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Preface 1

Preface

This programmer reference manual is one in a series designed to be used as a quick-reference document for
programmers familiar with the SPERRY UNIVAC Operating System/3 {(0S/3). This particular manual describes
the basic assembly language (BAL) instructions, directives, and macro definition statements that allow you to
write your own assembly language programs and procedure definitions (procs).

No extensive introductory information or examples of use are provided. This type of information is presented in
two other assembler manuals: an introduction to the assembler, UP-8030, and an assembler user guide, UP-
8061.

The information contained in this manual is presented as follows:

Section 1. General Information

Provides a brief overview of the assembler, the job control stream requirements of the assembler, and the
conventions that must be observed when reading and writing assembler code.

Section 2. BAL Application Instructions

Describes each of the BAL application instructions recognized by the OS/3 assembler. These descriptions
are presented in alphabetic order by their operation code mnemonic.

Section 3. BAL Directives

Describes each of the directives that are used to control the operation of the assembler. These directives
are also presented in alphabetic order by their operation code mnemonic.

Section 4. BAL Macro Definition Statements

Describes the macro definition statements used to write and call procedure definitions. These statements
are presented in alphabetic order.

Appendixes

Contain assembler references, character set code references, math references, source corrections, and
system variable symbols helpful to the BAL programmer.

Glossary

Defines the terms, expressions, and abbreviations peculiar to the assembler.
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ASSEMBLER OVERVIEW

The SPERRY UNIVAC Operating System/3 (0S/3) assembler permits highly-efficient, machine-instruction
programs to be written in symbolic form. The assembler consists of an instruction translator and a macro
facility. The instruction translator converts symbolic instructions to machine instructions on a one-to-one basis.
The macro facility allows a subroutine to be coded, assigned a name, stored in a permanent library, and then to
be included in a source program by a simple reference to the subroutine’s name in a single instruction. The
macro facility greatly reduces the amount of repetitive coding required for routines used frequently within a
program or in many different programs.

The assembler accepts source-image input from punched cards, magnetic tape, and disc. It reads source
statements and produces a relocatable object module. The object module can then be linked to other object
modules to form one load module that is suitable for loading and execution on a SPERRY UNIVAC 90/30
System.

A set of assembler directives is provided to aid you in your program organization and in directing the course of an
assembly. All assembly runs produce a printed listing that lists source code, object code, label cross-references, *
cross-references, and, when necessary, error diagnostics. The final error statement message, which gives the
total number of statements flagged in the assembly, is also displayed on the console upon completion of the
assembly. ‘

JOB CONTROL REQUIREMENTS

The job control statements required to assemble, linkage edit, and execute are:

LABEL NOPERATIONA OPERAND . A COMMENTS
1 10 16
m&,ggblmaﬂmle Cou e bt b Lo INAME, JOB L
/L ASMEG 0 L IASSEMBLE JLIINK, EXECUTIE, |
L&| ' A Loyt Lol s g by v by s b gl BTART OF DATA ([, i,..
Yool | SN A UU T NS S U G S ST N G S N T T SO SN S S W H A S B S AT ST G S (N NS ST U S A S U AN U WO SO N AU
TR G 1o [ S AU W T U T RS NS T SSRGS T S S A S N T U N SENURE N0 N UOY S HEAE S N S S S0 WSO A S
Y SIOURICIE . . Cloine PROGRAM , . o1 v vl b oy b il a il b
A WA 1o+ e by e by v b b w b e b by g by v b g by
a4y | TSN AT ErGS S S ET T B ST S U VAR N TS S S S HTES U AN I NS U SO N AR
/I*l P [ [T ST SN SN EN T U SRR TR N AN VAT B A B ST lElNlDl OF DATA | 1l
L@ T Ly bbb b by i EEND OF JTO.a NTENRTIE AT AT TSt
/. /s |F|IN;| Pag bbb g b IGLOSE CARD xREADlE:R T Y
v gy [ v by e e by v Ve v v by by oy g by v b v e by e b
IR R E Lie aav e b e b e b e by v v b e b b v e b by Lias
ce v by | A P BT SU T A WS T A A S A A0 WA WS IO RS T S0 N WY MV N U0 0 W0 WO 0 M O
ot by [ S pa s b o v s v Ve by e L g by e be s s b g b e by
AT | v o o v b b v by g b o b v v b s b baa

ASSEMBLER CODING FORM

Using an assembler coding form eases the job of writing the program, both for yourself and for the keypunch
operator, who must prepare the punched card deck from your written program. Columns 9 and 15 are ruled to
remind you that the symbol and operation fields must be terminated by at least one blank.
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Symbol Field

The first eight columns of the assembler coding form may contain a symbol. An asterisk (*) indicates that this
coding line does not contain instructions and that it contains only comments. The rules for using the symbol
field are:

1. The symbol must start in column 1.

2. The symbol must begin with an alphabetic character or special letter.

3. The symbol must not exceed eight characters in length.

4, The symbol must not contain embedded blanks or other special characters.

5.  The field must be terminated by a blank.

Operation Field

The operation code is written in the operation field (columns 10 through 14). These codes specify the operation
to be performed. The rules for using this field are:

1.  The operation code must not contain embedded blanks.

2. The operation code must be written exactly as shown in the list of mnemonics for appllication instructions,
directives, and macro or proc instructions.

3.  The operation field must be terminated by a blank.

4. The operation code must not start in column 1.

Operand Field

The operand field begins in column 16 and usually ends in or before column 71. The operands that form part of
the assembler statements are written in this field. The rules for using this field are:

1.  The operand field is terminated by a blank that is not enclosed by apostrophes.

2. Operands may be continued onto the next line by placing a nonblank character in column 72. Up to two
continuation lines are permitted.

3. Continuation lines start in column 16,

Comment Field

Operand specification is usually completed by column 40, thus leaving columns 41 through 71 free for
comments. There must be at least one blank between the end of the operand specification and the start of the
comments. Long comments can be entered by coding an * in column 1.
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Continuation Column

When the operand specification is continued onto the next line, a nonblank character must be written in column
72. Do not confuse this with continuing a comment. An operand specification can be continued for a total of
three lines. The second and third continuation lines start in column 16.

Sequence Field

Columns 73 through 80 may be used for entering sequence numbers. This is done by assigning consecutive
numbers to each line of coding and is useful for reassembling the card deck if it should be dropped.

READING INSTRUCTION NOTATIONS

Throughout this manual, notations are used to describe the general forms of programmer-written and computer-
generated formats. A complete consolidated listing of all the notations is given in A.1.

Assembler Application Instruction Notations

There are six forms of assembler application instructions:

RR — Register-to-register

RX — Register-to-indexed-storage or storage-to-indexed-register

RS — Register-to-nonindexed-storage or storage-to-nonindexed-register
Sl  —  Storage immediate

SS —  Storage-to-storage {type SS1)

SS —  Storage-to-storage (type SS2)

All of the assembler application instructions and other information are explained in formats that you can write
and in the assembler format that generates the machine coding. The following assembler application move
instruction (MVC) is an SS1 type:

Explicit Format:

LABEL A OPERATION A OPERAND

[symbol] MvC d,(l,.b,).d,(b,)
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Implicit Format:
LABEL AOPERATION A OPERAND
[symbol] MVC s, {I;)s,
After this application instruction is assembled, it is in the following form:
opcode h b1 d,
0 7}8 15|16 19 ]20 31
b, d,
32 35136 47

Table A—1 shows the six formats as generated by the assembler in machine code, as well as the explicit and
implicit formats for the programmer coding.
Notation Rules and Meanings

The following conventions are used in application instruction, assembler directive, macro instruction, proc, and
control statement formats:

L Optional information is enclosed in brackets [ ] and may be specified or omitted.
For example:
[symbol]
u Braces { } indicate multiple options, at least one of which must be chosen.

For example:

PRINT J ON
OFF

L] Braces within brackets signify that one of the options must be chosen if that operand is specified.
For example:
DATE
EXT

ID
PRE
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When given a choice of multiple options, the option that is shaded is the default option and indicates the
choice that is made by the system if you do not specify one of the options.

For example:

DATE
EXT

PRE

Uppercase letters, terms, and punctuation marks indicate information that must be coded exactly as
shown.

For example:
Mnemonic codes MVN, PACK, and CLC are uppercase.
Lowercase letters and terms indicate variables that are supplied by you.
For example:
[symbol]
An ellipsis, a series of three periods, indicates that a series of entries may be coded.
For example:
rl.rs.....th]
Keyword parameters may be coded in any order.
For example:

IOROUT=LOAD,BLKSIZE=512,RECFORM=FIXBLK
BLKSIZE=512,I0ROUT=LOAD,RECFORM=FIXBLK

Positional parameters must be coded in the order shown. Commas are required after each positional
parameter except the last. When a positional parameter is omitted from a series of positional parameters,
the comma must be retained to indicate the omission.

For example:

// JOB Q003,,30,8000,C000
// JOB Q003,,30,8000

Throughout this book, the register notations RO through R15 represent the registers O through 15.
For example:

BALR R2,R3






2. BAL Application Instructions
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2-1

Possible Program Exceptions

General
OBJECT
OPCODE FORMAT | INST.
TYPE LGTH.
MNEM. |HEX. (BYTES)
A 5A RX 4

Condition Codes

B iF RESULT=0,SET TO O
B ir resuLT<0,SET TO 1
B iF RESULT >0, SET TO 2
B 'F OVERFLOW, SET TO 3
[JUNCHANGED

i} ADDRESSING

[J DATA (INVALID SIGN/DIGIT)
[J becIMAL DIVIDE

[0 beEcIMAL OVERFLOW

0 execuTe

] EXPONENT OVERFLOW
[0 EXPONENT UNDERFLOW
O FIXED-POINT DIVIDE

M FIXED-POINT OVERFLOW
[0 FLOATING-POINT DIVIDE
[0 oPERATION

B PROTECTION

O sIGNIFICANCE

-l SPECIFICATION:
NOT A FLOATING-POINT REGISTER
OP 1 NOT ON HALF-WORD BOUNDARY
OP 2 NOT ON HALF-WORD BOUNDARY
OF 2 NOT ON FULL-WORD BOUNDARY
OP 2 NOT ON DOUBLE-WORD
BOUNDARY
OP 1 NOT EVEN NUMBERED REGISTER
OP 1 NOT ODD NUMBERED REGISTER

NONE

000 Ow0ooa

Function:

Causes the value of operand 2, a full word in main storage, to be algebraically added to operand 1, a
general register; the results are placed in operand 1.

Explicit Format:

LABEL AOPERATION A OPERAND
[symbol] A r,.dy(x, b,)
Implicit Format:
LABEL A OPERATION A OPERAND
[symbol] A .S, (x2 )

Operational Considerations:

Operand 2 must be on a full-word boundary address.

Operand 2 must contain data in fixed-point binary format.

A fixed-point overflow condition is produced when a value greater than 231—1 or —231 is reached in
operand 1 (r,). After overflow, the sign and value of the result are incorrect.

The contents of operand 2 remain unchanged.
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AD*

Floating Point

General : , Possible Program Exceptions
' 0PCODE | FoRmAT ?NBSJf.CT [l ADDRESSING B PROTECTION
TYPE LGTH. [ DATA (INVALID SIGN/DIGIT) | Il SIGNIFICANCE
MNEM. [HEX. evtes) || O oecimaL oivipe I SPECIFICATION:
[0 bEcIMAL OVERFLOW B  NOT AFLOATING-POINT REGISTER
AD |G6A RX 4 O execuTe O ©P1NOT ON HALF-WORD BOUNDARY
B EXPONENT OVERFLOW 0 oP2NOT ONHALF-WORD BOUNDARY
Condition Codes B EXPONENT UNDERFLOW [0 oP2NOTON FULL-WORD BOUNDARY
B r nESULT -0 ST oo (] FIXED-POINT DIVIDE B orF2NOT ON DOUBLE-WORD
BiF ResuLT <0, SET TO 1 (] FIXED-POINT OVERFLOW O BOUNDARY
B \F RESULT >0, SET TO 2 [] FLOATING-POINT DIVIDE OP 1 NOT EVEN NUMBERED REGISTER
[J1F OVERFLOW, SET TO 3 B oPERATION O op 1 NOT ODD NUMBERED REGISTER
[J UNCHANGED (] nonE

Function:

Causes the contents of the double word in storage specified by operand 2 to be algebraically added to the
contents of the double-word register specified by operand 1 (r,). The sum is normalized and placed in the
operand 1 (r,) register.

Explicit Format:

LABEL AOPERATIONA ~ | OPERAND

[symbol] AD r,.d,(x, b,)

Implicit Format:

LABEL AOPERATION A OPERAND

[symbol] AD ry.5,(x,)

* AD is a featured instruction. If you attempt to issue this instruction to a processor which does not have the control feature
installed, you cause an operation program exception.
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— ADR*
Floating Point
‘ General Possible Program Exceptions
OPCODE OBJECT || ) ADDRESSING 0O epROTECTION
FC;HY':':T 'l_“('ss:,;‘ [0 DATA (INVALID SIGN/DIGIT) | [l SIGNIFICANCE
MNEM. |HEX. (8vTes) || O DECIMAL DIVIDE B SPECIFICATION:
(O beciMAL OVERFLOW B NOT A FLOATING-POINT REGISTER
ADR | 2A RR 2 [ ExECUTE 0 ©F 1 NOT ON HALF-WORD BOUNDARY
B EXPONENT OVERFLOW {1 oP2NOT ON HALF-WORD BOUNDARY
Condition Codes l EXPONENT UNDERFLOW [0 oP2NOT ON FULL-WORD BOUNDARY
O FIXED-POINT DIVIDE 0O op2NOT ON DOUBLE-WORD
B FRESULT=0,SETTO O BOUNDAR
B s ResuLT <0, SET TO 1 0 FIXED-POINT OVERFLOW 0 Y
B \F RESULT >0, SET TO 2 [ FLOATING-POINT DIVIDE OP 1 NOT EVEN NUMBERED REGISTER
[]IF OVERFLOW, SET TO 3 B OPERATION {0 oP1NOT ODD NUMBERED REGISTER
O UNCHANGED O none
Function:

Causes the contents of the double-word register specified by operand 2 (r,) to be algebraically added to the
contents of the double-word register specified by operand 1 (r,). The sum is normalized and placed in the

operand 1 (r;) register.

Explicit and Implicit Format:

LABEL ' A OPERATION A

OPERAND

[symbot] ADR

LT

*

ADR is a featured instruction. If you attempt to issue this instruction to a processor which does not have the control feature
installed, you cause an operation program exception.
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AE*

Floating Point

General Possible Program Exceptions
OPCODE | FoRrmAT ?NBSJTE.CT I ADDRESSING l PROTECTION
TYPE LGTH. [0 pATA (INVALID SIGN/DIGIT) | Il SIGNIFICANCE
MNEM. JHEX. (8yTes) || ) DECIMAL DIVIDE 8 SPECIFICATION:
[J becimAL OVERFLOW M NOTAFLOATING-POINT REGISTER
AE | 7A RX 4 O execute (0 oF1NOTONHALF-WORD BOUNDARY
Bl EXPONENT OVERFLOW [0 oP2NOT ON HALF-WORD BOUNDARY
Condition Codes B EXPONENT UNDERFLOW @  oF2NOT ON FULL-WORD BOUNDARY
B r ncSULT -0 ST TO o [0 FIXED-POINT DIVIDE O or2NOT ON DOUBLE-WORD
B F ReSULT <0, SET TO 1 O] FIXED-POINT OVERFLOW O BOUNDARY
JIF OVERFLOW, SET TO 3 Ml OPERATION [ or1NOT 0DD NUMBERED REGISTER
JuNcHANGED O none
Function:

Causes the contents of the full word in storage specified by operand 2 to be algebraically added to the
contents of a full word in the register specified by operand 1 (r;). The sum is normalized and placed in the
full word in the operand 1 (r,) register.

Explicit Format:

LABEL AOPERATION A OPERAND

[symbol] AE r,d,(x;b,)

Implicit Format:

LABEL AOPERATION A OPERAND

[symbol] AE ryS; (x,)

* AE s a featured instruction. If you attempt to issue this instruction to a processor which does not have the control feature
installed, you cause an operation program exception.
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AER*

Floating Point

‘ General Possible Program Exceptions
OPCODE | rormar IONBSJ’ISCT ] ADDRESSING 0O PROTECTION
TYPE LGTH. [J oATA (INVALID SIGN/DIGIT) | [l SIGNIFICANCE
MNEM. [HEX. @vTes) || 0 DECIMAL DIVIDE Il SPECIFICATION:
- [0 pecimAL OVERFLOW B NOTAFLOATING-POINT REGISTER
AER | 3A RR 2 O execuTe 0 oP1NOT ONHALF-WORD BOUNDARY
B EXPONENT OVERFLOW 0 oP2NOT ON HALF-WORD BOUNDARY
Condition Codes M EXPONENT UNDERFLOW g OP 2 NOT ON FULL-WORD BOUNDARY
B r RESULT S0 SET 100 ] FIXED-POINT DIVIDE @  op2nNoOT ON DOUBLEWORD
B iF RESULT <d' SET TO 1 [J FIXED-POINT OVERFLOW O BOUNDARY
B F RESULT >0 SET TO 2 [0 FLOATING-POINT DIVIDE OP 1 NOT EVEN NUMBERED REGISTER
[J'F OVERFLOW, SET TO 3 il OPERATION (3  op1NOT ODD NUMBERED REGISTER
[ uNCHANGED O nonNE

Function:
Causes the contents of a full word in the register specified by operand 2 (r,) to be algebraically added to a
full word in the register specified by operand 1 {r;). The sum is normalized and placed in the operand 1 (ry)

register.

Explicit and Implicit Format:

LABEL AOPERATION A OPERAND

[symbol] AER ryofy

* AER is a featured instruction. If you attempt to issue this instruction to a processor which does not have the control feature
installed, you cause an operation program exception.
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AH

Possible Program Exceptions

. General
OBJECT
OPCODE FORMAT | INST.
TYPE LGTH.
MNEM. JHEX. (BYTES)
AH 4A RX 4

Condition Codes

W iF RESULT=0,SET TO O
B irresuLT<0,SETTO 1
B F RESULT >0, SET TO 2

- B 'F OVERFLOW, SET TO 3

[JUNCHANGED

I ADDRESSING

(] DATA (INVALID SIGN/DIGIT)
(O peciMAL DIVIDE

[ peciMAL OVERFLOW

O execuTe

[0 EXPONENT OVERFLOW
[0 EXPONENT UNDERFLOW
[ FIXED-POINT DIVIDE

B FIXED-POINT OVERFLOW
[0 FLOATING-POINT DIVIDE
] OPERATION

Il PROTECTION

[ SIGNIFICANCE

I SPECIFICATION:

NOT A FLOATING-POINT REGISTER
OP 1 NOT ON HALF-WORD BOUNDARY
OP 2 NOT ON HALF-WORD BOUNDARY
OP 2 NOT ON FULL-WORD BOUNDARY
OP 2 NOT ON DOUBLE-WORD
BOUNDARY

OP 1 NOT EVEN NUMBERED REGISTER

OP 1 NOT ODD NUMBERED REGISTER

000 Ooowono

2
(o]
4
m

Function:

Causes the value of operand 2, a half word in main storage,

general register; the results are placed in operand 1.

Explicit Format:

to be algebraically added to operand 1, a

Implicit Format:

LABEL A OPERATION A OPERAND
[symbol] AH r,.d,(x,b,)

LABEL A OPERATION A OPERAND
[symbol] AH ry .5, (%)

Operational Considerations:

Operand 2 must be on a half-word boundary address.

Operand 2 must contain data in fixed-point binary format.

A fixed-point overflow condition is produced when a value greater than 231—1 or —23!is reached in
operand 1 (r;). After overflow, the sign and value of the result are incorrect.

The contents of operand 2 remain unchanged.
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. General Possible Program Exceptions
OPCODE | FommaT ?NBstCT [l ADDRESSING B PROTECTION
TvPE LOTH. [J DATA (INVALID SIGN/DIGIT) | [] SIGNIFICANCE
MNEM. JHEx. evTes) || pECIMAL DIVIDE B SPECIFICATION:
[0 peciMAL OVERFLOW [0 NOTAFLOATING-POINT REGISTER
Al 9A Sl 4 [J execuTe B OP1NOTONHALF-WORD BOUNDARY
[J EXPONENT OVERFLOW 0 oP2NOT ON HALF-WORD BOUNDARY
Condition Codes O exPONENT UNDERFLOW (0 oP2NOT ON FULL-WORD BOUNDARY
[ FiXED-POINT DIVIDE (0 oP2NOT ON DOUBLE-WORD
B F RESULT=0,SETTO O = ) BOUNDARY
@ )¢ RESULT <0, SET TO 1 FIXED-POINT OVERFLOW 0
B iF RESULT >0, SET TO 2 ] FLOATING-POINT DIVIDE OP 1 NOT EVEN NUMBERED REGISTER
Bl IF OVERFLOW, SET TO 3 [] OPERATION 0 oP1NOT ODD NUMBERED REGISTER
[JUNCHANGED [ none

Function:

Causes the value of operand 2, immediate data, to be algebraically added to operand 1, a half word in main
storage; the results are placed in operand 1.

Explicit Format:

A
LABEL AOPERATION A OPERAND
[
[symbol] Al d, (b, ).i,
Implicit Format:
LABEL AOPERATION A OPERAND
[symbol] Al S, 4y
Operational Considerations:
. Operand 1 must be on a half-word boundary address.
= Operand 1 must contain data in fixed-point binary format.
» A fixed-point overflow condition is produced when a value greater than 2'5—1 or —2'5 is reached in
hd operand 1. After overflow, the sign and value of the result are incorrect.

] The maximum value for operand 2 (i,) is +127 or —128.
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AL*

General Possible Program Exceptions
OPCODE | roRmMAT ?NBSJTE.CT ] ADDRESSING M PROTECTION
TYPE LGTH. [] DATA (INVALID SIGN/DIGIT) | [0 SIGNIFICANCE
MNEM. |HEX. ®vyTes) || [J DECIMAL DIVIDE B SPECIFICATION:
[J peciIMAL OVERFLOW 0 NOT A FLOATING-POINT REGISTER
AL 5E RX 4 [J execuTEe 0 OP1NOT ON HALF-WORD BOUNDARY
[0 EXPONENT OVERFLOW 0  oP2NOT ON HALF-WORD BOUNDARY
Condition Codes [0 EXPONENT UNDERFLOW B OF 2 NOT ON FULL-WORD BOUNDARY
B {J FIXED-POINT DIVIDE 0 oP2NOT ON DOUBLE-WORD
u ::: Ig? [ FIXED-POINT OVERFLOW O BOUNDARY
W seT 702 [] FLOATING-POINT DIVIDE OP 1 NOT EVEN NUMBERED REGISTER
W seTTo3 Il OPERATION 3  or1NOT ODD NUMBERED REGISTER
SEE OPER. CONSIDERATIONS 0O none

Function:

Causes the contents of operand 2, a full word in storage, to be logically added to the contents of the full
word in the operand 1 (r,) register. The sum is placed in operand 1 {r;).

Explicit Format:

LABEL AOPERATION A OPERAND

[symbol] AL ry.d, (x2 b, )

Implicit Format:

LABEL A OPERATION A OPERAND

[symbol] AL r, S, (x,)

Operational Considerations:
L Logical addition is performed by adding all 32 bits of each operand.
L] The contents of operand 2 remain unchanged.

= Operand 2 must be a full word, in storage, on a full-word boundary.

* AL is a featured instruction. If you attempt to issue this instruction to a processor which does not have the control feature
installed, you cause an operation program exception.
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AL*

. The condition code is set:
—  to zero if result is zero; no carryout of most significant bit;
— to 1 if result is not zero; no carryout of most significant bit;
— to 2 if result is zero; carryout of most significant bit; or

— to 3 if result is not zero; carryout of most significant bit.
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ALR*

General Possible Program Exceptions
OPCODE | roRmaT ?NBS-’ECT [] ADDRESSING (0 PrOTECTION
TYPE LGTH. [] DATA (INVALID SIGN/DIGIT) | [J SIGNIFICANCE
MNEM. |HEX. (8yTes) || O peEcimAL DIviDE [3 sPECIFICATION:
(] becimAL OVERFLOW O NOT A FLOATING-POINT REGISTER
ALR | 1E RR 2 O execuTe O OP1NOT ON HALF-WORD BOUNDARY
(O EXPONENT OVERFLOW 00 oP2NOT ON HALF-WORD BOUNDARY
Condition Codes [0 EXPONENT UNDERFLOW [0 oF2NOT ON FULL-WORD BOUNDARY
B scT 100 O FIXED-POINT DIVIDE O or2NOT ON DOUBLE-WORD
B setTo1 [J FIXED-POINT OVERFLOW a BOUNDARY
W seT 702 [J FLOATING-POINT DIVIDE OP 1 NOT EVEN NUMBERED REGISTER
W seTTO3 Bl OPERATION O op1NOT ODD NUMBERED REGISTER
SEE OPER. CONSIDERATIONS O ~one

Function:

Causes the contents of the operand 1 (r;) and operand 2 (r,) registers to be logically added. The sum is
placed in operand 1 (r,).

Explicit and Implicit Format:

LABEL A OPERATION A OPERAND

[symbol] ALR ryify

Operational Considerations:
. Logical addition is performed by adding all 32 bits of each operand.
u The contents of operand 2 (r,) remain unchanged.
. The condition code is set:
—  to zero if result is zero; no carryout of most significant bit;
— to 1 if result is not zero; no carryout of most significant bit;
— to 2 if result is zero; carryout of most significant bit; or

— to 3 if result is not zero; carryout of most significant bit.

* ALR is a featured instruction. If you attempt to issue this instruction to a processor which does not have the control feature
installed, you cause an operation program exception.
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Function:

Algebraically adds the contents of operand 2 (a packed number in main storage) to operand 1 {also a
packed number in main storage). The result is stored in operand 1.

Explicit Format:

LABEL

A OPERATION A

OPERAND

[symbol] AP

Implicit Format:

LABEL

AOPERATION A

d, (1, b,).d,(1,,b,)

OPERAND

[symbol] AP

Operational Considerations:

s, (1,).5,(1,)

n All signs and digits are checked for validity and the sign of the result is determined algebraically.

n A zero result has a positive sign when the operation is completed without overflow.

n Operand 1 and operand 2 must be packed numbers.

u When most significant digits are lost because of overflow, the partial result has the sign that the
correct result would have had.

