limited channel 
logout area, locations 176-179, and in 
the fixed-logout area, locations 
256-351. 

In System/360, logout is not permitted 
on data check. System/370 permits 
logout to occur when the channel causes 
an I/O interruption with the data-check 
indication. 

H-2 System/370 Principles of Operation 

COMMAND RETRY 

System/370 channels may provide command 
retry, whereby the channel, in response 
to a signal from the device, can retry 
the execution of a channel command. 
Since I/O devices announced prior to 
System/370 do not signal for command 
retry, no problem of compatibility 
exists on these devices. However, some 
new devices, which would otherwise be 
compatible with former devices, do 
signal for command retry. 

The effects of command retry usually are 
not significant; however, the following 
is a list of some of the differences 
which command retry can cause: 

1. An immediate command specifying no 
chaining may result in setting 
condition code 0 rather than condi­
tion code 1. 

2. Multiple PCI interruptions may be 
generated for a single CCW with the 
PCI flag. 

3. Since CCWs may be refetched, 
programs which dynamically modify 
CCWs may be affected. 

4. The residual count in the CSW 
reflects only the Ivst execution of 
the command and does not necessar­
ily reflect the maximum storage 
used in previous executions. 

CHANNEL PREFETCHING 

In System/360, on an output operation, 
as many as 16 bytes may be prefetched 
and buffered; similarly, with data 
chaining specified, the channel may 
prefetch the new CCW when up to 16 bytes 
remain to be transferred under control 
of the current CCW. In System/370, the 
restriction of 16 bytes is removed. 

VALIDITY OF DATA 

In System/360, the contents of main 
storage are preserved when power is 
turned off. In System/370, because main 
storage may be volatile or nonvolatile, 
the program must not depend on the 
validity of data in main storage after 
system power has been lost or turned off 
and then restored. 
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READ DIRECT and WRITE DIRECT •••••.••...•••.•...•.••.••.. 1-1 
Store Accesses ..•.........•...•.•.••.................... 1-1 
Fetch Accesses ..•.........••••..••••...•••..•.....•..... 1-1 
Operand-Access Consistency •••.......••.•..•..•••••.•.... 1-2 
Change Bit ........................•..••.•......•••.••... 1-2 
Subchannel Interruption-Pending state ...•............... 1-2 
START I/O and START I/O FAST RELEASE .................... 1-2 

This appendix summarizes those changes 
included in the System/370 architecture 
that may affect whether or not a program 
written according to the original 
System/370 architecture will operate on 
models implementing the architecture 
described in this publication. Not 
included here are descriptions of 
compatible extensions, such as new 
facilities incorporated in System/370 
that make use of unassigned operation 
codes and formats. 

READ DIRECT AND WRITE DIRECT 

When the instruction INVALIDATE PAGE 
TABLE ENTRY is installed, the following 
changes apply: 

• Both READ DIRECT and WRITE DIRECT 
are changed to use real instead of 
logical addresses. 

• Program-event recording does not 
apply to the storage alteration 
performed by READ DIRECT. 

STORE ACCESSES 

The following changes are made as to 
when an access to storage for storing 
can take place. 

• When the execution of the instruc­
tion is nullified or suppressed 
because of certain program 
exceptions, an interlocked-update 
reference may occur at the operand 
location. Originally no storage 
access was permitted. In some of 
these situations, the channel may 
observe intermediate results which 
differ from the final result. See 
the section "Exceptions to Nullifi­
cation and Suppression" in Chapter 
5, "Program Execution." 

• 

• 

• 

When the mask in STORE CHARACTERS 
UNDER MASK i s zero, an 
interlocked-update reference may 
occur at the byte location desig­
nated by the operand address. 
Originally no storage access was 
permitted. 

When the result of comparison in 
COMPARE AND SWAP or COMPARE DOUBLE 
AND SWAP is unequal, an 
interlocked-update reference may 
occur at the operand location. 
Originally no storage access was 
permitted. 

When the result of the store opera­
tion is defined to be 
unpredictable, such as for STORE 
CLOCK with the clock in the error 
state, the store access may be 
omitted. 

Whether or not a store access takes 
place is visible to the program in four 
ways: an access exception may be indi­
cated, the change bit may be set, a PER 
storage-alteration event may be indi­
cated, and, for stores that are part of 
an interlocked-update reference, the 
channel may observe the distinct 
accesses for fetching and storing. The 
fetch and store parts of an 
interlocked-update reference appear 
interlocked to other CPUs. 

FETCH ACCESSES 

Originally the definition required that, 
with the exception of some compare 
instructions, access exceptions on 
fetching be indicated for the unused 
portion of an operand. The changed 
definition permits the indication of the 
access exception for the unused parts to 
be unpredictable, except that an access 
exception still must be indicated for 
TEST UNDER MASK, INSERT CHARACTERS UNDER 
MASK, and COMPARE LOGICAL CHARACTERS 
UNDER MASK when the mask is zero. 

Changes Affecting Compatibility within System/370 I-I 



OPERAND-ACCESS CONSISTENCY 

Originally the access for the operand of 
LOAD MULTIPLE was specified to be 
doubleword-concurrenti that is, all 
bytes within a doubleword appear to all 
CPUs to be accessed concurrently. This 
definition is changed to require double­
word concurrency only if the operand is 
designated on a word boundary. 

The restriction is removed that, during 
the padding portion of a MOVE LONG 
execution, another CPU can observe the 
operand to be stored only once and only 
in the left-to-right sequence. 

CHANGE BIT 

Originally the System/370 architecture 
specified that the change bit be set to 
one each time information is stored in 
the corresponding storage block. This 
definition is changed as follows: 

• The change bit now is necessarily 
set to one only when the contents 
of the corresponding storage block 
are changed. In situations where 
execution of the instruction can be 
completed without making a store 
access, such as in MOVE (MVC) with 
coincident operands or in OR (01) 
with an immediate operand of zeros, 
the change bit may be unaffected. 
However, even when the change bit 
is not set, any applicable access 
exceptions or PER storage-
alteration events are still 
indicated. 

• The change bit may be set to one as 
a result of those situations 
described in the section "Store 
Accesses" in this appendix. 

• Because of CPU retry, the change 
bit may be set to one for locations 
which the program has not accessed. 

SUBCHANNEL INTERRUPTION-PENDING STATE 

Originally only status associated with 
the termination of an 110 operation at 
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the subchannel could cause the subchan­
nel to enter the interruption-pending 
state. Status not associated with the 
termination of an I/O operation at the 
subchannel was held pending at the 
device, and the subchannel would be 
available. The changed definition 
allows status not associated with the 
termination of an I/O operation at the 
subchannel to be accepted into the 
subchannel. As a result of this change, 
a subchannel that is shared among multi­
ple devices may cause condition code 2 
to be returned to a START I/O, START I/O 
FAST RELEASE, or TEST 110 even if no 
previous START I/O or START I/O FAST 
RELEASE had been executed specifying the 
same device. This busy state persists 
until the interruption condition is 
cleared. 

START I/O AND START I/O FAST RELEASE 

Originally the System/370 architecture 
specified START 110 and START I/O FAST 
RELEASE as having the operation codes 
9COO and 9C01, respectively, with bits 
8-14 of the operation code ignored by 
the CPU. Now, however, when the 
suspend-and-resume facility is 
installed, bits 8-14 of the operation 
code for START I/O and START I/O FAST 
RELEASE are n~ longer ignored by the 
CPU. 

Operation codes 9CXO, 9CX2, 9CX4, 9CX6, 
9CX8, 9CXA, 9CXC, and 9CXE (wi th X 
representing any hex digit) all were 
executed as START I/O. Similarly, oper­
ation codes 9CX1, 9CX3, 9CX5, 9CX7, 
9CX9, 9CXB, 9CXD, and 9CXF all were 
executed as START I/O FAST RELEASE. 
When the suspend-and-resume facility is 
installed, only operation code 9COO is 
executed as START I/O, and only opera­
tion code 9COl is executed as START I/O 
FAST RELEASE; operation code 9C02 is 
executed as RESUME I/O, and all opera­
tion codes in the range 9C03 through 
9CFF cause an operation exception to be 
recognized. 



A 
A (ADD) binary instruction 7-7 
absolute address 3-5 
absolute storage 3-5 
access-control bits in storage key 3-6 
access exceptions 6-28,6-33 

priority of 6-33 
recognition of 6-28 

access key 3-8 
for channel-program execution 3-9 
for CPU 3-8 

access to storage 5-24 
(See also reference) 

AD (ADD NORMALIZED) instruction 9-6 
example A-36 

ADD (A,AR) binary instructions 7-7 
ADD DECIMAL (AP) instruction 8-5 

example A-30 
ADD HALFWORD (AH) instruction 7-7 

example A-8 
ADD LOGICAL (AL,ALR) instructions 7-8 
ADD NORMALIZED (AD,ADR,AE,AER,AXR) 

instructions 9-6 
example A-36 

ADD UNHORMALIZED (AU,AUR,AW,AWR) 
instructions 9-7 

example A-36 
address 3-2 

absolute 3-5 
arithmetic 3-6,5-5 

unsigned binary 7-3 
base (See base address) 
branch (See branch address) 
channel 13-8,13-15 
channel-set 4-43 
comparison 12-1 

controls for 12-1 
effect on CPU state 4-2 

CPU (See CPU address) 
device 13-8,13-15 
effective (See effective address) 
failing-storage (See failing-storage 
address) 

format 3-3 
generation 5-5 

for storage addressing 3-2 
I/O (See I/O address) 
instruction (See instruction 
address) 

invalid 6-15 
logical (See logical address) 
numbering of for byte locations 3-2 
PER (See PER address) 
prefixing (See prefix) 
primary virtual (See primary virtual 
address) 

real 3-5 
secondary virtual (See secondary 
virtual address) 

storage 3-2 
summary information 3-38 
translation (See dynamic address 
translation, prefix) 

types 3-5 
virtual 3-5 
wraparound (See wraparound) 

address space 3-12 
control bit 

in PSW 4-7 
use in address translation 3-22 

created by OAT 3-20 
number (See ASN) 

addressing exception 6-15 
as an access exception 6-28,6-33 

ADR (ADD NORMALIZED) instruction 9-6 
AE (ADD NORMALIZED) instruction 9-6 

example A-36 
AER (ADD NORMALIZED) instruction 9-6 
AFT (ASH first table) 3-14 
AFTE (ASN-first-table entry) 3-14 
AFTO (ASN-first-table origin) 3-13 
AFX (ASH-first-table index) 3-13 

invalid bit 3-14 
translation exception 6-18 

AH (ADD HALFWORD) instruction 7-7 
example A-8 

AKM (authorization key mask) 5-22 
AL (ADD LOGICAL) instruction 7-8 
alert, I/O-error (in limited channel 

logout) 13-82 
alert (class of machine-check condition) 

11-12 
allowed interruptions 6-6 
ALR (ADD LOGICAL) instruction 7-8 
alter-and-display controls 12-2 
alteration 

general-register (PER event) 4-20 
storage (PER event) 4-19 

AND (N,NC,NI,NR) instructions 7-8 
examples A-8 

AP (ADD DECIMAL) instruction 8-5 
example A-30 

AR (ADD) binary instruction 7-7 
architectural mode 1-1 

compatibility 1-3 
arithmetic 

address (See address arithmetic) 
binary 7-3 

examples A-2 
decimal 8-2 

examples A-5,A-30 
floating-point 9-1 

examples A-5,A-36 
logical (unsigned binary) 7-3 

examples A-4 
ASCII character code, handled by archi­
tecture iv 

ASN (address-space number) 3-12 
as part of DAS 5-14 
authorization 3-17 
first table (AFT) 3-14 

index (AFX) 3-13 
origin (AFTO) 3-13 

in entry-table entry 5-22 
second table (AST) 3-14 

index (ASX) 3-13 
origin (ASTO) 3-14 

translation 3-13 
exceptions 6-35 
specification exception 6-18 

translation-control bit 3-13,5-18 
assembler language A-7 

instruction formats in (See instruc­
tion lists and page numbers in 
Appendix B) 

assigned storage locations 3-41 

Index X-I 



AST (ASN second table) 3-14 
ASTE (ASN-second-table entry) 3-14 
ASTO (ASN-second-table origin) 3-14 
ASX (ASN-second-table index) 3-13 

invalid bit 3-14 
translation exception 6-18 

asynchronous fixed-logout-control bit 
11-29 

asynchronous logout 11-28 
asynchronous machine-check 

extended-logout-control bit 11-29 
AT (authority table) 5-18 
ATL (authority-table length) 3-14 
ATO (authority-table origin) 3-14 
attached segment-table or page-table 

entry 3-32 
attachment of I/O devices 13-2 
attention (unit status) 13-64 
AU (ADD UNNORMALIZED) instruction 9-7 

example A-36 
AUR (ADD UNNORMALIZED) instruction 9-7 
authority table (AT) 5-18 

designation 3-14 
authorization 

ASN 3-17 
index (AX) 3-17,5-18 
key mask (AKM) 5-22 
mechanisms 5-17 

authorization mechanisms, summary of 
5-20 

auxiliary storage 3-2,3-20 
availability (characteristic of a 

system) 1-4 
available state (I/O system) 13-10 
AW (ADD UNNORMALIZED) instruction 9-7 
AWR (ADD UNNORMALIZED) instruction 9-7 
AX (authorization index) 5-18 
AXR (ADD NORMALIZED) instruction 9-6 

