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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,
A form has been provided at the back of this publication for reader's
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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,.
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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.

Terminal Ccntrcl Unit 1-29



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.
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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 details of the edit operation. The leftmost
columns give the pattern character and its code. The next columns
show the states of the digit and the S trigger used to determine the
resulting action. The rightmost cclumn show¥s the new setting of the
S trigger.

The example which follows shows the step-by-step editing of a
packed field with a length specification of four against a pattern
13 bytes long. The following symbols are used:

Symbol Meaning

b blank character

{ (hexadecimal 21) significance-start character
) (hexadecimal 22) field-separation character

d (hexadecimal 20) digit-select character

Assume:

Loc 1000-1012 (first operand) bdd, dd(.ddbcCRr
Loc 1200-1203 (second operand) 02 57 42 6+

Reg 12 (decimal equivalent) 1000
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Character Name and Examine Trigger Digit Result Trigger
Code Purpose Digit Status Status Character Set
0010 0000 digit select yes s=1 digit
s=0 d not 0 digit s=1
s=0 d=0 fill
0010 0001 significance yes s=1 digit
start s=0 d not 0 digit s=1
s=0 d=0 fill s=1
0010 0010 field ne fill s=0
separator
other message no s=1 leave
insertion s=0 fill
Notes:
d Source digit
s S trigger ( 1: minus sign, digits, or pattern used; 0: plus sign, fill used)
digit A source digit replaces the pattern character
fill The fill charactes replaces the pattern character
leave The pattern character remains unchanged

Figure 1-13,

FEdit Characteristics

The instruction is:

op code

L B

D,

Dy

[,EEWLL 12 ]vz[ 0

T

o )]
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and it provides the following:

Pattern Digit S Trigger Rule Location 10C0-1012
b ) leave (1) bdd, dd (.ddbCR
d 0 0 fill bbd, 44 (.d4dbCR
a 2 1 digit b2, 44 (.ddbCR (2)
’ 1 leave same
d 5 1 digit Eb2, 54 ({.ddbCR
d 7 1 digit kb2, 57(.ddbCR
{ 4 1 digit bb2, 574,44dbCR
. 1 leave same
d 2 1 digit bb2, 574,2dhCR
a 6+ 0 digit tkb2, S74.26bCR (3)
b 0 £ill same
C 0 fill bb2, 574.26bbR
R 2 £ill bb2,574.26bbb
Notes:

1. This character is saved as the fill character.

2. Pirst nonzero digit sets S trigger to 1.

3. Plus sign in this same byte sets S trigger to zero.
Condition code = 2; result greater than zero.

Thus:
Loc 1000-1012 (after) bt2, 574.26bbb

If the second operand in location 1200-12%3 is €0 00 02 6-, the
following results are obtained:

Loc 1000-1012 (before) bdd,dd (+4dhCR
Loc 1000-1012 (after) bbbbb, 26LCR

Condition code=1; result less than zero
In this case the significance-start character in the pattern causes

the decimal point to be left unchanged. The minus sign does not reset
the S trigger so that the CR symbol is also preserved.
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This instruction uses the SI format, which provides a single character
instruction-to-storage operation. This instruction may be used to
set a bit to 0.

The logical product (AND) of the bits of the first and second
operands is placed in the first operand location.

Operands are treated as unstructured logical quantities, and the
connective AND is applied bit by bit. All operands and results are
valid. The condition code is set to zero (00) or nct zero (01)
according to the result of the operation (See Fiqure 1-11).

[r 96 I 2 [ ) [ 0, J

This instruction uses the SI format, which provides a single character
instruciton-to-storage operation. This insturction may be used to
set a bit to 1.

The logical sum (OR) c¢f the bits of the first and second operand
is placed in the first operand lccation, The condition code is set
to zero (00) or not zero (01) according to the result of the operation
(See Figqure 1-11).