UP-NUMBER UPDATE LEVEL | PAGE
AP
General Possible Program Exceptions
0PCODE | rormaT ?NBSJTECT @ ADDRESSING B PROTECTION
TYPE LGTI:L Bl DATA (INVALID SIGN/DIGIT) | [J SIGNIFICANCE
MNEM. |HEX. (8yTes) || O DECIMAL DIVIDE [ SPECIFICATION:
W DECIMAL OVERFLOW [0 NOTAFLOATING-POINT REGISTER
AP FA SS 6 J execuTE 0 oOP1NOTONHALF-WORD BOUNDARY
[J EXPONENT OVERFLOW 0 oP2NOT ON HALF-WORD BOUNDARY
Condition Codes O eExPONENT UNDERFLOW (] OP 2 NOT ON FULL-WORD BOUNDARY
[J FIXED-POINT DIVIDE 0 oP2NOT ON DOUBLE-WORD
=:z ::Eztjt: =<% 53211;?3(: 0 FiXED-POINT OVERFLOW 0 BOUNDARY srem -
e RESULT>°: SET TO 2 (] FLOATING-POINT DIVIDE OP 1 NOT EVEN NUMBERED REG
B F OVERFLOW, SET TO 3 (] OPERATION 0O  oP1NOT ODD NUMBERED REGISTER
[JUNCHANGED O ~none



I
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] If operand 2 is shorter than operand 1, operand 2 is extended with zero digits.

] An overflow condition results if the capacity of the operand 1 field is exceeded by the result or if the
carryout of the most significant digit position of the result field is lost.

u Operand 1 and operand 2 may overlap if their least significant bytes coincide. This makes it possible
to add a number to itself.
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AR

Possible Program Exceptions

General
OBJECT
OPCODE FORMAT | INST.
TYPE LGTH.
MNEM, |HEX, (BYTES)
AR 1A RR 2

Condition Codes

B iFRESULT=0,SETTO O
B iF ResuLT <0, SET TO 1
B 'F RESULT >0, SETTO 2
B 'F OVERFLOW, SETTO 3
O uUNCHANGED

(] ADDRESSING

[J DATA (INVALID SIGN/DIGIT)
] beECIMAL DIVIDE

[0 DECIMAL OVERFLOW

O execuTe

[0 EXPONENT OVERFLOW
[0 ExPONENT UNDERFLOW
O FIXED-POINT DIVIDE

M FIXED-POINT OVERFLOW
[J FLOATING-POINT DIVIDE
] oPERATION

(] eROTECTION
[0 siIGNIFICANCE
O sPecIFICATION:

000 Oooooa

NOT A FLOATING-POINT REGISTER
OP 1 NOT ON HALF-WORD BOUNDARY
OP 2 NOT ON HALF-WORD BOUNDARY
OP 2 NOT ON FULL-WORD BOUNDARY
- OP 2 NOT ON DOUBLE-WORD
BOUNDARY
OP 1 NOT EVEN NUMBERED REGISTER
OP 1 NOT ODD NUMBERED REGISTER

NONE

Function:

Causes the value of operand 2 (r;) to be algebraically added to the value of operand 1 (r;). The results are

placed in operand 1.

Explicit and Implicit Format:

LABEL

AOPERATION A

OPERAND

[symbol]

AR

Operational Considerations:

172

A fixed-point overflow condition is produced when a value greater than 231—1 or —23! is reached in
operand 1. After overflow, the sign and value of the result are incorrect.

The contents of the register for operand 2 (r;) remain unchanged.
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AU*

Floating Point

General Possible Program Exceptions
0PCODE | FORMAT ?NB;ECT I ADDRESSING Bl PROTECTION
TYPE LoTH. [J DATA (INVALID SIGN/DIGIT) | [l SIGNIFICANCE
MNEM. [HEX. 8yTes) |10 DECIMAL DIVIDE B SPECIFICATION:
{0 pecimAL OVERFLOW B NOT A FLOATING-POINT REGISTER
AU | 7E RX 4 O execuTe {0 OP 1 NOT ON HALF-WORD BOUNDARY
B EXPONENT OVERFLOW O or2NOT ON HALF-WORD BOUNDARY
Condition Codes 0 EXPONENT UNDERFLOW @ 0P 2 NOT ON FULL-WORD BOUNDARY
B r FESULT -0 SETTO o O FIXED-POINT DIVIDE O oP2NOT ON DOUBLE-WORD
B F RESULT <0, SET TO 1 O FIXED-POINT OVERFLOW O BOUNDARY
B \F RESULT >0, SET TO 2 O FLOATING-POINT DIVIDE OP 1 NOT EVEN NUMBERED REGISTER
(0 iF OVERFLOW, SET TO 3 ll OPERATION O op1NOT 0DD NUMBERED REGISTER
JUNCHANGED (J nonE
Function:

Causes the contents of the full word in storage specified by operand 2 to be algebraically added to the
contents of a full word in the register specified by operand 1 (r,). The sum is placed in the operand 1 (r,)

register.

Explicit Format:

LABEL A OPERATION A OPERAND
[symbol] AU r,.d,(x,,b,)
Implicit Format:
LABEL A OPERATION A OPERAND
[symbol] AU r,.5,(x,)

Operational Consideration:

L] The execution of the AU instruction is identical to that of the AE instruction, except that the sum is
not normalized before being placed in operand 1.

* AU is a featured instruction. If you attempt to issue this instruction to a processor which does not have the control feature
installed, you cause an operation program exception.
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AUR*
Floating Point
. General Possible Program Exceptions
OBJECT
OPCODE cormat | Inet [J ADDRESSING [J PROTECTION
TYPE LGTH ] paTA (INVALID SIGN/DIGIT) | ll SIGNIFICANCE
MNEM. |HEX. 8yTes) || (] DECIMAL DIVIDE B SPECIFICATION:
O peciIMAL OVERFLOW B NOTAFLOATING-POINT REGISTER
AUR | 3E RR 2 0 execuTe [0 OF1NOTON HALF-WORD BOUNDARY
B EXPONENT OVERFLOW 0 oP2NOT ON HALF-WORD BOUNDARY
Condition Codes (0 ExPONENT UNDERFLOW O OP 2 NOT ON FULL-WORD BOUNDARY
O FIXED-POINT DIVIDE 0 op2n~oOT ON DOUBLE-WORD
B iF RESULT=0,SET TO O BOUNDARY
B r resulT <0, SET TO 1 [J FIXED-POINT OVERFLOW
' [0  oP1NOTEVEN NUMBERED REGISTER
B 'F RESULT >0, SET TO 2 [J FLOATING-POINT DIVIDE a
[JiF ovERFLOW, SET TO 3 I OPERATION OP 1 NOT ODD NUMBERED REGISTER
JUNCHANGED O none .

Function:

Causes the contents of a full word in the register specified by operand 2 (r,) to be algebraically added to a
full word in the register specified by operand 1 (r;). The sum is placed in the operand 1 (r,) register.

Explicit and Implicit Format:

Operational Consideration:

LABEL

AOPERATION A

OPERAND

[stboI]

AUR

172

The execution of the AUR instruction is identical to that of the AER instruction, except that the sum is
not normalized before being placed in operand 1.

*

AUR is a featured instruction. If you attempt to issue this instruction to a processor which does not have the control feature
installed, you cause an operation program exception.



8227 Rev. 2
UP-NUMBER

SPERRY UNIVAC Operating System/3

UPDATE LEVEL | PAGE

AW*

Floating Point

' General Possible Program Exceptions
0pcobE | rormar ?NB;$CT [l ADDRESSING M PROTECTION
TYPE LGTH. [J pATA (INVALID SIGN/DIGIT) | [ll SIGNIFICANCE
MNEM. [HEX. (8vyTes) || O DECIMAL DIVIDE Il SPECIFICATION:
0O pecimAL OVERFLOW M NOTAFLOATING-POINT REGISTER
AW | GE RX 4 [J execuTe 0 oP1NOTONHALF-WORD BOUNDARY
B EXPONENT OVERFLOW (0 oP2NOT ON HALF-WORD BOUNDARY
Condition Codes [0 ExPONENT UNDERFLOW 0 OP 2 NOT ON FULL-WORD BOUNDARY
B ir RESOLT -0 ST 700 O FIXED-POINT DIVIDE B or 2 NOT ON DOUBLE-WORD
B iF ResuLT <0, SET TO 1 [0 FIXED-POINT OVERFLOW O BOUNDARY
B F RESULT >0, SET TO 2 [] FLOATING-POINT DIVIDE OP 1 NOT EVEN NUMBERED REGISTER
D IF OVERFLOW, SETTO 3 . OPERATION 8 OP 1 NOT ODD NUMBERED REGISTER
NONE

[JUNCHANGED

Function:

Causes the contents of a double word in storage specified by operand 2 to be algebraically added to the
contents of the double word in the register specified by operand 1 (r;). The sum is placed in the double
word in the register specified by operand 1 (ry).

Explicit Format:

LABEL AOPERATION A OPERAND
[symbol] AW r,.d,(x, b,)
Implicit Format:
LABEL A OPERATION A OPERAND
[symbol] AW ry.8,(x;)

Operational Consideration:

L] The execution of the AW instruction is identical to that of the AD instruction, except that the sum is
not normalized before being placed in operand 1 (r,).

* AW is a featured instruction. If you attempt to issue this instruction to a processor which does not have the control feature
installed, you cause an operation program exception.
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AWR*

Floating Point

General Possible Program Exceptions
OPCODE | rommaT ?NB;'rE.CT [] ADDRESSING {0 PROTECTION
TYPE LGTH. [0 oATA (INVALID SIGN/DIGIT) | ll SIGNIFICANCE
MNEM. [HEX. (8yTes) || O DECIMAL DIVIDE B SPECIFICATION:
[J becimAL OVERFLOW B NOT A FLOATING-POINT REGISTER
AWR | 2E RR 2 0 execuTe O OP1NOTONHALF-WORD BOUNDARY
B EXPONENT OVERFLOW 0 oP2NOT ON HALF-WORD BOUNDARY
Condition Codes [0 EXPONENT UNDERFLOW O OP 2 NOT ON FULL-WORD BOUNDARY
B rAcsor -0 seT 100 0O FIXED-POINT DIVIDE O op2NOT ON DOUBLE-WORD
B F ResuLT <0, SET TO 1 ] FIXED-POINT OVERFLOW a BOUNDARY
B F RESULT >0,SET TO 2 [J FLOATING-POINT DIVIDE OP 1 NOT EVEN NUMBERED REGISTER
OiF OVERFLOW, SET TO 3 B OPERATION O oP1NOT ODD NUMBERED REGISTER
JUNCHANGED O ~one
Function:

Causes the contents of the double-word register specified by operand 2 (r,) to be algebraically added to the
double-word contents of operand 1 (r,;). The sum is placed in the operand 1 {(r,) register.

Explicit and Implicit Format:

LABEL

A OPERATION A

OPERAND

[symbol]

AWR

Operational Consideration:

i

The execution of the AWR instruction is identical to that of the ADR instruction, except that the sum
is not normalized before being placed in operand 1 (r,).

*  AWR is a featured instruction. If you attempt to issue this instruction to a processor which does not have the control feature
installed, you cause an operation program exception.
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BAL

Possible Program Exceptions

General
OBJECT
OPCODE FORMAT | INST.
TYPE LGTH.
MNEM. |HEX. (BYTES)
BAL 45 RX 4

Condition Codes

[JiF RESULT = 0, SET TO O
O resuLT <0, SETTO 1
OIF RESULT >0, SET TO 2
[JiF OVERFLOW, SETTO 3
B UNCHANGED

[] ADDRESSING
[J DATA (INVALID SIGN/DIGIT)
[J DECIMAL DIVIDE

[0 pecimAL OVERFLOW

[J execuTe

{0 EXPONENT OVERFLOW

[J EXPONENT UNDERFLOW

O FIXED-POINT DIVIDE

[ FIXED-POINT OVERFLOW

[J FLOATING-POINT DIVIDE

[ OPERATION

[ PprOTECTION
[0 sIGNIFICANCE
(] SPECIFICATION:

ROO O00ODQOO

-4
[o}
r4
m

NOT A FLOATING-POINT REGISTER

OP 1 NOT ON HALF-WORD BOUNDARY
OP 2 NOT ON HALF-WORD BOUNDARY
OP 2 NOT ON FULL-WORD BOUNDARY

OP 2 NOT ON DOUBLE-WORD
BOUNDARY

OP 1 NOT EVEN NUMBERED REGISTER
OP 1 NOT ODD NUMBERED REGISTER

Function:

Loads the address of the next sequential instruction into the register in the first operand and then
branches to the location specified in the second operand. The normal sequence of instructions may be
reinstated when a return branch via r, is taken. BAL is an unconditional branch instruction.

NOTE:

Bits 32 through 39 (instruction length code, condition code, and program mask) of the current program
status word (PSW) are stored in bit positions O through 7 of operand 1 (r,). The return address is stored in
bits 8 through 31 of operand 1 (r,).

Explicit Format:

LABEL AOPERATION A OPERAND
[symbol] BAL r,.d,(x,,b,)
Implicit Format:
LABEL A OPERATION A OPERAND
[symbol] BAL r,.5,(x,)
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‘ BALR
. General Possible Program Exceptions
OPCODE | FormAT IONBS-’TECT [] ADDRESSING O rProTECTION
TYPE LGTH. [[] DATA (INVALID SIGN/D1GIT) | T SIGNIFICANCE
MNEM. |HEX, 8yTes) || 0 DECIMAL DIVIDE O specCIFICATION:
[ pecimaL OVERFLOW [0 NOTA FLOATING-POINT REGISTER
BALR | 05 RR 2 O execuTe 0 oP1NOT ON HALF-WORD BOUNDARY
[0 EXPONENT OVERFLOW 0 oP2NOT ON HALF-WORD BOUNDARY
Condition Codes (0 eExPONENT UNDERFLOW [0 oP2NOT ON FULL-WORD BOUNDARY
C]1F RESULT - 0. SET TO 0 O FIXED-POINT DIVIDE 0O oP2NOT ON DOUBLE-WORD
OF resuLT <o, SET TO 1 [J FIXED-POINT OVERFLOW O BOUNDARY
[J1F RESULT >0, SET TO 2 [] FLOATING-POINT DIVIDE OP 1 NOT EVEN NUMBERED REGISTER
OJIF OVERFLOW, SETTO 3 [ oPERATION O OP 1 NOT ODD NUMBERED REGISTER
B UNCHANGED M none
Function:

Loads the relative address of the next sequential instruction into the first operand register and then
branches to the address in the second operand register. The normal sequence of instructions may be
reinstated when a return branch via r, is taken. When the second operand (r,) is zero, there is no branch
and the next sequential instruction is executed.

NOTE:

Bits 32 through 39 (instruction length code, condition code, and program mask) of the current program
status word (PSW) are stored in bit positions O through 7 of operand 1 (r,). The return address is stored in
bits 8 through 31 of operand 1 (r,).

Explicit and Implicit Format:

LABEL I

AOPERATION A I

OPERAND

[symbol] | BALR

I /M2
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BAS
BASR

. General , Possible Program Exceptions
OPCODE | FORMAT |0|\JBSJTE.CT (J ADDRESSING Q0 pRoTECTION
TYPE LGTH. [ DATA (INVALID SIGN/DIGIT) | [J SIGNIFICANCE
MNEM. [HEX. ®vTes) || ] peEciMAL DIviDE [0 sPECIFICATION:
BAS& (4D & px & AR a ] pecimAL OVERFLOW O NOTA FLOATING-POINT REGISTER
BASR |0D or2 ] execuTE O o©oP1NOT ON HALF-WORD BOUNDARY
[0 EXPONENT OVERFLOW (0 oP2NOT ON HALF-WORD BOUNDARY
Condition Codes O exPONENT UNDERFLOW O OP 2 NOT ON FULL-WORD BOUNDARY
LJIF RESULT = O, SET TO O 0 FIXED-POINT DIVIDE O oP2NOT ON DOUBLE-WORD
01 rResuLT <o, SET TO 1 [J FIXED-POINT OVERFLOW O BOUNDARY
[J1F RESULT >0, SET TO 2 [J FLOATING-POINT DIVIDE OP 1 NOT EVEN NUMBERED REGISTER
[JiF OVERFLOW, SET TO 3 [J OPERATION 0 op1NOT ODD NUMBERED REGISTER
B UNCHANGED B nonNe
Function:

These instructions do not exist in the native mode instruction set and are used only when operating in the,
360/20 compatibility mode. :
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BC

Possible Program Exceptions

. General
OBJECT
OPCODE FORMAT | INST.
TYPE LGTH.
MNEM. |HEX. (BYTES)
BC 47 RX 4

Condition Codes

[J1F rReESULT = 0, SET TO O
Oir resuLT <0, SET TO 1
{JIF RESULT >0, SET TO 2
[J1F OVERFLOW, SETTO 3
B UNCHANGED

(] ADDRESSING

[] DATA (INVALID SIGN/DIGIT)
[J pecimMAL DIVIDE

(0 peciMAL OVERFLOW

O execuTe

] EXPONENT OVERFLOW
[0 exPONENT UNDERFLOW
O FIXED-POINT DIVIDE

[0 FIXED-POINT OVERFLOW
O FLOATING-POINT DIVIDE
[J oPERATION

O

PROTECTION

[ SIGNIFICANCE
[0 sPECIFICATION:

B0O0 OO0ooo

NOT A FLOATING-POINT REGISTER

OP 1 NOT ON HALF-WORD BOUNDARY
OP 2 NOT ON HALF-WORD BOUNDARY
OP 2 NOT ON FULL-WORD BOUNDARY

OP 2 NOT ON DOUBLE-WORD
BOUNDARY

OP 1 NOT EVEN NUMBERED REGISTER
OP 1 NOT ODD NUMBERED REGISTER
NONE

Function:

Checks the specified mask (m,;), operand 1, with the current condition code. If any 1 bits match, a branch
takes place to the location specified by operand 2; otherwise, the next sequential instruction is executed.
See Table A—3 for the list of BC formats and equivalent extended mnemonic codes.

Explicit Format:

LABEL A OPERATION A OPERAND
[symbol] BC m, d,(x,,b,)
Implicit Format:
LABEL A OPEﬁAT!ON A OPERAND
[symbol] BC m, s, (x,)

Operational Considerations:

The mask, operand 1, determines the condition code setting in the PSW to be tested, as follows:

— An 8 produces the mask 1000,, which tests bit 8 for a zero condition code.

— A 4 produces the mask 0100,, which tests bit 9 for a 1 condition code.
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— A 2 produces the mask 0010,, which tests bit 10 for a 2 condition code.

— A 1 produces the mask 0001,, which tests bit 11 for a 3 condition code.

— A zero produces the mask 0000,, which is equivalent to no-operation.

—  Any combination of 1's and zeros in the mask tests for more than one condition code.
— Any 1 bit on and tested produces the branch.

[ ] A mask specification of 15 (1111,) produces an unconditional branch.
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BCR

. General Possible Program Exceptions
OPCODE | rommAT ?NBSJECT [] ADDRESSING ] PROTECTION
TYPE LGTH. [ DATA (INVALID SIGN/DIGIT) | [ SIGNIFICANCE
MNEM. |HEX. @vtes) || (] DECIMAL DIVIDE [] sPECIFICATION:
[0 becimAaL OVERFLOW [l NOTAFLOATING-POINT REGISTER
BCR | 07 RR 2 [J execuTe {1 ©OP1NOT ON HALF-WORD BOUNDARY
[0 exPONENT OVERFLOW 0 oP2NOT ON HALF-WORD BOUNDARY
Condition Codes O ExPONENT UNDERFLOW ] OP 2 NOT ON FULL-WORD BOUNDARY
TIiF RESULT -0 SeT 100 [0 FIXED-POINT DIVIDE O oP2NOT ON DOUBLE-WORD
OF ResuLT <0, SET TO 1 [0 FIXED-POINT OVERFLOW 0 BOUNDARY
Cl1F RESULT >0, SET TO 2 [ FLOATING-POINT DIVIDE OP 1 NOT EVEN NUMBERED REGISTER
Cl1F OVERFLOW, SET TO 3 [] OPERATION O  oP 1NOT ODD NUMBERED REGISTER
B UNCHANGED B none

Function:
Checks the specified mask (m,), operand 1, with the current condition code. If any 1 bits match, a branch
takes place to the location specified by operand 2 (r,); otherwise, the next sequential instruction is
executed. If operand 2 (r,) is zero, no branch will take place. See Table A—3 for the list of BC formats and
equivalent extended mnemonic codes.

Implicit and Explicit Format:

LABEL A OPERATION A OPERAND

[symbol] BCR m,.r,

Operational Considerations:
L] The mask, operand 1, c;etermines the condition code setting in the PSW to be tested, as follows:

—  An 8 produces the mask 1000,, which tests bit 8 for a zero condition code.
— A 4 produces the mask 0100,, which tests bit 9 for a 1 condition code.
— A 2 produces the mask 0010,, which tests bit 10 for a 2 condition code.
— A 1 produces the mask 0001,, which tests bit 11 for a 3 condition code.
— A zero produces the mask 0000,, which is equivalent to no-operation.
— Any combination of 1’s and zeros in the mask tests for more than one condition code.
— Any 1 bit on and tested produces the branch.

= A mask specification of 15 (1111,) produces an unconditional branch.
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BCT

‘ General Possible Program Exceptions
OPCODE | rormaT ?NBSJ:.CT [J ADDRESSING O pROTECTION
TYPE LGTH. [] DATA (INVALID SIGN/DIGIT) | [] SIGNIFICANCE
MNEM. [HEX. ®vTes) || 0 pECIMAL DIVIDE [0 sPECIFICATION:
[0 pecimAL OVERFLOW 0 NOTA FLOATING-POINT REGISTER
BCT | 46 RX 4 (1 execuTe O OP 1 NOT ON HALF-WORD BOUNDARY
O EXPONENT OVERFLOW [J oP2NOT ON HALF-WORD BOUNDARY
Condition Codes [0 ExPONENT UNDERFLOW O OP 2 NOT ON FULL-WORD BOUNDARY
[JJ FIXED-POINT DIVIDE O oF2NOT ON DOUBLE-WORD
8 :.F: ::23'{: Z%,SSEETI'T';'%O1 [0 FIXED-POINT OVERFLOW 0 BOUNDARY
CliF RESULT >0, SET TO 2 [] FLOATING-POINT DIVIDE 0 OP 1 NOT EVEN NUMBERED REGISTER
[liF OVERFLOW, SET TO 3 [J oPERATION OP 1 NOT ODD NUMBERED REGISTER
BB UNCHANGED B none
Function:

Each time this instruction is executed, the value in r, is decremented by 1 and then tested to see whether
the result is equal to zero. If the result is not equal to zero, a branch takes place to the location specified by
operand 2. If the result is equal to zero, then no branch takes place and the next sequential instruction is
executed. This instruction can be used to control the number of times a loop routine is executed. The
initial value in r; must be a positive value greater than zero.

Explicit Format:

LABEL A OPERATION A OPERAND
[symbol] BCT r,d, (x,,b, )
Implicit Format:
LABEL A OPERATION A OPERAND
[symbol] BCT ry.5,(x,)
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BCTR

‘ General Possible Program Exceptions
0PCODE | romrmaT 'ONBSJECT {[] ADDRESSING {1 proTECTION
TYPE LOTH. [0 DATA {INVALID SIGN/DIGIT) | [] SIGNIFICANCE
MNEM. |HEX, evTes) || O pECIMAL DIVIDE O sPeCIFICATION:
[ becimAL OVERFLOW (0 NOTAFLOATING-POINT REGISTER
BCTR | 06 RR 2 O execuTe O oP1NOT ON HALF-WORD BOUNDARY
(0 EXPONENT OVERFLOW 00  oP2NOT ON HALF-WORD BOUNDARY
Condition Codes [J eExPONENT UNDERFLOW [0 opP2NOTON FULL-WORD BOUNDARY
DT mESULT - 0 SET 00 [0 FIXED-POINT DIVIDE 0  oP2NOT ON DOUBLE-WORD
Clie RESULT<0" SET TO 1 [0 FIXED-POINT OVERFLOW O BOUNDARY
[]1F RESULT Do, SET 70 2 [J FLOATING-POINT DIVIDE OP 1 NOT EVEN NUMBERED REGISTER
C]!F OVERELOW, SET TO 3 [] OPERATION 0 op1NOT ODD NUMBERED REGISTER
B UNCHANGED B none

Function:

BCTR is the RR format type of BCT and works in the same way, except the second operand (r,) is a register
rather than a storage location. The BCTR instruction is initiated by loading a value in the first operand
register (ry) to be used as a count value and a branch address into the second operand register (r,). Each
time this instruction is executed, the value in r, is decremented by 1 and then tested to see whether the

o result is equal to zero. If the result is not equal to zero, a branch takes place to the address in the second
operand (r,). If the result is equal to zero, then no branch takes place and the next sequential instruction is
executed. This instruction can be used to control the number of times a loop routine is executed. The
initial value in r; must be a positive value greater than zero. If the second operand (r,) is zero, no branch
will take place.

Implicit and Explicit Format:

LABEL AOPERATION A OPERAND

[symbol] BCTR ol
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BXH*

General Possible Program Exceptions
OPCODE | romrmaT ?NBSJf.CT [] ADDRESSING (O PROTECTION
. TYPE LGTH. [J DATA (INVALID SIGN/DIGIT}] [] SIGNIFICANCE
MNEM. [HEX. (8yTes) || [0 DECIMAL DIVIDE [0 SPECIFICATION:
[0 pecimAL OVERFLOW 1 NOT A FLOATING-POINT REGISTER
BXH | 86 RS 4 0] execuTe [0 oP1NOTONHALF-WORD BOUNDARY
0 EXPONENT OVERFLOW 0 oF2NOT ON HALF-WORD BOUNDARY
Condition Codes O exPONENT UNDERFLOW a OP 2 NOT ON FULL-WORD BOUNDARY
& O FIXED-POINT DIVIDE O 0P 2NOT ON DOUBLE-WORD
D:i 25:3::: =<% ssi:_TT%c: [0 FIXED-POINT OVERFLOW O BOUNDARY
CliF RESULT >0, SET TO 2 O FLOATING-POINT DIVIDE OP 1 NOT EVEN NUMBERED REGISTER
{J1F OVERFLOW, SET TO 3 il OPERATION 0  op1NOT ODD NUMBERED REGISTER
B UNCHANGED 3 ~none
Function:

Compares the algebraic sum of operand 1 (r,) and operand 2 (r;) to a value that is equal to the number of
the register specified as operand 2 (r3) or r3 + 1. If the sum of operand 1 (r;} and operand 2 (r;) is less than
or equal to the compare value, the next sequential instruction is executed; if the sum is greater than the
compare value, then a branch will take place to the location specified by operand 2, which is d, (b,) or s,.
The value being used as the reference is always an odd-numbered register and is specified by r; if r3 is an
odd-numbered register, or is r; +1 if ry is an even-numbered register. Following the comparison, the sum
is placed in the first operand location. All quantities are treated as signed integers. An operation
exception takes place if this operation is attempted on a processor that does not have this feature installed.