B 
B field of instruction 5-5 
backed-up bit (machine-check condition) 

11-19 
backup, processing (synchronous 
machine-check condition) 11-19 

BAL (BRANCH AND LINK) instruction 7-9 
examples A-8 

BALR (BRANCH AND LINK) instruction 7-9 
examples A-8 

BAS (BRANCH AND SAVE) instruction 7-9 
example A-8 

base address 5-5 
register for 2-4 

basic control (See BC mode) 
basic operator facilities 12-1 
basic sense command 13-51 
BASR (BRANCH AND SAVE) instruction 7-9 

example A-8 
BC (basic-control) mode 4-4 

program conversion to EC mode 10-46 
PSW format in 4-8 

BC (BRANCH ON CONDITION) instruction 
7-10 

example A-10 
BCR (BRANCH ON CONDITION) instruction 

7-10 
BCT (BRANCH ON COUNT) instruction 7-11 

example A-I0 
BCTR (BRANCH ON COUNT) instruction 7-11 

example A-I0 
binary 

(See also fixed point) 
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arithmetic 7-3 
examples A-2 

negative zero 7-2 
number representation 7-2 

examples A-2 
overflow 7-3 

example A-2 
sign bit 7-2 

binary-to-decimal conversion 7-17 
example A-16 

bit 3-2 
numbering of within a group of bytes 

3-3 
block-concurrent storage references 

5-31 
block-multiplexer channel 13-5 
block-multiplexing-control bit 13-5 

effect on CLEAR I/O instruction of 
13-17 

effect on START I/O FAST RELEASE 
instruction of 13-27 

block of I/O data 13-37 
incorrect length for 13-70 
self-describing 13-42 

block of storage 3-5 
(See also page) 
testing for usability of 10-50 

borrow 7-37 
boundary alignment 3-3 

for instructions 5-3 
branch address 5-6 
BRANCH AND LINK (BAL,BALR) instructions 

7-9 
examples A-8 

BRANCH AND SAVE (BAS,BASR) instructions 
7-9 

examples A-8 
branch-and-save facility D-2 
BRANCH ON CONDITION (BC,BCR) 

instructions 7-10 
example A-10 

BRANCH ON COUNT (BCT,BCTR) instructions 
7-11 

example A-10 
BRANCH ON INDEX HIGH (BXH) instruction 

7-11 
examples A-II 

BRANCH ON INDEX LOW OR EQUAL (BXLE) 
instruction 7-11 

examples A-12 
branching 

branch address generation 5-6 
to perform decision making, loop 
control, and subroutine linkage 5-6 

buffer storage (cache) 3-2 
burst mode (channel operation) 13-4 
bus-out check (bit in I/O-sense data) 

13-51 
busy 

as unit status (I/O) 13-65 
in I/O operations 13-7 
in SIGNAL PROCESSOR 4-40 

BXH (BRANCH ON INDEX HIGH) instruction 
7-11 

examples A-II 
BXLE (BRANCH ON INDEX LOW OR EQUAL) 

instruction 7-il 
examples A-12 

bypassing POST and WAIT A-42 
byte 3-2 

numbering of in storage 3-2 
byte index (BX) 3-21 
byte-multiplex mode (channel operation) 

13-4 



byte-multiplexer channel 13-4,13-30 
byte-oriented-operand facility 3-5 

C 
C (COMPARE) binary instruction 7-12 
cache 3-2 
CAr (channel-available interruption) 

13-29,13-61 
carry 7-3 
CAW (channel-address word) 13-37 

assigned storage locations for 3-42 
in IPl 4-36 

CBC (checking-block code) 11-2 
invalid 11-2 

in registers 11-9 
in storage 11-6 
in storage keys 11-7 

near-valid 11-2 
valid 11-2 

CC (chain-command) flag in CCW 
13-7,13-38 

CCW (channel-command word) 13-38 
address of in CAW 13-37 
address of in CSW 13-63 

contents of 13-75 
validity flag for 13-82 

chaining of 13-40 
commands (See command chaining of 

cews) 
data (See data chaining of CCWs) 

command codes (See commands) 
command retry of 13-53 
count field in (See count field) 
data-address field in 13-39 
flags in 13-49 
format of 13-38 
in rPl 4-36 

assigned storage locations for 
3-41 

prefetching of 13-40,13-42 
role of in I/O operations 13-5 

CD (chain-data) flag in CCW 13-6,13-38 
CD (COMPARE) floating-point instruction 

9-8 
CDR (COMPARE) floating-point instruction 

9-8 
examples A-37 

CDS (COMPARE DOUBLE AND SWAP) instruc­
tion 7-12 

examples A-40 
CE (COMPARE) floating-point instruction 

9-8 
central processing unit (See CPU) 
CER (COMPARE) floating-point instruction 

9-8 
CH (COMPARE HAlFWORD) instruction 7-14 

example A-12 
chain-command (CC) flag in CCW 

13-7,13-38 
chain-data (CD) flag in cew 13-6,13-38 
chaining 13-40 

command (See command chaining of 
CCWs) 

data (See data chaining of CCWs) 
flags in CCW for 13-6,13-38 

chaining check (channel status) 13-72 
change bit in storage key 3-7 
change recording 3-10 
channel 2-6,13-3 

block-multiplexer 13-5 
byte-multiplexer 13-4,13-30 

control failure (bit in 
external-damage code) 11-25 

equipment error detected by 13-14 
I/O-system reset, as part of subsys­

tem reset 4-34 
masks 6-14 

difference between EC and BC modes 
4-4 

in BC-mode PSW 4-8 
multiplexer 13-5 
not operational (I/O-system state) 

13-12 
bit in external-damage code 11-25 

programming error dptected by 13-14 
selector 13-4 
timeout used by 13-4 
working (I/O-system state) 13-11 

channel address 13-8,13-15 
channel-address word (See CAW) 
channel-available interruption (CAl) 

13-29,13-61 
channel-command word (See CeW) 
channel commands (See commands) 
channel-control check (channel status) 

13-72 
channel-data check (channel status) 

13-71 
channel end (unit status) 13-67 
channel identification (rD) 13-32 

assigned storage locations for 3-44 
in IOeA (I/O-communication area) 
13-80 

channel indirect data addressing 13-45 
facility D-2 
IDA flag used for 13-38 
role of in I/O operations 13-6 

channel logout (See full channel 
logout) 

(See also limited channel logout) 
channel model 13-32 
channel power-on reset 4-35 
channel program 13-5 

resumption of 13-55 
serialization 5-34 
suspension of 13-46 

channel set 2-6 
address 4-43 
resetting of connections for 4-34 
switching 4-43 
switching facility D-2 

channel status 13-70 
chaining check 13-72 
channel-control check 13-72 
channel-data check 13-71 
incorrect length 13-70 
interface-control check 13-72 
program check 13-70 
program-controlled interruption (PCI) 

13-70 
protection check 13-71 

channel-status word (See CSW) 
channel-to-channel adapter 13-2 

publication referenced v 
channel-type code (specified by STIDC) 

13-32 
characteristic (of floating-point 

number) 9-1 
characters, represented by eight-bit 

code iv 
check bits 3-3,11-2 
check stop 4-3,11-10 

as signal-processor status 4-42 
control bit 11-14,11-28 
during manual operation 12-1 

Index X-3 



effect on CPU timer 4-28 
entering of 11-14 
indicator 12-2 
malfunction alert for 6-12 
system 11-11 

checking block 11-2 
checking-block code (See CaC) 
checkpoint 11-3 

in tracing 4-13 
checkpoint synchronization 11-3 

action 11-4 
operations 11-4 

CL (COMPARE LOGICAL) instruction 7-14 
CLC (COMPARE LOGICAL) instruction 7-14 

example A-13 
CLCL (COMPARE LOGICAL LONG) instruction 

7-15 
example A-14 

CLEAR CHANNEL (CLRCH) instruction 13-16 
termination of I/O operation by 

13-59 
CLEAR I/O (CLRIO) instruction 13-17 

termination of I/O operation by 
13-59 

clear-I/O facility D-2 
clear reset 4-34 
clearing operation 

by clear-reset function 4-34 
by load-clear key 12-3 
by system-reset-clear key 12-5 
by TEST BLOCK instruction 10-50 

eLI (COMPARE LOGICAL) instruction 7-14 
example A-13 

CLM (COMPARE LOGICAL CHARACTERS UNDER 
MASK) instruction 7-15 

example A-14 
clock (See TOD clock) 
clock comparator 4-27 

as part of facility 0-2 
external interruption 6-11 
save areas for 3-44 
validity bit for 11-23 

clock unit 4-26 
CLR (COMPARE LOGICAL) instruction 7-14 

example A-14 
CLRCH (CLEAR CHANNEL) instruction 13-16 
CLRIO (CLEAR I/O) instruction 13-17 
code 

ASCII, handled by architecture iv 
channel-type 13-32 
checking-block (See CBC) 
command (See commands) 
condition (See condition code) 
decimal digit and sign 8-2 
EBCDIC 

chart for G-l 
handled by architecture iv 

eight-bit, handled by architecture 
i v 

exception-extension 6-15 
external-damage 11-24 

validity bit for 11~22 
instruction-length (See ILC) 
interruption (See interruption code) 
monitor (See monitor code) 
operation 5-2 
PER (See PER code) 
region 11-26 

validity bit for 11-22 
sequence (in limited channel logout) 
13-82 

version 10-48 
command chaining of CCWs 13-43 
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chain-command (CC) flag for in CCW 
13-7,13-38 

during IPL 4-36 
command code in CCW (See commands) 
command-retry facility D-2,13-53 
commands (I/O) 13-48 

basic sense 13-51 
chaining of 13-43 
code in CCW for 13-39 
control 13-50 
no-operation 13-50 
read 13-49 
read backward 13-50 
rejection of 13-51,13-55 
retry of 13-53 
sense 13-51 
sense ID 13-52 
transfer in channel 13-53 
write 13-49 

commercial instruction set D-l 
common-segment bit 3-25 
communication area, I/O (See IOCA) 
COMPARE (C,CR) binary instructions 7-12 
COMPARE (CD,CDR,CE,CER) floating-point 
instructions 9-8 

examples A-37 
COMPARE AND SWAP (CS) instruction 7-12 

examples A-40 
COMPARE DECIMAL (CP) instruction 8-5 

example A-31 
COMPARE DOUBLE AND SWAP (CDS) instruc­
t;on 7-12 

examples A-40 
COMPARE HALFWORD (CH) instruction 7-14 

example A-12 
COMPARE LOGICAL (CL,CLC,CLI,CLR) 

instructions 7-14 
examples A-13 

COMPARE LOGICAL CHARACTERS UNDER MASK 
(CLM) instruction 7-15 

example A-14 
COMPARE LOGICAL LONG (CLCL) instruction 

7-15 
example A-14 

comparison 
address (See address comparison) 
decimal 8-5 

example A-31 
floating-point 9-8 

examples A-37 
logical 7-4 

examples A-13 
signed-binary 7-4 
TOO-clock 4-27 

compatibility 1-3 
among systems in the same architec­
tural mode 1-3 

of BC-mode PSW with System/360 4-5 
of I/O operations 13-7 

compatibility differences 
between System/360 and System/370 

in channel prefetching H-2 
in command retry H-2 
in I/O operation codes H-l 
in logout H-2 
in USASCII-8 mode H-1 
in validity of data H-2 

within System/370 
in change bit 1-2 
in fetch accesses I-I 
in operand-access consistency 1-2 
in REAL DIRECT and WRITE DIRECT 
I-I 



in START I/O and START I/O FAST 
RELEASE 1-2 

in store accesses I-I 
in subchannel interruption-pending 
state 1-2 

completion 
of I/O operations 13-54 
of instruction execution 5-9 
of unit of operation 5-10 

conceptual sequence 5-24 
as related to storage-operand 
accesses 5-32 

conclusion 
of data transfer (I/O) 13-56 
of I/O operations 13-54 
of instruction execution 5-8 

