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PREFACE

This publication for systems planners, programmers, and operators,
presents the functional description and operating procedures of the
IBM 2922 Programmable Terminal. The 2922 consists of a 2922-1 Terminal
Control Unit, RPQ 810563, cable-connected to a 2922-2 Terminal Printer,
RPQ 810564, and a 2922-3 Terminal Card Reader, RPQ 810565. In
addition, the IBM 2152 Printer-Keyboard, RPQ 810581, and the IBM 1442
Card Punch Model 5, RPQ AD1629, can be attached (optional). In this
publication:

hapter 1 describes the 2922-1:data formats, instructions, time-
haring, arithmetic and logical functions, and gives programming
suggestions and terminal console operations.

(
nia

o Chapter 2 presents operating procedures and associated instructions
for the reader, printer, and optional printer-keyboard, and an
optional card punch.

° Chapter 3 discusses the binary synchronous communications adapter:
operating principles, transmission codes, instruction sets,
control characters, and sense information.

e Appendixes contain reference information: conversion tables,

operation and condition codes, instruction examples, stop codes,
and a glossary.

Second Edition (December 1972)

This %s a reprint of GL24~3597-0 incorporating changes released in
Technical Newsletter GN24-0500, dated September 22, 1972,

Changes or additions to the specifications contained in this publication
are continually being made. When using this publication in connection
with the service or operation of IBM equipment, check with your local
IBM branch office to ensure that you have the latest edition.

Requests fo; copies of IBM publications should be made to your IBM
representative or to the IBM branch office serving your locality.

This manual has been prepared by the IBM System Products Division,
Product Publications, Dept, K10, P.0O. Box 6, Endicott, New York 13760,
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INTRODUCTION

The IBM 2922 Programmalle Terminal is a communications system designed
for teleprocessing applications that require extensive printouts.

It can Ye used for batch data entry and to make inquiries into a
computer's data base. The lrinary synchronous method of transmission
is employed to exchange information over telephone lines with either
an IBM System/360 or an IBM System/370 (via a 2701 Data Adapter Unit
or 2703 Transmission Control); or with another 2922 terminal.

The IBM 2922 Programmahle Terminal consists of interconnected
functional units operating under the control of a series of
instructions, called a program, stored in the IRM 2922-1 Terminal
Control unit. Main storage access to one lrvte is 3.6 microseconds.
Figure 1-1 shows a typical (schematic) configuration of units. The
2922-1 Terminal Control Unit is the central figure in the group, and
attached to it is the IBM 29222 Terminal Printer and the IBM 2922~
3 Terminal Card Reader. The IBM 2152 Printer-Feyhoard and the IBM
1442 Card Punch Model 5 are availalle as options.

Data is entered through the terminal card reader, then transmitted
to the central computer. After processing the johs, the central
computer can transmit reports and listings lrack to the remote terminal
for rapid printing.

An optional 2152 Printer=-Keyhoard can provide interaction hretween
the terminal and the central computer for inguiry and update, jol
status analysis, and program development. An optional 1442 Card Punch
can provide punched=-card output, serially, at a maximum rate of 160
colunns per second.

The programmalle terminal uses 36 System/360 compatible machine
instructions that work with the microprogram and hardware circuitry
to accomplish the assigned taks.

This reference manual provides detailed information on the operation
and characteristics of the programmalle terminal. The 2922~1 Terminal
Control Unit is hereafter referred to as "Control Unit" and the
Programmahle Terminal is hereafter referred to as "Terminal."

Terminal Control Unit 1-1



—I Binary
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ontrol Unit
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Figure 1-1. System Confiqguraticn

TERMINAL CONTECL UNIT

METN STOERAGE

Main storag=2 consists of 8,192 rpcositicns of magnetic core storage.
Fach positicn has an address and contains an eight-bit unit of
information referred to as a byte., Coded combinations of bits within
a byte can represent alphatetic, numeric, kinary, or logical data.

Main storagz is used tc hold all the data that is to be operated
upon, or processed, at a givern time, It also holds the instructions,
or program, which control the operaticn of the terminal. ¥For each
individunal job performed bty the terrminal, certain portions of main
storage are assigned to stcre instructicns, and certain portions to
store data to ke processed,

Terminal Ccrtrol Unit 1=2



GENERAL REGISTERS

Eight general purpose registers, small auxiliary storage units, are
provided for temporary storage of srall amounts of data. FEach register
is the equivalent of two bytes (one halfword) and is loaded or unloaded
under the control of the stored program. Information may flow from
register to register, main stcrage to register, or from register to
main storage.

The registers are numtered 8-15 and are selected by the four-bit
R or B field of an instructicn.

PARITY CHECKING

To ensure the accurate transfer cf data, an extra (parity) bit is
generated for each four bits transferred to or from main storage or
register storage. The parity kit is added during transfer, if it is
needed, to maintain an cdd number of bits. The bit count is monitored
continuously, and any missing or extra bits which result in an even
number of bits cause a contrcl unit parity error,

DATA FORMATS
The basic unit of addressable data is an eight-bit byte. Each address
contains eight bits of data and can be considered a byte boundary.

The byte is divided into two sections of four bits each. A check
(parity) bit is provided for each four bits.

signl number J

A halfword binary number has a fixed length of two bytes (16 bits).
The leftmost kit is reserved for sign (+ or -) control.

Terminal Ccntrcl Unit 1-3



Decimal Number

A decimal number may be in either of twc forms: packed decimal or zoned
decimal.

Packed Decimal: This format allcws two numeric digits to be stored

within one eight-bit byte.

{ digit | digit | digit | digit | digit | sign

2N\ AN JUN—

-
byte byte byte

An eight-hit tyte may contain twc numeric digits, except in the
case of the rightmost tyte, which has a sign to the right. Variable
field length in this format allows for fields up to 16 bytes in length.

Zoned Decimal: This format contains one digit in the rightmost four
positions of each byte.
I zone l digit ] zone [ digit l sign l digirv
\ e 2\ v 7\ e o
byte byte byte

The left four bits of each byte in this format are called zone bits,

and are not used except for the low-order (rightmost) byte which uses
them for the sign. Zone bits do not affect the value of the numeric

digit contained in the right four bits of the byte.

Logical Data

Logical data may be contained in the instruction or it may reside in
core storage as an operand (an operand is data contained in, or
addressed by the instruction and used to execute the instruction).
Logical data may have a fixed length of one byte or may be variable
in length up to a maximum of 256 bytes.

Terminal Ccntrol UOnit 1-4



logical data

0 7

Variable-Iength Logical Data

l character [ character J character

0 78 1516

INSTRUCTION FCRMAT

The instructicn format specifies the length of the instruction and

the type of operation to bte performed. The length of the instruction
can be one, two, or three halfwords. The types of instruction formats
are RR, RX, SI, and SS {(Fiqure 1-2). RR Fcrmat: Denotes a register-
to-register operaticn.

RX Format: Denotes a register-tc-storage or a storage-to-register

T e —— —

operation., 1In this format, bits 12 through 15 must be zero.

SI Format: Denotes a stoage-immediate operation. In this format the
I2 field of the instructicn is the seccnd operand.

SS Format: LCenotes a storage-to-storage operation.

In each format, the first instruction halfword consists of two
parts. The first byte contains the operaticn code (op code). The
length and format of an irstruction are specified by the first two
bits of the operation code. The second byte may be used to contain
data, specify operand lengths, or specify registers to be used by the
operation.

Terminal Ccntrol Unit 1-5



First Halfword

Byte | | Byte 2 Second Halfword Third Halfword

!