Explicit Format:

LABEL AOPERATION A OPERAND

[symbol] BXH ryXs.d, (b2 )

Implicit Format:

LABEL AOPERATION A OPERAND

[symbol] BXH ryf3.8,

* BXH is a featured instruction. If you attempt to issue this instruction to a processor which does not have the control feature
installed, you cause an operation program exception.
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BXLE*
General Possible Program Exceptions
OPCODE OBJECT || M ADDRESSING O PROTECTION
F?':“::‘T 'L'\(';s_.:rg [J oATA (INVALID SIGN/DIGIT) | [J SIGNIFICANCE
MNEM. |HEX. (8yTEs) || O] DECIMAL DIVIDE [0 sPECIFICATION:
[ becimAL OVERFLOW NOT A FLOATING-POINT REGISTER
BXLE | 87 RS 4 [J execuTte OP 1 NOT ON HALF-WORD BOUNDARY

Condition Codes

(JiF RESULT =0, SET TO 0
O resuLT<0,SETTO 1
C11F RESULT >0, SET TO 2
[JiF OVERFLOW, SET TO 3
B UNCHANGED

[0 EXPONENT OVERFLOW
[0 EXPONENT UNDERFLOW
[J FIXED-POINT DIVIDE

O FIXED-POINT OVERFLOW
[ FLOATING-POINT DIVIDE
Il OPERATION

o000 ooooa

OP 2 NOT ON HALF-WORD BOUNDARY
OP 2 NOT ON FULL-WORD BOUNDARY

OP 2 NOT ON DOUBLE-WORD
BOUNDARY

OP 1 NOT EVEN NUMBERED REGISTER
OP 1 NOT ODD NUMBERED REGISTER
NONE

Function:

This instruction is the same as BXH, except that the branch is made when the sum of the first operand (r,)
and the third operand (rs) is less than or equal to the value being compared.

Explicit Format:

LABEL AOPERATION A OPERAND
[symbol] BXLE ryrs.d,(b,)
Implicit Format:
LABEL AOPERATION A OPERAND
[symbol] BXLE ryMa.5,

* BXLE is a featured instruction. If you attempt to issue this instruction to a processor which does not have the control
feature installed, you cause an operation program exception.
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General Possible Program Exceptions
OBJECT
OPCODE cormat | InoT. [l ADDRESSING B rPROTECTION
TYPE LGTH [J DATA (INVALID SIGN/DIGIT) | [J SIGNIFICANCE
MNEM. THEX. (8vyTes) || ] DECIMAL DIVIDE B SPECIFICATION:
- [ peciMAL OVERFLOW O NOTAFLOATING-POINT REGISTER
C 59 RX 4 O execuTe [0 OP1NOTONHALF-WORD BOUNDARY
[0 ExXPONENT OVERFLOW 0 oP2NOT ON HALF-WORD BOUNDARY
Condition Codes O exPONENT UNDERFLOW M 0P 2 NOT ON FULL-WORD BOUNDARY
[J FIXED-POINT DIVIDE (0 oP2NOT ON DOUBLE-WORD
IFr, = OPERAND 2, SET TO 0
= IF r] <OPERAND 2, SET TO 1 O FixeD POINT OVERFLOW | BOUNDARY
W > OPERAND 2. SET TO 2 (] FLOATING-POINT DIVIDE 0 OP 1 NOT EVEN NUMBERED REGISTER
OF OVERFLOW, SET TO 3 [ oPerAaTION OP 1 NOT ODD NUMBERED REGISTER
[JUNCHANGED O none
Function:

Causes the contents of operand 1 (r;) to be algebraically compared with the contents of operand 2, a full
word in main storage.

Explicit Format:

LABEL l A OPERATION A OPERAND
[symboll | C 1,4, (x,b,)
Implicit Format:
LABEL AOPERATION A _ ' OPERAND
[symbol] C . ry,$,(x;)

Operational Considerations:
L The contents of both operands remain unchanged.

. Operand 2 must be on a full-word boundary.
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pate— CD* .
Floating Point
. General Possible Program Exceptions
OBJECT ADDRESSING @ PROTECTION
OPCODE FORMAT | INST. n
TYPE LETH. [J DATA (INVALID SIGN/DIGIT} | [ SIGNIFICANCE
MNEM. IHEX. 8vyTes) || 0 DECIMAL DIVIDE Il SPECIFICATION:
[J DECIMAL OVERFLOW B NOTAFLOATING-POINT REGISTER
cb 69 RX 4 0O execuTe [0 oFP1NOT ON HALF-WORD BOUNDARY
[J EXPONENT OVERFLOW O oP2NOT ON HALF-WORD BOUNDARY
Condition Codes {0 ExPONENT UNDERFLOW 0 oF2NOT ON FULL-WORD BOUNDARY
B r or1-Or2 SETTO00 [0 FIXED-POINT DIVIDE B or2NOT ON DOUBLE-WORD
B or1<o0P2, SET TO 1 [0 FIXED-POINT OVERFLOW O BOUNDARY
B F.OP1>0P2, SET TO 2 O] FLOATING-POINT DIVIDE OP 1 NOT EVEN NUMBERED REGISTER
0JIF OVERFLOW, SET TO 3 B OPERATION O oP1NOT ODD NUMBERED REGISTER
[JUNCHANGED O none
Function:
Causes the contents of a double word in the register specified by operand 1 (r,) to be algebraically
compared with the contents of a double word in storage specified by operand 2. The condition code is set
by this instruction.
~~— Explicit Format:
LABEL AOPERATION A OPERAND
-
[symbol] cD r,.d, (x,,b,)
Implicit Format:
LABEL AOPERATION A OPERAND
[symbol] cD r..s,(x,)
1792172
Operational Considerations:
] Comparison is accomplished by the rules for normalized fixed-point subtraction. The operands are
equal when the intermediate sum, including the guard digit, is zero.
u Operands with zero fractions compare as equal even when their signs or exponents are different.
'
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CDR*

Floating Point
General Possible Program Exceptions
OBJECT || M ADDRESSING 0O PROTECTION
OPCODE FORMAT | INST.
TYPE LGTH [} DATA (INVALID SIGN/D1GIT} | [J SIGNIFICANCE
MNEM. [HEX. (evTes) || [J DECIMAL DIVIDE B SPECIFICATION:
[J becimaL OVERFLOW NOT A FLOATING-POINT REGISTER
COR 29 RR 2 [J execuTe OP 1 NOT ON HALF-WORD BOUNDARY

Condition Codes

B r or1=0P2,SETTO O
B s or1<0OP2, SET TO 1
B iF OP1>0P2, SETTO 2

OiF OVERFLOW, SET TO 3
[JUNCHANGED

[0 EXPONENT OVERFLOW
O ExPONENT UNDERFLOW
[ FIxED-POINT DIVIDE

[0 FIXED-POINT OVERFLOW
O FLOATING-POINT DIVIDE
B OPERATION

000 O00ooOm

OP 2 NOT ON HALF-WORD BOUNDARY
OP 2 NOT ON FULL-WORD BOUNDARY

OP 2 NOT ON DOUBLE-WORD
BOUNDARY

OP 1 NOT EVEN NUMBERED REGISTER
OP 1 NOT ODD NUMBERED REGISTER
NONE

Function:

Causes the contents of a double word in the register specified by operand 1 (r,) to be algebraically
compared with the contents of a double word in the register specified by operand 2 (r,). The condition code
is set by this instruction.

Explicit and Implicit Format:

LABEL

A OPERATION A

OPERAND

[symbol]

CDR

Operational Considerations:

ryfa

Comparison is accomplished by the rules for normalized fixed-point subtraction. The operands are
equal when the intermediate sum, including the guard digit, is zero.

Operands with zero fractions compare as equal even when their signs or exponents are different.

* CDR is a featured instruction. If you attempt to issue this instruction to a processor which does not have the control feature
installed, you cause an operation program exception.
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CE*
Floating Point
General Possible Program Exceptions
OPCODE OBJECT || gy ADDRESSING M PROTECTION
il o [J DATA (INVALID SIGN/DIGIT) | [J SIGNIFICANCE
MNEM. |HEX. (8yTes) || O DECIMAL DIVIDE B SPECIFICATION:
O peciMAL OVERFLOW NOT A FLOATING-POINT REGISTER

CE 79 RX 4 {0 execuTe OP 1 NOT ON HALF-WORD BOUNDARY

Condition Codes

B iFoP1=0P2, SETTOO
Bir or1<0OP2,SET TO 1
il \F OP1>>0P2,SET TO 2
[JiF OVERFLOW, SET TO 3
[JUNCHANGED

[J EXPONENT OVERFLOW
[J ExPONENT UNDERFLOW
O FIXED-POINT DIVIDE

O FIXED-POINT OVERFLOW
O FLOATING-POINT DIVIDE
I OPERATION

000 OmcOm

OP 2 NOT ON HALF-WORD BOUNDARY
OP 2 NOT ON FULL-WORD BOUNDARY

OP 2 NOT ON DOUBLE-WORD
BOUNDARY

OP 1 NOT EVEN NUMBERED REGISTER
OP 1 NOT ODD NUMBERED REGISTER
NONE

Function:

Causes the contents of a full word in the register specified by operand 1 (r;) to be algebraically compared
with the contents of a full word word in storage specified by operand 2. The condition code is set by this

instruction.

Explicit Format:

LABEL AOPERATION A OPERAND
[symbol] CE rydy(x;,b,)
Implicit Format:
LABEL AOPERATION A OPERAND
R
[symbol] CE ry/5,(x,)

Operational Considerations:

L Comparison is accomplished by the rules for normalized fixed-point subtraction. The operands are
equal when the intermediate sum, including the guard digit, is zero.

n Operands with zero fractions compare as equal even when their signs or exponents are different.

* CE is a featured instruction. If you attempt to issue this instruction to a processor which does not have the control feature
installed, you cause an operation program exception.
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CER*

Floating Point

General Possible Program Exceptions
OBJECT
OPCODE cormat | insT. (J ADDRESSING O prROTECTION
TYPE LaTH. ] DATA (INVALID SIGN/DIGIT) | [J SIGNIFICANCE
MNEM. |HEX. (8vTes) || [J DECIMAL DIVIDE l SPECIFICATION:
O peciMAL OVERFLOW Bl NOT A FLOATING-POINT REGISTER
CER 39 RR 2 O execuTe 0 oP1NOTONHALF-WORD BOUNDARY
[0 EXPONENT OVERFLOW O oP2NOT ON HALF-WORD BOUNDARY
Condition Codes (0 EXPONENT UNDERFLOW 0 oP2NOTONFULL-WORD BOUNDARY
O FIXED-POINT DIVIDE B0  op2NOT ON DOUBLE-WORD
=:§g£: 2%:22',22:-1%2 ] FIXED-POINT OVERFLOW 0 BOUNDARY
B IF OP1> OP2, SET TO 2 [J FLOATING-POINT DIVIDE OP 1 NOT EVEN NUMBERED REGISTER
JiF OVERFLOW, SET TO 3 Il OPERATION O OP 1t NOT ODD NUMBERED REGISTER
(JUNCHANGED O none

Function:
Causes the full-word contents of the register specified by operand 1 (r,} to be algebraically compared with
the contents of a full word in the register specified by operand 2 (r,). The condition code is set by this

instruction.

Explicit and Implicit Format:

LABEL AOPERATION A OPERAND

[symbol] CER rr,

Operational Considerations:

= Comparison is accomplished by the rules for normalized fixed-point subtraction. The operands are
equal when the intermediate sum, including the guard digit, is zero.

n Operands with zero fractions compare as equal even when their signs or exponents are different.

* CER is a featured instruction. If you attempt to issue this instruction to a processor which does not have the control feature
installed, you cause an operation program exception.
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General Possible Program Exceptions
OPCODE OBJECT || @ ADDRESSING M PROTECTION
F?rs'r:T :_'\('SS:H [] DATA (INVALID SIGN/DIGIT) | ] SIGNIFICANCE
MNEM. THEX. @vyTEs) || 0 DECIMAL DIVIDE M SPECIFICATION:
(0] becimAL OVERFLOW NOT A FLOATING-POINT REGISTER
CH 49 RX 4 [J execuTe OP 1 NOT ON HALF-WORD BOUNDARY

Condition Codes

M IF r, = OPERAND 2, SET TO 0
I 'F -, <OPERAND 2,SET TO 1
WFr, > OPERAND 2, SET TO 2
OiF OVERFLOW, SET TO 3
[JUNCHANGED

[0 EXPONENT OVERFLOW
[0 EXPONENT UNDERFLOW
[] FIXED-POINT DIVIDE

[0 FIXED-POINT OVERFLOW
] FLOATING-POINT DIVIDE
[] oPERATION

000 OoomeOo

OP 2 NOT ON HALF-WORD BOUNDARY
OP 2 NOT ON FULL-WORD BOUNDARY

OP 2 NOT ON DOUBLE-WORD
BOUNDARY

OP 1 NOT EVEN NUMBERED REGISTER
OP 1 NOT ODD NUMBERED REGISTER
NONE

Function:

Causes the contents of operand 1 (r,} to be algebraically compared with the contents of operand 2 (a half
word in main storage), after operand 2 is expanded, by propagating the sign bit to fill a full word.

Explicit Format;

LABEL AOPERATION A OPERAND
[symbol] CH r,.d, (x,.b,)
Implicit Format:
LABEL | A OPERATION A I OPERAND
[symbol] CH ry S, (x2 )

Operational Considerations:

. The contents of both operands remain unchanged.

u Operand 2 must be on a half-word boundary.
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CL

‘ General Possible Program Exceptions
0PCODE | rommaT ?NB;_I'_ECT [l ADDRESSING B PROTECTION
TYPE LGTH. (] DATA (INVALID SIGN/DIGIT) | [J SIGNIFICANCE
MNEM. |HEX. (8yTes) || (] DECIMAL DIVIDE l SPECIFICATION:
[0 pecimAL oveRFLOW 0 NOTA FLOATING-POINT REGISTER
cL 55 RX 4 [J execuTe [0 OP1NOTON HALF-WORD BOUNDARY
(O EXPONENT OVERFLOW O oP2NOT ON HALF-WORD BOUNDARY
Condition Codes O EXPONENT UNDERFLOW ] OP 2 NOT ON FULL-WORD BOUNDARY
B irr - OPERAND 2 SET 100 [J FIXED-POINT DIVIDE 0O  op2NOT ON DOUBLE-WORD
M 1F -, <OPERAND 2, SET TO 1 0 FIXED-POINT OVERFLOW 0 BOUNDARY
M F 1) > OPERAND 2, SET TO 2 [0 FLOATING-POINT DIVIDE OP 1 NOT EVEN NUMBERED REGISTER
D IF OVERFLOW, SET TO 3 D OPERATION D OP 1 NOT ODD NUMBERED REGISTER
[J UNCHANGED O noNE
Function:

Causes the contents of a full word in storage specified by operand 2 to be compared with the contents of
the register specified by operand 1 (r;). The condition code is set according to the comparison result.

Explicit Format:

LABEL A OPERATION A OPERAND
[symbol] CcL ry.d, (x, ,bz)
Implicit Format:
LABEL A OPERATION A I OPERAND
[symbol] CcL r,.5,(x,)

Operational Considerations:

L Operands are considered unsigned binary numbers and ail bit combinations are valid.

= The contents of both operands remain unchanged.

L] Operand 2 must be on a full-word boundary.
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UP-NUMBER
CLC
General Possible Program Exceptions
OPCODE | roRMAT ?NBst.CT [l ADDRESSING @l PROTECTION
TYPE LGTH. [] DATA (INVALID SIGN/DIGIT) | [J SIGNIFICANCE
MNEM. 1HEX. (8vyTes) || J DECIMAL DIVIDE [ sPECIFICATION:
[0 pecimAL OVERFLOW [0 NOTAFLOATING-POINT REGISTER
CcLC 11 SS 6 [J execuTe [0 oP1NOTONHALF-WORD BOUNDARY
[J EXPONENT OVERFLOW [0 oP2NOT ON HALF-WORD BOUNDARY
Condition Codes [0 EXPONENT UNDERFLOW O OP 2 NOT ON FULL-WORD BOUNDARY
B For1 - OP2 SETTO0 [J FIXED-POINT DIVIDE 0 or2NOT ONDOUBLE-WORD
B ik oP1 <0P1;, SET TO 1 [J FIXED-POINT OVERFLOW O BOUNDARY
B F OP1 > OP2. SET TO 2 [ FLOATING-POINT DIVIDE OP 1 NOT EVEN NUMBERED REGISTER
OIF OVERFLOW, SET TO 3 [] OPERATION 0] oP1NOT ODD NUMBERED REGISTER
) UNCHANGED O none

Function:

Causes the contents of one area in main storage specified by operand 1 to be compared with an equal
length area in main storage specified by operand 2. The condition code is set according to the comparison

result.

Explicit Format:

LABEL AOPERATION A OPERAND
[symbol] CLC d1 (I,b1 ),d2 (bz)
Implicit Format:
LABEL | A OPERATION A OPERAND

[symbol] CLC

Operational Considerations:

s, (l).s,

L] The 1 specification of operand 1 specifies the length of both operands.

. Operands are considered unsigned binary numbers and all bit combinations are valid.

a The contents of both operands remain unchanged.

s The instruction is processed from left to right, byte by byte.

L If the number of bytes to be compared is not explicitly shown in operand 1, then the number will be
equal to the length attribute of operand 1.
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CLI

General Possible Program Exceptions
OPCODE | roRMAT ?NB;SCT [l ADDRESSING B PROTECTION
TYPE LGTH. [J DATA (INVALID SIGN/DIGIT) | [J SIGNIFICANCE
MNEM. |HEX. (8yTes) || O] DECIMAL DIVIDE [0 SPECIFICATION:
[0 becimMAL OVERFLOW 0 NOTA FLOATING-POINT REGISTER
cLl 95 sl 4 O execuTe O oP1NOT ONHALF-WORD BOUNDARY
[0 EXPONENT OVERFLOW 0 oP2NOT ON HALF-WORD BOUNDARY
Condition Codes [0 exPONENT UNDERFLOW [0 oP2NOT ON FULL-WORD BOUNDARY
B IF OPERAND 1= 1. SETTOD (] FIXED-POINT DIVIDE | ggax::R%N DOUBLE-WORD
B (F OPERAND 1 <i5, SET TO 1 [ FIXED-POINT OVERFLOW O oranere . I
Bl IF OPERAND 12>>i,, SET TO 2 O FLOATING-POINT DIVIDE o N VEN NUMBERED REGISTER
DiF ovERFLOW, SET TO 3 [0 oreRATION OP 1 NOT ODD NUMBERED REGISTER
CJUNCHANGED O ~none
Function:

Causes the contents of one byte in main storage specified by operand 1 to be compared with the one byte
of immediate data specified in operand 2. The condition code is set according to the comparison result.

Explicit Format:

LABEL |

A OPERATION A |

OPERAND
[symbol] | cCLI d, (b, ),i,
Implicit Format:
LABEL AOPERATION A OPERAND
L
[symbol] CLI S,y

Operational Considerations:

Operands are considered unsigned binary numbers and all bit combinations are valid.

Operands are one byte in length.

The contents of operand 1 remain unchanged.
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- CLR
General Possible Program Exceptions
OBJECT
OPCODE cormat | INST. [J ADDRESSING (J PROTECTION
TYPE LGTH [0 oATA (iINVALID SIGN/DIGIT) | (] SIGNIFICANCE
MNEM. |HEX. (8vyTEs) |} [0 DECIMAL DIVIDE (] SPECIFICATION:
[ beciMAL OVERFLOW [J NOTAFLOATING-POINT REGISTER
CLR | 15 RR 2 [] execuTe [1 oOP1NOT ON HALF-WORD BOUNDARY
[0 EXPONENT OVERFLOW [0 oP2NOT ON HALF-WORD BOUNDARY
Condition Codes [J EXPONENT UNDERFLOW ]  oP2NOT ON FULL-WORD BOUNDARY
Br - scT100 [0 FIXED-POINT DIVIDE 00 opP2NOT ON DOUBLE-WORD
B <? SETTO 0 FiIXED-POINT OVERFLOW O BOUNDARY
11 r: >r§' SET TO 2 [ FLOATING-POINT DIVIDE OP 1 NOT EVEN NUMBERED REGISTER
C)iF OVERF LOW, SET TO 3 [] OPERATION 0 o1 NOT ODD NUMBERED REGISTER
CJUNCHANGED B none
Function:
Causes the contents of the operand 1 (r,) register to be compared with the contents of the operand 2 (r,)
register. The condition code is set according to the comparison result.
Explicit and Implicit Format:
e’

OPERAND

[symbol] CLR

Operational Considerations:

Ty da

n Operands are considered unsigned binary numbers and all bit combinations are valid.

= The contents of both operands remain unchanged.
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cP

General Possible Program Exceptions
OBJECT || m ADDRESSING Ml PROTECTION
OPCODE FORMAT | INST.
TYPE LGTH fl DATA (INVALID SIGN/DIGIT) | [J SIGNIFICANCE
MNEM. 1HEX. (8yTes) || O DECIMAL DIVIDE [ sPECIFICATION:
[J beciMAL OVERFLOW [0 NOTA FLOATING-POINT REGISTER
cP | F9 SS 6 ] ExecuTE {J oP1NOT ON HALF-WORD BOUNDARY
[J EXPONENT OVERFLOW (0 oP2NOT ON HALF-WORD BOUNDARY
Condition Codes ) EXPONENT UNDERFLOW O OP 2 NOT ON FULL-WORD BOUNDARY
B T Or1-OP2 SET 100 [] FIXED-POINT DIVIDE O op2NOT ON DOUBLE-WORD
B i oP1 < 0Pz SET TO 1 [0 FIXED-POINT OVERFLOW O BOUNDARY
B oP1 >0P2: SET TO 2 [] FLOATING-POINT DIVIDE O OP 1 NOT EVEN NUMBERED REGISTER
C]!F OVERFLOW, SET TO 3 [] OPERATION OP 1 NOT ODD NUMBERED REGISTER
[J UNCHANGED O none
Function:

Compares the contents of two storage areas to see whether they are algebraically equal, operand 1 is
higher, or operand 1 is lower. The condition code is set to reflect the results of this compare. A branch
instruction is usually used after the compare instruction.

Explicit Format:

LABEL AOPERATION A OPERAND

[symbol] cp d,(l,,b,).d,(l,b,)

Implicit Format:

LABEL | AOPERATION A l OPERAND

[symbol] l cpP

s, (1,).5,(1,)

Operational Considerations:
] All signs and digits are checked for validity, and comparison proceeds from right to left.
= If the operand fields are unequal in length, the shorter field is extended with zero digits.
. Operands with zero values and unlike signs compare as equal.
L] All valid codes representing the same sign are considered equal.
] Operand 1 and operand 2 may overlap if their least significant bytes coincide.

. The contents of both operands remain unchanged.
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CR

‘ General Possible Program Exceptions
OPCODE | rommAT IONBS-’ECT []) ADDRESSING | O proTECTION
TYPE LGTH. [0 DATA INVALID SIGN/DIGIT) | [J SIGNIFICANCE
MNEM. [HEX, (svtes) || [0 DECIMAL DIVIDE [ sPECIFICATION:
{J peciMAL OVERFLOW NOT A FLOATING-POINT REGISTER
CR 19 RR 2 O execuTe OP 1 NOT ON HALF-WORD BOUNDARY

Condition Codes

BiFr=r,SETTOO
1='2
8 <i, seTTO1
152
BiFr, >, SETTO2
[J IF OVERFLOW, SET TO 3
[0 UNCHANGED

(O eXPONENT OVERFLOW
[ exPONENT UNDERFLOW
J FIXED-POINT DIVIDE

O FIXED-POINT OVERFLOW
] FLOATING-POINT DIVIDE
{0 oPerAaTION

BOO 00000

OF 2 NOT ON HALF-WORD BOUNDARY
OP 2 NOT ON FULL-WORD BOUNDARY

OP 2 NOT ON DOUBLE-WORD
BOUNDARY

OP 1 NOT EVEN NUMBERED REGISTER
OP 1 NOT ODD NUMBERED REGISTER
NONE

Function:

Causes the contents of operand 1 (r,) to be algebraically compared to operand 2 (r,).

Explicit and Implicit Format:

LABEL AOPERATION A

OPERAND

[symbol] CR

Operational Consideration:

172

. The contents of both registers remain unchanged.
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‘ General Possible Program Exceptions
OPCODE | FommaT IONBSJ]’_E.CT [l ADDRESSING B PROTECTION
TYPE LGTH. B oATA (INVALID SIGN/DIGIT) | (] SIGNIFICANCE
MNEM. [HEX. yTes) || O DECIMAL DIVIDE M SPECIFICATION:
[0 pecimAL OVERFLOW (O NOTAFLOATING-POINT REGISTER
CVvB | 4F RX 4 0 execuTe O oP 1 NOT ON HALF-WORD BOUNDARY
[0 EXPONENT OVERFLOW [0 oP2NOT ON HALF-WORD BOUNDARY
Condition Codes O exPONENT UNDERFLOW 0O OP 2 NOT ON FULL-WORD BOUNDARY
B FIXED-POINT DIVIDE B oF2NOT ON DOUBLE-WORD
B:z 22:3::: 2%’53':'5:.1%2 0J FIXED-POINT OVERFLOW g BOUNDARY
C)iF RESULT >0, SET TO 2 [] FLOATING-POINT DIVIDE OP 1 NOT EVEN NUMBERED REGISTER
C)IF OVERFLOW, SET TO 3 [] OPERATION O op1NOT ODD NUMBERED REGISTER
) UNCHANGED O none

Function:

Converts the packed decimal number in operand 2, a double word in main storage, to a fixed-point signed
binary number, which is placed in operand 1 (r,).

Explicit Format:

LABEL AOPERATION A OPERAND

[symbol] CVB r,d, (x2 ,bz)

Implicit Format:

LABEL A OPERATION A OPERAND

[symbol] CVvB . ry Sy (xz)

Operational Considerations:

L Operand 2 is a 15-digit and sign packed decimal number in a double word on a double-word
boundary in main storage.