CONCS (CONNECT CHANNEL SET) instruction 
10-4 

concurrency of access for storage refer­
ences 5-31 

condition code 4-7 
deferred (See deferred condition 

code) 
for I/O operations 13-12 
in BC-mode PSW 4-8 
in EC-mode PSW 4-7 
summary C-l 
tested by BRANCH ON CONDITION 

instruction 7-10 
used for decision making 5-6 
validity bit for 11-22 

conditional-swapping facility 0-2 
conditional swapping instructions (See 

COMPARE AND SWAP instruction, COMPARE 
DOUBLE AND SWAP instruction) 

conditions for interruption (See inter­
ruption) 

configuration 2-2 
of storage 3-5 

CONNECT CHANNEL SET (CONCS) instruction 
10-4 

connection of channels (See channel 
set) 

connective (See logical connective) 
consistency (storage operand) 5-30 

examples A-44,A-47 
console device 12-1 
control 4-2 

as an I/O command 13-50 
instructions 10-2 
manual (See manual operation) 

control register 2-4,4-8 
save areas 3-45 
validity bit 11-23 

control-register assignment 4-10 
(CRx.y indicates control register x, 
bit position y) 

CRO.O: 
block-multiplexing-control bit 
13-5,13-17,13-27 

CRO.1: 
SSM-suppression-control bit 
6-25,10-46 

CRO.2: 
TOD-clock-sync-control bit 
4-24,4-27 

CRO.3: 
low-address-protection-control bit 
3-9 

CRO.4: 
extraction-authority-control bit 

5-17 
CRO.5: 

secondary-space-control bit 
3-23,5-18 

CRO.7: 
storage-key exception-control bit 
3-7,6-26 

CRO.8-12: 
translation format 3-23 

CRO.14: 
vector-control bit 4-11 

CRO.16: 
malfunction-alert subclass-mask 
bit 6-13 

CRO.17: 
emergency-signal subclass-mask bit 

6-11 
CRO.18: 

external-call subclass-mask bit 
6-12 

CRO.19: 
TOO-clock sync-check subclass-mask 
bit 6-13 

CRO.20: 
clock-comparator subclass-mask bit 

6-11 
CRO.21: 

CPU-timer subclass-mask bit 6-11 
CRO.22: 

service-signal subclass-mask bit 
6-13 

CRO.24: 
interval-timer subclass-mask bit 
6-12 

CRO.25: 
interrupt-key subclass-mask bit 
6-12 

CRO.26: 
external-signal subclass-mask bit 

6-12 
CRl.0-7: 

primary segment-table length 
(PSTL) 3-24 

CR1.8-25: 
primary segment-table origin 

(PSTO) 3-24 
CR1.31: 

space-switch-event-control bit 
3-24,6-25 

CR2.0-31: 
channel masks 6-14 

CR3.0-15: 
PSW-key mask (PKM) 5-18 

CR3.16-31: 
secondary ASN (SASN) 3-13,5-14 

CR4.0-15: 
authorization index (AX) 

3-17,5-18 
CR4.16-31: 

primary ASN (PASN) 3-13,5-14 
CR5.0: 

subsystem-linkage-control bit 
5-18,5-21 

CR5.8-24: 
linkage-table origin (LTO) 5-21 

CR5.25-31: 
linkage-table length (LTL) 5-21 

CR7.0-7: 
secondary segment-table length 

(SSTL) 3-24 
CR7.8-25: 

secondary segment-table origin 
(SSTO) 3-24 

CR8.16-31: 
monitor-mask bits 6-21 

CR9.0: 

Index X-5 



PER successful-branching-event­
mask bit 4-16 

CR9.1: 
PER instruction-fetching-event­

mask bit 4-16 
CR9.2: 

PER storage-alteration-event-mask 
bit 4-16 

CR9.3: 
PER general-register-alteration­

event-mask bit 4-16 
CR9.16-31: 

PER general-register-mask bits 
4-16 

CR10.8-31: 
PER starting address 4-16 

CR11.8-31: 
PER ending address 4-16 

CR14.0: 
check-stop-control bit 11-28 

CR14.1: 
synchronous machine-check 
extended-logout-control bit 
11-29 

CR14.2: 
I/O extended-logout-control bit 

11-29 
CR14.4: 

recovery subclass-mask bit 11-28 
CR14.5: 

degradation subclass-mask bit 
11-28 

CR14.6: 
external-damage subclass-mask bit 

11-28 
CR14.7: 

warning subclass-mask bit 11-28 
CR14.8: 

asynchronous machine-check 
extended-logout-control bit 
11-29 

CR14.9: 
asynchronous fixed-logout-control 
bit 11-29 

CR14.12: 
ASN-translation-control bit 

3-13,5-18 
CR14.20-31: 

ASN-first-table origin (AFTO) 
3-13 

CR15.8-28: 
machine-check extended-logout 
address 11-29 

control unit 2-6,13-3 
sharing of 13-5 

control unit busy (unit status) 13-29 
control-unit end (unit status) 

13-29,13-64 
conversion 

binary-to-decimal 7-17 
example A-16 

decimal-to-binary 7-16 
example A-16 

decimal-to-hexadecimal F-1 
floating-point-number 

basic example A-7 
examples with instructions A-38 

hexadecimal-to-decimal F-1 
of hexadecimal and decimal fractions 

F-7 
of hexadecimal and decimal integers 

F-6 
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of program from BC to EC mode 10-46 
CONVERT TO BINARY (CVB) instruction 

7-16 
example A-16 

CONVERT TO DECIMAL (CVD) instruction 
7-17 

example A-16 
count field 

in CCW 13-38,13-40 
in CSW 13-63,13-77 

counter updating (example) A-41 
counting operations 7-11 
CP (COMPARE DECIMAL) instruction 8-5 

example A-31 
CPU (central processing unit) 2-3 

address 4-38 
assigned storage locations for 

3-42 
when stored during external inter-

ruptions 6-10 
checkpoint 11-3 
effect of power-on reset on 4-35 
hangup due to string of interruptions 

4-3 
identification (10) 10-48 
model number 10-48 
registers 2-3 

save areas for 3-44 
reset 4-33 

signal-processor order 4-39 
retry 11-3 
serialization 5-33 
signaling 4-38 
state 4-2 

check-stop 4-3 
load 4-3 
no effect on TOO clock 4-24 
operating 4-2 
stopped 4-2 

version code 10-48 
CPU-identity field for DAS tracing 

(assigned storage location) 3-45 
CPU timer 4-28 

as part of facility 0-2 
external interruption 6-11 
save areas for 3-44 
validity bit for 11-23 

CPU-timer and clock-comparator facility 
0-2 

CR (See control register) 
CR (COMPARE) binary instruction 7-12 
CS (COMPARE AND SWAP) instruction 7-12 

examples A-40 
CSW (channel-status word) 

assigned storage locations for 3-42 
format of 13-62 
information provided by 13-73 

CCW address 13-75 
count 13-77 
deferred condition code 13-74 
status 13-78 
subchannel key 13-73 
suspended indication 13-74 

current PSW 4-3,5-6 
(See also PSW) 
stored during interruption 6-2 

CVB (CONVERT TO BINARY) instruction 
7-16 

example A-16 
CVD (CONVERT TO DECIMAL) instruction 

7-17 
example A-16 



D 
D (DIVIDE) binary instruction 7-17 

example A-16 
D field of instruction 5-5 
damage 

code (external) 11-24 
validity bit for 11-22 

external 11-18 
mask bit for 11-28 

instruction-processing 11-17 
interval-timer 11-17 
processing 11-20 
service-processor 11-18 
system 11-16 
timing-facility 11-17 

DAS (dual-address-space) facility 
D-2,5-13 

authorization mechanisms 5-17 
summary of 5-20 

tracing (See tracing) 
DAT (See dynamic address translation) 
DAT mode (bit in PSW) 4-6 

use in address translation 3-22 
data 

format for 
decimal instructions 8-1 
floating-point instructions 9-2 
general instructions 7-2 

I/O-sense 13-51 
prefetching of for output operation 

13-40 
transfer (I/O), conclusion of 13-56 

data block (See block of I/O data) 
data chaining of CCWs 13-6,13-42 

as cause of chaining check 13-72 
CCW prefetch for 13-42 
chain-data (CD) flag in CCW 

13-6,13-38 
effect on compatibility of 13-8 

data check (bit in I/O-sense data) 
13-51 

data exception 6-18 
DD (DIVIDE) floating-point instruction 

9-9 
DDR (DIVIDE) floating-point instruction 

9-9 
DE (DIVIDE) floating-point instruction 

9-9 
decimal 

arithmetic 8-2 
comparison 8-5 
digit codes 8-2 
divide exception 6-19 
instructions 8-1 

examples A-30 
number representation 8-1 

examples A-5 
operand overlap 8-3 
overflow 

exception 6-19 
mask in BC-mode PSW 4-8 
mask in EC-mode PSW 4-7 

sign codes 8-2 
tables for conversion to hexadecimal 

F-1 
decimal-to-binary conversion 7-16 

example A-16 
deferred condition code (in CSW) 13-63 

contents of 13-74 
for SIOF function 13-29 

degradation (machine-check condition) 
11-18 

subclass-mask bit for 11-28 

degradation, storage (machine-check 
condition) 11-21 

delay code in I/O-communication area 
13-83 

delay in storing 5-29 
delayed (machine-check condition) 11-19 
delayed access exception (machine-check 
condition) 11-19 

deletion of malfunctioning unit 11-4 
DER (DIVIDE) floating-point instruction 

9-9 
examples A-37 

designation 
authority-table 3-14 
effective segment-table 3-27 
entry-table 5-21 
linkage-table 5-21 

in AST entry 3-15 
page-table 3-25 
primary segment-table 3-24 
secondary segment-table 3-24 
segment-table 3-24 

in AST entry 3-14 
destructive overlap 5-32,7-25 
detect field (in limited channel logout) 

13-81 
device 2-6,13-2 

console 12-1 
not-ready state of 13-10 
status of 13-51 
used for IPL 4-36 

device address 13-8,13-15 
device busy (unit status) 13-29 
device end (unit status) 13-29,13-67 
device error 13-15 
device-working state (I/O-system state) 

13-10 
DIAGNOSE instruction 10-5 
digit codes (decimal) 8-2 
digit selector (in EDIT) 8-7 
direct-access storage 3-2 
direct control 4-23 

facility D-2 
disabling for interruptions 6-6 
disabling of interval timer 4-29 
disallowed interruptions 6-6 
DISCONNECT CHANNEL SET (DISCS) instruc-
tion 10-6 

DISCS (DISCONNECT CHANNEL SET) instruc­
tion 10-6 

displacement (in relative addressing) 
5-5 

display (manual controls) 12-2 
DIVIDE (D,DR) binary instructions 7-17 

example A-16 
DIVIDE (DD,DDR,DE,DER) floating-point 

instructions 9-9 
examples A-37 

DIVIDE DECIMAL (DP) instruction 8-5 
example A-31 

divide exception 
decimal 6-19 
fixed-point 6-20 
floating-point 6-20 

divisible instruction execution 5-25 
doubleword 3-3 
doubleword-concurrent storage references 

5-31 
DP (DIVIDE DECIMAL) instruction 8-5 

example A-31 
DR (DIVIDE) binary instruction 7-17 
dual-address-space facility (See DAS) 
dump (standalone) 12-5 
dynamic address translation (DAT) 3-20 
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E 

by LOAD REAL ADDRESS instruction 
10-21 

control of 3-22 
explicit and implicit 3-27 
mode bit in PSW 4-6 

use in address translation 3-22 
sequence of table fetches 5-27 

early exception recognition 6-9 
EBCDIC (Extended Binary-Coded-Decimal 
Interchange Code) 

architecture designed for iv 
character code, chart for G-1 

EC (extended-control) mode 4-4 
control bit in PSW 4-6,4-8 
PSW format in 4-6 

ECC (error checking and correction) 
11-2 

ED (EDIT) instruction 8-6 
examples A-31 

EDIT (ED) instruction 8-6 
examples A-31 

EDIT AND MARK (EDMK) instruction 8-9 
example A-33 

editing instructions 8-3 
(See also ED instruction, EDMK 
instruction) 

EDMK (EDIT AND MARK) instruction 8-9 
example A-33 

effective address 3-6 
used for storage interlocks 5-25 

effective segment-table designation 
3-27 

EKM (entry key mask) 5-22 
emergency signal (external interruption) 

6-11 
signal-processor order 4-39 

enabling for interruptions 6-6 
ending of I/O operations 13-54 
ending of instruction execution 5-8 
entry in trace table 4-14 
entry index (EX) 5-21 
entry key mask (EKM) 5-22 
entry table (ET) 5-22 

designation 5-21 
EPAR (EXTRACT PRIMARY ASN) instruction 

10-6 
epoch (for TOO clock) 4-25 
equipment check 

bit in I/O-sense data 13-51 
in signal-processor status 4-41 

error 
alert (in limited channel logout) 

13-82 
channel-equipment 13-14 
channel-programming 13-14 
checking and correction 11-2 
device 13-15 
from DIAGNOSE instruction 10-5 
indirect storage 11-21 
intermittent 11-5 
PSW-format 6-9 
solid 11-5 
state of TOO clock 4-25 
storage 11-20 
storage-key 11-21 