! ‘ ;
| Register Register
! Operand 1 Operand 2
i Vandon Yo

i
1
I
|
RR Format Op Code “ :
0 78 111215 |

| I
Register | Address |
Operand 1 | Operand 2 |
A — |

1

I

I

i

| — A
RX Format I Op Codel Ry [0000 Ra l D2 i

e

0 718 11121516 1920 31
! |

i
|
I Immediate ! Address |
|

{ |

! Operand ! Operand 1
[P —

0 7.8 15116 19 20 31

|
I X | I
[ | Length Address ! Address
1 Operand 1 Operand 2 Operand | ! Operand 2
1 LN A ir
$S Decimal Format | Op Code] Ly I LzJ B‘ l D, I BZ I D2
10 78 1112 |5||6 1920 31,32 35 36 47
| | I ’ 1

| ! | Address i Address
1 i length 1 Operand | 1 Operand 2
f—N—l/

|
|
1
f
i
|
|
[
i
1
|
,
|
!
! |
! |
' |
S| Format [ Op Code l I I B) I D, |
!
{
I
|
|
|
|
|
|
1

I \r

SS Logical Formot [Op ‘Code ] L l 3] l Dy | By I Dy J
0 78 1516 1920 3132 3536 47

Figqure 1-2. 1Instruction Formats

INSTRUCTION EXECUTION

For purposes of describing the execution of instructions, operands
are designated as first and seccnd operands.

These names refer to the manner in which the operands participate.
The operand to which a field in an instruction format applies is
generally denoted by the number following the code name of the field,
for example, R1, B1, L2, D2. Normally, the operation of the terminal
is controlled by instructions taken in sequence. An instruction is
fetched from a locaticn specified by the current instruction address.
The current instruction address itself is located in the Program Status
Wword (PSW). After the fetch cperation, the current instruction address
is increased by the nurber of bytes in the fetched instruction to
enable addressing of the next instruction in sequence.

The instruction is then executed by adding, subtracting, multiplying
etc. The result that is thus ottained usually replaces operand 1.
Upon the execution of certain instructions, a condition code, which
reflects the nature of the result, is set into the ESW.
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Subsequently, the updated address in the ESW is used to read out
the next instruction from main storage and the processing continues.

INFORMATICN ECSITICNING

Byte locations in storage are consecutively numbered from 0, each
nunber being considered the address of the corresponding byte. Bytes
may be handled singly or strung together in fields. A group of two
consecutive bytes is called a 'halfword'. The location of any field
or group of bytes is specified ty the address of the leftmost byte.

Informaticn pcsitioned in storage may be in fixed-length format
or variable-length fcrmat. The length of fields is either implied
by the operation to be performed cr stated explicitly as part of the
instruction, When the length is implied, the information is said to
have a fixed length, which can be one, twc, or four bytes.

Fixed-length fields must be located in main storage on an integral
(halfword) boundary (Fiqure 1-3) for that unit of information. A
boundary is called integral for a unit of informaticn when its storage
address is a multiple of the length of the unit in bytes. For example,
a halfword (two bytes) must have an address that is a multiple of the
numnher 2.

In the ccntrol unit urit, all instructions and all data with fixed
word length (operands addressed bty RX-format instructions) must begin
on a halfword boundarv. An instruction (or data with fixed word length)
is properly located at a halfwcrd boundary when its address is even
or, in other words, when the lcw-order bit of the address is zero.

An improperly placed instruction causesg an error stop.

When the length of a field is nct implied by the operation code,
but is stated explicitly, the informaticn is said to have a variable-
length field.

Within any instruction format or any fixed-length operand forreat,
the bits are consecutively numtered from left to right starting with
bit number 0.

Vvariable-length fields are not restricted to halfword boundaries,

and may contain up to 256 bytes. Length is variable in increments
of one byte,.
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Binary {0000 /0001|0010 {0011]0100 0101] 0110 [0111] 1000] 1001 1 1070
Address] :

Byte | Byte| Byte | Byte | Byte | Byte| Byte | Byte | Byt Byte
y! y! y yte | Byte! Byte | Byte | Byte | Byte | Byte Boundaries

[} (
Halfword | Halfword | Halfword | Halfword | Halfword Halfword
Boundaries
] Ly
1

Figure 1-3., Integral Boundaries

ADDRESSING

Byte locations in storage are expressed in binary form and consecutively
numbered from 0000 to the upper limit of available storage. Appendix

D explains the binary number system, and Appendix E contains the
hexadecimal representation for addresses 0000 to 4095, The first 144
bytes (bytes 0000-0143) are reserved for internal control and are not
available to the program. The location of any field or agroup of rytes
is specified ly the address of the leftmost hyte.

An address used to refer to main storage may he specified hry either
of two methods; direct addressing or effective address generation.

Note: Neither a direct address nor an effective address can be zero,
pertain to the protected area, or exceed the storage capacity.

Direct Addressing: Direct addressing is used when the high-order tit
in the B-field of an instruction is zero. ‘

B-field D -field
4 bits 12 bits
A\

I_/H/ Al
[oxxxlxxxxxxxxxxxi]
A\ J

l » direct address

(up to 16383)

0 indicates direct
addressing

When the direct addressing method is employed, the low-order 14
bits of the comhtined B- and D-fields are used to refer directly to
byte locations in main storage. The 12 tinary rits in the D-field
allow an address specification of up to #4095, To address additional
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storage, the adjacent two Lkits in the lcw-order position of the B-field
are used, allowirg address specificaticn of up to 8192.

Effective Addressing: Effecitve addressing is used when the high-order
bit in the B-field of an instruction is cne. .

B-field D-field
4 bits 12 bits
A

\

4
Fxxxlxxxxxxxxxxxx]

\ J
— - displacement

® base register
address

1 indicates effective
addressing

In the effective-address generation method, the contents of the
general register specified Ly the B-field of an instruction, are added
to the contents cf the D-field of the instruction tc form the effective
address. The content of the general register specified by the B-field
is referred to as the *'base address'. The content of the D-field is
referred to as the 'displacement”, (This type of address modification
is commonly referred to as indexing.) Effective addressing may be
either in a positive or a negative direction, and is determined by
the sign of the tase address. Caution should be exercised because
a resultant effective address that is negative or that refers to the
first 144 bytes of main storage results in an error condition.

Any of the eight general registers, 8 through 15, may be specified
in the B-field as the location of the btase address for effective-address
generaticn.

If there are zeros either in the general register specified, or
in the displacement field of the instructicn when effective-address
generation is specified, the effective address generated is the same
as direct addressing with the ncnzero ccmpcnent.

Effective addressing is useful for program routines which require
address modification.

Upper Limit of Main Storage: Data can be stored up to (and including)
the last available byte of main storage. However, the user must
exercise caution when loading a program into the upper available space
of main storage. The last instructicn must be located so that at least
one byte of main storage remains. (Actually, tvo bytes of main storage
have to remain unused, otherwise the last instruction would not be
located on a halfword boundary.) The remaining byte is required to
avoid a storage overflcw which can cccur because, when the instruction
is read out, the internal controls autcmatically update the current
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instruction address by an increment equal to the length of this
instruction.

OPERANDS

For addressing purposes, operands can be grouped in three classes:
explicitly addressed operands in main storage, immediate operands
placed in main stcrage as part of the instruction stream, and operands
located in the general registers.,

EXPLICITLY ADCRESSED OPFERANDS

An explicitly addressed operand is selected from a main-storage location
not related to the locaticn of the instruction referring to it., It

is always specified by means of a stcrage address. When the operand
contains more than one byte, the address gives the location of the
first tyte of the field, subsequent bytes being located in higher
addresses. Both the first and second operands of an instruction can

be explicitly addressed. '

Explicitly addressed operands can be of fixed length or variable
length. The length of variable-field-length operands is specified
in the L-field of the instruction. The L-field, either four or eight
bits long, specifies the length in terms of the number of bytes to
the right of the addressed byte, and thus can specify a maximum field
length of 2%6 bytes.

IMMEDIATE OPERANDS

An immediate operand consists of one 8-bit byte of data which is located
in the instruction itself. Only the instructions in the SI format
contain immediate data. The immediate data is alvays the second
operand; the first operand is located in the main-storage location
specified by the B1-D1 field.
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OPERANDS IN REGISTERS

Information referred tc by an instruction may be located in one of
eight general registers. The registers are identified by numbers 8-
15 and are selected by the four-bit R or B field of an instruction.
The registers are not designated by main-storage addresses.