Operands are treated as unstructured logical quantities, and the

connective inclusive OR is aprlied bit by bit. All operands and results
are valid.

Terminal Ccntrol Unit 1-46



I U I

This instruction inspects the first cperand bits and compares them

with the I2 field, which is the mask. The mask determines which operand
bits are to be compared, as follows: each zero bit in the mask excludes
the corresponding operand bit from the ccmparison. Thus only the 1-
bits in the mask are compared with the corresponding operand bits.

The comparison leads to one cf three different results, neither the
first operand nor the mask being changed:

1. If each 1-bit in the mask is matched by a corresronding 1-bit in
the first operand, the ccnditicn code is set to 11.

2. If only some of the 1-bits in the mask are matched by 1-bits in
the first operand, the conditicn code is set to 01.

3. TIf none of the 1-bits in the mask are matched, or if the mask is
zero, the conditicn code is set to 00.

Halt and Proceed (SI)

HPR D1 (B1),12

[ » [ =14 °

L] 78 1518 1926 n

The Halt and Proceed instruction is used to stop the control unit.
All input/output operations in rrogress are continued to completion.

When the control unit has been stopped by the Halt and Proceed
instruction, the prograr may be resumed with the next sequential
instruction by operating the Start key on the control unit console.

This instruction uses the SI format in which the I2 field is
ignored. The direct or effective address derived from the B1-D1
fields is displayed in the E-S-T-R registers on the console to
identify the Halt and Proceed instructicn. The condition code

-remains unchanged.
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Translate (SS)

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

L % (& ] % Jjf ° ]

0 s 1516 1920 nn 35 36 a7

Q
g}
-

The first operand contains the data that is to be translated. The
second operand represents the translating list. The first operand

is selected byte by byte proceeeding from left to right, The binary
value of each oprand 1 byte (the argument) is added to the second
operand (left byte) address. The resultant new address is used to
select an appropriate byte from the translating list (second operand)
which contains the function bytes. The selected function byte replaces
the original argument byte in the first operand.

A1l data is valid. The operaticn proceeds until the first operand

field is exhaused. It is permissible for the list and the first operand
field to overlap. The conditicn code remains unchanged.

FRROR CONDITIONS
Error conditions which may cccur during the instruction or execution
phase of logical operations are:
1. Operation code invaliad.
2. Addressing error.
a. An instruction address or an operand address refers to the
protected first 144 bytes of main stcrage (addresses 0 to

143,

b. An instruction address or an operand address is outside
available storagqge.

c. The last (highest) main-storage position contalns any part
of an instruction to be executed.

3. Specification error. The lcw-crder bit of an instruction address
is 1.

4, Data error. An invalid digit code is contained within the second
operand field of an Edit operation.

S. Control Unit parity errcr.

Terminal Ccntrol Unit 1-&8'



BRANCHING

Instructions are performed by the contrcl unit primarily in the
sequential order of their location. 1A departure from this normal
sequential operation may cccur when branching is performed. The
branching instructions provide a means for making a two-way choice,
to reference a subroutine, or tc repeat a segment of coding, such as
a loop.

Branching is performed by introducing a branch address as a new
instruction address.

The branch address may be obtained from one of the general registers
or it may be the address specified by the instruction. The branch
address is independent of the urdated instruction address. Branching
may be conditional or unccnditional., {Unconditional branches alvays
replace the updated instruction address with the branch address.
Conditional branches may use the branch address or may leave the updated
instruction address unchanged. W%hen branching takes place, the
instruction is called successful; ctherwise, it is called unsuccessful.

Whether a conditional branch is successful depends on the result
of operations preceding the branch. An example is the Branch on
Condition instruciton, which inspects the condition code that reflects
the result of a previous arithmetic or logical operation.

puring a tranching operaticn, the rightmost half of the PSW, the
updated instruction address, may be stored before the instruction
address is replaced by the branch address. The stored information
may be used to link the new instruction sequence with the preceding
sequence.