L] Operand 2 is checked for valid digits and sign code before conversion to a fixed-point, 32-bit signed
binary number.
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The maximum number that can be converted and still contained in a 32-bit register is 2,147,483,647
(23'—1). The minimum number is —2,147,483,648 (—23'). For decimal numbers exceeding this

range, the 32 least significant bits are stored in the first operand location and a fixed-point divide
exception is generated.

if operand 2 is negative, the result will be in twos complement notation.

] The contents of operand 2 remain unchanged.
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i General Possible Program Exceptions
0PCODE | FommaT ?NBSJTECT [l ADDRESSING # rrROTECTION
TYPE LGTH. [0 DATA (INVALID SIGN/DIGIT) | [ SIGNIFICANCE
MNEM. JHEX. 8y Tes) || (] DECIMAL DIVIDE B SPECIFICATION:
- (0 pecIMAL OVERFLOW 0 NOTAFLOATING-POINT REGISTER
CvD | 4E RX 4 [J execuTe [0 oOP1NOTONHALF-WORD BOUNDARY
[J EXPONENT OVERFLOW O oP2NOT ON HALF-WORD BOUNDARY
Condition Codes O exPONENT UNDERFLOW [0 op2NOT ON FULL-WORD BOUNDARY
[ FIXED-POINT DIVIDE B 0P 2NOT ON DOUBLE-WORD
8::: zg:st: :<% Ssi:':%(z (J FIXED-POINT OVERFLOW O BOUNDARY
[liF RESULT >0, SET TO 2 [ FLOATING-POINT DIVIDE OP 1 NOT EVEN NUMBERED REGISTER
OJIF OVERFLOW, SET TO 3 ] oPERATION g OP 1 NOT ODD NUMBERED REGISTER
NONE

B UNCHANGED

Function:

Converts the fixed-point signed binary number in operand 1 (r,) to a packed decimal number, which is
placed in operand 2, a double word in main storage.

Explicit Format:

LABEL A OPERATION A OPERAND
[symbol] CvD r,.d,(x,,b,)
Implicit Format:
LABEL AOPERATION A OPERAND
[symbol] CvD ry Sy (%,)

Operational Considerations:

= Operand 1 is a fixed-point, 32-bit signed binary number in a register.

= Operand 2 is a 15-digit packed signed decimal number in a double-word main storage location on a

double-word boundary.

] The contents of operand 1 remain unchanged.
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General Possible Program Exceptions
OPCODE OBJECT || m ADDRESSING B PROTECTION
F?_S'::T 'L_“c';s:"'* [ bATA (INVALID SIGN/DIGIT) | [J SIGNIFICANCE
MNEM. |HEX. (8yTes) || O DECIMAL DIVIDE 8 sPECIFICATION:
(] beciIMAL OVERFLOW NOT A FLOATING-POINT REGISTER
D 5D RX 4 [ execuTe OP 1 NOT ON HALF-WORD BOUNDARY

Condition Codes

OtF RESULT = 0, SET TO ©
OiF resuLT <0, SET TO 1
Ji1F RESULT >0, SET TO 2
[JiF OVERFLOW, SET TO 3
I UNCHANGED

[J EXPONENT OVERFLOW
[0 EXPONENT UNDERFLOW
[ FIXED-POINT DIVIDE

(0 FIXED-POINT OVERFLOW
0 FLOATING-POINT DIVIDE
[J orerATION

O0Om OmQC0O0

OP 2 NOT ON HALF-WORD BOUNDARY
OP 2 NOT ON FULL-WORD BOUNDARY

OP 2 NOT ON DOUBLE-WORD
BOUNDARY

OP 1 NOT EVEN NUMBERED REGISTER
OP 1 NOT ODD NUMBERED REGISTER

NONE

Function:

Causes the value in the even-odd pair of registers specified by operand 1 (r;) to be divided by the full-word
operand 2 (the divisor). The quotient and remainder are placed in the operand 1 registers.

Explicit Format;

LABEL AOPERATION A OPERAND
[symbol] D rydy(x,,b,)
Implicit Format:
LABEL | AOPERATION A l OPERAND
[symbol] D ry S, (xz)

Operational Considerations:

Operand 1 is treated as a 64-bit fixed-point signed binary integer and occupies an even-odd register
pair. The operand 1 field of the instruction must specify an even-numbered register. The 32-bit
remainder and 32-bit quotient replace the dividend in the even-numbered and odd-numbered
register, respectively.

Operand 2 is treated as a 32-bit fixed-point signed binary integer. The contents of operand 2 remain
unchanged after execution.

The sign of the quotient is determined algebraically, and the remainder assumes the sign of the
dividend. A zero quotient or zero remainder is always positive.

When the quotient exceeds 32 bits or the divisor is equal to zero, a fixed-point divide exception
occurs, no division takes place, and the dividend remains unchanged.
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DD*

Floating Point

General Possible Program Exceptions
' 0PCODE | rommAT ?NBS“TECT ] ADDRESSING M PROTECTION
TYPE LGTH. [(J DATA (INVALID SIGN/DIGIT) | [J SIGNIFICANCE
MNEM. JHEX. (8yTes) || O DECIMAL DIVIDE l SPECIFICATION:
[ beciMAL OveERFLOW fl  NOT A FLOATING-POINT REGISTER
DD [6D RX 4 {J execuTe (O OFP1NOTON HALF-WORD BOUNDARY
@ EXPONENT OVERFLOW O op2NOT ON HALF-WORD BOUNDARY
Condition Codes B EXPONENT UNDERFLOW 0 oP2NOTON FULL-WORD BOUNDARY
T]iF RESULT 0 SeT 7o o [0 FIXED-POINT DIVIDE B oF2NOT ON DOUBLE-WORD
O iF RESULT <0, SET TO 1 [ FIXED-POINT OVERFLOW 0 BOUNDARY
[J/F RESULT >0, SET TO 2 B FLOATING-POINT DIVIDE OP 1 NOT EVEN NUMBERED REGISTER
O)'F OVERFLOW, SET TO 3 B OPERATION O op1NOT ODD NUMBERED REGISTER
B UNCHANGED [ none

Function:
Causes the double-word contents of the operand 1 (r,) register to be divided by the contents of the double
word in storage specified by operand 2. The normalized quotient is placed in the register specified by

operand 1 (r,). Any remainder is not preserved.

Explicit Format:

LABEL A OPERATION A OPERAND

[symbol] DD r,d,(x,,b,)

Implicit Format:

LABEL A OPERATION A OPERAND

[symbol] DD ry S, (%)

* DD is a featured instruction. If you attempt to issue this instruction to a processor which does not have the control feature
installed, you cause an operation program exception.
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DDR*

Floating Point

General Possible Program Exceptions
OPCODE | FormaT ?NBSJECT [] ADDRESSING O prOTECTION
TYPE LGTH. [0 DATA (INVALID SIGN/DIGIT) | [J SIGNIFICANCE
MNEM. |HEX. (8yTes) || [J DECIMAL DIVIDE B SPECIFICATION:
[J] pECIMAL OVERFLOW B NOT A FLOATING-POINT REGISTER
DDR | 2D RR 2 [J execuTe [0 oP1NOTONHALF-WORD BOUNDARY
B EXPONENT OVERFLOW [0 oP2NOT ON HALF-WORD BOUNDARY
Condition Codes Bl EXPONENT UNDERFLOW Q OP 2 NOT ON FULL-WORD BOUNDARY
0 [0 FIXED-POINT DIVIDE O oP2NOT ON DOUBLE-WORD
O :E 22:33 2%;2:.1;%‘: O FIXED-POINT OVERFLOW O BOUNDARY
[11F RESULT >0, SET TO 2 B FLOATING-POINT DIVIDE OP 1 NOT EVEN NUMBERED REGISTER
C]iF OVERFLOW, SET TO 3 B OPERATION O oP1NOT ODD NUMBERED REGISTER
B UNCHANGED (J nonE
Function:

Causes the double-word contents of the operand 1 (r,) register to be divided by the double-word contents of
the operand 2 (r,) register. The normalized quotient is placed in the operand 1 (r,) register. Any remainder
is not preserved.

Explicit and implicit Format:

LABEL

AOPERATION A

OPERAND

[symbol]

DDR

.l

* DDR is a featured instruction. If you attempt to issue this instruction to a processor which does not have the control feature
installed, you cause an operation program exception.
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DE*

Floating Point

General Possible Program Exceptions
0PcoDE | rommarT ?NBS-'_E_CT fl ADDRESSING B PROTECTION
TYPE LGTH. [0 DATA (INVALID SIGN/DIGIT) | [J SIGNIFICANCE
MNEM. |HEX. eyTes) || O pecimaL piviDe B SPECIFICATION:
[J oecimAaL OVERFLOW B NOT A FLOATING-POINT REGISTER
DE 7D RX 4 [J execuTE ‘ O oP1NOT ON HALF-WORD BOUNDARY
 EXPONENT OVERFLOW [0 oP2NOT ON HALF-WORD BOUNDARY
Condition Codes B EXPONENT UNDERFLOW B ©OP2NOTONFULL-WORD BOUNDARY
TIiF RESULT - 0. 56710 0 [0 FIXED-POINT DIVIDE [0 oP2NOT ON DOUBLE-WORD
O)iF resuLT <0, SET TO 1 10 FIXED-POINT OVERFLOW o BOUNDARY
[ 1F RESULT >0, SET TO 2 B FLOATING.POINT DIVIDE OP 1 NOT EVEN NUMBERED REGISTER
[JIF OVERFLOW, SET TO 3 M OPERATION U op1NOT ODD NUMBERED REGISTER
B UNCHANGED O ~noNE
Function:

Causes the full-word contents of the operand 1 (r,) register to be divided by the full-word contents of a full
word in storage specified by operand 2. The normalized quotient is placed in a full word in the operand 1
(r)) register. Any remainder is not preserved. '

Explicit Format:

LABEL AOPERATION A OPERAND
[symbol] DE ry.dy(x;,by)
Implicit Format:
LABEL AOPERATION A OPERAND
[symbol] DE ry S, (%)

*

installed, you cause an operation program exception.

DE is a featured instruction. If you attemnpt to issue this instruction to a processor which does not have the control feature
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Floating Point
General Possible Program Exceptions
N I ?NB;TECT [] ADDRESSING [J PROTECTION
?rYPEAT LGTH [J DATA (INVALID SIGN/DIGIT) | [[] SIGNIFICANCE
MNEM. [HEX. 8yTes) || (] DECIMAL DIVIDE Bl SPECIFICATION:
[] DECIMAL OVERFLOW NOT A FLOATING-POINT REGISTER

DER 3D RR 2 [J execuTEe OP 1 NOT ON HALF-WORD BOUNDARY

Condition Codes

O RESULT = 0, SET TO O
Oir resuLT<0,SETTO 1
[JIF RESULT >0, SET TO 2
J'F OVERFLOW, SET TO 3
B UNCHANGED

[l EXPONENT OVERFLOW
B EXPONENT UNDERFLOW
J FIXED-POINT DIVIDE

O FixXED-POINT OVERFLOW
B FLOATING-POINT DIVIDE
I OPERATION

OP 2 NOT ON HALF-WORD BOUNDARY
OP 2 NOT ON FULL-WORD BOUNDARY

OP 2 NOT ON DOUBLE-WORD
BOUNDARY

OP 1 NOT EVEN NUMBERED REGISTER
OP 1 NOT ODD NUMBERED REGISTER
NONE

000 ooooms

Function:

Causes the full-word contents of the operand 1 (r,) register to be divided by the full-word contents of the
operand 2 (r,) register. The normalized quotient is placed in a full word in the operand 1 (r,) register. Any
remainder is not preserved.

Explicit and Implicit Format:

LABEL

A OPERATION A

OPERAND

[symbol]

DER

Irz

_* DER is a featured instruction. If you attempt to issue this instruction to a processor which does not have the control feature
installed, you cause an operation program exception.
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DIAG

General Possible Program Exceptions
‘ OBJECT || ADDRESSING O pROTECTION
OPCODE FORMAT | INST.
TYPE LGTH [ DATA (INVALID SIGN/DIGIT) | [0 SIGNIFICANCE
MNEM. HEX. (8yTes) || [0 DECIMAL DIVIDE @ SPECIFICATION:
[J pecimaL OVERFLOW O NOTA FLOATING-POINT REGISTER
DIAG | 83 St 4 [ execuTe [0 oP1NOTONHALF-WORD BOUNDARY
0 EXPONENT OVERFLOW O oP2NOT ON HALF-WORD BOUNDARY
Condition Codes 0 exPONENT UNDERFLOW a OP 2 NOT ON FULL-WORD BOUNDARY
O FIXED-POINT DIVIDE 0 oP2NOT ON DOUBLE-WORD
-5 B F RESULT=0,SETTO O BOUNDARY
[J1f RESULT <0, SET TO 1 O FIXED-POINT OVERFLOW 0
D) 1F RESULT >0, SET TO 2 [0 FLOATING-POINT DIVIDE 0 OP 1 NOT EVEN NUMBERED REGISTER
D IF OVERFLOW, SETTO 3 . OPERATION OP 1 NOT ODD NUMBERED REGISTER
[JUNCHANGED O none
Function:

Resets the processor to zero after control storage is loaded and provides various diagnostic and
supervisor operations.

Explicit Format:
LABEL AOPERATION A OPERAND
[symbol] DIAG d, (b1 ), i,
implicit Format:
LABEL ’ A OPERATION A | OPERAND
[symbol] l DIAG ’ $q. 10,
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General Possible Program Exceptions
' OBJECT
ADDRESSING B PROTECTION
OPCODE FORMAT | INST. .
TYPE LGTH ]l DATA (INVALID SIGN/DIGIT) | (J SIGNIFICANCE
MNEM. |HEX. (8vTes) || l DECIMAL DIVIDE B SPECIFICATION:
O oecimaL oveRFLOW NOT A FLOATING-POINT REGISTER
DP FD SS 6 [J execuTE OP 1 NOT ON HALF-WORD BOUNDARY

Condition Codes

(JiF RESULT=0,SET TO ©
OF resuLT <0, SET TO 1
[JIF RESULT >0, SET TO 2
OtF ovVERFLOW, SET TO 3
[l UNCHANGED

O EXPONENT OVERFLOW
0 EXPONENT UNDERFLOW
[0 FIXED-POINT DIVIDE

O FIXED-POINT OVERFLOW
[J FLOATING-POINT DIVIDE
[J OPERATION

000 ooooo

OP 2 NOT ON HALF-WORD BOUNDARY
OP 2 NOT ON FULL-WORD BOUNDARY

OP 2 NOT ON DOUBLE-WORD
BOUNDARY

OP 1 NOT EVEN NUMBERED REGISTER
OP 1 NOT ODD NUMBERED REGISTER
NONE

Function:

Causes the contents of operand 1 (the dividend) to be divided by the contents of operand 2 (the divisor). The

quotient and remainder are placed in the operand 1 location.

Explicit Format:

LABEL A OPERATION A OPERAND
[symbol] DP d, (1, ,b,)d,(i,b,)
Implicit Format:
LABEL A OPERATION A OPERAND
[symbol] DP s, (I ),sz (Iz)

Operational Considerations:

. All signs and digits are checked for validity.

. The quotient and remainder occupy the entire operand 1 field. The remainder is right-justified in the
field, carries the sign of operand 1, and is equal in size to operand 2. The quotient, carrying the
algebraically determined sign, is right-justified in the rest of the field.

L The maximum dividend (operand 1) size is 31 digits and sign. The maximum quotient size is 29 digits
and sign. The smallest remainder is one digit and sign. The maximum divisor is 15 digits.
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L] Operand 1 and operand 2 fields may overiap if their least significant bytes coincide.

L] If the number of quotient digits exceeds the size of the quotient field or if division by zero is
attempted, a decimal divide exception results; the divisor and dividend remain unchanged in their
storage locations.

- A decimal divide exception occurs if the dividend does not have at least one leading zero. The
condition for a decimal divide exception can be determined by aligning the leftmost digit of the divisor
(operand 2) field with the leftmost less 1 digit of the dividend (operand 1) field and performing a
subtraction. If, after alignment, the divisor is less than or equal to the dividend, a decimal divide
exception is indicated.

L] A specification exception indicates the divisor exceeds 15 digits or operand 1 is not longer than
operand 2.
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DR*

General Possible Program Exceptions
' OBJECT
OPCODE cormat | IneT [] ADDRESSING O PROTECTION
TYPE LGTH (J DATA (INVALID SIGN/DIGIT) | [J SIGNIFICANCE
MNEM. |HEX (evTes) || ] DECIMAL DIVIDE B SPECIFICATION:
[J bpeciIMAL OVERFLOW 3 NOTAFLOATING-POINT REGISTER
DR 1D RR 2 [0 execuTE O OP 1 NOT ON HALF-WORD BOUNDARY
[J EXPONENT OVERFLOW [0 oP2NOTONHALF-WORD BOUNDARY
Condition Codes [J EXPONENT UNDERFLOW O OP 2 NOT ON FULL-WORD BOUNDARY
) sb PP — B FIXED-POINT DIVIDE (0 oP2NOT ON DOUBLE-WORD
iF RESULT =0,SET T
0] 1F rResuLT <0, SET TO 1 [0 FIXED-POINT OVERFLOW BOUNDARY
’ i B oF1NOTEVEN NUMBERED REGISTER
O IF RESULT >0, SET TO 2 ] FLOATING-POINT DIVIDE 0
OF OVERFLOW, SET TO 3 8 OPERATION OP 1 NOT ODD NUMBERED REGISTER
Bl UNCHANGED O none

Function:
Causes the value in the even-odd registers specified by operand 1 (r;) to be divided by the value in the
register (the divisor) specified by operand 2 {r,). The quotient and remainder are placed in the operand 1

registers. '

Explicit and Implicit Format:

LABEL A OPERATION A OPERAND

[symbol] DR ryfy

Operational Considerations:

n Operand 1 is treated as a 64-bit fixed-point signed binary integer and occupies an even-odd register
pair. The operand 1 field of the instruction must specify an even-numbered register. The 32-bit
remainder and 32-bit quotient replace the dividend in the even-numbered and odd-numbered
register, respectively.

L] Operand 2 is treated as a 32-bit fixed-point signed binary integer. The contents of operand 2 remain
unchanged after execution.

] The sign of the quotient is determined algebraically and the remainder assumes the sign of the
dividend. A zero quotient or zero remainder is always positive.

= When the quotient exceeds 32 bits or the divisor is equal to zero, a fixed-point divide exception
occurs, no division takes place, and the dividend remains unchanged.

] A specification exception will occur if r; specifies an odd-numbered register.

* DR is a featured instruction. If you attempt to issue this instruction to a processor which does not have the control feature
installed, you cause an operation program exception.
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General Possible Program Exceptions
0PCODE | FommaT :—"NBSJfCT [l ADDRESSING W PROTECTION
TYPE LGTH. i OATA (INVALID SIGN/DIGIT}H| [ SIGNIFICANCE
MNEM. JHEX. (8yTes) || (0 DECIMAL DIVIDE O SPECIFICATION:
[J pEcIMAL OVERFLOW a NOT A FLOATING-POINT REGISTER
ED DE $S 6 [J execuTe [J oOP1NOTONHALF-WORD BOUNDARY
[0 EXPONENT OVERFLOW [l  oP2NOT ON HALF-WORD BOUNDARY
Condition Codes [0 EXPONENT UNDERFLOW ] OP 2 NOT ON FULL-WORD BOUNDARY
O FIXED-POINT DIVIDE O op2NOT ON DOUBLE-WORD
= ZE; 18? O FIXED-POINT OVERFLOW O BOUNDARY
B seTT02 [] FLOATING-POINT DIVIDE OP 1 NOT EVEN NUMBERED REGISTER
[] sETT03 [] OPERATION O opP 1 NOT ODD NUMBERED REGISTER
SEE OPER. CONSIDERATIONS O none

Function:

Causes the packed data specified by operand 2 to be unpacked and edited under the control of a mask
(pattern) specified by operand 1. The result is placed in the main storage location specified by operand 1.
This instruction can produce the following types of results:

L Zero suppression
Ex: 00173 — 173

= Character protection

Ex: 000453 — ***4.563

s Punctuation

Ex: 123400 — $1,234.00

= Multiple field editing
Ex: 12531468 — 12.53AA14.68

Explicit Format:

LABEL AOPERATION A OPERAND
[symbol] ED d,(l,b,).d, (b,)
Implicit Format:
LABEL AOPERATION A OPERAND
[symbol] ED s, (l).s,
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ED

Operational Considerations:

For every digit in the source field, operand 2, there must be an equal number of digit select
characters, significance start characters, or a combination of both in the pattern.

The significance indicator, referred to as the S switch, indicates by its on or off state the significance
or nonsignificance, respectively, of subsequent operand 2 digits or message characters. Significant
operand 2 digits repiace their corresponding digit select or significance start characters in the result.
Significant message characters remain unchanged in the result.

The S switch is turned off when the edit instruction starts and when a sign code of “C” (1) is
reached; and it is turned on when the first signficant (nonzero) digit is reached.

When the S switch is off, zeros to be transferred from operand 2 are suppressed and the fill character
is inserted in the corresponding operand 1 position. When the S switch is on, any zero to be
transferred from operand 2 is unpacked into the corresponding operand 1 position. At the beginning
of execution, the S switch is off.

Editing includes sign and punctuation control and the suppression and protection of leading zeros. [t
also facilitates programmed blanking for all zero fields. Several fields may be edited in one operation,
and numeric information may be combined with text.

The instruction proceeds from left to right.

Operand 2 data must be in packed format and must contain valid numerics and sign codes.

The original contents of operand 1 is the mask, the pattern which controls the edit process.

Depending on the edit requirements, some or most of the bytes originally in operand 1 are replaced

by data from operand 2. The mask is expressed in unpacked format and may consist of any

combination of 8-bit characters.

As the mask is scanned from left to right, one of three things happens to each mask character:

— An operand 2 digit is expanded to a zoned character. The zoned character replaces the mask
character. When the operand 2 digit is stored as the result, its code is expanded from packed to
unpacked format by attaching a generated zone code.

—  The mask character is left unchanged.

— A fill character is stored in the result. The fill character is taken from the first byte position of

the mask. The choice of this character is not dependent upon the editing function initiated by
this code. The editing function occurs after the code has been assigned as a fill character.
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Each mask character is replaced by a result character that depends on three conditions:
— the digit obtained from operand 2;

—  the mask character; and

— the S switch status.

When a digit select or significance start byte is found in the mask, the S switch and an operand 2
digit are examined. This results in either the unpacked operand 2 digit or the fill character replacing
the mask character. A valid decimal digit (if the mask byte is a significance start) or nonzero decimal
digit (if the mask byte is a digit select) sets the S switch to on if the operand 2 byte does not contain a
plus code in the four least significant bit positions.

The fill character is the leftmost character of the edit mask (operand 1). Any valid hexadecimal value
(B.2) may be used as a fill character. This character is retained for the editing which follows. This
position does not receive a digit from the operand 2 data.

The digit select byte is a character in the operand 1 mask represented by EBCDIC code 20. If the digit
select byte is encountered and the $ switch is on, any digit, O through 9, is unpacked to replace the
digit select byte. If the S switch is off, the operand 2 digit is examined and only nonzero digits are
unpacked into operand 1. The fill character replaces the digit select byte if the examined digit is zero.

The S switch is turned on when the first nonzero operand 2 digit is encountered; this allows
succeeding zeros from operand 2 to be included in the result.

The significance start byte is represented in the edit mask by EBCDIC code 21. The significance start
byte performs the same function as the digit select byte except the significance start byte turns the S
switch on, regardiess of the value of the current operand 2 digit. Once the S switch is on, it remains
on for all succeeding digits; however, the current digit is not affected. The S switch may be turned
off by a field separator byte or by a positive sign code within operand 2.

Any other symbol or data in the operand 1 edit mask, as represented by hexadecimal codes, is
retained unchanged if the S switch is on. If the S switch is off, this other data is replaced by the fill
character. During this operation, the digit of operand 2 is neither accessed nor addressed-advanced.

The sign of operand 2, positive or negative, must be a value greater than binary 9 (1002,). Any
hexadecimal value A through F is acceptable. The sign itself is not moved to operand 1; instead, a
sign indicator, such as a minus sign or letters CR, is either deleted from or retained in operand 1,
depending on the sign of operand 2.

The sign of operand 2 also affects the S switch. A positive sign turns the S switch off, thus causing
the following characters in operand 1 to be replaced by the fill character. A negative sign leaves the
S switch unchanged.



8227 Rev. 2
UP-NUMBER

SPERRY UNIVAC Operating System/3

UPDATE LEVEL | PAGE

2-54

ED

If the fill character is a blank, if no significance start byte appears in the mask, and if operand 2 is all
zeros, the editing operation blanks the result field.

Overlapping operand 1 and operand 2 fields produces unpredictable results.

The length specification (1) in the object instruction specifies the length of the mask (operand 1). The
length of the mask can be determined as:

— one byte for the fill character;
— one byte for each digit select byte, significance start byte, and field separator byte; and
—  one byte for each message character.

Usually, operand 2 is shorter than operand 1 because a zone (a half byte) and a numeric (a full byte)
are inserted in the result for each operand 2 digit. The total number of digit-select and significance
start bytes in the mask must equal the number of operand 2 digits to be edited.

If operand 2 containing unpacked data is to be edited, it must first be packed by the PACK instruction.
In packing an odd number of bytes, an odd number of digit positions and the sign are produced. In
packing an even number of bytes, an odd number of digit positions and the sign are produced. The
extra digit position in the latter case is zero and is the most significant position in operand 2. The
extra position must be provided for in the mask by specifying an extra DSB or SSB. Space, asterisk, or
other character fill occurs and may be dropped when transferring the edited operand to output.

Multiple-field editing operations are indicated by the presence of one or more field separator bytes
(EBCDIC code 22). The field separator byte identifies the individual fields in this operation and is
always replaced in the mask with a fill character. The S switch is always off after the field separator
byte is encountered. If field separators are not indicated by the mask, the entire operand 2 is
considered one field.

The condition code, reflecting the status of the last source field edited, is set:
—  to zero when all of the operand 2 digits in the last field are zero; if the mask of the last field has
no significance start or digit select bytes, the operand 2 digits are not examined and the

condition code is set to zero;

— to 1 when a nonzero operand 2 digit is detected and the S switch is set after the last mask digit
is examined; or

— to 2 when a nonzero operand 2 digit is detected and the S switch is off after the last mask digit
is examined.