An operand located in a register has a fixed length of one halfword,
or 16 bits.

IIME SHARING

The 2922 has the ability to operate in a mode referred to as ttime
sharing'. Time sharing is a means of overlapping input/output
operations with each other and with prccessing. Time sharing is based
on a system of monitoring the operaticn of input/output devices and
sequencing the transfer of data to or frcm the I/0 devices so as to
make the most efficient use cof processing time.

Processing operations in the contrcl unit are time shared with
the transfer of data between main stcrage and the I/O devices. When
an I/0 device requests service, processing is suspended only for the
time required to send or to accept the input/output data.

Time sharing allows the controcl unit to perform useful processing
functions while card or fcrms mcvement is taking place. A system of
signaling that the I/0 device is finished with the data transfer to
or from the control unit is referred tc as an 'interruption' systenm.

PROGRAM STATUS WORD (PSW)

The PSW contains the inforamtion necessary for proper program execution.
It is located in an internal register in the control unit and is not
directly addressatble. The programmer can change the PSW by means of

a Set PSW instruction. The ESW has a fixed-length format of two
halfwords (Fiqure 1-4).

The PSW is used to control instruction sequencing and to hold and
indicate the status cf the systenm in relaticn to the program being
executed. The active or pcntrolling PSW is called the *current PSW'.

By storing th;éfg;pégt PSW during an interrupt, the status of the

control unit can- preserved for subsequent inspection. BY loading
a new PSW or part of a PSW, the state of the control unit can be
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initialized or changed. The functions of the PSW are further described
under "Branching",

When the current PSW is stored during an input/output interruption,
the status of the control unit and the next sequential address are
preserved for use after the interrupticn is serviced. An instruction
to load a new PSW is equivalent to an unconditional branch to the
instruction address contained in the new PSW.

l CCE IaAhCA DA E FS Instruction Address ]

012345678 1112 1516 31

-1 Not Used
-3 Condition Code
Zero

ASCIl Mode Bit
Channel Mask
-1 Device Address
12-15 Function Specification
16 - 31 instruction Address

WNONEeE N

Figure 1-4. PSW Format

Operation of the Program Load key or System Reset key causes the
condition code (bits 2-3), the overlapr mode bit (bit 5), the ASCII
mode bit (bit 6), and the channel mask kit (bit 7) of the current PSW
to be reset tc zero.

INTERRUPTION

In the 2922, an automatic interrupt system is provided to make optimun
use of the I/0 devices and available processing time. The I/0 devices
signal the control unit to store an end condition when a data transfer
has been terminated. Urcn ccmpletion of the execution of each
instruction, during the time that the contrcl unit is in an
interruptible mode, the contrcl unit checks the various end conditions
according to a built-in priority sequence., The first end condition
thus found causes the actual interrupt. The interrupt is an automatic
branch from the main program to a subroutine. This subroutine may

be designed to test the received data for validity or to perform some
other action. Since the interrupt cccurs at the earliest moment
possible after a data transfer has been completed, it is the primary
means of controlling I/0 operations.
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The branch to the subroutine is acccmplished by replacing the
current PSW with a new PSW which contains the start address of the
subroutine in its instruction address portion., The fcrmer current
PSW is stored into a particular core-storage location and thus becomes
the o0ld PSW. During the transfer, the old PSW is furnished with the
device address and the functicn specification of the I/O0 unit that
caused the interrupt.

To initiate a branch tack to the main program, the old PSW must
be fetched from storage tc furction as the current PSW again. This
is dcne by addressing the old PSW in the B1-D1 fields of a Set PSW
instruction rlaced at the end of the subroutine. The entire exchange
of the program status words is fully autcmatic; however, the channel
mask bit in the PSW, which determines whether the control unit is
interruptible or not, ray be set or reset under program control. The
control unit is interruptible when the charnel mask bit is set to 1;
it is not interruptible if the channel mask bit is 0. The channel
mask bit is zero when the control unit is in a reset state.

The arithmetic and logical oreraticns are employed to process binary
numbers of fixed length, decimal numbers of variable length, and logical
information of either fixed or variable length.

Arithmetic and logical operations performed by the control unit
fall into three classes: binary arithmetic, decimal arithmetic, and
logical operations., These three classes differ in the data formats
used, the registers involved, the operations provided, and in the way
the field length is stated.

BINARY ARITHMETIC

The binary arithmetic operand is the 16-bit binary halfword. The
binary instructicn perform binary arithmetic on operands serving as
addresses, index quantities, and counts, as well as binary data. One
operand is always in a general register. The second operand may be
either in main storage or in a ceneral register.
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Data Format

Binary numbers cccupy a fixed length fcrmat consisting of a one-bit
sign followed by the 15-bit binary field. When held in one of the

general registers, a binary guantity has a 15-bit binary field and

occupies all 16 tits of the register.

Binary data in main storage alsc cccupies a 16-bit halfword, with
a binary tield of 15 bits., This data must be located on integral
storage toundaries for this unit of informaticn, that is, the low-order
binary address bit is zero.

Halfword Binary Number

s e e S e e e e . .

[iignl number ]

0 1 15

NUMBEE REPRESFNTATICN

All binary operands are treated as signed numbers. Fositive numbers
are represented in true binary rctaticn with the sign bit set to 0.
Negative numhers are represented in twc's-complement notation with

a 1 in the sign bit., The twc's complement cf a number is obtained

by inverting each bit of the numher and adding a one in the low-order
bit position. ,

The number ottained by inverting each binary bit represents the
one's comrlement cf the criginal number. To represent the two's
complement, a one must be added to the low-order position of the one's
complement,

0111C1C€C1T001TC1T1T 10 =original number

1¢0C1T01T01101000 1=one's conplement
100010101 1010¢C 10 = two's complement
|

|

b sign positicn

Two's-complement notation does not include a negative zero., It has

a number range in which the set of negative numbers is one larger than
the set of positive numbers. The maximum positive number consists

of an all-one integer field with a sign bit of zero, whereas the maximum
negative number consists of an all-zero integer field with a 1 bit

for sign.
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The control unit cannot represent the complement cf the maximum
negative numter. When an oferaticn, such as a subtraction from zero,
produces the ccmplement of the maximum negative number, the number
remains unchanged, and a binary cverflow ccndition is recognized.

An overtlow does not result, however, when the number is complemented
and the final result is withinr the representable range. An example
of this case is a subtracticn frcm minus cne.

The sign bit is leftnmnost ir a number. An overflow carries into
the sign-bit position and changes tlte sign.

Fiqure 1-5 illustrates scme sample values of 16-bit binary integers
and their egquivalents in decimal fcrm.

Signed
Number | Decimal Semmmmmmms INTEGER = = = = = = = = =
2B = 32767 = 0111 1111 1111 1111
2 = 256 = 0000 0001 0000 0000
2 - 1= 0000 0000 0000 0001
0 = 0 = 0000 0000 0000 0000
20 = = EREEREEREREER R
2 - 2 = 1111 1111 1111 1110
A 1111 1111 0000 0000
2% = 377 = 1000 0000 0000 0001
2% - s = 1000 0000 0000 0000

Figure 1-5., PRinary Representaticn

CONDITION CODE

The results of binary add, suktract, and ccmpare operations are used
to set the ccndition code in the Prcgram Status Word (PSW). All other
binary operations leave this code undisturbed. The condition code

can be used for decision-making by subsequent branch-on-condition
instructions,

The condition code is set to reflect three types of results for
binary arithmetic. For most operations, the status 0(00), 1(01), or
2(10) indicate a zero, less than zero, or greater than zero content
of the result register. An coverflow results in a Binary Overflow Check
condition.