ESAR (EXTRACT SECONDARY ASH) instruction 
10-7 

ET (entry table) 5-22 
ETL (entry-table length) 5-21 
ETO (entry-table origin) 5-21 
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event 6-14 
monitor 7-23 
PER 4-15 
space-switch 6-25 

EX (entry index) 5-21 
translation exception 6-20 

EX (EXECUTE) (See EXECUTE instruction) 
exception-extension code 6-15 
exceptions 6-14 

access (collective 
program-interruption name) 
6-28,6-33 

addressing 6-15 
AFX-translation 6-18 
ASN-translation (collective 
program-interruption name) 6-35 

ASN-translation-specification 6-18 
ASX-translation 6-18 
data (decimal) 6-18 
decimal-divide 6-19 
decimal-overflow 6-19 
delayed access (machine-check condi-
tion) 11-19 

during translation 3-31 
EX-translation 6-20 
execute 6-19 
exponent-overflow 6-19 
exponent-underflow 6-19 
fixed-point-divide 6-20 
fixed-poi nt-overflow 6-20 
floating-point-divide 6-20 
LX-translation 6-20 
operation 6-21 
page-translation 6-22 
PC-translation-specification 6-22 
primary-authority 6-23 
privileged-operation 6-23 

for I/O instructions 13-36 
protection 6-23 
PSW-related 6-9 
recognition of, early and late 6-9 
secondary-authority 6-24 
segment-translation 6-24 
significance 6-25 
special-operation 6-25 
specification 6-26 
trace (collective 
program-interruption name) 6-35 

translation-specification 6-27 
unnormalized-operand 6-27 
vector-operation 6-28 

EXCLUSIVE OR (X,XC,XI,XR) instructions 
7-18 

examples A-17 
EXECUTE (EX) instruction 7-19 

effect of address comparison on 12-1 
example A-18 
exceptions while fetching target 6-8 
PER event for target of 4-19 

execute exception 6-19 
exigent machine-check conditions 11-11 
explicit address translation 3-27 
exponent 9-1 

(See also floating point) 
overflow 9-1 

exception 6-19 
underflow 9-1 

exception 6-19 
mask in BC-mode PSW 4-8 
mask in EC-mode PSW 4-7 

extended control (See EC mode) 
extended facility D-3 
extended floating-point number 9-2 
extended logout 



110 (See IOEL) 
machine-check 11-28 

address 11-29 
validity bit for 11-23 

extended-precision floating-point facil­
ity D-3,9-1 

extended real addressing 
bits in page-table entry 3-26 
facility D-3 

external call 
external interruption 6-11 
pending (signal-processor status) 

4-41 
signal-processor order 4-39 

external damage 11-18 
subclass-mask bit for 11-28 

external-damage code 11-24 
assigned storage locations for 3-44 
validity bit for 11-22 

external interruption 6-10 
clock-comparator 4-27,6-11 
CPU-timer 4-28,6-11 
direct conditions 6-10 
emergency-signal 6-11 
external-call 6-11 
external-signal 6-12 
interrupt-key 6-12 
interval-timer 4-29,6-12 
malfunction-alert 6-12 
mask in BC-mode PSW 4-8 
mask in EC-mode PSW 4-6 
parameter 6-10 

assigned storage locations for 
3-42 

pending conditions 6-10 
priority of conditions 6-10 
service-signal 6-13 
TOD-clock-sync-check 6-13 

external mask 
bit in BC-mode PSW 4-8 
bit in EC-mode PSW 4-6 

external secondary report (bit in 
external-damage code) 11-24 

external signal (external interruption) 
6-12 

external-signal facility D-3,4-23 
externally initiated functions 4-30 
EXTRACT PRIMARY ASN (EPAR) instruction 

10-6 
EXTRACT SECONDARY ASN (ESAR) instruction 

10-7 
extraction-authority-control bit 5-17 

F 
facilities D-1 
failing-storage address 11-26 

assigned storage locations for 3-44 
validity bit for 11-22 

failure, vector-facility 11-18 
fast-release facility (110) D-3,13-27 
fetch protection 3-8 

bit in storage key 3-6 
fetch reference 5-29 

access exceptions for 6-30 
fetching 

handling of invalid CBC in storage 
keys during 11-8 

of DAT-table entries 5-27 
of instructions 5-26 
of PSWs during interruptions 5-33 

of storage operands 5-29 
field 3-3 
field separator (in EDIT) 8-7 
FIFO (first in first out) queuing, exam-
ple for lock and unlock A-44 

fill byte (in EDIT) 8-6 
fixed-length field 3-3 
fixed logout 

assigned storage locations for 3-44 
channel 13-80 
machine-check 11-28 

fixed point 
(See also binary) 
divide exception 6-20 
overflow exception 6-20 

flags 

mask in BC-mode PSW 4-8 
mask in EC-mode PSW 4-7 

field-validity (in limited channel 
logout) 13-82 

in CCW 13-38 
significance of 13-49 

floating interruption conditions 
6-7,11-27 

clearing of 4-34 
floating point 

(See also exponent) 
comparison 9-8 
conversion 

basic example A-7 
examples with instructions A-38 

data format 9-2 
divide exception 6-20 
facility D-4 
instructions 9-1 

examples A-36 
numbers 9-1 

examples A-5 
registers 2-4 

save areas for 3-45 
validity bit for 11-22 

shifting (See normalization) 
format 

address 3-3 
basic sense data (110) 13-51 
CAW (channel-address word) 13-37 
CCW (channel-command word) 13-38 
CSW (channel-status word) 13-62 
decimal data 8-1 
floating-point data 9-2 
general data 7-2 
lID-address 13-15 
lI~-instruction 13-15 
IDAW (indirect-data-address word) 
13-45 

information 3-3 
instruction 5-3 
PSW 

in BC mode 4-8 
in EC mode 4-6 

sense-ID data 13-52 
fraction 9-1 

conversion of between hexadecimal and 
decimal F-7 

free-pool manipulation, programming 
example A-46 

full channel logout 13-80 
address of IOEL in 13-80 
fixed 13-80 
lID-extended (See IOEL) 

fullword (See word) 
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G 
general instructions 7-2 

examples A-8 
general registers 2-4 

alteration-event-mask bit 4-16 
alteration of (PER event) 4-20 
PER-mask bits 4-16 
save areas for 3-45 
validity bit for 11-23 

guard digit 9-3 

H 
halfword 3-3 
halfword-concurrent storage references 

5-31 
HALT DEVICE (HDV) instruction 13-19 

termination of I/O operation by 
13-57 

halt-device facility D-4,13-19 
HALT I/O (HIO) instruction 13-23 

termination of I/O operation by 
13-57 

HALVE (HDR,HER) instructions 9-10 
example A-38 

HDR (HALVE) instruction 9-10 
example A-38 

HDV (HALT DEVICE) instruction 13-19 
header, tracing 4-13 
HER (HALVE) instruction 9-10 
hexadecimal (hex) representation 5-4 

tables F-1 
HIO (HALT I/O) instruction 13-23 

I 
I field of instruction 5-4 
I/O (input/output) 2-4,13-2 

effect on CPU timer 4-28 
effect on interval timer 4-29 

I/O address 13-8 
assigned storage locations for 3-44 
format of 13-15 
in channel-status word (CSW) 13-75 
in I/O-communication area 13-83 
storing of 13-62 
validity flags for 13-82 

I/O-communication area (See IOCA) 
I/O device (See device) 
I/O-error alert (in limited channel 
logout) 13-82 

I/O extended-logout (See IOEL) 
I/O instructions 13-15 

condition code for 13-12 
exception handling for 13-36 
format of 13-15 
role of in I/O operations 13-5 
timeout (bit in external-damage code) 

11-25 
I/O interface 

inoperative 13-82 
OEMI publication referenced v 
position on (effect on interruption 
priority) 13-62 

I/O interruption 6-13 
action for 13-62 
channel-available (See 
channel-available interruption) 

pending 13-10 
priority of 13-62 
program-controlled (See PCI) 
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timeout (bit in external-damage code) 
11-25 

I/O-interruption code 6-14 
I/O-interruption conditions 13-7,13-60 
I/O mask 

in BC-mode PSW 4-8 
in EC-mode PSW 4-6 

I/O operations 13-2 
chaining of 13-40 
channel compatibility of 13-7 
conclusion of 13-54 
execution of 13-37 
immediate 13-55 
pending 13-27 
resumption of 13-26,13-55 
start-I/O-fast queuing of 13-28 
storage-area designation for (See 
storage-area designation for I/O 
operations) 13-2 

suspend-control bit used in suspend­
ing 13-37 

suspension of 13-28,13-46 
termination of (See termination of 

I/O operations) 
I/O-queuing facility D-4 
I/O-sense data 13-51 
I/O-system reset 13-12 

as part of program reset 4-34 
as part of subsystem reset 4-34 
effect on channel set 4-43 

I/O-system state 13-9 
available (AAA) 13-10 
channel not operational (NXX) 13-12 
channel working (WXX) 13-11 
device not operational (AAN) 13-11 
device working (AAW) 13-10 
interruption pending in channel (IXX) 
13-11 

interruption pending in device (AAI) 
13-10 

interruption pending in subchannel 
(AIX) 13-11 

subchannel not operational (ANX) 
13-11 

subchannel working (AWX) 13-11 
lAC (INSERT ADDRESS SPACE CONTROL) 
instruction 10-7 

IC (INSERT CHARACTER) instruction 7-20 
IC (instruction counter) (See instruc­
tion address) 

ICM (INSERT CHARACTERS UNDER MASK) 
instruction 7-20 

examples A-19 
ID (See CPU identification, channel 
identification, sense ID) 

IDA (indirect-data-address) flag 13-38 
IDAW (indirect-data-address word) 13-45 

format 13-45 
31-bit facility D-5,13-46 

ILC (instruction-length code) 6-7 
assigned storage locations for 3-43 
for program interruptions 6-14 
for supervisor-call interruption 

6-36 
in BC-mode PSW 4-8 

IML (initial microprogram loading) 
controls 12-2 

immediate I/O operation 13-55 
immediate operand 5-4 
implicit address translation 3-27 
impljcit tracing 4-11 
imprecise program interruptions 6-7 
incorrect length (channel status) 13-70 
index 



for address generation 5-5 
instructions for branching on 7-11 
into ASN first and second tables 
3-13 

into authority table 5-18 
into entry and linkage tables 5-21 
register for 2-4 

indicator 
check-stop 12-2 
load 12-3 
manual 12-3 
test 12-5 
wait 12-6 

indirect-data-address flag 13-38 
indirect-data-address word (See IDAW) 
indirect data addressing (See channel 
indirect data addressing) 

indirect storage error 11-21 
information format 3-3 
inhibition of unit of operation 5-10 
initial CPU reset 4-34 

signal-processor order 4-39 
initial microprogram loading (IML), 
signal-processor order 4-39 

initial-microprogram-loading (IML) 
controls 12-2 

initial program loading (See IPL) 
initial program reset 4-34 

signal-processor order 4-39 
inoperative (signal-processor status) 
4-42 

input/output (See I/O) 
INSERT ADDRESS SPACE CONTROL (lAC) 
instruction 10-7 

INSERT CHARACTER (IC) instruction 7-20 
INSERT CHARACTERS UNDER MASK (ICM) 
instruction 7-20 

examples A-19 
INSERT PSW KEY (IPK) instruction 10-8 
INSERT STORAGE KEY (ISK) instruction 

10-8 
INSERT STORAGE KEY EXTENDED (ISKE) 
instruction 10-9 

INSERT VIRTUAL STORAGE KEY (IVSK) 
instruction 10-10 

installation 2-2 
instruction address 

as a type of address 3-6 
handling by DAT 3-22 
in BC-mode PSW 4-8 
in EC-mode PSW 4-7 
in entry-table entry 5-22 
validity bit for 11-22 

instruction-length code (See ILC) 
instruction-processing damage 11-17 

resulting in processing backup 11-19 
resulting in processing damage 11-20 

instructions 
(See also instruction lists and page 
numbers in Appendix B) 

backing up of 11-19 
classes of 2-3 
control 10-2 
damage to 11-17,11-20 
decimal 8-1 

examples A-30 
divisible execution of 5-25 
ending of 5-8 
examples of use A-7 
execution of 5-6 
fetching of 5-26 

access exception for 6-30 
PER event for 4-19 
PER-event mask for 4-16 

floating-point 9-1 
examples A-36 

format of 5-3 
I/O 13-15 

general 7-2 
examples A-8 

I/O (See I/O instructions) 
interruptible (See interruptible 
instructions) 

length of 5-3 
list of B-1 
modification by EXECUTE instruction 

7-19 
prefetching of 5-27 
privileged 4-6 

for control 10-2 
for I/O 13-15 

semiprivileged 4-6,10-2 
sequence of execution 5-2 
stepping of (rate control) 12-4 

effect on CPU state 4-2 
effect on CPU timer 4-28 

unprivileged 4-6,7-2 
vector 2-4 

integer 
binary 7-2 

address as 5-5 
examples A-2 

conversion of between hexadecimal and 
decimal F-6 

decimal 8-2 
integral boundary 3-3 
interface (See I/O interface) 
interface-control check (channel status) 
13-72 

interlocked update (in tracing) 4-13 
interlocked-update storage reference 
5-29 

interlocks for virtual storage refer-
ences 5-25 

intermittent errors 11-5 
internal storage 2-3 
interrupt key 12-2 

external interruption 6-12 
interruptible instructions 5-9 

COMPARE LOGICAL LONG 7-16 
effect on interval timer 4-29 
MOVE LONG 7-25 
PER event affecting the ending of 