Code 3 is not used.
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a The operation of the edit instruction is summarized in the following table.

Mask {Operand 1) | EBCDIC |S Switch | Data (Operand 2)|  Resulting Resulting
(Operand 1) S Switch
Character Code Status Character
Character Status
Fill character Any Off Not examined None Off
Digit select 20 On Digit Digit On*
byte
Off Nonzero Digit On*
Off Zero Fill Off
character
Significance 21 On Digit Digit On*
start byte
Off Nonzero Digit On*
Off Zero Fill On*
character
Message Any except On Not examined Message ' Oon*
character 20, 21, 22 character
Off Not examined Fill Off
: character
Field 22 On Not examined Fill Off
separator byte character
Off Not examined - Fill Off
character

*Sign detection (examined simultaneously with operand 2 digit) affects the S switch as follows:

1. A plus or minus sign detected as a most significant digit causes a data exception.
2. A plus sign detected as a least significant digit causes the S switch to be turned off.
3. A minus sign has no effect on the S switch.

L] If the number of bytes to be edited is not explicitly shown in operand 1, then the number will be equal
to the length attribute of operand 1.
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General Possible Program Exceptions
0PcoDE | roRrmaT ?NBSJ’ISCT Il ADDRESSING M PROTECTION
TVPE LGTH. [l OATA (INVALID SIGN/DIGIT) | [J SIGNIFICANCE
MNEM. |HEX. (8yTes) || 0 DECIMAL DIVIDE [ sPECIFICATION:
[J bpecimAL OVERFLOW 0 NOTAFLOATING-POINT REGISTER
EDMK | DF | SS 6 O execuTe 0 oOP1NOTON HALF-WORD BOUNDARY
[0 EXPONENT OVERFLOW [0 oP2NOT ON HALF-WORD BOUNDARY
* Condition Codes O exPONENT UNDERFLOW O OP 2 NOT ON FULL-WORD BOUNDARY
[ FIXED-POINT DIVIDE 00 op2NOT ON DOUBLE-WORD
= :EI Ig ‘1) O FIXED-POINT OVERFLOW O BOUNDARY
M sET T0 2 [ FLOATING-POINT DIVIDE OP 1 NOT EVEN NUMBERED REGISTER
D SET TO 3 - OPERATION D OP 1 NOT ODD NUMBERED REGISTER
SEE OPER. CONSIDERATIONS O ~nonEe

A

Function:
This instruction is identical to the edit (ED) instruction, except for the additional function of placing the
address of the first significant result digit in register 1. This is done to permit the use of a floating $

character or other character in the result field.

Explicit Format:

LABEL AOPERATION A OPERAND

[symbol] EDMK d, (Lb,).d,(b,)

Implicit Format:

LABEL AOPERATION A OPERAND

[symbol] EDMK S, (I),s2

Operational Considerations:

L] The edit and mark (EDMK) instruction is identical to the edit (ED) instruction, except that EDMK
inserts the resulting address of the first significant character in the low-order 24 bits of general
register 1. This insertion occurs whenever the result character is a zoned source digit and the
significant switch is zero before examination of the digit.

- [ ] The condition code is set in the same manner as the edit instruction.

* EDMK is a featured instruction. If you attempt to issue this instruction to a processor which does not have the control
feature installed, you cause an operation program exception.
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L] The edit and mark instruction facilitates the programming of floating currency-symbol insertion. The
' character address inserted in general register 1 is one more than the address where a floating
currency sign would be inserted. The branch on count (BCTR) instruction, with zero in the R2 field,

may be used to reduce the inserted address by 1.

. The character address is not stored when significance is forced. To ensure that general register 1
contains a valid address when significance is forced, it is necessary to place into the registe.
beforehand the address of the pattern character that immediately follows the significance starter.

. When a single instruction is used to edit several fields, the address of the first significant result
character of each field is inserted into bit positions 8 through 31 of general register 1. Only the
address of the first significant character of the last field is available after the instruction is completed.

. If the number of bytes to be edited is not explicitly shown in operand 1, then the number will be equal
to the length attribute of operand 1.
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General Possible Program Exceptions
OPCODE | rormaT ?NB;:.CT Jl ADDRESSING B PROTECTION
TYPE LGTH. (] DATA (INVALID SIGN/DIGIT) | [J SIGNIFICANCE
MNEM. [HEX. (8yTEs) || J PECIMAL DIVIDE B SPECIFICATION:
(] bECIMAL OVERFLOW 0 NOT A FLOATING-POINT REGISTER
EX | 44 RX 4 W execuTE (O oP1NOTONHALF-WORD BOUNDARY
[J EXPONENT OVERFLOW B oP2NOTON HALF-WORD BOUNDARY
Condition Codes [J EXPONENT UNDERFLOW 0  oP2NOT ON FULL-WORD BOUNDARY
= - (J FIXED-POINT DIVIDE 0O oep2n~oT ONDOUBLE-WORD
0 ::: zizﬂt; ‘<%’ ssi.;i%ﬂ [0 FIXED-POINT OVERFLOW O BOUNDARY
C1F RESULT >0, SET TO 2 [] FLOATING-POINT DIVIDE . OP 1 NOT EVEN NUMBERED REGISTER
JIF OVERFLOW, SET TO 3 ] oPERATION L op 1 NOT ODD NUMBERED REGISTER
- i SEE OPER. CONSIDERATIONS O ~one

Function:

Used to branch to a nonsequential instruction, then to execute it, with or without modification, and then to
return to the normal sequence of instructions.

If operand 1 is O, the instruction at the operand 2 address, specified by d, (x,, b,), is executed without
modification. If operand 1 (r,) is in the range 1—15, the contents of r, are used to modify the subject instruction
when that instruction is staticized.

When r, is nonzero, modification of the operand 2 instruction proceeds as follows: A logical addition (OR)
is performed on the contents of bits 24 through 31 of r, and bits 8 through 15 of the operand 2 instruction.
The result replaces bits 8 through 15 of the operand 2 instruction. The rules of operation for logical
addition are illustrated by the following truth table:

Operand 1 Operand 2 Result
0 0 0
0 1 1
1 0 1

The subject instruction is executed as if it were in the normal instruction sequence except that the
instruction length code and updated instruction address fields of the current program status word (PSW)
reflect the execute instruction. The subject instruction itself is never modified permanently in main
storage, and the subject instruction cannot be another execute instruction.
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Normally, instruction sequencing continues with the instruction following the execute instruction.

' However, if the instruction at the operand 2 address is a successful branch instruction, the instruction
address field of the current PSW is replaced by the branch address and instruction sequencing continues
with the instruction located at the branch address. If the operand 2 instruction is branch and link or
branch and link external, the instruction address stored in the link register is that of the instruction
following the execute instruction.

Explicit Format:

LABEL AOPERATION A OPERAND

[symbol] EX r,.d,(x,,b,)

Implicit Format:

LABEL AOPERATION A OPERAND

[symbol] EX ry Sy (x,)

Operational Considerations:

] If an interrupt occurs after the completion of the subject instruction, the old PSW contains the
address of the instruction following the execute instruction or the branch address.

] The condition code may be set by the instruction at the operand 2 address.
= Possible program exception:

—  Specification exception (The address specified by operand 2 is an odd-numbered address.)
NOTE:

A program exception condition can be caused by the execute instruction or the instruction specified in the
execute /nstruction.
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Floating Point

General Possible Program Exceptions
OBJECT || ] ADDRESSING 0 proTECTION
OPCODE FORMAT | INST.
TYPE LGTH. [0 DATA (INVALID SIGN/DIGIT) | [J SIGNIFICANCE
MNEM. |HEX. (8yTes) || O pecimaL oivibe [ SPECIFICATION:
O peciMAL OVERFLOW Il NOT A FLOATING-POINT REGISTER
HDR 24 RR 2 [ execuTE O o©oP1NOT ON HALF-WORD BOUNDARY
[0 EXPONENT OVERFLOW 0  oP2NOT ON HALF-WORD BOUNDARY
Condition Codes B EXPONENT UNDERFLOW O OP 2 NOT ON FULL-WORD BOUNDARY
Tir RESOLT 0 seT 700 O FIXED-POINT DIVIDE 0  or2nOT ON DOUBLE-WORD
O RESULT<0’ SET TO 1 [0 FIXED-POINT OVERFLOW 0 BOUNDARY
[ (F RESULT >0, SET TO 2 O FLOATING-POINT DIVIDE 0 OP 1 NOT EVEN NUMBERED REGISTER
O'!F OVERFLOW, SET TO 3  OPERATION OP 1 NOT ODD NUMBERED REGISTER
B UNCHANGED (J nonE

Function:

Causes the double-word contents of the operand 2 (r,} register to be divided by 2. The normalized quotient
is placed in the double-word operand 1 (r,) register.

Explicit and Implicit Format:

LABEL AOPERATION A OPERAND

[symbol] HDR ryofsy

Operational Considerations:

a The fraction of operand 2 (r,) is shifted right one bit position. The least significant bit of the fraction
is placed into the most significant bit position of the guard digit, and the vacateg fraction bit position
is filled with zero. The intermediate result is normalized and placed in the operand 1 (r;) location.

L] When normalization causes the exponent to become less than zero, an exponent underflow condition
exists. If the exponent underflow mask bit of the current program status word (PSW) is 1, the
exponent of the result is 128 greater than the correct value. If the exponent underflow mask bit of
the current PSW is zero, the result is made true zero.

L] When the fraction of operand 2 (r,) is zero, the result is made a true zero, a normalization is not
attempted, and a significance exception does not occur.

* HDR is a featured instruction. If you attempt to issue this instruction to a processor which does not have the control feature
installed, you cause an operation program exception.
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Floating Point

General Possible Program Exceptions
OPCODE FORMAT IONB;TECT (] ADDRESSING O ProOTECTION
TYPE LGTH. [0 DATA (INVALID SIGN/DIGIT) | [J SIGNIFICANCE
MNEM. [HEX. (8yTes) || [0 DECIMAL DIVIDE B SPECIFICATION:
[ bECIMAL OVERFLOW B NOTAFLOATING-POINT REGISTER
HER | 34 RR 2 O execuTe [0 oP1NOT ON HALF-WORD BOUNDARY
[0 EXPONENT OVERFLOW 0 opP2NOT ON HALF-WORD BOUNDARY
Condition Codes M EXPONENT UNDERFLOW O OP 2 NOT ON FULL-WORD BOUNDARY
[0 FIXED-POINT DIVIDE [0  op2NOT ON DOUBLEWORD
8::: :E:Bt; 2%;?;1;%3 0 FIXED-POINT OVERFLOW O BOUNDARY
C)iF RESULT >0, SET TO 2 (] FLOATING-POINT DIVIDE OP 1 NOT EVEN NUMBERED REGISTER
C]IF OVERFLOW, SET TO 3 B OPERATION O opP1NOT ODD NUMBERED REGISTER
B UNCHANGED O nowne

Function:

Causes the full-word contents of the operand 2 (r,) register to be divided by 2. The normalized quotient is
placed in the full word in the operand 1 (r;) register.

Explicit and Implicit Format:

LABEL AOPERATION A | OPERAND

[symbol] HER » | ryty

Operational Considerations:

= The fraction of operand 2 (r,) is shifted right one bit position. The least significant bit of the fraction
is placed into the most significant bit position of the guard digit, and the vacated fraction bit position
is filled with zero. The intermediate result is normalized and placed in the operand 1 (r,) location.

. When normalization causes the exponent to become less than zero, an exponent underflow condition
exists. If the exponent underflow mask bit of the current program status word (PSW) is 1, the
exponent of the result is 128 greater than the correct value. If the exponent underflow mask bit of
the current PSW is zero, the result is made true zero.

n When the fraction of operand 2 (r,) is zero, the result is made a true zero, normalization is not
attempted, and a significance exception does not occur.

* HER is a featured instruction. If you attempt to issue this instruction to a processor which does not have the control feature

installed, you cause an operation program exception.
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General Possible Program Exceptions
OPCODE OBJTECT [] ADDRESSING 0 PROTECTION
F(_)rz'z':-r 'L'\:ssﬂ_" [0 pATA (INVALID SIGN/DIGIT) | [J SIGNIFICANCE
MNEM. THE X @vyTes) || O becimaL piviDE [0 SPECIFICATION:
(0 peciMAL OVERFLOW [J NOTAFLOATING-POINT REGISTER
HPR | 99 st 4 [J execuTe [J OP1NOT ON HALF-WORD BOUNDARY
[J EXPONENT OVERFLOW [0 oP2NOTON HALF-WORD BOUNDARY
Condition Codes O exPONENT UNDERFLOW 0 oP2NOT ON FULL-WORD BOUNDARY
TIr RESULT -0 SeTTO 0 [J FIXED-POINT DIVIDE 0 op2NOT ON DOUBLE-WORD
[J1F RESULT <0, SET TO 1 [ FIXED-POINT OVERFLOW O BOUNDARY
D) IF RESULT >0, SET TO 2 [J FLOATING-POINT DIVIDE OP 1 NOT EVEN NUMBERED REGISTER
[JIF OVERFLOW, SET TO 3 i OPERATION O  or1NOT ODD NUMBERED REGISTER
Bl UNCHANGED [ nowne
Function:
Alters the current relocation register.
Explicit Format:
LABEL A OPERATION A OPERAND
[symbol] HPR d, (b, ), i,
Implicit Format:
LABEL A OPERATION A OPERAND

->- [symbol] HPR Sy iy
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OBJECT ADDRESSING B PROTECTION
OPCODE FORMAT | INST. a
TyPE LOTH [] DATA (INVALID SIGN/DIGIT) | (] SIGNIFICANCE
MNEM JHEX. (8vTes) || [0 DECIMAL DIVIDE (] SPECIEICATION:
[0 beciMAL OVERFLOW NOT A FLOATING-POINT REGISTER
Ic Q3 RX 4 (] EXECUTE OP 1 NOT ON HALF-WORD BOUNDARY

Condition Codes

[Ji1F RESULT = 0, SET TO 0
Oir resuLT <0, SET TO 1
O i1F RESULT >0, SET TO 2
CJiF OVERFLOW, SET TO 3
B UNCHANGED

[J EXPONENT OVERFLOW
] ExPONENT UNDERFLOW
O FIXED-POINT DIVIDE

(] FIXED-POINT OVERFLOW
] FLOATING-POINT DIVIDE
[J oPERATION

000 Oocoao

OP 2 NOT ON HALF-WORD BOUNDARY
OP 2 NOT ON FULL-WORD BOUNDARY

OP 2 NOT ON DOUBLE-WORD
BOUNDARY

OP 1 NOT EVEN NUMBERED REGISTER
OP 1 NOT ODD NUMBERED REGISTER
NONE

Function:

Causes one byte from the area in main storage specified by operand 2 to be moved into the least significant
eight bits of the operand 1 (r,) register.

Explicit Format:

LABEL | AOPERATION A OPERAND
[symbol] IC rydy(x,,b,)
Implicit Format:
LABEL | A OPERATION A OPERAND
[symbol] iC ry S, (%,)

Operational Considerations:

» The contents of operand 2 remain unchanged.

" The contents of the most significant 24 bits of the operand 1 (r,) register remain unchanged.

L Operand 2 may be an area in main storage defined as longer than one byte, but only one byte will be

moved.
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General Possible Program Exceptions
OPCODE " OBJECT || ma ADDRESSING (] prOTECTION
FC;T(PE”‘T 'L"ng (] DATA (INVALID SIGN/DIGIT) | [] SIGNIFICANCE
MNEM. JHEX. (evTes) || O DECIMAL DIVIDE B SPECIFICATION:
(0 DECIMAL OVERFLOW NOT A FLOATING-POINT REGISTER
ISK | 09 RR 2 [] execuTe OP 1 NOT ON HALF-WORD BOUNDARY

Condition Codes

O iF RESULT = 0, SET TO 0
Oir resuLT <0, SETTO 1
OIF RESULT >0, SET TO 2
OtF OVERFLOW, SETTO 3
B UNCHANGED

[0 EXPONENT OVERFLOW
O EXPONENT UNDERFLOW
O FI1XED-POINT DIVIDE

O FIXED-POINT OVERFLOW
O FLOATING-POINT DIVIDE
8 OPERATION

OP-2 NOT ON HALF-WORD BOUNDARY
OP 2 NOT ON FULL-WORD BOUNDARY

OP 2 NOT ON DOUBLE-WORD
BOUNDARY

OP 1 NOT EVEN NUMBERED REGISTER
OP 1 NOT ODD NUMBERED REGISTER
NONE

000 O0ogooao

Function:

Alters the contents and size of the protect key storage.

Explicit and Implicit Format:

LABEL

A OPERATION A

OPERAND

[symbol]

ISK

1'
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General Possible Program Exceptions
OBJECT N PROTECTION
OPCODE | FORMAT | INST. B ADDRESSING o
TYPE LGTH [J DATA (INVALID SIGN/DIGIT}} [J SIGNIFICANCE
MNEM. |HEX. evTes) || DECtMAL DIVIDE ll SPECIFICATION:
[0 oecimaL oveRFLOW [0 NOTAFLOATING-POINT REGISTER
L 58 1 RX 4 O execuTE (0 OP1NOT ONHALF-WORD BOUNDARY
O EXPONENT OVERFLOW O oP2NOT ON HALF-WORD BOUNDARY
Condition Codes 0 exPONENT UNDERFLOW [ | OP 2 NOT ON FULL-WORD BOUNDARY
TIiF RESULT -0 SeT 700 {J FIXED-POINT DIVIDE [0  oP2NOT ON DOUBLE-WORD
O)ie RESULT_<O' SET TO 1 O FIXED-POINT OVERFLOW O BOUNDARY
ClIF RESULT >0, SET TO 2 [] FLOATING.POINT DIVIDE 0 OP 1 NOT EVEN NUMBERED REGISTER
(JI'F OVERFLOW, SET TO 3 ] oPERATION OP 1 NOT ODD NUMBERED REGISTER
ll UNCHANGED O ~none
Function:
Causes the contents of operand 2, a full word in main storage, to be placed in the operand 1 register (r,).
Explicit Format:
p — LABEL A OPERATION A OPERAND

[symbol] L r,d,(x,b,)

lrﬁplicit Format:

LABEL AOPERATION A OPERAND

[symbol] L . ry.S,(%,)

Operational Considerations:
L Operand 2 is a full word in main storage on a full-word boundary.

] The contents of operand 2 remain unchanged.
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General Possible Program Exceptions
oPcODE | rommar |0NBSJ1F.CT [J ADDRESSING O PROTECTION
TYPE LGTH. [ DATA (INVALID SIGN/DIGIT) | [J SIGNIFICANCE
MNEM. |HEX. (8yTes) || J DECIMAL DIVIDE [0 SPECIFICATION:
] oeciMAL OVERFLOW 0O NOTAFLOATING-POINT REGISTER
LA ! RX 4 [ ExECUTE O oOP1NOTONHALF-WORD BOUNDARY
[0 EXPONENT OVERFLOW O oP2NOT ON HALF-WORD BOUNDARY
Condition Codes ] EXPONENT UNDERFLOW a OP 2 NOT ON FULL-WORD BOUNDARY
T]IF RESOLT - 0. SET 10 0 [J FIXED-POINT DIVIDE (0. oP2NOT ON DOUBLEWORD
[JiF RESULT <0, SET TO 1 O FiXED-POINT OVERFLOW O BOUNDARY
[liF RESULT >0, SET TO 2 [J FLOATING-POINT DIVIDE OP 1 NOT EVEN NUMBERED REGISTER
CJIF OVERFLOW, SET TO 3 [] OPERATION J oP1NOT ODO NUMBERED REGISTER
l UNCHANGED @ none

Function:
Causes the main storage address or the self-defining term specified by operand 2 to be loaded into the
least significant 24 bits of the operand 1 (r) register. The eight most significant bits of the operand 1 (ry)

register are set to zeros.

Explicit Format:

LABEL AOPERATION A OPERAND

[symbol] LA ry d, (x,,b, )

Implicit Format:

LABEL AOPERATION A OPERAND

[symbol] LA r

Operational Considerations:
] The generated address is not checked for validity.
L The contents of operand 2 remain unchanged.

L] If only the x, or b, register is used and is the same as the operand 1 (r,) register, the content of the
operand 1 (r,) register is incremented by the decimal value d,.

L] If operand 2 is expressed as a decimal value without the reference of any register, then operand 1 (r,)
is loaded with the operand 2 decimal value.
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LCDR*

Floating Point

Possible Program Exceptions

General
OBJECT
OPCODE FORMAT | INST.
TYPE LGTH.
MNEM. JHEX. (BYTES)
LCDR | 23 RR 2

Condition Codes

B Ff RESULT=0,SET TO O
B iF ResuLT<Q,SETTO 1
B iF RESULT >0, SET TO 2
[]iF ovERFLOW, SET TO 3
[JUNCHANGED

[] ADDRESSING

[J DATA (INVALID SIGN/DIGIT)
[J DECIMAL DIVIDE

[J becIMAL OVERFLOW

O execuTe

[ EXPONENT OVERFLOW
[0 EXPONENT UNDERFLOW
[J FIXED-POINT DIVIDE

[J FIXED-POINT OVERFLOW
O FLOATING-POINT DIVIDE
| OPERATION

O prOTECTION

O
]

000 0oodm.

SIGNIFICANCE

SPECIFICATION:
NOT A FLOATING-POINT REGISTER
OF 1 NOT ON HALF-WORD BOUNDARY
OP 2 NOT ON HALF-WORD BOUNDARY
OP 2 NOT ON FULL-WORD BOUNDARY

OP 2 NOT ON DOUBLE-WORD
BOUNDARY

OP 1 NOT EVEN NUMBERED REGISTER
OP 1 NOT ODD NUMBERED REGISTER
NONE

Function:

Causes the sign of the double-word contents of the operand 2 (r,) register to be reversed. The result is
placed in the double-word operand 1 (r,) register.

Explicit and Implicit Format:

LABEL

A OPERATION A

OPERAND

[symbol}

LCDR

Operational Considerations:

172

The exponent and fraction are not changed.

The contents of operand 2 (r,) remain unchanged.

*

LCDR is a featured instruction. If you attempt to issue this instruction to a processor which does not have the control
feature installed, you cause an operation program exception.
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LCER*

Floating Point

‘ General Possible Program Exceptions
OPCODE | roRMAT ?NB;TECT [] ADDRESSING O pRoTECTION
TYPE LGTH. [Q DATA (INVALID SIGN/DIGIT) | {J SIGNIFICANCE
MNEM. [HEX. 8yTtes) || 0 pecimaL pDiviDE B sPECIFICATION:
[0 oecimAL OVERFLOW Il NOT A FLOATING-POINT REGISTER
LCER | 33 RR 2 O execuTe O oOP1NOTONHALF-WORD BOUNDARY
O EXPONENT OVERFLOW O oP2NOTONHALF-WORD BOUNDARY
Condition Codes 0O EXPONENT UNDERFLOW O OP 2 NOT ON FULL-WORD BOUNDARY
B F RESULT - 0. SET 10 O O FIXED-POINT DIVIDE [0 op2NOT ON DOUBLE-WORD
M F RESULT <6, SET TO 1 [ FIXED-POINT OVERFLOW O BOUNDARY
B \F RESULT >0, SET TO 2 (] FLOATING-POINT DIVIDE OP 1 NOT EVEN NUMBERED REGISTER
[]IF OVERFLOW, SET TO 3 B OPERATION O oP1NOT ODD NUMBERED REGISTER
] UNCHANGED (] nonEe
Function:

Causes the sign of the full-word contents of the operand 2 (r,) register to be reversed. The result is placed
in the full-word operand 1 (r;) register.

Explicit and Implicit Format:

LABEL A OPERATION A L OPERAND

[symbol] LCER PR

Operational Considerations:
L] The exponent and fraction are not changed.

= The contents of operand 2 (r,) remain unchanged.

* LCER is a featured instruction. If you attempt to issue this instruction to a processor which does not have the control
feature installed, you cause an operation program exception.
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LCR*
General Possible Program Exceptions
OBJECT PROTECTION
OPCODE | FORMAT | INST. [ ADDRESSING =
TYPE LGTH [ DATA (INVALID SIGN/DIGIT) | [0 SIGNIFICANCE
MNEM. |HEX (8yTes) || ] DECIMAL DIVIDE [} SPECIFICATION:
[0 oecimAL OVERFLOW O NOT A FLOATING-POINT REGISTER
LCR | 13 RR 2 O execuTe [0 oP1tNOT ON HALF-WORD BOUNDARY
[J EXPONENT OVERFLOW 0 oP2NOT ON HALF-WORD BOUNDARY
Condition Codes [0 EXPONENT UNDERFLOW O OP 2 NOT ON FULL-WORD BOUNDARY
B r ReSULT -0 seT 100 3 FIXED-POINT DIVIDE (0 oP2NOT ON DOUBLE-WORD
B RESULT_<0’ SET TO 1 B FIXED-POINT OVERFLOW 0 BOUNDARY
B RESULT>°: SET TO 2 [] LOATING.POINT DIVIDE O OP 1 NOT EVEN NUMBERED REGISTER
-”: OVERFLOW, SET TO 3 .OPERAT'ON OP 1 NOT ODD NUMBERED REGISTER
[J UNCHANGED 3 Nnone

Function:

Causes the twos complement of the value of the contents of the operand 2 register (r,) to be placed in the
operand 1 (ry) register.

Explicit and Implicit Format:

LABEL AOPERATION A OPERAND

[symbol] LCR e,

Operational Considerations:
L] The twos complement of the second operand is placed in the first operand location.

. A fixed-point overflow condition exists when the maximum negative number is complemented; the
number remains unchanged. Zero remains unchanged under complementation.

L Operand 2 {r,) remains unchanged.