Instruction Format

Branching instructions employ the RR, RX, and the SI formats.
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The R1 field may specify a general register into which the updated
instruction address is to be stored as link information, or may contain
a mask which is employed to identify the bit values of the condition
code.

The R2 field specifies the general register which contains the
branch address.
RX Format
[ opee [ M [oxo] 8 | P, ]

[] 78 AR 1516 1920 i

The R1 field may specify a general register into which the updated
instruction address is to be stored as link information, or may contain
a mask which is employed to identify the bit values of the condition
code. :

The direct or effective address derived frcm the B2-D2 fields in the
branch address.

TS 1516 1920 3

The SI format is employed by cnly one branching instruciton, Set PSW.
The direct or effective address derived from the B1-D1 fields specifies
the location of a word in main storage which is to replace the rogram
Status Word (PSW); the contents of the I2 field are ignored,

Instructions

The branch instructions, their operation codes, formats, and mnemonics
are shown in Pigure 1-14,
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. Operation
Name Mnemonic | Format Code

Branch on Condition BCR RR 07
Branch on Condition BC RX 47
Branch and Store BASR RR 0D
Branch and Store BAS RX 4D
Set PSW SPSW Si 81

Figure 1-14, Branch Instructicns

Branch op Condition (RR)

BC M1,D2 (0, B2)

[ & | mi [oooo| &2 | D2 |

0 78 112 516 19 20 31

The updated instruction address is reglaced by the branch address if
the state of the condition code is as specified by M1; otherwise, -
normal instruction sequencing proceeds with the updated instruction
address.

The M1 field is used as a 4-bit mask. The four bits of the mask
correspond, left to right, with the four condition codes, 0, 1, 2,
and 3, as shown in the following table. The branch is successful
wvhenever the condition code has a corresponding mask bit of one. The
condition code is not changed.

Condition Code Instruction Bits
0 (0 0) 8
1(0 1) 9
2 (1 0) 10
3 (1Y 1

Wwhen all four mask bits are ones, the branch is unconditional.

When two mask bits are ones (for example, bits 8 and 9) the branch
will occur when the condition code is either 0 or 1. When all four
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mask bits are zero or when the R2 field in the RR format contains zero,
the branch instruction is equivalent to a no-operation. Refer to
Appendix G for a table of all operations which affect the condition
codes.

BAS R1,D2 (0, B2)

| © | [o0oof 82 | D2 |

78 1z 15 16 1 3

The rightmost 16 bits of the PSW, the updated instruction address,
are stored as link information in the general register specified by
R1, Simultaneously the instruction address is replaced by the branch
address.

The condition code remains unchanged.

When in the RR format, the R2 field contains zero, the link
infomration is stored without tranching.

set B3R (SI)

SPSW D1(B1)

s | ><T1 wm | DI

78 15 16 19 20 3

The 32-bit word (four 8-bit bytes), located in main storage with the
leftmost byte at the first operand address, replaces the Program Status
Word.

Bits 8-15 in the Set PSW instruction are ignored.
The PSW has a fixed length format of one word (see Figure 4).

It is lcoated in an unaddressable register in the control unit and
is employed as an internal control. Since the PSW contains the address
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of the next sequential instruction, the Set PSW instruction is
equivalent to a branch operation.

Programming Notes:

1.

2.

3.

4.

The instruction address portion of the word which is transferred
from main storage to the PSW by the Set PSW instruction should:

a. Not refer to the protected first 144 bytes of main storage.
b. Have the least significant bit zero, and
c. Be within the limits of available storage.

If these conditions are not satisfied, an addressing or
specification error stop will occur.

The condition code is set by the Set PSW instruction to the value
contained in the word transferred from main storage to the PSW.

Main-storage boundaries are not required of the first operand
address in the Set PSW instruction.

The condition code, ASCII mcde bit, channel mask and overlap mode
bit in the PSR are zero when the contrcl unit is in the reset
state. The instruciton address protion of the PSW is not changed
wvhen the contrcl unit is reset.