4-17 
stopping of 4-2 
TEST BLOCK 10-51 
vector instructions 5-9 

interruption 6-2 
(See also masks) 
action 6-2 

I/O 13-62 
machine-check 11-12 

CAl (channel-available interruption) 
13-29,13-61 

classes of 6-5 
effect on instruction sequence 5-8 
external (See external interruption) 
machine-check (See machine-check 

interruption) 
masking of 6-6 
pending 6-6 

external 6-10 
I/O 13-10 
machine-check 11-13 
relation to CPU state 4-2 

priority of (See priority) 
program (See program interruption) 

imprecise 6-7 

Index X-11 



program-controlled (See PCI) 
restart 6-35 
string (See string of interruptions) 
supervisor-call 6-36 

interruption code 6-5 
external 6-10 
I/O 6-14 
in BC-mode PSW 4-8 
machine-check (MCIC) 3-44,11-15 
program 6-14 
summary of 6-2 
supervisor-call 6-36 

interruption conditions 6-2 
clearing of 4-33 
floating 6-7,11-27 
I/O 13-7,13-60 

interruption parameter, external 
(assigned storage locations) 3-42 

interval timer 4-29 
damage 11-17 
external interruption 6-12 
manual control for 12-3 
subclass-mask bit 6-12 
update reference 5-33 

intervention required (bit in I/O-sense 
data) 13-51 

invalid 
address 6-15 
bit in ASN-first-table entry 3-14 
bit in ASN-second-table entry 3-14 
bit in linkage-table entry 5-21 
bit in page-table entry 3-26 
bit in segment-table entry 3-25 
cac 11-2 

in registers 11-9 
in storage 11-6 
in storage keys 11-7 

channel programs 13-70 
operation code 6-21 
order (signal-processor status) 4-42 
translation address 3-31 
translation format 3-24 

exception recognition 3-31 
INVALIDATE PAGE TABLE ENTRY (IPTE) 
instruction 10-11 

effect of when CPU is stopped 4-2 
inverse move (See MOVE INVERSE instruc­
tion, move-inverse facility) 

IOCA (I/O-communication area) 13-80 
address of IOEL (I/O extended logout) 

in 13-80 
channel ID in 13-32,13-80 
I/O address in 13-62,13-83 
I/O extended logout in (See IOEL) 
measurement byte in 13-62,13-83 

IOEL (I/O extended logout) 13-80 
address of 13-80 

assigned storage locations for 
3-44 

control bit for 11-29 
facility D-4 
maximum length of 13-32 

IPK (INSERT PSW KEY) instruction 10-8 
IPL (initial program loading) 4-35 

assigned storage locations for 3-41 
effect on CPU state 4-3 

IPTE (INVALIDATE PAGE TABLE ENTRY) 
instruction 10-11 

ISK (INSERT STORAGE KEY) instruction 
10-8 

ISKE (INSERT 
instruction 

IVSK (INSERT 
instruction 

STORAGE KEY EXTENDED) 
10-9 

VIRTUAL STORAGE KEY) 
10-10 
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K 
K (kilo) iv 
key 

access (See access key) 
for I/O (See subchannel key) 

manual (See manual operation) 
PSW (See PSW key) 
storage (See storage key) 
subchannel (See subchannel key) 

key-controlled protection 3-8 
exception for 6-23 

key handling, provided by DAS 5-16 
key mask 

L 

authorization 5-22 
entry 5-22 
PSW (PKM) 5-18 

L (LOAD) binary instruction 7-20 
example A-20 

L fields of instruction 5-4 
LA (LOAD ADDRESS) instruction 7-21 

examples A-20 
LASP (LOAD ADDRESS SPACE PARAMETERS) 
instruction 10-12 

late exception recognition 6-9 
LCDR (LOAD COMPLEMENT) floating-point 
instruction 9-11 

LCER (LOAD COMPLEMENT) floating-point 
instruction 9-11 

LCR (LOAD COMPLEMENT) binary instruction 
7-21 

LCTL (LOAD CONTROL) instruction 10-20 
LD (LOAD) floating-point instruction 

9-10 
LDR (LOAD) floating-point instruction 

9-10 
LE (LOAD) floating-point instruction 

9-10 
left-to-right addressing 3-2 
length 

field 3-3 
instruction 5-3 
of I/O block 13-70 

(See also count field) 
register-operand 5-4 
second operand same as first 5-4 
variable (storage operand) 5-4 

LER (LOAD) floating-point instruction 
9-10 

lH (LOAD HALFWORD) instruction 7-22 
examples A-20 

LIFO (last in first out) queuing, exam­
ple for lock and unlock A-43 

light (See indicator) 
limited channel logout 

assigned storage locations for 3-44 
facility D-4 
format of 13-80 
storing of 13-62 

link information 
for BRANCH AND LINK instruction 7-9 
for BRANCH AND SAVE instruction 7-9 

linkage for subroutines 5-6 
provided by DAS 5-15 

linkage index (LX) 5-21 
linkage table (LT) 5-21 

designation (LTD) 5-21 
in AST entry 3-15 



length (LTL) 5-21 
origin (LTO) 5-21 

LM (LOAD MULTIPLE) instruction 7-22 
LNDR (LOAD NEGATIVE) floating-point 
instruction 9-11 

LNER (LOAD NEGATIVE) floating-point 
instruction 9-11 

LNR (LOAD NEGATIVE) binary instruction 
7-22 

LOAD (L,LR) binary instructions 7-20 
example A-20 

LOAD (LD,LDR,LE,LER) floating-point 
instructions 9-10 

LOAD ADDRESS (LA) instruction 7-21 
examples A-20 

LOAD ADDRESS SPACE PARAMETERS (LASP) 
instruction 10-12 

LOAD AND TEST (LTDR,LTER) floating-point 
instructions 9-11 

LOAD AND TEST (LTR) binary instruction 
7-21 

load-clear key 
LOAD COMPLEMENT 
floating-point 

LOAD COMPLEMENT 
7-21 

12-3 
(LCDR,LCER) 
instructions 9-11 
(LCR) binary instruction 

LOAD CONTROL (LCTL) instruction 10-20 
LOAD HALFWORD (LH) instruction 7-22 

examples A-20 
load indicator 12-3 
LOAD MULTIPLE (LM) instruction 7-22 
LOAD NEGATIVE (LNDR,LNER) floating-point 
instructions 9-11 

LOAD NEGATIVE (LNR) binary instruction 
7-22 

load-normal key 12-3 
LOAD POSITIVE (LPDR,LPER) floating-point 
instructions 9-12 

LOAD POSITIVE (LPR) binary instruction 
7-22 

LOAD PSW (LPSW) instruction 10-20 
LOAD REAL ADDRESS (LRA) instruction 

10-21 
LOAD ROUNDED (LRDR,LRER) instructions 

9-12 
load state 4-2,4-3 

during IPL 4-35 
load-unit-address controls 12-3 
loading, initial (See IML, IPL) 
location 3-2 

(See also address) 
not available in configuration 6-15 

location 80 (for interval timer) 4-29 
location 84 (in tracing) 4-13 
lock A-42 

example with FIFO queuing A-45 
example with LIFO queuing A-44 

logical 
arithmetic (unsigned binary) 7-3 
comparison 7-4 
connective 

AND 7-8 
EXCLUSIVE OR 7-18 
OR 7-30 

data 7-2 
logical address 3-6 

handling by DAT 3-22 
logout 

channel 13-80 
extended machine-check 11-28 

address 11-29 
length of 11-23 
validity bit for 11-23 

fixed 

assigned storage locations for 
3-44 

channel (See full channel logout) 
machine-check 11-28 

I/O extended (See IOEL) 
limited channel (See limited channel 
logout) 

logout pending (bit in CSW) 13-63 
long floating-point number 9-2 
long I/O block 13-70 
loop control 5-6 
loop of interruptions (See string of 
interruptions) 

low-address protection 3-9 
control bit 3-9 
exception for 6-23 

LPDR (LOAD POSITIVE) floating-point 
instruction 9-12 

LPER (LOAD POSITIVE) floating-point 
instruction 9-12 

LPR (LOAD POSITIVE) binary instruction 
7-22 

LPSW (LOAD PSW) instruction 10-20 
LR (LOAD) binary instruction 7-20 
LRA (LOAD REAL ADDRESS) instruction 

10-21 
LRDR (LOAD ROUNDED) instruction 9-12 
LRER (LOAD ROUNDED) instruction 9-12 
LT (linkage table) 5-21 
LTD (linkage-table designation) 5-21 
LTDR (LOAD AND TEST) floating-point 
instruction 9-11 

LTER (LOAD AND TEST) floating-point 
instruction 9-11 

LTL (linkage-table length) 5-21 
LTO (linkage-table origin) 5-21 
LTR (LOAD AND TEST) binary instruction 

7-21 
LX (linkage index) 5-21 

invalid bit 5-21 
translation exception 6-20 

M 
M (mega) iv 
M (MULTIPLY) binary instruction 7-28 

example A-24 
machine check 11-2 

(See also malfunction) 
extended logout (MCEL) 11-28 

address 11-29 
length of 11-23 
validity bit for 11-23 

handling of malfunction detected as 
part of I/O 11-5 

interruption 6-14,11-11 
action 11-12 
code (MCIC) 3-44,11-15 
floating conditions 11-27 
mask in BC-mode PSW 4-8 
mask in EC-mode PSW 4-6 
subclass masks in control register 

11-27 
logout 11-28 

control bits for 11-29 
mask, in EC-mode PSW 4-6 
mask in BC-mode PSW 4-8 

main storage 3-2 
(See also storage) 
effect of power-on reset on 4-35 
shared (in multiprocessing) 4-38 

malfunction 11-2 
correction of 11-2 
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effect on manual operation 12-1 
from DIAGNOSE instruction 10-5 
indication of 11-5 
machine-check handling for when 
detected as part of I/O 11-5 

malfunction alert (external 
interruption) 6-12 

when entering check-stop state 11-11 
manual indicator 12-3 

(See also stopped state) 
manual operation 12-1 

controls 
address-compare 12-1 
alter-and-display 12-2 
IML 12-2 
interval-timer 12-3 
load-unit-address 12-3 
power 12-3 
rate 12-4 
TOD-clock 12-5 

effect on CPU signaling 4-40 
keys 

interrupt 12-2 
load-clear 12-3 
load-normal 12-3 
restart 12-4 
start 12-4 
stop 12-4 
store-status 12-5 
system-reset-clear 12-5 
system-reset-normal 12-5 

masks 6-6 
(See also I/O interruption, inter­
ruption) 

channel 6-14 
in BRANCH ON CONDITION instruction 
7-10 

in COMPARE LOGICAL CHARACTERS UNDER 
MASK instruction 7-15 

in INSERT CHARACTERS UNDER MASK 
instruction 7-20 

in PSW 
BC mode 4-8 
EC mode 4-6 

in STORE CHARACTERS UNDER MASK 
instruction 7-35 

monitor 6-21 
PER-event 4-16 
PER general-register 4-16 
program-interruption 6-15 
subclass 

external-interruption 6-10 
machine-check-interruption 11-27 

mathematical assists, publication refer-
enced v 

maximum negative number 7-2 
MC (MONITOR CALL) instruction 7-23 
MCEL (See machine check, extended 

logout) 
MCIC (machine-check-interruption code) 

3-44,11-15 
MD (MULTIPLY) floating-point instruction 

9-13 
MDR (MULTIPLY) floating-point instruc­
tion 9-13 

example A-38 
ME (MULTIPLY) floating-point instruction 

9-13 
measurement byte 

assigned storage locations for 3-44 
in I/O-communication area 13-83 
storing of 13-62 

MER (MULTIPLY) floating-point instruc­
tion 9-13 
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message byte (in EDIT) 8-7 
MH (MULTIPLY HALFWORD) instruction 7-29 

example A-24 
microprogram (initial loading of) 12-2 
mode 

BC (See BC mode) 
burst (channel operation) 13-4 
byte-multiplex (channel operation) 