* LCR is a featured instruction. If you attempt to issue this instruction to a processor which does not have the control feature

installed, you cause an operation program exception.
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LCS

General Possible Program Exceptions
' OBJECT
OPCODE cormat | mer ] ADDRESSING M PROTECTION
TYPE LGTH [] DATA (INVALID SIGN/DIGIT) | [J SIGNIFICANCE
MNEM. [HE X 8vyTes) || (] DECIMAL DIVIDE B SPECIFICATION:
[ bECIMAL OVERFLOW [0 NOTAFLOATING-POINT REGISTER
LCs | B1 RS 4 [J EXECUTE 0 OP1NOTON HALF-WORD BOUNDARY
[J EXPONENT OVERFLOW B 0P 2NOT ON HALF-WORD BOUNDARY
' Condition Codes O ExPONENT UNDERFLOW 0O oP2NOT ON FULL-WORD BOUNDARY
-i SET 700 [0 FIXED-POINT DIVIDE [0 oP2NOT ON DOUBLE-WORD
M sET TO 1 O FIXED-POINT OVERFLOW BOUNDARY
[] SET TO 2 [ FLOATING-POINT DIVIDE [1  oP1NOTEVEN NUMBERED REGISTER
SET TO 3 [0  oP1NOT ODD NUMBERED REGISTER
W OPERATION
[JUNCHANGED O ~none
Function:
Transfers data from main storage to control storage.
Explicit Format:
LABEL A OPERATION A OPERAND
symbol
[symbeol] LCS ry, 3, dy(b,)
Implicit Format:
LABEL A OPERATION A OPERAND
[symbol] LCS o ¥, 8,
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LD*
Floating Point
Generat Possible Program Exceptions
OBJECT ™
ADDRESSING PROTECTION
OPCODE FORMAT | INST. n
TYPE LoTH. (] DATA (INVALID SIGN/DIGIT)| [J SIGNIFICANCE
MNEM. [HEX. (8yTEs) || ] DECIMAL DIVIDE B SPECIFICATION:
O beciMAL OVERFLOW B NOT A FLOATING-POINT REGISTER
LD 68 RX 4 0 execuTe [J oP1NOTONHALF-WORD BOUNDARY
[0 EXPONENT OVERFLOW [J oP2NOT ONHALF-WORD BOUNDARY
Condition Codes [J ExPONENT UNDERFLOW 0 oP2NOT ON FULLWORD BOUNDARY
TTTr RESULT -0 SeT 100 [ FIXED-POINT DIVIDE B oP2NOT ON DOUBLE-WORD
e RESULT—<6 SET TO 1 [} FIXED-POINT OVERFLOW O BOUNDARY
CJiF RESULT >0, SET TO 2 [] FLOATING-POINT DIVIDE . OP 1 NOT EVEN NUMBERED REGISTER
D“: OVERFLOW, SETTO 3 .OPERAT|ON OP 1t NOT ODD NUMBERED REGISTER
B UNCHANGED O ~onE

Function:

Causes the contents of a double word in storage specified by operand 2 to be placed in the double word in
the operand 1 (r,) register.

Explicit Format:

LABEL AOPERATION A OPERAND
[symbol] LD ry.d,(x,,b,)
Implicit Format:
LABEL AOPERATION A OPERAND
[symbol] LD ry.8,(0%,)

Operational Consideration:

[ ] The contents of

operand 2 remain unchanged.

* LD is a featured instruction. If you attempt to issue this instruction to a processor which does not have the control feature
installed, you cause an operation program exception.
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LDR*

Floating Point

General Possible Program Exceptions
OBJECT || M ADDRESSING O PROTECTION
OPCODE FORMAT | INST. G 0] sIGNIFI
TYPE LGTH. [] DATA (INVALID SIGN/DIGIT) SIGNIFICANCE
MNEM. IHEX. (8vTes) || 0 DECIMAL DIVIDE B SPECIFICATION:
[0 peciMAL OVERFLOW NOT A FLOATING-POINT REGISTER
LDR | 28 RR 2 O exEcuUTE OP 1 NOT ON HALF-WORD BOUNDARY

Condition Codes

B UNCHANGED

O ir rRESULT=0,SETTO O
Ok resuLT <0, SET TO 1
O 1F RESULT >0, SET TO 2
[JIF OVERFLOW, SET TO 3

[0 EXPONENT OVERFLOW
O EXPONENT UNDERFLOW
[ FIXED-POINT DIVIDE

0 FiXED-POINT OVERFLOW
O FLOATING-POINT DIVIDE
| OPERATION

000 Ooodm

OP 2 NOT ON HALF-WORD BOUNDARY
OP 2 NOT ON FULL-WORD BOUNDARY

OP 2 NOT ON DOUBLE-WORD
BOUNDARY

OP 1 NOT EVEN NUMBERED REGISTER
OP 1 NOT ODD NUMBERED REGISTER
NONE

Function:

Causes the contents of the double word in the operand 2 (r,) register to be placed in the double word in the
operand 1 (r,) register.

Explicit and Implicit Format:

LABEL

AOPERATION A

OPERAND

[symbol]

Operational Consideration:

LDR

Ty:72

L] The contents of operand 2 (r;) remain unchanged.

*

installed, you cause an operation program exception.

LDR is a featured instruction. If you attempt to issue this instruction to a processor which does not have the control feature
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LE*

Floating Point

General Possible Program Exceptions
' OPCODE OBJECT || py ADDRESSING M PROTECTION
FORMAT | INST.
TYPE LGTH. [ DATA (INVALID SIGN/DIGIT) | [J SIGNIFICANCE
MNEM. [HEX. (8yTes) || 0 pECIMAL DIVIDE B SPECIFICATION:
[0 becimAL OVERFLOW B NOT A FLOATING-POINT REGISTER
LE 18 RX 4 O execuTe O oP1NOTONHALF-WORD BOUNDARY
O EXPONENT OVERFLOW 0  oP2NOT ON HALF-WORD BOUNDARY
Condition Codes (0 EXPONENT UNDERFLOW fl OP2NOTONFULLWORD BOUNDARY
TTIF RESULT 0 5T 10 0 (O FIXED-POINT DIVIDE 0 oP2NOT ON DOUBLE-WORD
O F RESULT <0, SET TO 1 [0 FIXED-POINT OVERFLOW O BOUNDARY
C)1F RESULT >0, SET TO 2 [J FLOATING-POINT DIVIDE OP 1 NOT EVEN NUMBERED REGISTER
JIF OVERFLOW, SET TO 3 ll OPERATION O op1NOT ODD NUMBERED REGISTER
B UNCHANGED [0 none

Function:

Causes the contents of a full word in storage specified by operand 2 to be placed in a full word in the

operand 1 (r,) register.

Explicit Format:

LABEL AOPERATION A OPERAND

[symbol] LE r,d,(x;,b,)

implicit Format:

LABEL AOPERATION A OPERAND

[symbol] LE ' ry.5,(x;)

Operational Consideration:

L The contents of operand 2 remain unchanged.

* LE is a featured instruction. If you attempt to issue this instruction to a processor which does not have the control feature

installed, you cause an operation program exception.
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LER*
Floating Point
General Possible Program Exceptions
OBJECT ADDRESSING O PROTECTION
OPCODE FORMAT | INST. 8 DATA (INVALID SIGN/DIGIT}| [J SIGNIFICANCE
TYPE LGTH.
MNEM. [HEX. @yTes) || (] bECIMAL DIVIDE B SPECIFICATION:
[ peciIMAL OVERFLOW NOT A FLOATING-POINT REGISTER

LER | 38 RR 2 O execuTe OP 1 NOT ON HALF-WORD BOUNDARY

Condition Codes

JIF RESULT = 0,SET TO 0
Oir resuLT <0, sETTO 1
O RESULT >0, SET TO 2
JtF OVERFLOW, SET TO 3
B UNCHANGED

] EXPONENT OVERFLOW
[0 EXPONENT UNDERFLOW
[0 FIXED-POINT DIVIDE

[J FIXED-POINT OVERFLOW
[] FLOATING-POINT DIVIDE
B OPERATION

000 dOooonm

OP 2 NOT ON HALF-WORD BOUNDARY

OP 2 NOT ON FULL-WORD BOUNDARY

OP 2 NOT ON DOUBLE-WORD

BOUNDARY

OP 1 NOT EVEN NUMBERED REGISTER

OP 1 NOT ODD NUMBERED REGISTER
NONE

Function:

Explicit and Implicit Format:

Causes the contents of a full word in the operand 2 (r,) register to be placed in a full word in the operand 1

(ry) register.

LABEL

AOPERATION A

OPERAND

[symbot]

Operational Consideration:

LER

172

L The contents of operand 2 (r,) remain unchanged.

*

LER is a featured instruction. If you attempt to issue this instruction to a processor which does not have the control feature
installed, you cause an operation program exception.
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LH

General Possible Program Exceptions
OPCODE | rommAT ?NBS-'ECT [l ADDRESSING @ PROTECTION
TYPE LGTH. [0 PATA (INVALID SIGN/DIGIT) | [ SIGNIFICANCE
MNEM. THEX. (8vTes) || [J DECIMAL DIVIDE M SPECIFICATION:
[J pecimAL OVERFLOW [0 NOTA FLOATING-POINT REGISTER
LH 48 RX 4 [J EXECUTE 0 oP1NOT ONHALF-WORD BOUNDARY
[J EXPONENT OVERFLOW M OP2NOT ON HALF-WORD BOUNDARY
Condition Codes [0 exPONENT UNDERFLOW (]  oP2NOT ON FULL-WORD BOUNDARY
T F RESULT =0 SETTO 0 [ FIXED-POINT DIVIDE (0 oP2NOT ON DOUBLE-WORD
CliF RESULT <0, SET TO 1 (0] FIXED-POINT OVERFLOW O BOUNDARY
CliF RESULT >0, SET TO 2 [ FLOATING.-POINT DIVIDE OP 1 NOT EVEN NUMBERED REGISTER
]1'F OVERFLOW, SET TO 3 (] oPERATION O op1NOT ODD NUMBERED REGISTER
B UNCHANGED O none

Function:

Causes the contents of operand 2, a half word in main storage, to be expanded and placed in the operand 1
register (ry).

Explicit Format:

LABEL AOPERATION A OPERAND

[symbol] LH ry.dy(x, ,b2)

Implicit Format:

LABEL AOPERATION A OPERAND

[symbol] LH ) r,.S, (x2 )

Operational Considerations:
= Operand 2 is a half word in main storage on a half-word boundary.
] The contents of operand 2 remain unchanged.

] Operand 2 is placed in the register of operand 1 (r,} and then is expanded to a full word by
propagating the sign bit through the most significant bits.
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1]
General Possible Program Exceptions
OPCODE OBJECT || m ADDRESSING B PROTECTION
FOTS';";T |I_|\(1381TH [0 DATA (INVALID SIGN/DIGIT) | [J SIGNIFICANCE
MNEM. [HEX. (svTes) {| () DECIMAL DIVIDE Bl SPECIFICATION:
O pecIMAL OVERFLOW NOT A FLOATING-POINT REGISTER
LM 98 RS 4 [J execuTe OP 1 NOT ON HALF-WORD BOUNDARY

Condition Codes

[JIF RESULT = 0, SET TO O
Oir resuLt <0, 86T TO 1
[JI1F RESULT >0, SET TO 2
OIF OVERFLOW, SET TO 3
B UNCHANGED

[J EXPONENT OVERFLOW
[0 EXPONENT UNDERFLOW
[0 FIXED-POINT DIVIDE

] FIXED-POINT OVERFLOW
[] FLOATING-POINT DIVIDE
] oPERATION

o000 omooo

OP 2 NOT ON HALF-WORD BOUNDARY
OP 2 NOT ON FULL-WORD BOUNDARY

OP 2 NOT ON DOUBLE-WORD
BOUNDARY

OP 1 NOT EVEN NUMBERED REGISTER
OP 1 NOT ODD NUMBERED REGISTER
NONE

Function:

Causes the contents of operand 2, one or more full words in main storage, to be placed in the registers of
operand 1 (ry) through operand 3 (rs).

Explicit Format:

LABEL A OPERATION A OPERAND
[symbol] LM r,.r3.d,(b,)
Implicit Format:
LABEL A OPERATION A OPERAND
[symbol] LM P

Operational Considerations:

The general registers, starting with the register specified by operand 1 (r;) and ending with the
register specified by operand 3 (r3), are loaded with full words from main storage, beginning with the
address specified by operand 2 (r,).

The registers are loaded in ascending numeric sequence, beginning with the register specified by
operand 1 (ry) and continuing through the register specified by operand 3 (r3).
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LM

-

One register may be loaded by specifying the same register for both operand 1 (r,) and operand 3 (r;).

If the register specified by operand 3 (r3) is lower than the register specified by operand 1 (ry), then
the register specified by operand 1 (r;) and all registers with a number greater than operand 1 (ry)
plus the register specified by operand 3 (r3} and all registers with a number less than operand 3 (r3)
are loaded.

The contents of operand 2, in main storage, remain unchanged. Operand 2 must be on a full-word
boundary.



Condition Codes

B iFRESULT=0,SETTOO
M iFResULT<0,SETTO 1
CliF RESULT >0, SET TO 2
JiF ovERFLOW, SET TO 3
O UNCHANGED

] EXPONENT OVERFLOW
[J EXPONENT UNDERFLOW
O FiXED-POINT DIVIDE

) FIXED-POINT OVERFLOW
O FLOATING-POINT DIVIDE
[l OPERATION

000 0000O=

OP 2 NOT ON HALF-WORD BOUNDARY
OP 2 NOT ON FULL-WORD BOUNDARY

OP 2 NOT ON DOUBLE-WORD
BOUNDARY

OP 1 NOT EVEN NUMBERED REGISTER
OP 1 NOT ODD NUMBERED REGISTER
NONE

Function:

Causes the sign of the double word in the operand 2 (r,) register to be made negative. The result is placed
in the double-word register specified by operand 1 (r,).

Explicit and Implicit Format:

LABEL

AOPERATION A

OPERAND

[symbol]

LNDR

Operational Considerations:

Operand 2 (r,) is made negative even if the fraction is zero.

ry

The exponent and fraction are not changed.

The contents of operand 2 (r,) remain unchanged.

*

LNDR is a featured instruction. If you attempt to issue this instruction to a processor which does not have the control
feature installed, you cause an operation program exception.
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LNDR*

Floating Point

General Possible Program Exceptions
OBJECT
ADDRESSING {0 PROTECTION
OPCODE FORMAT | INST. g
TYPE LGTH [] DATA (INVALID SIGN/DIGIT) | [] SIGNIFICANCE
MNEM. 1HEX. (8yTeEs) || (J DECIMAL DIVIDE M SPECIFICATION:
[0 pecimMAL OVERFLOW NOT A FLOATING-POINT REGISTER
LNDR } 21 RR 2 [J execuTe OP 1 NOT ON HALF-WORD BOUNDARY
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LNER*

Floating Point

General Possible Program Exceptions
OPCODE | fommaT ?NB;TE.CT [] ADDRESSING (0 PROTECTION
TYPE LGTH. [ DATA (INVALID SIGN/DIGIT) | [ SIGNIFICANCE
MNEM. [HEX. (8yTEs) || [0 DECIMAL DIVIDE B SPECIFICATION:
[0 pecimAL OVERFLOW B NOT A FLOATING-POINT REGISTER
LNER 31 RR 2 0 execuTe 0 oOP1NOTONHALF-WORD BOUNDARY
[0 eEXxPONENT OVERFLOW O oP2NOT ON HALF-WORD BOUNDARY
Condition Codes O exPONENT UNDERFLOW 00 oP2NOT ON FULL-WORD BOUNDARY
B r AEsULT -0 seTTO0 [ FIXED-POINT DIVIDE 00 oP2NOT ON DOUBLE-WORD
B ir rResuLT <0, SET TO 1 0 FIXED-POINT OVERFLOW 0O BOUNDARY
D) iF RESULT >0, SET TO 2 [] FLOATING-POINT DIVIDE OP 1 NOT EVEN NUMBERED REGISTER
O'F oVERFLOW, SET TO 3 B OPERATION L op 1NOT ODD NUMBERED REGISTER
O UNCHANGED O ~noNE
Function:

Causes the sign of a full word in the operand 2(r,) register to be made negative. The result is placed in a
full word in the register specified by operand 1 (ry).

Explicit and Implicit Format:

LABEL

AOPERATION A

OPERAND

[symbol]

Operational Considerations:

LNER

T2

u Operand 2 (r,) is made negative even if the fraction is zero.

m The exponent and fraction are not changed.

n The contents of operand 2 (r,) remain unchanged.

* LNER is a featured instruction. If you attempt to issue this instruction to a processor which does not have the control
feature installed, you cause an operation program exception.
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LNR*

Possible Program Exceptions

General
OBJECT
OPCODE FORMAT | INST.
TYPE LGTH.
MNEM, [HEX. (BYTES)
LNR 1 RR 2

Condition Codes

JUNCHANGED

M F RESULT=0,SET TO O
B irresuLT<0,SETTO 1
[JiF RESULT >0, SET TO 2
[JIF OVERFLOW, SET TO 2

[J ADDRESSING

[] DATA (INVALID SIGN/DIGIT)
[J DECIMAL DiVIDE

[ peEcimAaL OVERFLOW

[J execuTe

O EXPONENT OVERFLOW
[0 EXPONENT UNDERFLOW
(] FIXED-POINT DIVIDE

O FIXED-POINT OVERFLOW
(J FLOATING-POINT DIVIDE
] OPERATION

O eroTECTION

O sIGNIFICANCE

[ sPECIFICATION:
NOT A FLOATING-POINT REGISTER
OP 1 NOT ON HALF-WORD BOUNDARY
OP 2 NOT ON HALF-WORD BOUNDARY
OP 2 NOT ON FULL-WORD BOUMNDARY
OP 2 NOT ON DOUBLE-WORD
BOUNDARY
OP 1 NOT EVEN NUMBERED REGISTER
OP 1 NOT ODD NUMBERED REGISTER

NONE .

000 oopboo

Function:

Causes the twos complement of the absolute value of the contents of the operand 2 and register (r,) to be
placed in the operand 1 (r) register.

Explicit and Implicit:

LABEL

AOPERATION A

OPERAND

[symbol]

LNR

Operational Considerations:

r1 ,I’2

] The twos complement of the absolute value of the second operand (r,) is placed in the first operand

(ry) location.

L The operation complements positive numbers; negative numbers and zero remain unchanged.

L Operand 2 (r;) remains unchanged.

* [ NR is a featured instruction. If you attempt to issue this instruction to a processor which does not have the control feature
installed, you cause an operation program exception.



8227 Rev. 2
UP-NUMBER

SPERRY UNIVAC Operating System/3

UPDATE LEVEL PAGE

2-78

LPDR

*

Floating Point

General Possible Program Exceptions
OPCODE | FommAT ?NB;:.CT [ ADDRESSING O prOTECTION
TVYPE LGTH. [J pATA (INVALID SIGN/DIGIT) | [0 SIGNIFICANCE
MNEM. [HEX. evTes) || PECIMAL DIVIDE B SPECIFICATION:
[J becimaL OVERFLOW Bl NOT A FLOATING-POINT REGISTER
LPDR | 20 RR 2 0 execuTE 3 ©P1NOT ON HALF-WORD BOUNDARY
[J EXPONENT OVERFLOW O oP2NOT ON HALE-WORD BOUNDARY
Condition Codes [ EXPONENT UNDERFLOW a OP 2 NOT ON FULL-WORD BOUNDARY
B r nESULT- o SeTTo0 [ FIXED-POINT DIVIDE 0 oP2NOT ON DOUBLE-WORD
Oir RESULT <0, SET TO 1 0 FIXED-POINT OVERFLOW O BOUNDARY
B iF RESULT >0, SET TO 2 [] FLOATING-POINT DIVIDE OP 1 NOT EVEN NUMBERED REGISTER
[JIF OVERFLOW, SET TO 3 M OPERATION O or1nOT 0DD NUMBERED REGISTER
JUNCHANGED O nonE
Function:

Causes the sign of the double word in the operand 2 (r,) register to be positive. The result is placed in the
double word of the operand 1 (r;) register.

Explicit and Implicit Format:

LABEL

AOPERATION A

OPERAND

[symbol]

LPDR

Operational Considerations:

ry

The exponent and fraction are not changed.

The contents of operand 2 {r;) remain unchanged.

* LPDR is a featured instruction. If you attempt to issue this instruction to a processor which does not have the control
feature installed, you cause an operation program exception.
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* LPER is a featured instruction._If you attempt to issue this instruction to a processor which does not have the control
feature installed, you cause an operation program exception.

SPERRY UNIVAC Operating System/3 2_79
UP-NUMBER UPDATE LEVEL | PAGE
*
— LPER
Floating Point
General Possible Program Exceptions
OBJECT p
OPCODE cormat | e [] ADDRESSING [J PROTECTION
TYPE LGTH [J DATA (INVALID SIGN/DIGIT) | [] SIGNIFICANCE
MNEM. THEX. ®8yTes) || (] DECIMAL DIVIDE M SPECIFICATION:
[J bpecimaL oveERFLOW B NOT A FLOATING-POINT REGISTER
LPER | 30 RR 2 [J execuTe 0 oP1NOTONHALF-WORD BOUNDARY
[0 EXPONENT OVERFLOW 0  oP2NOT ON HALF-WORD BOUNDARY
Condition Codes [} EXPONENT UNDERFLOW O OP 2 NOT ON FULL-WORD BOUNDARY
T ] FIXED-POINT DIVIDE O op2noTON DOUBLE-WORD
OF RESULT <0, SET TO 1 (] FIXED-POINT OVERFLOW O BOUNDARY
B iF RESULT >0, SET TO 2 [] FLOATING-POINT DIVIDE 0 OP 1 NOT EVEN NUMBERED REGISTER
[1F oveRFLOW, SET TO 3 I OPERATION OP 1 NOT ODD NUMBERED REGISTER
[JUNCHANGED (J nonNE
Function:
Causes the sign of a full word in the operand 2 (r,) register to be positive. The result is placed in a full word
of the operand 1 (r;) register.
Explicit and Implicit Format:
N’
LABEL AOPERATION A OPERAND
[symbol] LPER ryfy
Operational Considerations:
L The exponent and fraction are not changed.
] The contents of operand 2 (r,) remain unchanged.
h
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LPR*

General Possible Program Exceptions
OPCODE | FORMAT ier. | || @ ApORESSING O pPrROTECTION
TYPE LGTH. [J DATA (INVALID SIGN/DIGIT) | [J SIGNIFICANCE
MNEM. |HEX. (8yTes) || ] DECIMAL DIVIDE (0 SPECIFICATION:
[ beciMAL OVERFLOW [J NOTAFLOATING-POINT REGISTER
LPR | 10 RR 2 [0 execuTte (0 oP1NOTONHALF-WORD BOUNDARY
[0 EXPONENT OVERFLOW 0 oP2NOT ON HALF-WORD BOUNDARY
Condition Codes [J EXPONENT UNDERFLOW 00 oP2NOTONFULL-WORD BOUNDARY
B F RESULT - 0 SET TO O [0 FIXED-POINT DIVIDE OO orp2nOTON DOUBLE-WORD
O resuLT <0, SET TO 1 Hl FIXED-POINT OVERFLOW 0 BOUNDARY
B F RESULT >0, SET TO 2 [ FLOATING-POINT DIVIDE OP 1 NOT EVEN NUMBERED REGISTER
B 'F OVERFLOW, SET TO 3 Bl OPERATION 0O orp1NOT ODD NUMBERED REGISTER
[JUNCHANGED I nonE

Function:

Causes the absolute value of the contents of the operand 2 register (r,) to be placed in the operand 1 (r,)
register.

Explicit and Implicit Format:

LABEL AOPERATION A OPERAND

[symbol] LPR ry Sy

Operational Considerations:

L] Positive numbers remain unchanged. When the second operand (r,) is negative, the twos
complement is placed in the first operand (r,} location.

L A fixed-point overflow condition exists and the number remains unchanged when the maximum
negative number is complemented.

L Operand 2 (r,) remains unchanged.

* PR is a featured instruction. If you attempt to issue this instruction to a processor which does not have the control feature
installed, you cause an operation program exception.
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General Possible Program Exceptions
OBJECT
ADDRESSING M PROTECTION
OPCODE | FORMAT | INST. u
TYPE LoTH (] pATA (INVALID SIGN/DIGIT) | [J SIGNIFICANCE
MNEM. THEX. (8yTes) || ] DECIMAL DIVIDE M SPECIFICATION:
(0 peciMAL OVERFLOW O NOTAFLOATING-POINT REGISTER
LPSW | 82 sl 4 O execuTe O oP1NOTON HALF-WORD BOUNDARY
[0 EXPONENT OVERFLOW [0 oP2NOT ON HALF-WORD BOUNDARY
Condition Codes [J EXPONENT UNDERFLOW O 0P 2NOT ON FULL-WORD BOUNDARY *
B O FIXED-POINT DIVIDE B ©oP 1 NOT ON DOUBLE-WORD
W seTTo0 BOUNDARY
B seTTo1 {J FIXED-POINT OVERFLOW 0
B seT 102 [J FLOATING-POINT DIVIDE OP 1 NOT EVEN NUMBERED REGISTER
W seTTO3 Wl OPERATION 0 oP1NOT ODD NUMBERED REGISTER
[0 UNCHANGED 0 noNe 4

Function:

Replaces all or part of the current PSW.

Explicit Format:

LABEL AOPERATION A OPERAND
[symbol] LPSW d,(b,), i,
Implicit Format;
LABEL A OPERATION A OPERAND
[symbol] LPSW s, i

1'

2
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LR

‘ General Possible Program Exceptions
OPCODE | FoRMAT ?NBSJ:.CT [] ADDRESSING O PROTECTION
TYPE LGTH. [J DATA (INVALID SIGN/DIGIT) | [] SIGNIFICANCE
MNEM. IHEX. (8vTEs) || ] DECIMAL DIVIDE [0 sPECIFICATION:
[J beciMAL OVERFLOW [0 NOTAFLOATING-POINT REGISTER
LR 18 RR 2 [J execuTe O OP 1 NOT ON HALF-WORD BOUNDARY
[0 EXPONENT OVERFLOW 0 oP2NOT ON HALF-WORD BOUNDARY
Condition Codes [J ExPONENT UNDERFLOW O OP 2 NOT ON FULL-WORD BOUNDARY
TTiF RESULT -0 seT 10 0 [0 FIXED-POINT DIVIDE [0 oP2NOT ON DOUBLE-WORD
C]iF RESULT <0" SET TO 1 0 FIXED-POINT OVERFLOW O BOUNDARY
CliF RESULT >0, SET TO 2 [] FLOATING-POINT DIVIDE OP 1 NOT EVEN NUMBERED REGISTER
CJIF OVERFLOW, SET TO 3 [] OPERATION 0 or1NOT ODD NUMBERED REGISTER
B UNCHANGED B none

Function:

Causes the contents of the register specified by operand 2 {r,) to be loaded into the register specified by
operand 1 (ry).

Explicit and Implicit Format:

LABEL l AOPERATION A OPERAND

[symbol] LR Iy

Operational Considerations:

L] The contents of the register specified by operand 2 (r,) are loaded into the register specified by
operand 1 (ry).