Error Conditions

Error conditions which may occur during a branching operation are:

1.

2.

Operation code invalid.
Addressing error.

a. An instruction address or a branch address either refers to
the protected first 144 bytes of main storage, or is outside
available storage. If an incorrect branch address has been
specified, the control unit indicates the error during the
execution of the branch instruction.

Note: When the branching ccndition is not met and the branch

address is invalid, either an addressing error indication
or a no-operation may result.
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b. The R1 field of a Branch and Store instruction contains binary
values 0 through 7, cr the R2 field of an RR format branch
instruction contains binary values 1 through 7.

c. An instruction part is located in the highest two main-storage
positions.

3. Specification error.
a. The low-order bit of an instruction address is 1.

b. Bits 12 through 15 of an RX format instruction are not all
0

ve

4. Control Unit parity error.

TERMINAL CONTRCL UNIT CONSOLE

The console (Figure 1-15) provides the switches, keys, and lights
necessary to operate and control the terminal.

OPERATING KEYS AND INDICATORS

Register Display Indicators

The eight primary data registers in the control unit are displayed
on the console.
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{ BINARY SYNC COMM ADAPTER |
BSCA CHECK RECEIVE  TRANSMIT
READY  CONDITION TESTMODE  BUSY MODE MODE
DATASET CHARACTER RECINITIAL RECEIVE  TRANSMI
READY PHASE  OR ADPREP TEXT MODE LINE LINE
Al TRANSPARENT CLEA
POSV‘;R A:;QOU?S“I"L ADDRESSED ' e IT8 ENABLED SENRDTO
[ READER CONTROL ]
READ FEED
| CHECK l I "E“DYJ [CHECKJ Fm'euou n l] l]
WAIT LAMP TIME
STATE TEST SHARING
I ] START NPRO ] rsropj
[ 1 1L L ] [ 3 L s 1L T 11 R ]
P8 421 X ERE P8 421 N IERE P8 421 P8 a2t
L P 1( ! ]
P8 421 P8 421

PUNCH SYSTEM [11/0 CHECK
ONLINE ] START “ sTOP [ sTOP J { LOAD “ RESET RESET
[ ATTENTION ] L PRINT FUNCTION ]
PROCESS POWER READER PRINT PRINT
READY CHECK
PUNCH PRINTER
END OF
2152 FORMS
FORMS SYNC
PRO.CESS CHECK CHECK
INSN STEP® ___ @ ADR STOP
7 N
STOR DPLY® / \, @ OPLY REG
STOR ALTER ® J eaLrernes [ PRINTER CONTROLS |
. V4
STOR SCAN @ “—” @STORFILL POWER START CHECK sTop
CONTROL RESET

POWER POWER CARRIAGEI CARRIAGE| |CARRIAGE
ON OFF SPACE RESTORE sTOP
Figure 1-15. Console

System Reset Key

Operation of the System Reset key stops the control unit immediately,
including all I/O operations which may ke in progress. 211l error
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conditions are reset., The condition code, channel mask, ASCII mode

bit, and overlap mode bit in the PSW are reset to zero. A system reset
sets the mode to EBCDIC, The instruction address portion of the PSW

is not changed. All registers displayed on the console are reset to
zero, that is, all bit lights are off except the parity hkits (P),

The system reset function is also performed when the power on or program
load sequences are initiated.

Note: If successful operation cannot be resumed after the System Reset
key has been pressed and the interrupted program has leen reloaded,
the attention of a Service Representative is normally required.

o T & e

This indicates that the 1442 Card Punch is ready to accept instructions
from the control unit. The following conditions must be satisfied:

1. Terminal must be in communications mode.
2, Ready indicator must be lit on the 1442 console.

Start Key

The start key starts or resumes operation of the control unit.