13-4 
EC (See EC mode) I 

primary-space 3-22 
as part of DAS 5-14 

real 3-22 
secondary-space 3-22 

as part of DAS 5-14 
translation 3-22 

mode requirements for DAS 5-17 
model, channel 13-32 
model number (in CPU ID) 10-48 
modifier bits (in CCW command code) 

13-39 
MONITOR CALL (MC) instruction 7-23 
monitor-class number 6-21 

assigned storage locations for 3-43 
monitor code 6-21 

assigned storage locations for 3-43 
monitor event 6-21 
monitor masks 6-21 
monitoring 

for PER events (See PER) 
with MONITOR CALL 6-21,7-23 

MOVE (MVC,MVI) instructions 7-23 
examples A-18,A-21 

move instructions provided by DAS 5-15 
MOVE INVERSE (MVCIN) instruction 7-24 

example A-22 
move-inverse facility D-4,7-24 
MOVE LONG (MVCL) instruction 7-24 

examples A-22 
MOVE NUMERICS (MVN) instruction 7-27 

example A-23 
MOVE TO PRIMARY (MVCP) instruction 

10-22 
MOVE TO SECONDARY (MVCS) instruction 

10-22 
MOVE WITH KEY (MVCK) instruction 10-24 
MOVE WITH OFFSET (MVO) instruction 7-27 

example A-23 
MOVE ZONES (MVZ) instruction 7-28 

example A-24 
MP (MULTIPLY DECIMAL) instruction 8-10 

example A-34 
MR (MULTIPLY) binary instruction 7-28 

example A-24 
multiple-access storage references 5-31 
multiplexer channel 13-5 
MULTIPLY (M,MR) binary instructions 

7-28 
examples A-24 

MULTIPLY (MD,MDR,ME,MER,MXD,MXDR,MXR) 
floating-point instructions 9-13 

example A-38 
MULTIPLY DECIMAL (MP) instruction 8-10 

example A-34 
MULTIPLY HALFWORD (MH) instruction 7-29 

example A-24 
multiprocessing 4-37 

facility D-4 
manual operations for 12-6 
programming considerations for 

A-40,8-3 
programming examples A-40 
timing-facility interruptions for 

4-26 



TOO clock for 4-23 
multiprogramming examples A-40 
MVC (MOVE) instruction 7-23 

examples A-18,A-21 
MVCIN (MOVE INVERSE) instruction 7-24 

example A-22 
MVCK (MOVE WITH KEY) instruction 10-24 
MVCL (MOVE LONG) instruction 7-24 

examples A-22 
MVCP (MOVE TO PRIMARY) instruction 

10-22 
MVCS (MOVE TO SECONDARY) instruction 

10-22 
MVI (MOVE) instruction 7-23 

example A-21 
MVN (MOVE NUMERICS) instruction 7-27 

example A-23 
MVO (MOVE WITH OFFSET) instruction 7-27 

example A-23 
MVZ (MOVE ZONES) instruction 7-28 

example A-24 
MXD (MULTIPLY) floating-point instruc­
tion 9-13 

MXDR (MULTIPLY) floating-point instruc­
tion 9-13 

MXR (MULTIPLY) floating-point instruc­
tion 9-13 

N 
N (AND) instruction 7-8 
NC (AND) instruction 7-8 
near-valid CBC 11-2 

in storage 11-5 
negative zero 

binary 7-2 
decimal 8-3 

example A-5 
new PSW 4-3 

assigned storage locations for 3-41 
fetched during interruption 6-2 

NI (AND) instruction 7-8 
example A-8 

no-operation 
as an I/O command (control) 13-50 
instruction (BRANCH ON CONDITION) 
7-10 

noninterlocked-update storage reference 
5-29 

nonshared subchannel 13-5 
nonvolatile storage 3-2 
normalization 9-2 
not-available state (I/O system) 13-9 
not operational 

as CPU state 4-40 
effect on channel set 4-43 

as I/O-system state 13-11 
as TOO-clock state 4-25 

not ready 
(signal-processor status) 4-42 
as I/O-device state 13-10 

not set (TOO-clock state) 4-24 
NR (AND) instruction 7-8 
nullification 

exceptions to 5-11 
for exigent machine-check conditions 

11-11 
of instruction execution 5-9 
of unit of operation 5-10 

numbering 
of addresses (byte locations) 3-2 
of bits 3-3 

numbers 

binary 7-2 
examples A-2 

CPU-model 10-48 
decimal 8-1 

examples A-5 
floating-point 9-1 

examples A-5 
hexadecimal F-l,5-4 

numeric bits 8-1 
moving of 7-27 

o 
o (OR) instruction 7-29 
OC (OR) instruction 7-29 
OEM! (original equipment manufacturers' 

information) for I/O interface, publi­
cation referenced v 

01 (OR) instruction 7-29 
example A-25 
example of problem with A-40 

old PSW 6-2 
assigned storage locations for 3-41 

one's complement binary notation 7-2 
used for SUBTRACT LOGICAL instruction 

7-37 
op code (See operation code) 
operand 5-2 

access of 5-28 
address generation for 5-5 
immediate 5-4 
length of 5-2 
overlap 

for decimal instructions 8-3 
for general instructions 7-2 

register for 5-4 
sequence of references for 5-28 
storage 5-4 
types of (fetch, store, update) 5-28 
used for result 5-2 

operating state 4-2,4-2 
operation 

code (op code) 5-2 
invalid 6-21 

exception 6-21 
I/O (See I/O operations) 
unit of 5-9 

operational state (I/O system) 13-9 
operator facilities 2-6,12-1 

basic 12-1 
operator intervening (signal-processor 
status) 4-41 

OR (O,OC,OI,OR) instructions 7-29 
example of problem with OR immediate 

A-40 
examples A-25 

orders (signal-processor) 4-38 
conditions precluding response to 

4-40 
CPU reset 4-39 
emergency signal 4-39 
external call 4-39 
initial CPU reset 4-39 
initial microprogram load 4-39 
initial program reset 4-39 
program reset 4-39 
restart 4-39 
sense 4-38 
start 4-39 
stop 4-39 
stop and store status 4-39 

overflow 
binary 7-3 
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example A-2 
decimal 6-19 
exponent (See exponent overflow) 
fixed-point 6-20,7-3 

overlap 
destructive 7-25 
operand 

for decimal instructions 8-3 
for general instructions 7-2 

operation 5-24 
overrun (bit in I/O-sense data) 13-51 

P 
PACK (PACK) instruction 7-30 

example A-25 
packed decimal numbers 8-1 

conversion of to zoned format 7-40 
conversion to from zoned format 7-30 
examples A-5 

padding byte 
for COMPARE LOGICAL LOHG instruction 

7-15 
for MOVE LONG instruction 7-24 

page 3-21 
page-frame real address (PFRA) 3-26 
page index (PX) 3-21 
page-invalid bit (in page-table entry) 

3-26 
page size 3-23 

2K-byte optional D-5 
page swapping 3-20 
page table 3-26 

designation 3-25 
length (PTL) 3-25 
lookup 3-31 
origin (PTO) 3-25 

page-translation exception 6-22 
as an access exception 6-28,6-33 

parameter 
external-interruption 6-10 

assigned storage locations for 
3-42 

translation 3-22 
parity bit 11-2 
partial completion of instruction 
execution 5-9 

PASH (primary address-space number) 
3-13 

as part of DAS 5-14 
pattern (in EDIT) 8-6 
PC (PROGRAM CAll) instruction 10-25 
PC-cp (PROGRAM CAll instruction, to 
current primary) 10-26 

PC number 5-16,10-25 
translation 5-21 

PC-ss (PROGRAM CAll instruction, with 
space switching) 10-26 

PC-translation-specification exception 
6-22 

PCI (program-controlled interruption) 
13-44 

channel status for 13-70 
flag in CCW for 13-38 

pending I/O operations 13-27 
number of (in I/O-communication area) 

13-83 
pending interruption (See interruption 

pending) 
PER (program-event recording) 4-15 

address 4-17 
assigned storage locations for 

3-43 

X-16 System/370 Principles of Operation 

code 4-17 
assigned storage locations for 

3-43 
events 4-15 
general-register-alteration event 

4-20 
mask bits 4-16 

instruction-fetching event 4-19 
masks 

bit in PSW 4-6 
general-register 4-16 
PER-event 4-16 

priority of indication 4-17 
program-interruption condition 6-22 
storage-alteration event 4-19 
storage-area designation 4-18 

ending address 4-16 
starting address 4-16 
wraparound 4-18 

successful-branching event 4-19 
PFRA (page-frame real address) 3-26 
piecemeal steps of instruction execution 

5-25 
PKM (PSW-key mask) 5-18 
point of damage 11-14 
point of interruption 5-9 

for machine check 11-14 
POST (SVC), example of routine to bypass 

A-42 
postnormalization 9-2 
power controls 12-3 
power-on reset 4-35 
powers of 2, table of E-1 
precision (floating-point) 9-1 
preferred sign codes 8-2 
prefetching 

access exceptions not recognized for 
6-30 

for I/O 13-40 
handling of invalid CBC in storage 

keys during 11-8 
of CCWs (channel-command word) 13-42 
of OAT-table entries 5-27 
of instructions 5-27 

prefix 3-11 
store-status save area for 3-45 

prenormalization 9-2 
primary address space 3-12 

as part of DAS 5-14 
primary ASH (PASH) 3-13 

as part of DAS 5-14 
primary authority 3-18 

exception 6-23 
primary segment table 

designation (PSTD) 3-24 
length (PSTl) 3-24 
origin (PSTO) 3-24 

primary-space mode 3-22 
as part of DAS 5-14 

primary virtual address 3-5 
effective segment-table designation 
for 3-27 

priority 
of access exceptions 6-33 
of ASH-translation exceptions 6-35 
of external-interruption conditions 

6-10 
of interruptions (CPU) 6-36 
of interruptions (I/O) 13-62 
of PER events 4-17 
of program-interruption conditions 
6-30,6-30 

of trace exceptions 6-35 
privileged instructions 4-6 



control 10-2 
for I/O 13-15 

privileged-operation exception 6-23 
problem state 4-6 

bit in BC-mode PSW 4-8 
bit in EC-mode PSW 4-6 
bit in entry-table entry 5-22 

processing backup (synchronous 
machine-check condition) 11-19 

processing damage (synchronous 
machine-check condition) 11-20 

processor (See CPU) 
program 

exceptions 6-14 
execution of 5-2 
initial loading of 4-35 
interruption 6-14 

for I/O instructions 13-36 
imprecise 6-7 
priority of 6-30 

reset 4-34 
signal-processor order 4-39 

PROGRAM CALL (PC) instruction 10-25 
trace entry 4-14 

program check (channel status) 13-70 
program-controlled interruption (See 

PCl) 
program-event recording (See PER) 
program events (See PER events) 
program mask 

in BC-mode PSW 4-8 
in EC-mode PSW 4-7 
validity bit for 11-22 

program-status word (See PSW) 
PROGRAM TRANSFER (PT) instruction 10-31 

trace entry 4-14 
protection (storage) 3-7 

during tracing 4-13 
fetch (See fetch protection) 
key-controlled (See key-controlled 
protection) 

low-address (See low-address 
protection) 

segment (See segment protection) 
protection check (channel status) 13-71 
protection exception 6-23 

as an access exception 6-28,6-33 
PSTD (primary segment-table designation) 

3-24 
PSTL (primary segment-table length) 

3-24 
PSTO (primary segment-table origin) 

3-24 
PSW (program-status word) 2-3,4-3 

assigned storage locations for 3-41 
BC-mode 4-8 
current 4-3,5-6 

stored during interruption 6-2 
EC-mode 4-6 
exceptions associated with 6-9 
format error 6-9 
in IPL 4-36 
in program execution 5-6 
store-status save area for 3-44 
validity bits for 11-22 

PSW key 
in BC-mode PSW 4-8 
in EC-mode PSW 4-6 
used as access key 3-8 
validity bit for 11-22 

PSW-key-handling facility 0-4 
PSW-key mask (PKM) 5-18 
PT (PROGRAM TRANSFER) instruction 10-31 

PT-cp (PROGRAM TRANSFER instruction, to 
current primary) 10-31 

PT-ss (PROGRAM TRANSFER instruction, 
with space switching) 10-31 

PTL (page-table length) 3-25 
PTLB (PURGE TLB) instruction 10-36 
PTO (page-table origin) 3-25 
publications, other related documents v 
PURGE TlB (PTLB) instruction 10-36 
PX (page index) 3-21 