= The contents of the register specified by operand 2 (r,) remain unchanged.
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LTDR*

Floating Point

General Possible Program Exceptions
orcodE | rormart ?NBSJ‘E.CT [] ADDRESSING (] prOTECTION
TYPE LGTH. [ DATA (INVALID SIGN/DIGIT) | [J SIGNIFICANCE
MNEM. [HEX. (8YTEs) || O DECIMAL DIVIDE B SPECIFICATION:
[J pecIMAL OVERFLOW B NOT A FLOATING-POINT REGISTER
LTDR 22 RR 2 O execuTe O OP 1 NOT ON HALF-WORD BOUNDARY
[0 EXPONENT OVERFLOW 00  oP2NOT ON HALF-WORD BOUNDARY
Condition Codes [0 EXPONENT UNDERFLOW O oP2NOT ON FULL-WORD BOUNDARY
— [] FIXED-POINT DIVIDE O op2NOT ON DOUBLE-WORD
.:,i :E:t‘)t; =<%' ssi:,:%(: O FIXED-POINT OVERFLOW 0 BOUNDARY
B iF RESULT >0, SET TO 2 O FLOATING-POINT DIVIDE OP 1 NOT EVEN NUMBERED REGISTER
{J1F OVERFLOW, SET TO 3 @ OPERATION U op1NOT ODD NUMBERED REGISTER
[JUNCHANGED 0 none

Function:

Causes the double-word contents of the operand 2 (r,) register to be placed in the double-word operand 1
(r,) register. The condition code is set by this instruction.

Explicit and Implicit Format:

LABEL A OPERATION A OPERAND

[symbol] LTDR ryfy

Operational Considerations:
L The contents of operand 2 (r,) remain unchanged.

L When the same register is specified by operand 1 (r,) and operand 2 (r,}, the operation is equivalent
to a test without data movement.

_* LTDR is a featured-instruction—lf-you-attempt-to- issue this instruction—to a processor which does not have the control-—

feature installed, you cause an operation program exception.
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LTER*

Floating Point.

‘ General Possible Program Exceptions
OPCODE | rommaT ?NB;_ECT [] ADDRESSING [ PROTECTION
TYPE LGTH. (] bATA (INVALID SIGN/DIGIT) | (] SIGNIFICANCE
MNEM. |HEX. (8yTes) || 0 DECIMAL DIVIDE B SPECIFICATION:
O pecimAaL OVERFLOW B NOTA FLOATING-POINT REGISTER
LTER | 32 RR 2 [0 execuTte (C  ©OP1NOT ON HALF-WORD BOUNDARY
{J EXPONENT OVERFLOW 0 oP2NOT ON HALF-WORD BOUNDARY
Condition Codes [0 exPONENT UNDERFLOW [0 oP2NOT ONFULL-WORD BOUNDARY
B r RtSoLT -0 SeT 1o o [0 FIXED-POINT DIVIDE O op2NOT ON DOUBLE-WORD
B RESULT <d' SET TO 1 [0 FIXED-POINT OVERFLOW O BOUNDARY
B F RESULT >0, SET TO 2 [] FLOATING-POINT DIVIDE OP 1 NOT EVEN NUMBERED REGISTER
[]1F OVERFLOW, SET TO 3 B OPERATION (0 op1NOT ODD NUMBERED REGISTER
J UNCHANGED O nonE
Function:

Causes the contents of a full word in the operand 2 (r,) register to be placed in a full word in the operand 1
(ry) register. The condition code is set by this instruction.

Explicit and Implicit Format:

LABEL

AOPERATION A

OPERAND

[symbol]

LTER

Operational Considerations:

1.0

a The contents of operand 2 (r,) remain unchanged.

L] When the same register is specified by operand 1 (r,) and operand 2 (r,), the operation is equivalent
to a test without data movement.

*

installed, you cause an operation program exception.

LTER is a featured instruction. If you attempt to issue this instruction to a processor which does not have the control feature
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LTR

General Possible Program Exceptions
oPcoBE | romrmaT ?NBsJTE.CT (] ADDRESSING [ proTECTION
TYPE LGTH. [] DATA (INVALID SIGN/DIGIT) |- [J SIGNIFICANCE
MNEM. |HEX. (8yTes) || [J DECIMAL DIVIDE O SPECIFICATION:
O pecimAL ovERFLOW 0 NOTA FLOATING-POINT REGISTER
LTR 12 RR 2 [ EXECUTE 7 OP1NOTONHALF-WORD BOUNDARY
[0 EXPONENT OVERFLOW (0  oP2NOT ON HALF-WORD BOUNDARY
Condition Codes O ExPONENT UNDERFLOW [0 oP2NOT ON FULL-WORD BOUNDARY
B - (] FIXED-POINT DIVIDE 0 oP2NOT ON DOUBLE-WORD
] :E EEZSS ;%’Ssi:.-;%‘: O FIXED-POINT OVERFLOW O BOUNDARY
B F RESULT >0, SET TO 2 [] FLOATING-POINT DIVIDE OP 1 NOT EVEN NUMBERED REGISTER
[J1F OVERFLOW, SET TO 3 [J OPERATION 0 op1NOT ODD NUMBERED REGISTER
[0 UNCHANGED B nonNE

Function:

Causes the contents of the register specified by operand 2 (r,) to be loaded into the register specified by
operand 1 (r,) and the condition code to be set to reflect the value contained in the registers.

Explicit and Implicit Format:

LABEL A OPERATION A OPERAND

[symbol] LTR rf

Operational Considerations:

a The contents of the register specified by operand 2 (r,) are loaded into the register specified by
operand 1 {ry).

- The contents of the register specified by operand 2 (r,) remain unchanged.
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General Possible Program Exceptions
OBJECT
ADDRESSING W PROTECTION
OPCODE FORMAT | INST. e
YPE LoTH [] DATA (INVALID SIGN/DIGIT)| [J SIGNIFICANCE
MNEM. IHEX. 8vTes) || 0 PECIMAL DIVIDE B SPECIFICATION:
[J pecimAL OVERFLOW NOT A FLOATING-POINT REGISTER
M 5C RX 4 [J execuTE OP 1 NOT ON HALF-WORD BOUNDARY

Condition Codes

{JiF RESULT=0,5ET TO O
Oir rResuLT <0, SET TO 1
O IF RESULT >0, SET TO 2
O/F OVERFLOW, SET TO 3
Il UNCHANGED

[J EXPONENT OVERFLOW
0 EXPONENT UNDERFLOW
O FIXED-POINT DIVIDE

O FIXED-POINT OVERFLOW
[ FLOATING-POINT DIVIDE
[J OPERATION

O0Om OmO00O

OP 2 NOT ON HALF-WORD BOUNDARY

OP 2 NOT ON FULL-WORD BOUNDARY

OP 2 NOT ON DOUBLE-WORD

BOUNDARY

OP 1 NOT EVEN NUMBERED REGISTER

OP 1 NOT ODD NUMBERED REGISTER
NONE

Function:;

Causes the contents of the odd register of the even-odd pair specified by operand 1(r,) to be multiplied by
the contents of operand 2, a full word in main storage. The product is placed in the even-odd pair of
registers specified by operand 1 (r).

Explicit Format:

A
LABEL AOPERATION A OPERAND
[symbol] M r,d,(x,b,)
Implicit Format:
LABEL AOPERATION A OPERAND
[symbol] M ry.5,(%,)
Operational Considerations:
n Both operands are treated as fixed-point, 32-bit signed integers.
a The contents of operand 2, the multiplier in a full word in main storage, remain unchanged.
L] The product is treated as a 64-bit', fixed-point signed integer and occupies and even-odd register pair
specified by operand 1 (ry).
g
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L] The multiplicand is first loaded into the odd-numbered register of the even-odd pair specified by
operand 1 (ry). The content of the even-numbered register is ignored until replaced by the most
significant 32 bits of the product.

L] The sign of the product is determined algebraically.

= A specification exception results if operand 2 is not on a full-word boundary and also if operand 1 (r,)
specifies an odd-numbered register.
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MD*
Floating Point
General Possible Program Exceptions
' OBJECT
ADDRESSING M PROTECTION
OPCODE FORMAT | INST. "
TYPE LGTH.. [J DATA (INVALID SIGN/DIGIT) | [J SIGNIFICANCE
MNEM. THEX. (8vTes) || O PECIMAL DIVIDE B SPECIFICATION:
[ beciMAL OVERFLOW NOT A FLOATING-POINT REGISTER
MD 6C RX 4 [J execuTe OP 1 NOT ON HALF-WORD BOUNDARY

Condition Codes

[JIF RESULT = 0,SET TO O
O resuLT <0, SETTO 1
OtF RESULT >0, SET TO 2
{J1F OVERFLOW, SET TO 3
B UNCHANGED

] EXPONENT OVERFLOW
B cXPONENT UNDERFLOW
[0 FIXED-POINT DIVIDE

J FIXED-POINT OVERFLOW
[0 FLOATING-POINT DIVIDE
I} OPERATION

OP 2 NOT ON HALF-WORD BOUNDARY
OP 2 NOT ON FULL-WORD BOUNDARY

OP 2 NOT ON DOUBLE-WORD
BOUNDARY

OP 1 NOT EVEN NUMBERED REGISTER
OP 1 NOT ODD NUMBERED REGISTER
NONE

000 mcodom

Function:

Causes the contents of the double word in the operand 1 (r,)register to be multiplied by the contents of a
double word in main storage specified by operand 2. The normalized product is placed in the double word

of the operand 1 (r,) register.

Explicit Format:

LABEL AOPERATION A OPERAND
-
[symbol] MD r,d,(x,.,b,)
Implicit Format:
LABEL AOPERATION A OPERAND
[symbol] MD TS, (x,)

*

MD is a featured instruction. If you attempt to issue this instruction to a processor which does not have the control feature
installed, you cause an operation program exception.
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MDR*

Floating Point

General Possible Program Exceptions
‘ OPCODE | rommaT ?NB;:"T [] ADDRESSING (J PROTECTION
TYPE LaTH. [0 DATA (INVALID SIGN/DIGIT) | [0 SIGNIFICANCE
MNEM. |HEX. (gyTes) || 0 DECIMAL DIVIDE B SPECIFICATION:
[J beciMAL OVERFLOW B NOTAFLOATING-POINT REGISTER
MDR | 2C RR 2 [ execuTe (0 OP1NOT ON HALF-WORD BOUNDARY
BB EXPONENT OVERFLOW O oP2NOT ON HALF-WORD BOUNDARY
Condition Codes B EXPONENT UNDERFLOW O OP 2 NOT ON FULL-WORD BOUNDARY
TIir RESULT = 0. SET 10 0 (] FIXED-POINT DIVIDE 0 op2NOT ON DOUBLE-WORD
CliF RESULT <0, SET TO 1 J FIXED-POINT OVERFLOW O BOUNDARY
D) IF RESULT >0, SET TO 2 [0 FLOATING-POINT DIVIDE OP 1 NOT EVEN NUMBERED REGISTER
JIF OVERFLOW, SET TO 3 B OPERATION O OP 1 NOT ODD NUMBERED REGISTER
Bl UNCHANGED J nonE
Function:

Causes the contents of the double word in the operand 1 (r;) register to be multiplied by the contents of the
double word in the operand 2 (r,) register. The normalized product is placed in the double word of the
operand 1 (ry) register.

Explicit and Implicit Format:

LABEL AOPERATION A OPERAND

[symbol] MDR ryfy

*  MDR is a featured instruction. If you attempt to issue this instruction to a processor which does not have the control feature
installed, you cause an operation program exception.
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ME*

Floating Point

Possible Program Exceptions

General
OBJECT
OPCODE FORMAT | INST.
TYPE LGTH.
MNEM. |HEX. (BYTES)
ME | 7C RX 4

Condition Codes

{JiF RESULT = 0, SET TO 0
OiF rREsULT<0,SETTO 1
[J1F RESULT >0, SET TO 2
[J1F OVERFLOW, SET TO 3
B UNCHANGED

[l ADDRESSING
[] DATA (INVALID SIGN/DIGIT)
[] bpecimAL DIVIDE

[ peciMAL OVERFLOW

8 cxecuTe

B EXPONENT OVERFLOW

[J EXPONENT UNDERFLOW

[ FIXED-POINT DIVIDE

[J FIXED-POINT OVERFLOW

(] FLOATING-POINT DIVIDE

B OPERATION

W PROTECTION
[ sIGNIFICANCE
B SPECIFICATION:

000 OsdOm

NOT A FLOATING-POINT REGISTER

OP 1 NOT ON HALF-WORD BOUNDARY
OP 2 NOT ON HALF-WORD BOUNDARY
OP 2 NOT ON FULL-WORD BOUNDARY

OP 2 NOT ON DOUBLE-WORD
BOUNDARY

OP 1 NOT EVEN NUMBERED REGISTER
OP 1 NOT ODD NUMBERED REGISTER
NONE

Function:

Causes the contents of a full word in the operand 1 (r;) register to be multiplied by the contents of a full
word in main storage specified by operand 2. The normalized product is placed in a full word of the operand
1 (ry) register.

Explicit Format:

LABEL AOPERATION A OPERAND
[symbol] ME r,d,(x,,b,)
Implicit Format:
LABEL AOPERATION A OPERAND
[symbol] ME ry Sy (%5)

*  ME is a featured instruction. If you attempt to issue this instruction to a processor which does not have the control feature
installed, you cause an operation program exception.
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MER*

Floating Point
General Possible Program Exceptions
OPCODE OBJECT [] ADDRESSING O proTECTION
F?rs';":T 'LZSTA [] DATA (INVALID SIGN/DIGIT}| [] SIGNIFICANCE
MNEM. |HEX. (8yTes) || [0 DECIMAL DIVIDE I SPECIFICATION:
O beciMAL OVERFLOW NOT A FLOATING-POINT REGISTER
MER | 3C RR 2 [1 execuTe OP 1 NOT ON HALF-WORD BOUNDARY

Condition Codes

B UNCHANGED

(J1F RESULT=0,SETTO O
Oir resutT <0, SET TO 1
OJIF RESULT >0,SET TO 2
O\F OVERFLOW,SET TO 3

I EXPONENT OVERFLOW
M EXPONENT UNDERFLOW
[ FIXED-POINT DIVIDE

[0 FIXED-POINT OVERFLOW
[J FLOATING-POINT DIVIDE
I OPERATION

000 ooods

OP 2 NOT ON HALF-WORD BOUNDARY
OP 2 NOT ON FULL-WORD BOUNDARY

OP 2 NOT ON DOUBLE-WORD
BOUNDARY

OP 1 NOT EVEN NUMBERED REGISTER
OP 1 NOT ODD NUMBERED REGISTER
NONE

Function:

Causes the contents of a full word in the operand 1 (r;} register to be muitiplied by the contents of a full
word in the operand 2 (r,) register. The normalized product is placed in a full word in the operand 1 (ry)

register.

Explicit and Implicit Format:

LABEL

AOPERATION A

OPERAND

[symbol]

MER

o,

* MER is a featured instruction. If you attempt to issue this instruction to a processor which does not have the control feature
installed, you cause an operation program exception.
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General Possible Program Exceptions
OBJECT
ADDRESSING B PrROTECTION
OPCODE FORMAT | INST. u
TYPE LGTH [] DATA (INVALID SIGN/DIGIT) | [J SIGNIFICANCE
MNEM. IHEX. 8vyTes) || 0 DECIMAL DIVIDE B SPECIFICATION:
[0 pecimaL oVERFLOW NOT A FLOATING-POINT REGISTER
MH 4c RX 4 (OJ ExecuUTE OP 1 NOT ON HALF-WORD BOUNDARY

Condition Codes

[JiF RESULT = 0, SET TO O
OiF resuLT <0, SETTO1
OiFf RESULT >0, SET TO 2
OJ1F OVERFLOW, SET TO 3
B UNCHANGED

O EXPONENT OVERFLOW
[0 EXPONENT UNDERFLOW
[ FIXED-POINT DIVIDE

[0 FIXED-POINT OVERFLOW
[0 FLOATING-POINT DIVIDE
Il OPERATION

OP 2 NOT ON HALF-WORD BOUNDARY
OP 2 NOT ON FULL-WORD BOUNDARY

OP 2 NOT ON DOUBLE-WORD
BOUNDARY

OP 1 NOT EVEN NUMBERED REGISTER
OP 1 NOT ODD NUMBERED REGISTER
NONE

o000 .comOo

Function:

Causes the contents of the register specified by operand 1 (r;) to be mulitiplied by the contents of operand
2, a half word in main storage. The product is placed in the register specified by operand 1 (r,).

Explicit Format:

LABEL A OPERATION A OPERAND
[symbol] MH r,.d,(x,b,)
Implicit Format:
LABEL A OPERATION A OPERAND
[symbol] MH r, .S, (x,)

Operational Considerations:

n Operand 2 is expanded after being read from storage; then both operands are treated as fixed-point,

32-bit signed integers.

n The contents of operand 2, the multiplier, a half word in main storage, remain unchanged.

- The sign of the product is determined algebraically.

L If the multiplication results in a product that exceeds 32 bits, the high-order bits are ignored but the
overflow condition is not indicated. The sign and value of the product may not be correct after

overflow.

n A specification exception will result if operand 2 is not on a half-word boundary.

* MH is a featured instruction. If you attempt to issue this instruction to a processor which does not have the control feature
installed, you cause an operation program exception. )
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MP

General Possible Program Exceptions
0PCODE | rommaT ?NBSJTE.CT Il ADDRESSING @l PROTECTION
TYPE LoTH. i DATA (INVALID SIGN/DIGIT)| [J SIGNIFICANCE
MNEM. THEX (8yTes) || O pECIMAL DIVIDE Il SPECIFICATION:
[ becimMAL OVERFLOW [0 NOTAFLOATING-POINT REGISTER
mp FC| SS 6 [ EXECUTE 0 OF 1 NOT ON HALF-WORD BOUNDARY
{0 EXPONENT OVERFLOW O oP2NOT ON HALF-WORD BOUNDARY
Condition Codes [0 EXPONENT UNDERFLOW ] OP 2 NOT ON FULL-WORD BOUNDARY
TTiF RESULT — 0. ScTT0 0 [0 FIXED-POINT DIVIDE 0O op2NOT ON DOUBLE-WORD
OF F(ESULT<0', SET TO 1 O FIXED-POINT OVERFLOW O BOUNDARY
CliF RESULT >0, SET TO 2 O] FLOATING-POINT DIVIDE OP 1 NOT EVEN NUMBERED REGISTER
O1F OVERFLOW, SET TO 3 [] oPERATION 0 OP 1 NOT ODD NUMBERED REGISTER
B UNCHANGED O ~none

Function:

Causes the contents of operand 1 to be multiplied by the contents of operand 2. The product is placed in
the operand 1 location.

Explicit Format:

LABEL AOPERATION A OPERAND

[symbol] | MP d, (1, b,).d,(1,,b,)

Implicit Format:

LABEL AOPERATION A OPERAND

[symbol] MP . s, (1;).s,(1,)

Operational Considerations:
. All signs and digits are checked for validity, and the sign of the product is determined algebraically.
] Operand 1 must be longer than operand 2.
- Operand 1 and operand 2 may overlap if their least significant bytes coincide.

. The size of the multiplier (operand 2) cannot be more than 15 digits and sign.
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. The number of digits in the product is equal to the number of digits in the operands; therefore, the
\ multiplicand (operand 1) must have a field of most significant zero digits to equal, in size, operand 2.
The maximum product size is 31 digits. At least one most significant digit of the product field is zero.
a Data exception indicates one or more of the following conditions:
— Invalid sign or digit code

—  Operand 1 has insufficient high-order zero digits

— Incorrect overlap
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MR*

General Possible Program Exceptions
OPCODE | rommarT ?NBSJE.CT [] ADDRESSING O rroTECTION
TYPE LGTH. [0 DATA (INVALID SIGN/DIGIT) | [J SIGNIFICANCE
MNEM. JHEX. @®vyTes) || O pecimAaL DIVIDE B SPECIFICATION:
0 pEcIMAL OVERFLOW a NOT A FLOATING-POINT REGISTER
MR 1C RR 2 [ execuTE ] OP 1 NOT ON HALF-WORD BOUNDARY
0 EXPONENT OVERFLOW 00 oP2NOT ON HALF-WORD BOUNDARY
Condition Codes [ eXPONENT UNDERFLOW 0 OP 2 NOT ON FULL-WORD BOUNDARY
O FIXED-POINT DIVIDE a OP 2 NOT ON DOUBLE-WORD
B:i gg:"dtl 2%;‘;2%2 O FIXED-POINT OVERFLOW - BOUNDARY
D) iF RESULT >0, SET TO 2 (] FLOATING-POINT DIVIDE OP 1 NOT EVEN NUMBERED REGISTER
)i OVERFLOW, SET TO 3 B OPERATION O OP 1 NOT ODD NUMBERED REGISTER
I UNCHANGED O none

Function:

Causes the contents of the odd register of the even-odd pair specified by operand 1 (r;) to be multiplied by )

the contents of the register specified by operand 2 (r,). The product is placed in the even-odd pair of
registers specified by operand 1 (r,). :

Explicit and Implicit Format:

LABEL AOPERATION A OPERAND

[symbol] MR Iy

Operational Considerations:
- Both operands are treated as fixed-point, 32-bit signed integers.
u The contents of operand 2.(r2), the multiplier, remain unchanged.

L] The product is treated as a 64-bit, fixed-point signed integer and occupies an even-odd register pair
specified by operand 1 (r,).

= The multiplicand is first loaded into the odd-numbered register of the even-odd pair specified by
operand 1 (r,). The content of the even-numbered register is ignored until replaced by the most
significant 32 bits of the product.

] The sign of the product is determined algebraically.

L A specification exception results if operand 1 (ry) specifies an odd-numbered register.

* MR is a featured instruction. If you attempt to issue this instruction to a processor which does not have the control feature
installed, you cause an operation program exception.
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MVC

General Possible Program Exceptions
OPCODE OBJECT || m ADDRESSING B PROTECTION
FOT::'::T ’L'\és.ri" [0 DATA (INVALID SIGN/DIGIT) | (] SIGNIFICANCE
MNEM. |HE X (8vTEs) || ] DECIMAL DIVIDE [] SPECIFICATION:
[0 pecimAL OVERFLOW [0 NOTA FLOATING-POINT REGISTER
MVC | D2 $S 6 O execuTe O oOP1NOTONHALF-WORD BOUNDARY
(] EXPONENT OVERFLOW [0 oP2NOT ONHALF-WORD BOUNDARY
Condition Codes O eEXPONENT UNDERFLOW O oP2NOT ON FULL-WORD BOUNDARY
TTIF RSO T -0 5eT 70 0 [ FIXED-POINT DIVIDE 0 oep2nOT ON DOUBLE-WORD
LT =0,
O F ResuLT <o, SET TO 1 {J FIXED-POINT OVERFLOW BOUNDARY
' 0 oP1NOTEVEN NUMBERED REGISTER
0)iF RESULT >0, SET TO 2 (] FLOATING-POINT DIVIDE 0
OIF OVERFLOW, SET TO 3 [ oPERATION OP 1 NOT ODD NUMBERED REGISTER
B UNCHANGED O none

Function:

Causes the contents of the field in main storage specified by operand 2 to be placed in the field in main
storage specified by operand 1.

Explicit Format:

LABEL AOPERATION A OPERAND

[symboll | MVC d, (1,b,).d, (b,)

Implicit Format:

LABEL AOPERATION A I OPERAND

[symbol] MVC - s, (s,

Operational Considerations:
] The transfer proceeds from left to right.
- The number of bytes transferred is specified by 1 in operand 1.
» The contents of operand 2 remain unchanged unless operand 1 and operand 2 overlap.

L] If the number of bytes to be moved is not explicitly shown in operand 1, then the number will be
equal to the length attribute of operand 1.
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MVI

General Possible Program Exceptions
0PCODE | rommaT IONBS-'ECT  ADDRESSING Ml PROTECTION
TYPE LoTH. [J DATA (INVALID SIGN/DIGIT) | (] SIGNIFICANCE
MNEM. THEX. (syTes) || ] DECIMAL DIVIDE [0 SPECIFICATION:
[J becimAaL OVERFLOW [0 NOTAFLOATING-POINT REGISTER
MVl | 92 St 4 O eXECUTE [0 oP1NOTON HALF-WORD BOUNDARY
(] EXPONENT OVERFLOW 0  oP2NOT ON HALF-WORD BOUNDARY
Condition Codes [0 ExPONENT UNDERFLOW O oP2NOT ON FULL-WORD BOUNDARY
T 7F RESULT -0 SeT 00 {0 FIXED-POINT DIVIDE 0  op2NOT ON DOUBLE-WORD
O iF ResULT <0, SET TO 1 [J FIXED-POINT OVERFLOW O BOUNDARY
Ol 1F RESULT >0, SET TO 2 [] FLOATING-POINT DIVIDE OP 1 NOT EVEN NUMBERED REGISTER
[(JIF OVERFLOW, SET TO 3 [J OPERATION U op1NOT ODD NUMBERED REGISTER
B UNCHANGED O nNoNE

Function:

Causes the one byte of data used in the instruction as operand 2 to be moved into the one byte of main
storage specified by operand 1.

Explicit Format:

LABEL AOPERATION A OPERAND

[symbol] MVI d, (b,).i,

Implicit Format:

LABEL l AOPERATION A OPERAND

[symbot] MVi ' $q 4y

Operational Considerations:
L] The immediate data in the instruction, operand 2, must specify one byte of data.

] The length attribute of the field specified by operand 1 may be longer than one byte, but only the one
byte addressed by operand 1 will be replaced by the immediate data (operand 2).
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General Possible Program Exceptions
OBJECT
ADDRESSING M PROTECTION
OPCODE FORMAT | INST. u
TYPE LGTH [ DATA (INVALID SIGN/DIGIT)} ] SIGNIFICANCE
MNEM. IHEX. svTes) || O bECIMAL DIVIDE [ sPecCIFICATION:
[J pECIMAL OVERFLOW [0 NOTAFLOATING-POINT REGISTER
MVN | D1 SS 6 O execuTe [0 o©oP1NOTONHALF-WORD BOUNDARY
[] EXPONENT OVERFLOW (O oP2NOT ONHALF-WORD BOUNDARY
Condition Codes [J EXPONENT UNDERFLOW 0 oP2NOTONFULL-WORD BOUNDARY
T AesoiT co T 100 [] FIXED-POINT DIVIDE 0 oP2NOT ON DOUBLE-WORD
- [0 FIXED-POINT OVERFLOW BOUNDARY
CJ1F RESULT <0,SET TO 1 [J op1NOTEVEN NUMBERED REGISTER
{OJF RESULT >0, SET TO 2 [ FLOATING-POINT DIVIDE g 1 VEN NU s
[JIF OVERFLOW, SET TO 3 [] OPERATION OP 1 NOT ODD NUMBERED REGISTER
B UNCHANGED O none

Function:

Causes the least significant four bits (the digit or numeric field) of each byte specified by operand 2 to be

moved to the least significant four bits of each byte of operand 1.