For a compare operation, the states 0, 1, or 2 indicate that the
first operand is equal, lcw, or high ccmpared to the seccnd operand.
Condition code settings are shcwn in Figure 1-6.
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0 i 2

Compare Halfword equal low high

Add Halfword z6r0 < zero > zero
Subtract Halfword zero < zero > zero
Add zero <zero > zero
Subtract zero < zero > zero

Figure 1-6. Condition Code Settings for Binary Arithmetic

INSTRUCTION FORMAT

Binary instructions use the following two formats:

RR Format

register register
operand | operand 2
e
(== o
78 1112 15

55 Format

[ opeode | Ry ]oooo| 8 | D, |

0 78 ne 1518 1920 n

In these formats, R1 specifies the address of the general register
containing the first operand. The second operand location, if any,
is defined differently for each format.

In the RR format, the R2 field specifies the address of the general
register containing the second operand.

In the RX format, the address which designates the storage location
of the second operand is derived from the contents of the B2 and D2
fields of the instruction. This address may be taken directly from
the B2 and D2 fields, or an effective address may be formed ky adding
the contents of the general register specified by the B2 field to the
contents of the D2 field. See "Addressing."
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BRits 12 thorugh 15 of the RX fcrrat must be zero. The second
operand, addressed by B2-D2, must tegin on a halfword boundary, that
is, its address, must be even, otherwise a program error stop occurs.

Results c¢f operaticns rerlace thke first operand excpet for a store

operation. The result replaces the second orerand for the store
operation.

An instructicn can specify the same general register both for
address modification and for operand lccaticn. Address modification
is always completed before execution of the operation.

The contents of all general registers and storage locations
participating in the addressing or execution rart of an operation
remain unchanged, except for the storing of the final result.

Instructions

The binary arithmetic instructicns and their mnemonics, fcrmats, and
operation codes are listed in Figure 1-7,

Nome Mnemonic Format OPE’:::“
Load Halfword LH RX 48
Add Halfword AH RX 4A
Subtract Halfword SH RX 4B
Compare Halfword CH RX 49
Store Halfword STH RX 40
Add AR RR 1A
Subtract SR RR 18

Figure 1-7. PRinary Instructions

Load Halfword (RX)

LH R1,D2 (0, B2)

L% [Rjoo]|B | D ]

° 78 1nin 3516 1920 n

The second orerand is placed in the first operand lccation. The
instruction uses FX format and provides for lcading a halfword fronm
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the main-storage locaticn specified by the B2-D2 fields into the
register specified by the R1 field., The ccndition code is not changed.

——— e e

AH R1,D2 (0, B2)

N S 3 7

78 niz 1518 w20 n

The second operand is added tc the first cperand and the sum is placed
in the first operand lccation. Bocth operands are halfword length.

The first operand is contained in the register specified by the R1
field. The second operand is lccated at a main-storage location
specified by the B2-D2 fields of the instruction.

Addition is performed by adding all 16 bits of both operands.
If the 'carries' cut of the sign-bit pcsiticn and the high-order
numberic bit positicn agree, the sum is satisfactory; if they disagree,
an overflow occurs. The sign kit is not changed after the overflow,
A positive overflcw yields a negative final sum, and a negative overflow
results in a positive sum. The cverflow causes a binary-overflow-check
condition. The condition code is set to 00, 01, or 1C to indicate
that the result is zerc, less than zerc, or greater than zero.

Subtract Halfword (RX)

SH R1,D2 (0, B2)

L # [ % [ow]8 | %2 |

[ 78 " 1518 1920

The second cperand is subtracted frcm the first operand and the
difference is placed in the first operand lccation. Both operands
are halfword length., The first operand is contained in the register
specified by the R1 field. The seccnd operand is located at a main-
storage location specified ty the B2-D2 fields of the instruction.

Subtracticn is performed bty adding the two's corplement of the
second operand tc the first cperand. All 16 bits of both operands
participate, as in ADD. If the 'carries' out of the sign-bit position
and the high-order numeric kit fpositicn agree, the difference is
satisfactory; if they disagree an overflow cccurs, resulting in a
bianry-overflow-check conditicn. The ccndition code is set to (0,

01, or 1C to indicate that the result is zero, less than zero, or
greater than zero.
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CH R1,D2 (0, B2)

(o [Alwm][%] % ]

1ni2 1516 19220 k13

The first operand is compared with the seccnd operand, and the result
of the compare is indicated ty the setting of the condition code in

the PSW. The first orerand is ccntained in the register specified
by the R1 field. The seccnd orerand is lccated at a main-storage
location specified by the B2-D2 fields c¢f the instruction.

Compariscn is algebraic, treating both ccmparands as 16-bit signed
integers. Operands in registers cr stcrage are not changed as a result
of the operation.

The condition code is 00 if the orerands are equal, 01 if the first
operand is lower than the seccnd operand, and 10 if the first operand
is higher than the second.

Store Halfword (EX)

STH R1,D2 (0, B2)

40 l R ]ooool By l D, —I

nin 1518 1920 3

The first operand is stored at the second orerand location. The
instruction uses RX format and rrovides for storing a halfword from
the register specified by the R1 field into the main-storage location
specified by the B2-D2 fields cf the instruction. The condition code
remains unchanged.

The second operand is added to the first cperand, and the sum is placed
in the first cperand lccation. The halfword contained in the register
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specified by the R1 field is added tc the halfword contained in the
register specified by the R2 field and the sur replaces the contents
of the register stecified by R1.

Addition is performed hy adding all 16 bits of both operands.
If the  'carries' cut of the sign-bit pcsition and the high-order numeric
bit position agree, the sum is satisfactory; if they disagree, an
overflow occurs. The sign bit is not changed after the overflow.
A positive overflow yields a negative final sum, and a negative overflow
results in a positive sum. The cverflow causes a binary-overflow-check
condition., The cocndition code is set to 00, 01, or 10 to indicate
that the result is zerc, less than zerc, or greater than zero.

78 na I}

The second operand is subtracted frcm the first operand, and the
difference is placed in the first cperand lccation.

The halfword contained in the register specified by the R2 field
is subtracted from the halfwcrd contained in the register specified
by the R1 field and the difference replaces the contents of the reglster
specified by R1.

Subtracticn is performed ty adding tte twc's corplement of the
second orerand tc the first cperand. All 16 bits of both operands
participate, as in ADD. 1If the 'carries' out of the sign-bit position
and the high-crder numeric bit fpositicn agree, the difference is
satisfactory; if they disagree, an overflow cccurs. The overflow
causes a binary-overflcw-check condition., The condition code is set
to €0, 01, or 10 to indicate that the results is zero, less than zero,
or greater than zero.

BINARY ARITHMETIC ERROF CONLCITICNS
Error conditions which may cccur during the instructicn or exeuction
phase of binary operations are:

1. Operation code invalid.
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2. Addressing error.

a. An insturciton address or an operand address refers to the
protected first 144 bytes of main storage (addresses 0 through
143,

b. An instruction address or an orerand address is outside

available storage.

C. In the 2922-1, the last (highest) main-storage position
contains any part of an instruction to be executed.

d. The R1 or R2 fields of a binary instructicn contain values
0 through 7.

3. Specification error.
a. The low-crder bit of ar instruciton address is one,

b, The halfword seccnd crerand is not located on a 16-bit
boundary. '

C. Bits 12 through 15 of an RX fcrmat instuction are not all
Zero.

4, Binary overflow check.

5. Control Unit parity error.

DFCIMAL ARITEMETIC

Decimal arithmetic operaticns include addition, subtracticn,
multiplication, division, and comparison., Both operands and results
are located in storage.

All decimal arithmetic cperaticns are performed with data in the
packed mode for cptimum use cf stcrage. Since data is often
communicated to or from peripheral devices in the zoned form, operations
are provided for changing frcm zoned to packed format and vice versa.

Ooperand fields can be located on any byte boundary, except for
the first 144 bytes of main stcrage, which are protected. They can
have a length of up to 31 digits and sign, except for multiplier and
divisor operands which are limited to 15 digits.