Q 
queuing 

FIFO, example for lock and unlock 
A-44 

LIFO, example for lock and unlock 
A-43 

R 

start-I/O-fast 13-28 
facility 0-4 

R field of instruction 5-4 
range (of floating-point numbers) 9-1 
rate control 12-4 
ROD (READ DIRECT) instruction 10-36 
read (1/0 command) 13-49 
read backward (I/O command) 13-50 
READ DIRECT (RDD) instruction 10-36 
read-write-direct facility 4-23 
real address 3-5 
real mode 3-22 
real storage 3-5 
receiver check (signal-processor status) 
4-42 

recovery 
as class of machine-check condition 

11-12 
extension facility 0-4 
system 11-17 

subclass-mask bit for 11-28 
redundancy 11-2 
reference 

bit in storage key 3-6 
multiple-access 5-31 
recording 3-10 
sequence for storage 5-24 

(See also sequence) 
single-access 5-30 

region code 11-26 
assigned storage locations for 3-44 
validity bit for 11-22 

register 
base-address 2-4 
control 2-4 
designation of 5-4 
floating-point 2-4 
general 2-4 
index 2-4 
prefix 3-11 
save areas 3-44,11-24 
validation of 11-9 
validity bits for 11-22 
vector-facility 2-4 

remote operating stations 12-1 
repressible machine-check conditions 

11-12 
reset 4-30 

clear 4-34 
CPU 4-33 
effect on CPU state 4-2 
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effect on TOO clock 4-24 
I/O-system 13-12 

as part of subsystem reset 4-34 
initial CPU 4-34 
initial program 4-34 
power on 4-35 
program 4-34 
selective (I/O) 13-12 
subsystem 4-34 
summary of functions 4-32 
summary of functions performed by 
manual initiation of 4-31 

system-reset-clear key 12-5 
system-reset-normal key 12-5 

RESET REFERENCE BIT (RRB) instruction 
10-36 

RESET REFERENCE BIT EXTENDED (RRBE) 
instruction 10-37 

resolution 
of clock comparator 4-27 
of CPU timer 4-28 
of interval timer 4-29 
of TOD clock 4-24 

restart 
interruption 6-35 
key 12-4 
signal-processor order 4-39 

result operand 5-2 
RESUME I/O (RIO) instruction 13-26 
resumption of channel-program execution 

13-55 
retry 

CPU 11-3 
I/O command 13-53 

RIO (RESUME I/O) instruction 13-26 
rounding (decimal) 8-10 

example A-35 
RR instruction format 5-3 
RRB (RESET REFERENCE BIT) instruction 

10-36 
RRBE (RESET REFERENCE BIT EXTENDED) 

instruction 10-37 
RRE instruction format 
RS instruction format 
running (state of TOO 
RX instruction format 

S 

5-3 
5-3 

clock) 
5-3 

4-24 

S (SUBTRACT) binary instruction 7-36 
S (suspend) flag in CCW 13-7,13-38 
S instruction format 5-3 
SAC (SET ADDRESS SPACE CONTROL) instruc­
tion 10-38 

SASN (secondary address-space number) 
3-13 

as part of DAS 5-14 
save areas for registers 3-44,11-24 
SCK (SET CLOCK) instruction 10-39 
SCKC (SET CLOCK COMPARATOR) instruction 

10-39 
SO (SUBTRACT NORMALIZED) instruction 

9-14 
SDR (SUBTRACT NORMALIZED) instruction 

9-14 
SE (SUBTRACT NORMALIZED) instruction 

9-14 
secondary address space 3-12 

as part of DAS 5-14 
changing from by DAS 5-15 

secondary ASN (SASN) 3-13 
as part of DAS 5-14 

secondary authority 3-18 
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exception 6-24 
secondary segment table 

designation (SSTD) 3-24 
length (SSTL) 3-24 
origin (SSTO) 3-24 

secondary-space-control bit 3-23,5-18 
secondary-space mode 3-22 

as part of DAS 5-14 
secondary virtual address 3-6 

effective segment-table designation 
for 3-27 

segment 3-21 
segment index (SX) 3-21 
segment-invalid bit (in segment-table 
entry) 3-25 

segment protection 3-9 
exception for 6-23 
facility D-4 

segment size 3-23 
1M-byte optional D-5 

segment table 3-25 
designation (STD) 3-24 

effective 3-27 
primary 3-24 
secondary 3-24 

lookup 3-30 
segment-translation exception 6-24 

as an access exception 6-28,6-33 
selective reset (I/O) 13-12 
selector channel 13-4 
self-describing block of I/O data 13-42 
semiprivileged 5-13 

instructions 4-6 
descriptions of 10-2 

program authorization 5-17 
summary of 5-20 

programs 4-6,5-17 
sense 

as an I/O command 13-51 
as signal-processor order 4-38 
basic 13-51 

sense data (I/O) 13-51 
sense ID (I/O command) 13-52 
sequence 

conceptual 5-24 
instruction-execution 5-2 
of storage references 5-24 

OAT-table entries 5-27 
instructions 5-26 
operands 5-28 
storage keys 5-28 

sequence code (in limited channel 
logout) 13-82 

SER (SUBTRACT NORMALIZED) instruction 
9-14 

serialization 5-33 
channel-program 5-34 
CPU 5-33 
in completion of store operations 
5-29 

in tracing 4-13 
service-processor damage 11-18 
service processor inoperative 
(signal-processor status) 4-42 

service-signal external interruption 
6-13 

subclass-mask bit for 6-13 
service-signal facility D-4 
SET ADDRESS SPACE CONTROL (SAC) instruc­
tion 10-38 

SET CLOCK (SCK) instruction 10-39 
SET CLOCK COMPARATOR (SCKC) instruction 

10-39 
SET CPU TIMER (SPT) instruction 10-40 



SET PREFIX (SPX) instruction 10-40 
SET PROGRAM MASK (SPM) instruction 7-31 
SET PSW KEY FROM ADDRESS (SPKA) instruc-
tion 10-41 

SET SECONDARY ASN (SSAR) instruction 
10-41 

trace entry 4-14 
set state (of TOD clock) 4-24 
SET STORAGE KEY (SSK) instruction 10-45 
SET STORAGE KEY EXTENDED (SSKE) instruc-
tion 10-45 

SET SYSTEM MASK (SSM) instruction 10-46 
SH (SUBTRACT HALFWORD) instruction 7-37 
shared control unit and subchannel 13-5 
shared storage (See storage sharing) 
shared TOD clock 4-23 
SHIFT AND ROUND DECIMAL (SRP) instruc­
tion 8-10 

examples A-34 
SHIFT LEFT DOUBLE (SLDA) instruction 

7-31 
example A-26 

SHIFT LEFT DOUBLE LOGICAL (SLDL) 
instruction 7-32 

SHIFT LEFT SINGLE (SLA) instruction 
7-32 

example A-26 
SHIFT LEFT SINGLE LOGICAL (SLL) instruc­
tion 7-33 

SHIFT RIGHT DOUBLE (SRDA) instruction 
7-33 

SHIFT RIGHT DOUBLE LOGICAl (SRDL) 
instruction 7-33 

SHIFT RIGHT SINGLE (SRA) instruction 
7-34 

SHIFT RIGHT SINGLE LOGICAL (SRL) 
instruction 7-34 

shifting, floating-point (See normal-
ization) 

short floating-point number 9-2 
short I/O block 13-70 
SI instruction format 5-3 
sign bit 

binary 7-2 
floating-point 9-1 

sign codes (decimal) 8-2 
signal-in lines 6-12 
SIGNAL PROCESSOR (SIGP) instruction 

10-46 
orders 4-38 
status 4-41 

signed binary 
arithmetic 7-3 
comparison 7-4 
integer 7-2 

examples A-2 
significance 

exception 6-25 
loss 9-2 

in floating-point addition 9-7 
mask 

in BC-mode PSW 4-8 
in EC-mode PSW 4-7 

starter (in EDIT) 8-7 
SIGP (See SIGNAL PROCESSOR instruction) 
single-access reference 5-30 
SID (START I/O) instruction 13-27 
SID and SIOF functions 13-27 
SIOF (START I/O FAST RELEASE) instruc­
tion 13-27 

size notation iv 
size of segment and page 3-23 

optional D-5 
skip flag in CCW 13-38 

skipping (during I/O) 13-43 
SL (SUBTRACT LOGICAL) instruction 7-37 
SLA (SHIFT LEFT SINGLE) instruction 

7-32 
example A-26 

SLDA (SHIFT LEFT DOUBLE) instruction 
7-31 

example A-26 
SLDL (SHIFT LEFT DOUBLE LOGICAL) 

instruction 7-32 
SLI (suppress-length indication) flag in 

CCW 13-38 
SLL (SHIFT LEFT SINGLE LOGICAL) instruc-
tion 7-33 

SLR (SUBTRACT LOGICAL) instruction 7-37 
solid errors 11-5 
source 

field in limited channel logout 
13-81 

vector-facility (machine-check condi­
tion) 11-19 

source of interruption, identified by 
interruption code 6-5 

SP (SUBTRACT DECIMAL) instruction 8-11 
space-switch event 6-25 

as aid in program-problem analysis 
5-17 

control bit 
in ASTE 3-15 
in translation 3-24 

special-operation exception 6-25-
specification exception 6-26 
SPKA (SET PSW KEY FROM ADDRESS) instruc-
tion 10-41 

SPM (SET PROGRAM MASK) instruction 7-31 
SPT (SET CPU TIMER) instruction 10-40 
SPX (SET PREFIX) instruction 10-40 
SR (SUBTRACT) binary instruction 7-36 
SRA (SHIFT RIGHT SINGLE) instruction 

7-34 
SRDA (SHIFT RIGHT DOUBLE) instruction 

7-33 
SRDL (SHIFT RIGHT DOUBLE LOGICAL) 

instruction 7-33 
SRL (SHIFT RIGHT SINGLE LOGICAL) 

instruction 7-34 
SRP (SHIFT AND ROUND DECIMAL) instruc­
tion 8-10 

examples A-34 
SS instruction format 5-3 
SSAR (SET SECONDARY ASN) instruction 

10-41 
SSAR-cp (SET SECONDARY ASN instruction, 
to current primary) 10-42 

SSAR-ss (SET SECONDARY ASH instruction, 
with space switching) 10-42 

SSE instruction format 5-3 
SSK (SET STORAGE KEY) instruction 10-45 
SSKE (SET STORAGE KEY EXTENDED) instruc-
tion 10-45 

SSM (SET SYSTEM MASK) instruction 10-46 
SSM-suppression-control bit 6-25,10-46 
SSTD (secondary segment-table desig-
nat ion) 3-24 

SSTL (secondary segment-table length) 
3-24 

SSTO (secondary segment-table origin) 
3-24 

ST (STORE) binary instruction 7-34 
standalone dump 12-5 
standard epoch (for TOD clock) 4-25 
STAP (STORE CPU ADDRESS) instruction 

10-48 
start (CPU) 
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function 4-2 
key 12-4 
signal-processor order 4-39 

START I/O (SIO) instruction 13-27 
start-I/O-fast queuing 13-28 

facility D-4 
initiation of pending I/O operations 
13-29,13-55 

START I/O FAST RELEASE (SIOF) instruc­
tion 13-27 

state 
CPU (See CPU state) 
I/O-system (See I/O-system state) 
TOD-clock 4-24 

status 
for SIGNAL PROCESSOR 4-38,10-47 
in CSW 13-63 

contents of 13-78 
of channel (See channel status) 
of device (See unit status) 
program (See PSW) 
resulting from signal-processor 
orders 4-41 

storing of 4-37 
manual key for 12-5 

status modifier (unit status) 13-64 
STC (STORE CHARACTER) instruction 7-34 
STCK (STORE CLOCK) instruction 7-35 
STCKC (STORE CLOCK COMPARATOR) instruc-
tion 10-47 

STCM (STORE CHARACTERS UNDER MASK) 
instruction 7-35 

examples A-26 
STCTL (STORE CONTROL) instruction 10-48 
STD (segment-table designation) 3-24 
STD (STORE) floating-point instruction 

9-14 
STE (STORE) floating-point instruction 

9-14 
STH (STORE HALFWORD) instruction 7-36 
STIDC (STORE CHANNEL ID) instruction 