Explicit Format:

LABEL AOPERATION A OPERAND
[symbol] MVN d1 (I,b1 ),d2 (bz)
implicit Format:
LABEL A DPERATION A OPERAND
[symbol] MVN s, (s,

Operational Considerations:

The four most significant bits of each byte (zone field) remain unchanged.

The contents of operand 2 remain unchanged unless there is overlapping.

Overlapping of operands is permitted.

The number of bytes transferred is specified by 1 in operand 1.

If the number of bytes to be moved is not explicitly shown in operand 1, then the number will be
equal to the length attribute of operand 1.
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General Possible Program Exceptions
OBJECT P TION
OFCODE | FORMAT | INST. E gz::fns:\l:im SIGN/DIGIT) E S:RGOI\TIIIE:(I:CANCE
TYPE LGTH.
MNEM. JHEX. (eyTes) || O DECIMAL DIVIDE [ sPECIFICATION:
0 becimAL OVERFLOW NOT A FLOATING-POINT REGISTER
MVO F1 SS 6 (] EXECUTE OP 1 NOT ON HALF-WORD BOUNDARY

Condition Codes

[Ji1F RESULT = 0,SET TO 0
OiF resuLT <0, SET TO 1
OiF RESULT >0, SET TO 2
[(JiF OVERFLOW, SET TO 3
Bl UNCHANGED

[J EXPONENT OVERFLOW
[0 EXPONENT UNDERFLOW
(] FIXED-POINT DIVIDE

[0 FIXED-POINT OVERFLOW
O FLOATING-POINT DIVIDE
[J OPERATION

OP 2 NOT ON HALF-WORD BOUNDARY
OP 2 NOT ON FULL-WORD BOUNDARY

OP 2 NOT ON DOUBLE-WORD
BOUNDARY

OP 1 NOT EVEN NUMBERED REGISTER
OP 1 NOT ODD NUMBERED REGISTER
NONE

000 oopoao

Function:

Moves the contents of operand 2 to operand 1 with a 4-bit (half-byte) shift to the left.

Explicit Format:

A OPERATION A l

LABEL OPERAND
[symbol] MVO d,(l,.b,),d,(l,,b,)
Implicit Format:
LABEL A OPERATION A OPERAND
[symbol] MVO s, (I ),s2 {1,)

Operational Considerations:

] This instruction proceeds from right to left.

] The operands are not checked for valid codes.

L] Overlapping fields may occur. Unless the operands overlap, operand 2 and the least significant four
bits of operand 1 remain unchanged.

] If the second operand is exhausted before the first operand, the remaining first operand field is zero
filled. If the result exceeds the capacity of the first operand field, the remaining digits of the second
operand are ignored. This operation, in effect, prefixes the least significant digit or sign of the first
operand with the digits of the second operand.
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MVZ

General Possible Program Exceptions
0PcOBE | rommarT ?NBSJTE.CT [l ADDRESSING @ PROTECTION
TYPE LGTH. [J DATA (INVALID SIGN/DIGIT) | [ SIGNIFICANCE
MNEM. THEX. (8yTes) || [0 DECIMAL DIVIDE [0 SPECIFICATION:
{J bEcIMAL OVERFLOW O NOTA FLOATING-POINT REGISTER
mvz | D3 SS 6 O execuTE O oP1NOTONHALF-WORD BOUNDARY
[0 EXPONENT OVERFLOW [0 oP2NOT ON HALF-WORD BOUNDARY
Condition Codes [0 EXPONENT UNDERFLOW O OP 2 NOT ON FULL-WORD BOUNDARY
TTIF RESULT = 0. 5eT T0 0 [J FIXED-POINT DIVIDE 0O oP2NOT ON DOUBLE-WORD
CliF RESULT <0, SET TO 1 O FIXED-POINT OVERFLOW O BOUNDARY
CliF RESULT >0, SET TO 2 [] FLOATING-POINT DIVIDE OP 1 NOT EVEN NUMBERED REGISTER
OJ1F OVERFLOW, SET TC 3 {J OPERATION L op1NOT ODD NUMBERED REGISTER
B UNCHANGED 0 none

Function:

Causes the most significant four bits (the zone field) of each byte specified by operand 2 to be moved to the
most significant four bits of each byte of operand 1.

Explicit Format:

LABEL AOPERATION A OPERAND

[symbol] mMvz d, (Lb, ),d2 (bz)

Implicit Format:

LABEL A OPERATION A OPERAND

[symbol] Mvz | s, (s,

Operational Considerations:
. The four least significant bits of each byte (digit field) remain unchanged.
" The contents of operand 2 remain unchanged unless there is overlapping.
n Overlapping of operands is permitted.
= The number of bytes transferred is specified by | in operand 1.

n If the number of bytes to be moved is not explicitly shown in operand 1, then the number will be
equal to the length attribute of operand 1.
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Condition Codes

B iF RESULT=0,SETTOO
B \F RESULT #0,SETTO 1
O1IF RESULT >0, SET TO 2
[JtF OVERFLOW, SET TO 3
[JUNCHANGED

[J EXPONENT OVERFLOW
] EXPONENT UNDERFLOW
[ FIXED-POINT DIVIDE

[J FIXED-POINT OVERFLOW
[ FLOATING-POINT DIVIDE
[J oPERATION

General Possible Program Exceptions
OBJECT || @ ADDRESSING 8 FROTECTION
OPCODE FORMAT | INST.
TYPE LGTH [0 oATA (INVALID SIGN/DIGIT)| (] SIGNIFICANCE
MNEM. [HEX. (syTes) || (] DECIMAL DIVIDE I SPECIFICATION:
[J pECIMAL OVERFLOW NOT A FLOATING-POINT REGISTER
N 54 RX 4 [J execuTe OP 1 NOT ON HALF-WORD BOUNDARY

OP 2 NOT ON HALF-WORD BOUNDARY
OP 2 NOT ON FULL-WORD BOUNDARY

OP 2 NOT ON DOUBLE-WORD
BOUNDARY

OP 1 NOT EVEN NUMBERED REGISTER
OP 1 NOT ODD NUMBERED REGISTER
NONE

000 Omo0oao

Function:

Causes a logical full-word AND operation to be performed on the contents of operand 1 (r,) and operand 2.
The result is stored in the operand 1 (r,) register. Operand 2 is a full word in main storage.

Explicit Format:

LABEL

AOPERATION A

OPERAND

[symbol] N

Implicit Format:

LABEL

ry.dyix, b,)

A OPERATION A

OPERAND

[symbol] N

Operational Considerations:

My, (xz)

L] If the corresponding bit positions in both operand 1 and operand 2 contain 1, the resultant bit will be
1. If either bit is zero, the resultant bit will be zero.

] The rules of operation for logical AND (N) are illustrated by the following truth table:
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hesult
Operand 1 Operand 2 (Operand 1)
0 0 0
0 1 0
1 0 0
1 1 1
= It is possible to clear selected bits in operand 1 (r,) by specifying zeros in the corresponding bit

positions of operand 2.

L Operand 2 must be on a full-word boundary.
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NC

General Possible Program Exceptions
OBJECT (| ay ADDRESSING l PROTECTION
OPCODE FORMAT | INST.
YPE LoTH [] DATA (INVALID SIGN/DIGIT) | [] SIGNIFICANCE
MNEM. [HEX. eyTes) || O DECIMAL DIVIDE O sPECIFICATION:
O pECIMAL OVERFLOW NOT A FLOATING-POINT REGISTER
NC | D4 S$s 6§ 0O execuTe OP 1 NOT ON HALF-WORD BOUNDARY

Condition Codes

B iF RESULT=0,SETTO O
B \F RESULT #0,SET TO 1
OIF RESULT >0, SET TO 2
{]'F OVERFLOW, SET TO 3
O UNCHANGED

[J EXPONENT OVERFLOW
O exPONENT UNDERFLOW
[J FIXED-POINT DIVIDE

O FIXED-POINT OVERFLOW
[OJ FLOATING-POINT DIVIDE
[J oPERATION

OP 2 NOT ON HALF-WORD BOUNDARY
OP 2 NOT ON FULL-WORD BOUNDARY

OP 2 NOT ON DOUBLE-WORD
BOUNDARY

OP 1 NOT EVEN NUMBERED REGISTER
OP 1 NOT ODD NUMBERED REGISTER
NONE

000 O0oooo

Function:

Causes a logical AND operation to be performed on the contents of operand 1 and operand 2. Both
operands are located in main storage. The result is stored in operand 1.

Explicit Format:

LABEL A OPERATION A OPERAND
[symbol] NC d1 (I,b1 ),d2 (bz)
implicit Format:
LABEL A OPERATION A OPERAND
[symbol] NC s, (s,
Operational Considerations:
L] If the corresponding bit positions in both operand 1 and operand 2 contain 1, the resultant bit will be

1. If either bit is zero, the resuitant bit will be zero.

- The rules of operation for logical AND (NC) are illustrated by the following truth table:
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NC

Result
. Operand 1 Operand 2 (Operand 1)
(4] 0 0
0 1 0
1 0 0
1 1 1
. It is possible to clear selected bits in operand 1 by specifying zeros in the corresponding bit positions

of operand 2.
] The number of bytes involved in the AND instruction is specified by | in operand 1.

L] If the number of bytes to be used is not explicitly shown in operand 1, then the number will be equal
to the length attribute of operand 1.
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General Possible Program Exceptions
OPCODE | poRMAT ?NB;:.CT [l ADDRESSING B PrOTECTION
TYPE LGTH. [] DATA {INVALID SIGN/DIGIT) | [0 SIGNIFICANCE
MNEM. |HEX. (BYTES) [0 DECIMAL DIVIDE [J SPECIFICATION:
[0 becimaL OVERFLOW O NOTA FLOATING-POINT REGISTER
NI 94 Si 4 [0 execuTe O oP1NOT ON HALF-WORD BOUNDARY
[0 EXPONENT OVERFLOW O oP2NOT ON HALF-WORD BOUNDARY
Condition Codes [0 exPONENT UNDERFLOW ] OP 2 NOT ON FULL-WORD BOUNDARY
B F RESULT = 0 SET TO 0 O FIXED-POINT DIVIDE 0 oP2NOT ON DOUBLE-WORD
B \F RESULT #0, SET TO 1 (0 FIXED-POINT OVERFLOW O BOUNDARY
D IF RESULT >0: SET TO 2 D FLOATING-POINT DIVIDE OP 1 NOT EVEN NUMBERED REGISTER
[J!'F OVERFLOW, SET TO 3 [] OPERATION O  opP1NOT ODD NUMBERED REGISTER
] UNCHANGED O NnonE

Function:

Causes a logical AND operation to be performed on the contents of operand 1, a byte in main storage, and
operand 2, a byte of immediate data in the instruction. The result is stored in operand 1.

Explicit Format:

LABEL

AOPERATION A

OPERAND

[symbol] NI

Implicit Format:

LABEL

d1(b1)'iz

AOPERATION A

OPERAND

[symbol] NI

Operational Considerations:

] If the corresponding bit positions in both operand 1 and operand 2 contain 1, the resultant bit will be
1. If either bit is zero, the resultant bit will be zero.

L] The rules of operation for logical AND (NI) are illustrated by the following truth table:
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Result
, Operand 1 Operand 2 (Operand 1)
0 1] 0
0 1 0
1 0 (V]
1 1 1
L] It is possible to clear selected bits in operand 1 by specifying zeros in the corresponding bit positions

of operand 2.
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NR

General Possible Program Exceptions
‘ 0PCODE | rommaT IONBSJECT [] ADDRESSING (0 PROTECTION
TYPE LGTH. [ DATA (INVALID SIGN/DIGIT) | [J SIGNIFICANCE
MNEM. |HEX. (8yTes) || (O oECIMAL DIvVIDE {0 sPECIFICATION:
[0 bECIMAL OVERFLOW [0 NOTAFLOATING-POINT REGISTER
NR | 14 RR 2 [J ExecuTE [0 oF 1 NOT ON HALF-WORD BOUNDARY
(J EXPONENT OVERFLOW {0 opP2NOT ON HALF-WORD BOUNDARY
Condition Codes [0 EXPONENT UNDERFLOW O OP 2 NOT ON FULL-WORD BOUNDARY
T ETY [J FIXED-POINT DIVIDE 0  op2NOT ON DOUBLE-WORD
1 RESULT;&O"SET To 1 (J FIXED-POINT OVERFLOW O BOUNDARY
D1E RESULT >0, SET TO 2 [J FLOATING-POINT DIVIDE OP 1 NOT EVEN NUMBERED REGISTER
[if oveERFLOW, SET TO 3 [ orerAaTION U op1NOT ODD NUMBERED REGISTER
O UNCHANGED M none

Function:

Causes a logical AND operation to be performed on the contents of the registers specified by operand 1 (r)
and operand 2 {r,). The result is stored in operand 1 (r,).

Explicit and Implicit Format:

LABEL l AOPERATION A OPERAND

[symbol] NR ryf,

Operational Considerations:

u If the corresponding bit positions in both operand 1 (r,) and operand 2 (r;) contain 1, the resultant bit
will be 1. If either bit is zero, the resultant bit will be zero.

] The rules of operation for logicat AND (NR) are illustrated by the following truth table:

Result
Operand 1 Operand 2 (Operand 1)
0 0 0
0 1 0
1 0 0
1 1 1
L] It is possible to clear selected bits in operand 1 by specifying zeros in the corresponding bit positions

of operand 2.
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‘ General Possible Program Exceptions
OBJECT
ADDRESSING B PROTECTION
OPCODE FORMAT | INST. n
TYPE LGTH. ] DATA (INVALID SIGN/DIGIT) | [J SIGNIFICANCE
MNEM. [HEX. (8yTes) || [J DECIMAL DIVIDE B SPECIFICATION:
0 oeciMAL OVERFLOW NOT A FLOATING-POINT REGISTER
0 56 RX 4 O execute OP 1 NOT ON HALF-WORD BOUNDARY

Condition Codes

B \F RESULT=0,SET TO 0
B \F RESULT #0,SETTO 1
OF RESULT >0, SET TO 2
OJiF OVERFLOW, SET TO 3
O UNCHANGED

[ EXPONENT OVERFLOW
[J EXPONENT UNDERFLOW
[0 FIXED-POINT DIVIDE

3 FIXED-POINT OVERFLOW
O FLOATING-POINT DIVIDE
[0 oPERATION

oo omaoo

OP 2 NOT ON HALF-WORD BOUNDARY

OP 2 NOT ON FULL-WORD BOUNDARY

OP 2 NOT ON DOUBLE-WORD

BOUNDARY

OP 1 NOT EVEN NUMBERED REGISTER

OP 1 NOT ODD NUMBERED REGISTER
NONE

Function:

Causes a logical OR operation to be performed on the contents of operand 1 (r;) and operand 2, a full word
in main storage. The result is stored in operand 1 (r,).

Explicit Format:

LABEL A OPERATION A OPERAND
[symbol] (o] r,.d,(x;.,b,)
Implicit Format:
LABEL AoOPE RATION A OPERAND
[symbol] (o] r,.5,(x,)

Operational Considerations:

A bit position in the result is set to 1 if the corresponding bit positions in either or both operands
contain 1; otherwise, the result bit position is set to zero.

The rules of operation for logical OR (O) are illustrated by the following truth table:
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Result
Operand 1 Operand 2 (Operand 1)

0 (1} 0
0 1 1
1 0 1
1 1 1

- Operand 2 must be on a full-word boundary.



Function:

Causes a logical OR operation to be performed on the contents of main storage specified by operand 1 and
operand 2. The result is stored in operand 1.

Explicit Format:

AQPERATION A |

LABEL OPERAND
[symbol] ocC d, (I,b1 ),d2 (bz)
implicit Format:
LABEL A OPERATION A | OPERAND
[symbol] oC s, (s,

Operational Considerations:

A bit position in the result is set to 1 if the corresponding bit positions in either or both operands
contain 1; otherwise, the result bit position is set to zero.

The rules of operation for logical OR (OC) are illustrated by the following truth table:
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\ oC
General Possible Program Exceptions
OPCODE OBJECT || m ADDRESSING B PROTECTION
Fi?g‘:T lu_hclss:ﬁ [J DATA (INVALID SIGN/DIGIT) | [J SIGNIFICANCE
MNEM. THEX. (8vTes) || O DECIMAL DIVIDE [0 SPECIFICATION:
[0 bECIMAL OVERFLOW 0 NOT A FLOATING-POINT REGISTER
(1] D6 SS 6 O execuTe O oP1NOT ON HALF-WORD BOUNDARY
O EXPONENT OVERFLOW [0 op2NOT ON HALF-WORD BOUNDARY
Condition Codes O EXPONENT UNDERFLOW O oP2NOT ON FULL-WORD BOUNDARY
(] FIXED-POINT DIVIDE O op2NOT ON DOUBLE-WORD
B \F RESULT = 0, SET TO 0 0 FIXED-POINT OVERFLOW BOUNDARY
B IF RESULT #0,SETTO 1 O  op 1 NOT EVEN NUMBERED REGISTER
O iF RESULT >0, SET TO 2 [ FLOATING-POINT DIVIDE 0
O!F OVERFLOW, SET TO 3 [J OPERATION OP 1 NOT ODD NUMBERED REGISTER
O UNCHANGED O ~onNE
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Results
‘ Operand 1 Operand 2 (Operand 1)
0 4] 1]
(4] 1 1
1 0 1
1 1 1
= The number of bytes used is specified by | in operand 1.
L] if the number of bytes to be used is not explicitly shown in operand 1, then the number will be equal

to the length attribute of operand 1.
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General Possible Program Exceptions

OBJECT ADDRESSING B PROTECTION
OPCODE FORMAT | INST. u
TYPE LGTH. [0 DATA (INVALID SIGN/DIGIT) | [J SIGNIFICANCE
MNEM. [HEX. (8yTes) || [] DECIMAL DIVIDE O sPECIFICATION:
[ peciMAL OVERFLOW 0 NOTA FLOATING-POINT REGISTER
oi 96 Sl 4 O execuTe [0 OF 1 NOT ON HALF-WORD BOUNDARY
[J EXPONENT OVERFLOW 0  oP2NOT ON HALF-WORD BOUNDARY
Condition Codes [0 EXPONENT UNDERFLOW O OP 2 NOT ON FULL-WORD BOUNDARY
B r nESULT -0 SeT 100 [0 FIXED-POINT DIVIDE 0 oP2NOT ON DOUBLE-WORD
2 (0 FIXED-POINT OVERFLOW BOUNDARY
B IF RESULT #0,SETTO 1 0  op1NOT EVEN NUMBERED REGISTER
O iF RESULT >0, SET TO 2 [0 FLOATING-POINT DIVIDE 0
O IF OVERFLOW, SET TO 3 (] oPERATION OP 1 NOT ODD NUMBERED REGISTER
[JUNCHANGED O ~none
Function:

Causes a logical OR operation to be performed on the contents of operand 1 (a byte in main storage) and
operand 2 (a byte of immediate data in the instruction). The result is stored in operand 1.

Explicit Format:

LABEL A OPERATION A OPERAND
[symboi] Ol d, (b, ).i,
Implicit Format:
LABEL AOPERATION A OPERAND
[symbol] o]] Sy 4y

Operational Considerations:

A bit position in the result is set to 1 if the corresponding bit positions in either or both operands

contain 1; otherwise, the result bit position is set to zero.
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L] The rules of operation for logicat OR (Ol) are illustrated by the following truth table:

Result
Operand 1 Operand 2 (Operand 1)
0 0 0
0 1 1
1 0 1
1 1 1
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OR

Possible Program Exceptions

[] ADDRESSING
[J DATA (INVALID SIGN/DIGIT)
[0 pECIMAL DIVIDE

O peciMAL OVERFLOW

[J execuTe

] EXPONENT OVERFLOW

[ EXPONENT UNDERFLOW

[J FIXED-POINT DIVIDE

[ FIXED-POINT OVERFLOW

[0 FLOATING-POINT DIVIDE

[J oPERATION

[J PrOTECTION

[J siGNIFICANCE

[0 SPECIFICATION:

NOT A FLOATING-POINT REGISTER
OP 1 NOT ON HALF-WORD BOUNDARY
OP 2 NOT ON HALF-WORD BOUNDARY
OP 2 NOT ON FULL-WORD BOUNDARY
OP 2 NOT ON DOUBLE-WORD
BOUNDARY

OP 1 NOT EVEN NUMBERED REGISTER
OP 1 NOT ODD NUMBERED REGISTER

NONE

BO0 000og

Causes a logical OR operation to be performed on the contents of the registers specified by operand 1 (r;)
and operand 2 (r,;). The result is stored in operand 1 (ry).

LABEL

—
General
OBJECT
OPCODE FORMAT | INST.
TYPE LGTH.
MNEM. JHEX. (BYTES)
OR 16 RR 2
Condition Codes
M iF RESULT=0,SET TO O
B iF RESULT #0,SET TO 1
JiF RESULT > 0,SET TO 2
[JiFr ovERFLOW,SET TO 3
[JUNCHANGED
Function:
Explicit and Implicit Format:
o’

AOPERATION A

OPERAND

[symbol]

OR

Operational Considerations:

r1 ,I’z

A bit position in the result is set to 1 if the corresponding bit positions in either or both operands
contain 1; otherwise, the result bit position is set to zero.

The rules of operation for logical OR (OR) are illustrated by the following truth table:

Result
Operand 1 Operand 2 (Operand 1)
0 0 0
0 1 1
1 0 1
1 1 1
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PACK

General Possible Program Exceptions
OPCODE | rommaT ?NBsJTECT I ADDRESSING B rROTECTION
TYPE LOTH. [0 DATA (INVALID SIGN/DIGIT) | [0 SIGNIFICANCE
MNEM. |HEX. (8yTes) || [0 beEcimaL piviDE O sPECIFICATION:
[0 becimaL OVERFLOW {0 NOTA FLOATING-POINT REGISTER
PACK | F2 $S 6 [ exECUTE 0 ©OP1NOTON HALF-WORD BOUNDARY
] EXPONENT OVERFLOW O oF2NOT ON HALF-WORD BOUNDARY
Condition Codes 0 ExPONENT UNDERFLOW O OP 2 NOT ON FULL-WORD BOUNDARY
(0 FIXED-POINT DIVIDE 0 oP2NOT ON DOUBLE-WORD
8::; 2523322 ssi:.:.oog [ FIXED-POINT OVERFLOW 0 BOUNDARY
() IF RESULT >0, SET TO 2 (] FLOATING-POINT DIVIDE OP 1 NOT EVEN NUMBERED REGISTER
C]!F OVERFLOW, SET TO 3 [] OPERATION O o 1NOT ODD NUMBERED REGISTER
8 UNCHANGED O ~one

Function:

Converts the contents of operand 2 from the unpacked format to the packed format, which is placed in
operand 1.

Explicit Format:

LABEL AOPERATION A OPERAND

[symbol] PACK d, (l,.b;).d, (I, .b,)

Implicit Format:

LABEL AOPERATION A OPERAND

[symbol] PACK s, (13).5,(1,)

Operational Considerations:

a This instruction proceeds one byte at a time from right to left. The first byte operated on has its sign
and digit reversed. (An F4 becomes 4F.) Each byte from then on has its zone removed and the digit
half of the byte packed into the receiving area.

L] If operand 2 does not completely fill operand 1, the remaining operand 1 field is zero filled.

s If the result exceeds the capacity of the operand 1 field, the remaining operand 2 digits are ignored.

L] The operands are not checked for valid codes.

= Overlapping fields may occur; each resultant byte is processed after each operand byte.
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‘ General Possible Program Exceptions
OPCODE CORMAT IONBSJTECT gl ADDRESSING M PROTECTION
TYPE LGTH. (] DATA (INVALID SIGN/DIGIT) | [J SIGNIFICANCE
MNEM. |HEX. ) (8yTes) || ] DECIMAL DIVIDE  SPECIFICATION:
[J bECIMAL OVERFLOW | NOT A FLOATING-POINT REGISTER
] 58 RX 4 [ execuTe 0 ©OP1NOTON HALF-WORD BOUNDARY
[0 EXPONENT OVERFLOW (0 oP2NOT ON HALF-WORD BOUNDARY
Condition Codes [J EXPONENT UNDERFLOW [ OP 2 NOT ON FULL-WORD BOUNDARY
B rRcSULT -0 SETT0 0 [J FIXED-POINT DIVIDE 0 oP2NOT ON DOUBLE-WORD
B F RESULT <0 SET TO 1 B FIXED-POINT OVERFLOW O BOUNDARY
B F RESULT >0, SET TO 2 [] FLOATING-POINT DIVIDE OP 1 NOT EVEN NUMBERED REGISTER
8 'F OVERFLOW, SET TO 3 (] oPERATION 0O op1NOT ODD NUMBERED REGISTER
[J UNCHANGED (] nonE

Function:

Causes the contents of operand 2, a full word in main storage, to be subtracted from the contents of the
register specified by operand 1 (r,). The results are placed in the operand 1 (r;) register.

Explicit Format:

LABEL AOPERATION A J OPERAND

[symbol] S r,.d, (x2 b,)

Implicit Format:

LABEL l AOPERATION A OPERAND

[symbol] S . r,.8,(x,)

Operational Considerations:

L The subtraction is performed by converting the number in operand 2 into a signed twos complement
binary number and then algebraically adding it to the value in operand 1 (r,).

] The maximum fixed-point number that can be contained in a 32-bit register is 2,147,483,647(23'—1).
The minimum number is —2,147,483,648(—23"). For decimal numbers outside this range, an

overflow condition is produced.

a Operand 2 must be on a full-word boundary.

- u The contents of operand 2 are not changed by the subtract (S) instruction.
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SD*

Floating Point

General Possible Program Exceptions
' OPCODE | rommaT ;ONB;ECT [l ADDRESSING B PROTECTION
TyPe LGTH. [0 pATA (tNVALID SIGN/DIGIT) | ll SIGNIFICANCE
MNEM. [HEX. (8yTes) || O DECIMAL DIVIDE B SPECIFICAT