Each address specifies the leftmost byte of an operand. Associated
with each address is a length field which indicates the number of
additional Lytes that the operand extends beyond the first byte.
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DATA FORMAT

Decimal operands reside in main storage only. They occupy fields that
may start at any byte address and are composed of one to 16 eight-bit
bytes. All operaions use a two-address format.

Lengths of the two ofperands specified in the instruction need not
be the same. Regardless cf length, the two operands are treated as
if the rightmost integers were aligned before the operation begins.
For examrle, in an add operation, tke rightmost integers must be aligned
to ensure that units are added to units, tens are added to tens,
hundreds to hundreds, etc. The programmer may add high-order zeros
as needed, to ensure that the result field is always large enough to
contain all the digits cf the result.

Processing takes place from right to left, as in simple manual
arithmetic operations, treating the rightmost position of each operand
as the units rosition, the next fosition to the left as the tens
position, and so on.

Lost 'carries' or lost diqgits from arithmetic operations are
signaled by a decimal-overflcw ccndition. Operands are either in the
packed or zoned fcrmat. Negative numbers are carried in true fornm.

Packed Decimal Number

In the packed format, each eight-kit byte can contain the binary

equivalents to twc decimal digits, except for the rightmost four bits
of the rightmost byte of the field, which represent the sign. Decimal

digits 0 through 9 are equivalent tc binary values 0000 through 1001.

{ digit | digit | digit | digit [ digit [ sign |

byte byte byte

The decimal digits range from 0 to 9 while any value from 10 to
1€ (in hexadecimal representation 'A' to 'F') is reqarded as a valid
sign. In decimal arithmetic, all numbers must be arranged in the
packed format. By means of the Pack instruction, it is possible to
change zoned decimal numbers into packed numbers. Decimal number
fields may overlar cnly when their rightmost bytes are identical.
During the execution of all decimal arithmetic instructions, all data
is checked for validity. A sign code found in any other but the sign
position leads to an error stop as does a decimal value that is found
in the sign position.
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In the zoned format, each eight-tit byte can contain cne decimal digit
in the right four bits and a zcne ccde in the left four bits. However,
the rightmost byte of a zoned decimal numbter field ccntains the digit
in the right half and the sign in the left half.

rzone ] digit [ zone l digit l sign | digit
\ oy /\ v I\ v,_____/

byte byte byte

The zone bits act only as fill characters and do not affect the
value of the decimal digits. The zcned format is needed for decimal
data that is sent to character-set sensitive I/0 devices. Similarly,
all decimal data that is received frcm card I/0 devices comes in the
zoned format. The zone is either 15 (F) in the Extended Binary-Coded-
Decimal Interchange Ccde (EBCDIC) or 5 in the American National Standard
Code for Information Interchange (ASCII). Since the zone F is identical
with one of the general plus signs, all data received from punched
cards is recognized as positive unless it is explicitly specified as
negative data. Data can be changed frcm the packed to the zoned format
by means of the Unpack instruction. During unpacking, the correct
zone is autcmatically supplied by the contrcl unit. The zone used
depends on the mode indicated in bit 6 cf the PSW., If the mode bit
is zero, the EBCLDIC-zone F is used; if the mode bit is cne, the ASCII-
zone 5 is used.

AUTOMATIC SIGN STANCARDIZATICN

During the processing of all arithmetic instructions that handle decirmal
data, the control unit supplies the final result with the correct sign,
according to the rules of algebra. The resultant sign is either a

ASCII plus or minus sign, cr an EBCDIC plus or minus sign (Figure 1-

8). Whether the result sign is standardized in the ASCII mode or in

the EBCDIC mode depends on mode bit 6 in the PSW. For example, if

the result sign is positive and the mode bit is zero, the sign code

1100 is selected. If the result sign is negative and the mode bit

is 1, the sign code 1011 is selected. Thus, the result can have only

a ASCII or an EBCLIC sign.
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Valid Sign Codes ASCIl EBCDIC
(A) 1010 + +
(8) 1011 - -
(C) 1100 + +
(D) 1101 - -
() 1110 +
(F) 1M+

Figure 1-8., Sign standardizaticn

CONDITION CODFE

The results cf all add-tyre and ccmparison operations are used to set
the conditicn code in the PSW. All cther d:cimal arithmetic operations
leave the code unchanged. The ccndition code can be used for decision-
making by subsequent Branch-cn-Conditicn instructicns.

The condition code is set to reflect the types of results for
decimal arithmetic. Fcur difterent result types can occur:

1. The result 1is zero, indicated by condition code 00,

2. The result is less than zero (negative), indicated by condition
code 01,

3. The result is more than zerc (fpositive), indicated by condition
code 10.

4. The result does not fit intc the result field (overflow) indicated
by conditicn code 11,

For the ccmparison operation, the ccnditicn code settings 0, 1,
and 2 indicate that the first operand ccmpared equal, low, or high
as shown in Fiqure 1-9,

0 1 2 3
Add Decimal zero < zero > zero overflow
Compare Decimal equal low high
Subtract Decimal zero < zero > zero overflow
Zero and Add zero < zero > zero

Figure 1-2, Ccnditicn Code Settings for Decimal Operations
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INSTHUCTION FORMAT

Decimal instruction use the fcllowing fcrrmat:

[Coveoe 10 [ 5% [ % [KO] % ] %]

] 78 (AR E 1516 1920 3132 35 36 47

In this format, the aidress which specifies the core-storage location

of the leftmcst byte of the first crerand field is derived from the
contents of the P1 and D1 fields of the instruction. The number of
operand tytes to the right cf this byte is specified by the L1 field

of the instruction. Therefore, the length in bytes of the first operand
field is 1 tc 16 corresyronding to a length code in L1 of 000C to 1111,
The second operand field is specified similarly by the L2, B2, and

D2 instruction fields.,

As previously described in the secticn "Addressing", the address
of each operand may be taken directly frcm the respective B and D
fields of the instruction, or effective addresses may be formed by
adding the ccntents of the general register specified by the B field
to the ccntents cf the D field.

Results cf operaticns rerlace the first operand field. The result
is never stored outside the field srecified by the address and length.
The second operand field rermains unchanged, except in those cases where
overlapping fields, which are rermitted, actually cccur. The contents
of the general registers rerain unchanged.

INSTRUCTICNS

The decimal arithmetic instructions and their mnemcnics and operation
codes are shcwn in Figure 1-1Q,.

Terminal Ccntrel Unit 1-25



Name Mnemonic Format Opceor:Lion
Pack PACK SS F2
Unpack UNPK SS F3
Move with Offset MVO SS Fl
Zero and Add ZAP SS F8
Add Decimal AP SS FA
Subtract Decimal SP SS FB
Compare Decimal CcP SS F9
Multiply Decimal MP SS FC
Divide Decimal DP SS FD

Figure 1-10. Decimal Instructicns

Pack (53)

PACK Di(L1,B1),D2 (L2, B2)

L [ w]m o] %o

0 v naz 1516 1920 nn 38 36 a7

The format of the second orerand is changed frcm zcned to packed, and
the result is placed in the first crerand location.

The second operand is assumed to have the zoned format. All zones
are ignored, except the zcne cver the lcw-order digit, which is
assumed to represent a sign. Thke sign is placed in the right four
bits of the lcw-crder tyte, and the digits are placed adjacent
to the sign and to each cther in the remainder of the result field.
The sign and digits are mcved unchanged to the first operand field
and are not checked for valid codes.

The fields are processed right to left., If the second operand
does not fill the first operand completely, the remaining high-order
positions of thke first cperand are filled with zeros., TIf the first
operand field is too short to ccntain all the significant digits of
the second operand field, the remaining digits are ignored. Overlapping
fields may occur and are processed by stcring each result byte
immediately after the necessary cperand bytes are fetched.

The condition code remains unchanged,
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Unpack (S35)

UNPK D1(L1,B1),D2 (L2, B2)

S N RN Y

0 niz 1516 19 20 3132 35 38 47

The format of the seccnd cperand is changed from packed to zoned, and
the result is palced in the first cperand location.