13-32 
STIDP (STORE CPU ID) instruction 10-48 
STL (segment-table length) 3-24 
STM (STORE MULTIPLE) instruction 7-36 

example A-27 
STNSM (STORE THEN AND SYSTEM MASK) 

instruction 10-50 
STO (segment-table origin) 3-24 
stop 

function 4-2 
key 12-4 
signal-processor order 4-39 

stop and store status (signal-processor 
order) 4-39 

stopped (signal-processor status) 4-41 
stopped state 

of CPU 4-2 
effect on completion of store 
operations 5-29 

of TOD clock 4-24 
storage 3-2 

absolute 3-5 
address wraparound (See wraparound) 
addressing 3-2 

(See also address) 
alteration manual controls 12-2 
alteration PER event 4-19 

mask for 4-16 
assigned locations in 3-41 
auxiliary 3-2,3-20 
block 3-5 

testing for usability of 10-50 
buffer (cache) 3-2 
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clearing of (See clearing operation) 
concurrency of access for references 
to 5-31 

configuration of 3-5 
direct-access 3-2 
display 12-2 
error 11-20 

indirect 11-21 
failing address in (See 
failing-storage address) 

interlocked update 5-29 
interlocks for virtual references 
5-25 

internal 2-3 
main 3-2 
noninterlocked update 5-29 
nonvolatile 3-2 
operand 5-4 

reference to (fetch, store, 
update) 5-29 

update reference 5-29 
operand consistency 5-30 

examples A-44,A-47 
prefixing for 3-11 
real 3-5 
sequence of references to 5-24 
size 

notation for iv 
of segment and page in 3-23 

size of segment and page D-5 
validation of 11-6 
virtual 3-20 
volatile 3-2 

effect of power-on reset on 4-35 
storage-area designation 

for I/O operations 13-39 
as specified in data-chained CCWs 

13-42 
as specified in IDAWs 13-45 

for PER events 4-18 
storage-control unit (in limited channel 

logout) 13-81 
storage degradation (machine-check 
condition) 11-21 

storage key 3-6 
error in 11-21 
sequence of references to 5-28 
testing for usability of 10-50 
validation of 11-7 

storage-key exception-control bit 
3-7,6-26 

storage-key-instruction extensions 3-7 
facility D-5 

storage-key 4K-byte-block facility 
D-5,3-7 

storage-logical-validity bit 11-23 
storage protection 3-7 
storage sharing 

by address spaces 3-20 
by CPUs and channels 3-5 
examples A-40 
in multiprocessing 4-38 

STORE (ST) binary instruction 7-34 
STORE (STD,STE) floating-point 

instructions 9-14 
STORE CHANNEL ID (STIDC) instruction 

13-32 
STORE CHARACTER (STC) instruction 7-34 
STORE CHARACTERS UNDER MASK (STCM) 

instruction 7-35 
examples A-26 

STORE CLOCK (STCK) instruction 7-35 
STORE CLOCK COMPARATOR (STCKC) instruc­
tion 10-47 



STORE CONTROL (STCTl) instruction 10-48 
STORE CPU ADDRESS (STAP) instruction 

10-48 
STORE CPU ID (STIDP) instruction 10-48 
STORE CPU TIMER (STPT) instruction 

10-49 
STORE HAlFWORD (STH) instruction 7-36 
STORE MULTIPLE (STM) instruction 7-36 

example A-27 
STORE PREFIX (STPX) instruction 10-49 
store reference 5-29 

access exceptions for 6-30 
store status 4-37 

key 12-5 
signal-processor order for 4-39 

STORE THEN AND SYSTEM MASK (STNSM) 
instruction 10-50 

STORE THEN OR SYSTEM MASK (STOSM) 
instruction 10-50 

STOSM (STORE THEN OR SYSTEM MASK) 
instruction 10-50 

STPT (STORE CPU TIMER) instruction 
10-49 

STPX (STORE PREFIX) instruction 10-49 
string of interruptions 4-3,6-37 

caused by clock comparator 4-27 
caused by CPU timer 4-28 

SU (SUBTRACT UNNORMALIZED) instruction 
9-15 

subchannel 13-4 
not operational (I/O-system state) 

13-11 
working (I/O-system state) 13-11 

subchannel key 
in CAW 13-37 
in CSW 13-63 

contents of 13-73 
validity flag for 13-82 

used as access key 3-9 
used for IPL 4-36 

subclass-mask bits 6-6 
external-interruption 6-10 
machine-check 11-27 

subroutine linkage 5-6 
subsystem-linkage-control bit 5-18,5-21 
subsystem reset 4-34 
SUBTRACT (S,SR) binary instructions 

7-36 
SUBTRACT DECIMAL (SP) instruction 8-11 
SUBTRACT HALFWORD (SH) instruction 7-37 
SUBTRACT LOGICAL (SL,SLR) instructions 

7-37 
SUBTRACT NORMALIZED (SD,SDR,SE,SER,SXR) 

instructions 9-14 
SUBTRACT UNNORMALIZED (SU,SUR,SW,SWR) 

instructions 9-15 
successful-branching PER event 4-19 

mask for 4-16 
SUPERVISOR CALL (SVC) instruction 7-38 
supervisor-call interruption 6-36 
supervisor state 4-6 
suppress-Iength-indication (SLI) flag in 

CCW 13-38 
suppression 

exceptions to 5-11 
of instruction execution 5-9 
of unit of operation 5-10 

SUR (SUBTRACT UNNORMALIZED) instruction 
9-15 

suspend-and-resume facility D-5,13-7 
suspended (bit in CSW) 13-63,13-74 
suspension of channel-program execution 
13-28,13-46 

suspend (S) flag in CCW 13-7,13-38 

suspend-control bit in CAW 
13-7,13-37 

suspended bit in CSW 13-63 
meaning of 13-74 

SVC (SUPERVISOR CALL) instruction 7-38 
SW (SUBTRACT UNHORMALIZED) instruction 

9-15 
swapping 

by COMPARE (DOUBLE) AND SWAP 
instructions 7-12 

by EXCLUSIVE OR instruction 7-18 
switching of channel sets 4-43 
SWR (SUBTRACT UNNORMALIZED) instruction 

9-15 
SX (segment index) 3-21 
SXR (SUBTRACT NORMALIZED) instruction 

9-14 
synchronization 

checkpoint 11-3 
of CPU timer with TOD clock 4-28 
of TOD clocks 4-24,4-26 

synchronous logout 11-28 
synchronous machine-check 
extended-Iogout-control bit 11-29 

synchronous machine-cheek-interruption 
conditions 11-19 

system 
manual control of 12-1 
organization of 2-1 

system check stop 11-11 
system damage 11-16 
system mask (in PSW) 4-3 

validity bit for 11-22 
system recovery 11-17 
system reset (See reset) 
system-reset-clear key 12-5 
system-reset-normal key 12-5 

T 
table of powers of 2 E-l 
tables 

ASN (See ASN first table, ASN second 
table) 

authority (See authority table) 
DAT (See page table, segment table) 
entry (See entry table) 
hexadecimal F-1 
linkage (See linkage table) 
page (See page table) 
segment (See segment table) 
translation 3-25 

target instruction 7-19 
TB (TEST BLOCK) instruction 10-50 
TCH (TEST CHANNEL) instruction 13-33 
termination 

of 1/0 operations 
(See also conclusion of I/O oper-
ations) 

by channel or device 13-56 
by CLEAR CHANNEL 13-59 
by CLEAR 1/0 13-59 
by HALT DEVICE 13-57 
due to equipment malfunction 

13-59 
of instruction execution 5-9 

for exigent machine-check condi­
tions 11-11 

of unit of operation 5-10 
for exigent machine-check condi­
tions 11-11 

termination code (in limited channel 
logout) 13-82 

Index X-21 



TEST AND SET (TS) instruction 7-38 
TEST BLOCK (TB) instruction 10-50 
test-block facility 0-5,10-50 
TEST CHANNEL (TCH) instruction 13-33 
TEST I/O (TIO) instruction 13-34 

function performed by CLEAR I/O 
instruction 13-17 

test indicator 12-5 
TEST PROTECTION (TPROT) instruction 

10-52 
TEST UNDER MASK (TM) instruction 7-38 

examples A-27 
testing for storage-block and 

storage-key usability 10-50 
TIC (transfer-in-channel) I/O command 

13-53 
time-of-day clock (See TOO clock) 
timeout 

bits in external-damage code 11-25 
channel 13-4 

timer 
CPU (See CPU timer) 
interval (See interval timer) 

timing facilities 4-23 
timing-facility damage 11-17 

for TOO clock 4-25 
TIO (TEST I/O) instruction 13-34 
TLB (translation-lookaside buffer) 3-31 

entries 3-32 
attachment of 3-32 
clearing of 3-36 
effect of translation changes on 

3-36 
usable state 3-32 

summary 3-33 
TM (TEST UNDER MASK) instruction 7-38 

examples A-27 
TOO clock 4-23 

effect of power-on reset on 4-35 
effect on clock-comparator inter­

ruption 6-11 
effect on CPU-timer decrementing 

4-28 
effect on CPU-timer interruption 

6-11 
effect on interval-timer decrementing 

4-29 
effect on interval-timer inter-
ruptions 6-12 

manual control of 4-24,12-5 
unique values of 4-25 
validation of 11-9 

TOO-clock sync check (external inter-
ruption) 6-13 

TOD-clock-sync-control bit 4-24,4-27 
TOD-clock-synchronization facility 4-26 
TPROT (TEST PROTECTION) instruction 

10-52 
TR (TRANSLATE) instruction 7-39 

example A-28 
trace-entry formats 4-14 
trace exceptions 6-35 
tracing 4-11 

for program-problem analysis 5-17 
header 4-13 

transfer-in-channel (TIC) I/O command 
13-53 

TRANSLATE (TR) instruction 7-39 
example A-28 

TRANSLATE AND TEST (TRT) instruction 
7-40 

example A-28 
translation 

address 3-20 

X-22 System/370 Principles of Operation 

(See also dynamic address trans-
lation) 

ASH 3-12 
exception identification 3-43 
facility D-S 
format 3-23 
lookaside buffer (See TlB) 
modes 3-22 
parameters 3-22 
PC-number 5-21 
specification exception 6-27 
tables for 3-25 

trial execution 
for editing instructions and TRANS­

LATE instruction 5-12 
for PER 4-16 

TRT (TRANSLATE AND TEST) instruction 
7-40 

example A-28 
true zero (floating-point number) 9-1 
TS (TEST AND SET) instruction 7-38 
two's complement binary notation 7-2 

examples A-2 

U 
underflow (See exponent underflow) 
unit check (unit status) 13-68 
unit exception (unit status) 13-69 
unit of operation 5-9 
unit status 13-63 

attention 13-64 
busy 13-65 
channel end 13-67 
control-unit end 13-64 
device end 13-67 
status modifier 13-64 
unit check 13-68 
unit exception 13-69 
validity flag for 13-82 

universal instruction set 0-4 
unlock A-42 

example with FIFO queuing A-45 
example with LIFO queuing A-44 

unnormalized floating-point number 9-2 
unnormalized-operand exception 6-27 
UNPACK (UNPK) instruction 7-40 

example A-30 
UNPK (UNPACK) instruction 7-40 

example A-30 
unprivileged instructions 4-6,7-2 
unsigned binary 

arithmetic 7-3 
integer 7-2 

examples A-4 
in address generation 5-5 

update reference 5-29 
usable TLB entry 3-32 

V 
valid CBC 11-2 
valid segment-table or page-table entry 

3-32 
validation 11-5 

of registers 11-9 
of storage 11-6 
of storage key 11-7 
of TOO clock 11-9 

validity bits, in 
machine-check-interruption code 11-21 



validity flags (in limited channel 
logout) 13-82 

variable-length field 3-3 
vector facility 0-5,2-4 

effect of power-on reset on 4-35 
vector-facility failure (machine-check 
condition) 11-18 

vector-facility source (machine-check 
condition) 11-19 

vector-operation exception 6-28 
vector operations, publication refer-

enced v 
version code 10-48 
virtual address 3-5 
virtual storage 3-20 
volatile storage 3-2 

effect of power-on reset on 4-35 

W 
WAIT (SVC), example of routine to bypass 

A-42 
wait indicator 12-6 
wait-state bit 

in BC-mode PSW 4-8 
in EC-mode PSW 4-6 

warning (machine-check condition) 11-18 
subclass-mask bit for 11-28 

word 3-3 
word-concurrent storage references 5-31 
wraparound 

of instruction addresses 5-5 
of PER addresses 4-18 
of register numbers 

for LOAD MULTIPLE instruction 
7-22 

for STORE MULTIPLE instruction 
7-36 

of storage addresses 3-2 

for MOVE INVERSE instruction 7-24 
for MOVE LONG instruction 7-25 

of TOO clock 4-24 
WRD (WRITE DIRECT) instruction 10-54 
write (I/O command) 13-49 
WRITE DIRECT (WRD) instruction 10-54 

x 
X (EXCLUSIVE OR) instruction 
X field of instruction 5-5 
XC (EXCLUSIVE OR) instruction 

examples A-17 
XI (EXCLUSIVE OR) instruction 

example A-18 
XR (EXCLUSIVE OR) instruction 

Z 
ZAP (ZERO AND ADD) instruction 

example A-36 
zero 

7-18 

7-18 

7-18 

7-18 

8-12 

instruction-length code 6-7 
negative (See negative zero) 
normal meaning for byte value 
true (floating-point number) 

iv 
9-1 

8-12 ZERO AND ADD (ZAP) instruction 
example A-36 

zone bits 8-1 
moving of 7-28 

zoned decimal numbers 8-1 
examples A-5 

3 
31-bit IDAW (indirect-data-address word) 
facility 13-46 

Index X-23 
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