The digits and sign of the packed operand are placed unchanged
in the first operand location, using the zoned format. Zones with
coding 1111 in EBCDIC mode and coding 0101 in the ASCII mode are
supplied for all bytes except the rightmost byte, which receives (in
its high-order four bits) the sign of the packed operand. The operand
sign and digits are not checked for valid codes.

The fields are processed right tc left. 1If the second operand
does not fill the first operand ccrrletely, the remaining high-order
bytes of the first operand are each filled with a zero and a zone.
If the first cperand field is tcc shert to contain all significant
digits of the second orerand, the remaining digits are ignored. The
first and second operand fields may overlap and are processed by storing
a result byte immediately after the necessary operand bytes are fetched.
Caution must te exercised when cverlapping the operands, otherwise
bytes which have already been unpacked may ke unpacked a second time
during a single operation, thus giving an incorrect result.

The coenditicn ccde remains unchanged.

———— ———— — —— o — . —

mMvo D7 (L1,B1),D2 (L2, B2)

T [ e s o]

o 78 M2 1516 1920 n32 35 s

The second operard is placed to the left of and adjacent to the low-
order four bits of the first crerand.

The low-crder four bits of the first operand are attached as low-
order bits to the seccnd operand, the second cperand bits are offset
by four tit positicns, and the result is placed in the first operand
lccation. Thus, the second operand is effectively cffset by half a
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byte and, after the operand, the two halves of each original byte are
located in two adjacent bytes. The first and second operand bytes
are not checked for valid codes.

The fields are rprccessed riaht tc left. If necessary, the second
operand is extended with high-crder zeros., TIf the first operand field
is too short to contain all bytes of the seccnd operand, the remaining
information is ignored. QOverlapping fields may occur and are processed
by storing a result byte as scon as the necessary operand bytes are
fetched, '

The condition codes remains unchagned.

ZAP D1(L1,8B1),D2 (L2, B2)

Lre THl%]&[g0]%[fo]

[ 78 nn 1516 120 nn 33 36 47

The second operand is placed in the first operand lccation.

The operation is equivalent to an addition to zero. The sign code
is made 1100 for rositive and 1101 fcr negative results in EBCDIC and
1010 for positive and 1011 for negative results in the ASCII mode.

A zero result is always positive.

When the length of the seccnd orerand (L2) is qreater than the
length of the first cperand (L1) a specification error stop occurs.
The instruction is not executed.

The seccnd operand is checked fcr valid sign and digit codes.
Extra high-crder zeros are surrlied if needed, The first and second
operand fields may overlap when the rightmost byte cf the first operand
field is coincident with or to the right of the rightmost byte of the
second orerand.

The condition code is set to CC, C1, or 10 to indicate that the
result is zerc, less than zerc, ¢r greater than zero.
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Add Decimal (S3)

AP D1(L1,B1),D2(L2,B2)

Lra [b 2] [g0] % J}o]

o 78 112 1518 1920 3132 38 28 47

The second orerand is added tc the first operand, and the sum is placed
in the first operand lccaticn,

Wwhen the length of the seccnd cperand (L2) is greater than the
length of the first operand (L1), a specification-error stop occurs.
The instructicn is not executed.

Addition is algebraic, taking into account the sign and all digits
of both operands, All signs and digits are checked for validity.
If necessary, high-order zeros are sutpllied for the seccnd operand.

The first and second operand fields may overlap when their low-
order bytes coincide; therefcre, it is possible to add a number to
itself.

The sign of the result is determined ty the rules cf algebra.
A zero sum is always positive. When higqh-order digits are lost because
of an overflow, a zerc result has tte sign cf the correct sum.

The condition code is set tc €, C1, 10 or 11 tc indicate that
the result is zero, less than zerc, greater than zero, or overflow,
A decimal overflow is not considered to ke an error; that is, no machine
stop occurs.

Subtract LCecimal ({SS)

SP D1(L1,B1),D2 (L2, B2)

Lr [5]t] % [§0]%])05]

0 78 [FRF] 1518 1920 nn 35 36 7

The second operand is subtracted frcm the first operand, and the
difference is placed in the first operand location.

When the length of the second operand (L2) is greater than the

length of the first operand (L1) a specification error stop occurs.
The instructicn is not executed.
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Subtracticn is alcerraic, taking into account the sign and all
digits of both operands. The Subtract Decimal instruction is sirilar
to the Add Cecimal instructicn, except that tte sign of the second
operand 1is changed from positive tc negative or from negative to
positive after the operand is oltained from storage and before the
arithmetic operaticn,

The sign cof the result is determined by the rules of algebra.
A zero difference is always pcsitive. When high-order digits are lost
because of overflcw, a zero result has the sign of the correct
difference.

The operands of a Subtract instruction may overlap when their low-
order bytes coincide even whten their lengths are unequal. This property
may be used to make an entire field or the low-crder part of a field
zero. The ccnditicn code is set tec 003, 301, 10, or 11 to indicate that
the result is zero, less tharn zerc, greater than zero, or an overflow
condition. A decimal cverflow is rct ccnsidered to be an error; that
is, no machine stop occurs.

CcP D1(L1,B1),D2 (L2, B2)

L~ [u]o%]®gol® o]

[ Te niz 1518 1920 3132 35 38

The first operand is ccmpared with the second, and the condition code
indicates the compariscn result.

When the length of the seccnd operand (12) is greater than the
length cf the first operand (L1), a specification-error stop OCCUrS.
The instructicn is not executed.

Comparison is right to left, taking into account the sign and all
digits of both operands. All signs and digits are checked for validity.
If the second operand field is chorter in length than the first operand
field, the second operand field is extended with high-order zeros.

A positive zero ccmpares equal tc a negative zero. Neither operand

is changed as a result of the oreration. Overflow cannot occur in
this operation.

The first and second fields may overlap when their low-crder bytes
coincide. It is fpossible, therefore, tc ccmpare a number to itself,

A Decimal Ccmpare instructicn differs in several respects from

a Logical Ccmrare instruction. Signs, zeros, and invalid characters
are considered and fields are extended when unequal in length. The
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condition code is made CQO if the cperands are equal, 01 if the first
operand is lcw, and 15 if the first cperand 1is high.

- —— ——— e

mMP D1(L1,81),D2 (L2, B2)

R Y

0 78 1n12 1514 1220 3132 35 36 a7

The product of factor cne (thke first operand) times factor two (the
second operand) replaces the first operand. A multiplication can be
performed only onr data in the packed fcrmat. The length codes containad
in the L1 and L2 fields specify the nurber of bytes that extend to

the left of the urits byte. The units byte is the rightmost byte of

a packed decimal ocperand and it ccntains one digit and the sign.

Factor two is lirited to a size cf 15 digits plus the sign, or in other
words, the length code of factor twc must nct be greater than 7.
Furthermcre, the length code cf factor twc must always be smaller than
the length ccde of factcr 1. If 12 is greater or equal to L1, or if

12 exceeds 7, a program error stcr occurs.

Factor cne is linited to a size of 16 bytes (length code 15).
The main storage location cf factor cne is specified by the B1-D1 field
according to the rules for direct or effective-address generation.
similarly, the lccaticn of facter twc is specified by the B2-D2 field.

Since the nurber cf digits ir the product (the result) is the sum
of the number of digits in both operands, factor one muist have as many
leading (high-order) zero bhytes as factor two has data bytes (L2+1).
This regquirement for the factor cne field ensures that no product
overflow can cccur. If factcr cne has insufficient high-order zeros,
" a program error stop occurs. Tle sign of the product is developed
from the signs of bcth operands according to the rules of algebra.
This is true alsoc when cne cr tcth operands are zerc. If the larger
of the two factors is 15 digits or less, the most efficient use of
this instruction is realized wken the larger factor is used in the
second operand.

The factor two field may cverlap the product field when the low-

order hytes of both fields coincide. The ccndition code is not changed
by a Multiply Decimal instructicn.

Terminal Ccntrcl Urit 1-31



DpP D1(L1,81),D2 (L2, B2)
Lo Julwla]jfo]e o]
0 78 1M12 1516 1920 3132 3536 47

The dividend (the first operand) is divided by the divisor (the second
operand) and is replaced by the quotient and remainder., A divide
operation must be performed cn data in the packed fcrmat cnly., Length
codes, contained in the L1 and 12 fields, specify the number of bytes
to the left of the units byte. Each kyte contains tweo arithmetic
digits, except the units byte which contains one digit and a sign.

The location of the dividend is specified by the B1-D2 field, and the
location of the divisor is srecified by the B2-D2 field. The result
censists of the quotient and the remainder.

The quotient field is placed leftmost in the first operand field.
The remainder field is placed rightmost in the first operand field
and has a size equal to the divisor size. Together, the quotient and
remainder occupy the entire fcrrer dividend field; therefore, the
address of the quotient field is the address of the first operand.
The size of the quotient field in eight-bit bytes is L1-12, and the
length code for this field is one less (L1-L2-1). +when the divisor
length code is larger than seven (15 digits and sign) or larger than
or equal to the dividend length code, the operation is not executed
and an error stof occurs.

The dividend, diviscr, quotient, and remainder are all signed
integers, right-aligned in their fields. The sign of the quotient
is determined by the rules cf algebra frem dividend and divisor signs.
The sign of the remainder is the same as tte dividend sign. These
rules are true even when quotient or remainder is zero.

A divide check occurs when the guotient is larger than the number
of digits allowed for it, or if the dividend does not have at least
one leading zero. If a divide check cccurs, the operation is not
executed and a decimal-divide-error stop cccurs. Divisor and dividend
remain unchanged in their stcrage locations.

The divisor and dividend fields may overlap only if their low-order
bytes coincide.

The conditicn code remains unchanged for division, and overflow
cannot occur.
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Programming Nctes

The maximum dividend size is 30 digits and sign (16 packed bytes).
Since the smallest remainder size is cne digit and sign, the maximum
quotient size is 29 digits and sign,

The condition for a divide check can bte determined by a trial
subtraction. The leftmost digit of the diviscr field is aligned with
the leftmost-plus-one digit of the dividend field. When the divisor,
so aligned, is less than or equal to the dividend, a quotient overflow

is indicated.
By programming a Divide Pecimal instruction so that the dividenad
field (the first operand) has a number of high-order zero digits equal

to the field size of the divisct field (the second operand), a divide
check occurs cnly when a divisicn bty zero is attempted.

DECIMAL ARITHMETIC EFROR CONLITICNS

The following error conditicns may cccur during the instruction or
execution phases of decimal arithmetic operations:

1. Operation code invalid.

2. Addressing error.

a. An instruction address cr an cperand address refers to the
protected first 144 bytes of main stcrage.

b. An instruction address or an crerand address is outside
availakble stcrage.

C. An instruction occuries the last two (highest) main storage
positions.

3. Specification errcr.

a, The low-order bit of an instruction address is 1.

b. For Zero and Add, Ccmrare Decimal, Add Decimal, and Subtract
Decimal instructions, the length code L2 is greater than the
length ccde L1,

C. For Multiply Decimal and Divide Decimal instructions, the

length code 12 is greater than 7 or greater than or equal
to the length code L1.
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4, Data errcor.

a. A siagn or digit code of an operand in the Zero and Add, Compare
Pecimal, Add Decimal, Suktract Deciral, Multiply Decimal,
or Divide Deciral irstructicn is incorrect, or the operand
fields in these instructions overlap incorrectly.

b. The factor cne field (first crerand) in a Multiply Decimal
instructicn has insufficient high-order zeros.

5. Decimal divide check. The resultant quotient in a Divide Decimal
instruction exceeds the specified data field instruction (including
division ty zero) or the dividend has nc leading zero.

6. Control Unit parity error.

LCGICAL CPERRTICNS

A set of operations is provided for the logical manipulaticn of data.
Generally the operands are treated as characters, eight bits at a time.
Ir a few cases the left or right four bits c¢f a byte are treated
separately. The operands are either in storage or are introduced from
the instructicn streanm.

Processing of data in stcrace proceeds left to right through fields
which may start at any byte fpcsiticn.,

Except for the Edit instruction, data is not treated as numbers
in this section. Editing provides a transformation from packed decimal
digits to alphameric characters.

The set cf logical operations includes move, ccmparison, editing,
testing, and tit-connective operaticns.

The condition code is set as a result of all logical connective,
ccmparison, e€diting, and testing oreraticns.

DATA FORMAT

Data resides in stcrage, or is intrcduced from the instruction itself.
The data size may be a single character, or variable in length. When
two operands participate they have equal length, except in the Edit
instruction.
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In storage-to-storaye operations, data has a variable field-length
format, starting at any byte address (except for the first 144 storage-
protected bytes) and continuing tc a maximum of 256 bytes. Processing
is left to right.

Operations which introduce data frcm the instruction into storage
are restricted toc an eight-tit tyte. Only cne byte is introduced fronm
the instruction, and crly cne byte in stcrage participates.

Fditing requires a packed decimal field; in other operations no
internal data structure is required and all bit configurations are
considered valid.

In storage-to-storage operaticns, the operand fields may be defined
in such a way that they overlap. The effect of this overlap depends
upon the operation. When the cperands remain unchanged, as in compare,
overlapping does rot affect tle executicn of the operation. 1In the
case of rove and edit cperaticns, cne orerand is replaced by new data,
and the execution of the operaticn may be affected ky the amount of
overlap and the manner in which data is fetched or stored. For purroses
of evalauting the effect cf cverlapred cperands, it can be considered
that data is always handled cne eight-tit byte at a time. All
overlapping fields are considered valid, but in the edit operations
overlapping fields give unpredictable results.

CCNDITION CODE

The results cf most logical creraticns are used to set the condition
code. The move orperations leave this ccde undisturbed. The condition
code can be used for deiciscn-raking by subsequent btranch-on-condition
instructions.

There are four types cof ccrdition code settings for logical
irstructions. For the Edit instructicn the codes 00, 01, and 10
indicate a zero, less than zerc, and greater than zero content of the
last result field. '

For the lcgical connective operaticns, the codes 00 and 01 indicate
a zero or ncnzero result field,

For the Ccmpare Logical instrucitcn, the codes 00, 01, and 10
indicate that the first operand ccmpared equal, low or high.

Figure 1-11 shows the conditicn ccde for logical operations.
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01

10

Test under Mask
AND

Compare Logical
OR

Edit

zero
zero
equal
zero
Z€ero

mixed
not zero
low

not zero
< zero

high

> zero

one

Figure 1-11,

Conditicn Code Settings for Logical Operations

INSTRUCTICN FORMAT

Logical instructicns use the SI or £S formats.

SI FCRMAT

Second
Operand

First
Operand
Address
A

op code I

In the SI forrat,

the address which specifies the core-storage location

of the first operand field is derived frcm the contents of the B1-D1

fields cf the instruction.
the B1~-D1 fields

The address may be taken directly from
{direct addressing) or an effective address may be

formed by adding the contents of the general register specified by
the B1 field to the ccntents of the D1 field (effective addressing).

Results rerlace the first crerand. The contents of the general

registers are not chanqged.
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SS Format

First Second
Operand Operand
length Address Address

f—"'/\ \/_'_A h

[ op code L g lzzijliria2 l??i D?‘j

] 7e 1518 1920 3132 35 38

The address which specifies +he core-storage location of the first
operand field is derived frcm the B1-D1 fields of the instruction.

The B2-D2 fields specify the leftmcst byte of the second operand field.
The first and second operand fields are the same length, except in

the Edit instruciton. The number of bytes extending to the right of
the first byte is specified by the I field cf the instruction,

The address of each operand may be derived by either direct or
effective addressing. The result of the operation replaces the first
operand, and is never stored cutside the field specified by the address
and length fields of the instruction. The ccntents of the general
registers remain unchanged.

INSTRUCTIONS

-  —— — — — — ———

The logical instructions, their mremcnics, formats, and operation codes
are shown in Figure 1-12.

Name Mnemonic | Format oPé::;eim
Move MVI SI 92
Move MVC SS D2
Move Numerics MVN SS D1
Move Zones MvZ SS D3
Compare Logical CLt St 95
Compare Logical CLC SS D5
Edit ED SS DE
AND NI SI 94
OR [o]] St 96
Test under Mask ™ N 91
Hclt and Proceed HPR St 99
Tronslate TR SS DC

Figqure 1-12, Lcgical Instructicns
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The second operand is placed in the first operand location.

The SS format is used for a storage-to-storage move. The SI format
introduces one eight-bit byte frcm the instruction streanm.

In storage-to-storage movement, the fields may overlap in any
desired way. Movement is left to right through each field, a byte
at a time,

The bytes to be moved are nct changed or inspected. The condition
code remains unchanged. It is possible to propagate one character

through an entire field by having the first operand field start one
character to the right of the second operand field.

- ——— T ——— i e ——

MVN D1(L,B1),D2(B2)

Lo T o« [5[g%] % [ %]

[ 7 1516 1920 3N 38 3

The low-order four bits of each byte in the second operand field, the
numerics, are placed in the low-order bit positions of the corresponding
bytes in the first operand field.
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The instruction is storage-tc-stcrage. Movement is left to right
through each field, one byte at a time, and the fields may overlap
in any desired way. :

The numerics are not changed or checked for validity. The high-
order four bits of each byte, tte zones, remain unchanged in both
operand fields., The condition code remains unchanged.

0 7 1516 1% 20 3t 35 18 47

The high-order four bits of each byte in the second orperand field,
the zones, are placed in the high-order four bit positions of the
corresponding bytes in the first operand field.

The instruction is storage-tc-stcocrage. Movement is left to right
through each field one byte at a time, and the fields may overlap in
any desired way.

The zones are not changed or checked for validity. The low-order

four bits of each byte, the numerics, remain unchanged in both operand
fields. The condition code remains unchanged.

Compare Logical (SI)

cLl D1(B1), 12

95 [ 2 ]38 ] 0,

[} 73 1516 172 n
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Ccompare Logical (SS)

CcLC D1 (L,B1),D2(B2)

Los 1 ¢ 1514 %[o%]

78 1316 120 N2 35 3 47

The first operand is compared with the second operand, and the result
is indicated in the condition code.

a

Th hat are instruction-to-storage,

e i
and storage

-

uctions allow ccmgatrisons

Comparison is binary, and all codes are valid. The operation
proceeds left to right and terminates as soon as an inequality is
found. The condition code is made 00 if the operands are equal, 01
if the first operand is low ccmpared to the second operand, and 10
if the first operand ccmrares high.

In the Ccmpare Lcgical irnstruction, all hits are treated alike
as part of an unsigned binary quantity. In the variable length storage-
to-storage operation, comparison is left to right and may extend to
field lengths of 256 bytes. This instruction may be used for alphameric
comparison.

Edit (8S)

ED D1 (L, B1), D02 (B2)

I N Y

[] e 181 w220 3NN 33 e

The format of the source (the second operand) is changed from packed
to zoned and is edited under ccntrcl of the pattern (the first operand).
The edited result replaces the pattern.

Fditing includes sign and punctuation control and the suppression
and protection of leading zercs. It also facilitates programmed
blanking of all-zero fields. Several numbers may be edited in one
operation, and numeric information may be combined with text,

The length field applies to the pattern (the first operand). The

pattern has the unpacked format and may contain any character. The
source (the second operand) has the packed format and must contain
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valid decimal digit and sign codes. The left four bits of a byte must
be 0000-1001. The right four bits are recognized as either a sign
or a digit.

Both operands are processed left to right, one character at a time.
Overlapping pattern and source fields give unpredictable results,

The character to be stored in the first operand field is determined
by three things; the digit obtained from the source field, the pattern
character, and the state of a trigger, called the § trigger. One of
three actions may be taken:

1. The source digit is expanded to zoned format and is stored into
the first operand.

2. The pattern character is left unchanged.
3. A fill character is stored into the first operand.

S Trigger: The S trigger is used to control the storage or replacement
of source digits and pattern characters. Digits to be stored in the
result, whether zero or not, are termed significant., Pattern characters
are replaced or stored when they are significance-dependent (such as

- punctuations) or sign-dependent (such as credit symbols). The S trigger
is also used to record the sign of the source and it sets the condition
code accordingly.

The S trigger is set to the 0 state at the start of the operation
and is subsequently changed depending upon the source number and the
pattern characters.

Pattern Character: Three pattern characters have a special use in
editing. They are the digit-select character, the significance-start
character, and the field-separation character., These three characters
are replaced, either by a source digit or by a fill character; their
encoding is shown in Figure 1-13.,

The functions of these characters are as follows:

1. The digit=-select character causes either a source digit or the
£fill character to be inserted in the result field.

2, The significance-start character has the same function but also
indicates, by setting the S trigger, that the following digits
are signifcant.

3. The field-separation character identifies individual fields in
a multiple-field editing operation. The character is replaced
by the fill character. The S trigger is set to zero, and testing
for a zero-field is reinitiated.
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4, All other pattern characters are treated in a common way; if the
S trigger is 1, the pattern character is left unchanged; if the
S triqgger is 0, the pattern character is replaced by the fill
character.

If the pattern character is either a digit-select or a significance-
start character, the source digit is examined. The source digit
replaces the pattern character if the S trigger is 1 or if the source
digit is nonzero. If a ncnzero digit is inserted when the S trigger
is 0, the S trigger is set to 1 to indicate that the subsequent digits
are significant. TIf the S trigger and the source digit are both 0,
the fill character is substituted for the pattern character.

Source Digit: When the source digit is stored in the result, its code
is expanded from the packed to the zoned format by attaching a 2zone.
The zone code is 1111 in the binary-coded-decimal mode and 0101 in
the ASCII mode. The type of zone used depends on the mode bit 6 of
the PSW. For example, if the mode bit is 7, 1111 (the EBCDIC zone)
is used.

The source digits are examined only once during an editing
operation. They are slected eight bits at a time from the second
operand field., The leftmost four bits are examined first, and the
rightmost four bits remain available for the next pattern character
wvhich calls for a digit examinaticn. However, the rightmost four bits
are inspected for a sign code immediately after the leftmost four bits
are examined,

Any of the plus-sign codes 1010, 1100, 1110 or 1111 sets the S
trigger to 0 after the digit is inspected, whereas the minus-sign codes
1011 and 1101 leave the S trigger unchanged. When one of these sign
codes is encountered in the four rightmost bits, these bits are not
longer treated as a digit, and a new character is fetched from storage
for the next digit to be examined.

A plus sign sets the S trigger to 0 even if the trigger was set
to 1 for a nonzero digit in the same source byte or by a significance-
start character for that digit.

Fill Character: The fill character is obtained from the pattern as

part of the editing operation. The first character of the pattern
is used as a fill character and is left unchanged in the result field,

except when it is the digit-select or significance-start character,
In the latter cases, a digit is examined and, when nonzero, inserted.

Result Condition: To facilitate the blanking of all-zero fields, the
condition code is used to indicate the sign and zero status of the
last field edited. All digits examined are tested for the code 0000.
The presence or absence of an all-zero source field is recorded in
the condition code at the termination of the editing operation.
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1. The condition code is made 0 for a zero source field, regardless
of the state of the S trigger.,

2. For a nonzero source field and an S trigger of 1, the code is made
1 to indicate less than zero,

3. For a nonzero source field and an S trigger of 0, the code is made
2 to indicate greater than zero.

The condition-code setting pertains to fields as specified by the
field-separator characters, regardless of the number of signs
encountered.

For the multiple-field editing operations, the condition-code
setting reflects only the field fcllowing the last field-separator
character. When the last character of the pattern is a field-separdtor
character, the condition code is made 0.

Figure 1-13 gives the d