Stop Key and Indicator

Pressing the stop key stops the control unit at the completion of the
execution of the instruction in progress. All time-shared I/0
operations in progress continue to completion. The stop key indicator
is on when the control unit is stopped by any stop condition.

Program Load Key

The following conditions must ke established before the program load
function is operable:

1. The mode switch on the control unit console must be in the Process,
Address Stop, or Instruction Step position.

2. The 2922-3 Terminal Reader must be in a ready condition.
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When these conditions are met, operating the Program Load key
initiates the system reset function, followed by a read-card operation
starting at the main-storage location set in the Address/Register Data

switches,

If the mode switch is in any position other than Process, Address
Stop, or Instruction Step when the Program Load key is operated, the
control unit performs the system reset function and then stops.

If an error has occurred during loading of the control program,
however, a code is displayed in the U-L registers. The operator can
clear the errors listed inh Fiqure 1-16 as shown: in the "Next Action"
column. Any other errors require the attention of the Service
Representative.

Display in Meaning of

U-L Registers Display Next Action

00 Successful load Set Mode switch on CU to
PROCESS

01 Read error and/ Restart the control program load
or feed check procedure

02 Card missing,
out of sequence, | Check columns 73-80 for correct
extra, or dupli- card sequence, Incorrect

cate ' numeric order means a card is

out of sequence; incorrect alpha-
betic order means a section is

out of sequence. Correct the
sequence error and restart the
load procedure.

03 Section out of
sequence

Figure 1-16. Control Program Load Errors

I/0 Check- Reset Key

The I/O Check Reset key resets all program testable I/O error
indicators. See "Operating Conditions."

Power Control

When this key-operated, power-on control switch is turned to the ON
position, the Power-On key is operative, When the power is on, the
key may be removed. The Power-Off key does not depend on the power
control switch.

Emergency Pull

This switch (not shown) is only present if the optional 1442-5 card
punch is installed. In an emergency, this switch may be pulled to
immediately disconnect all power from the system. This switch must be
manually reset by a service representative before power may be restored.
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Power 92 Kez

The power-on sequence is initiated when this key is operated if power
is not on. Operation of the Power On key has no effect if power is
on.

Power Off Key

Operation of the Power Off key removes power from the terminal.

Attention Indicators

The Attention indicators show the particular condition or the
particular I/0 device that has caused the terminal to stop. In this
manner the operator is guided quickly to the respective device and
an inspection of its console defines the stop condition in detail.

Process !

This indicator shows that an error has occurred within the control
unit. All operations are halted immediately and usually the attention
of a Service Representative is required. However, operations can be
resumed by first pressing the System Reset key and then loading the
program again,

Power

This indicator shows that a power failure has occurred either in the
control unit or in an I/O device. A power failure is defined as the
loss of any of the voltages that are generated by the power supply

or as an overheating condition in any of the gates in the control unit
or I/0O devices. Restore power by first pressing the System Reset key
and then the Power On key.
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Reaaer

This indicator shows an unusual condition in the
filled stacker, an empty hopper, an open machine
or a feed check. Machine checks usually require
Representative.,

2152

natnaesm———

This indicator shows an unusual condition in the
such as an end-of-forms condition, a P1 check or
power supply failure, or disconnected catles.

Printer

This indicator shows an unusual condition in the
Printer, such as a hammer misfire, a sync check,

Punch

This indicator shows an unusual condition in the

2922-3, such as a
cover, a read check,
action from a Service

2152 Printer-Keyt ard,
a P2 check, a 2152

2922=2 Terminal
or a forms check.

IBM 1442 Card Punch

Model 5, such as a feed check, an empty hopper, or a full stacker.

CONTROL SWITCHES

Mode Switch

Process

In the Process position, the control unit operates under control of

the stored program. See "Operating Conditions."
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The control unit stops when the program has reached the instruction
vhich is located at the main-stcrage address indicated on the
Address/Register Data switches. Otherwise it operates in the same

way as in process mode. When an interrupt occurs and the stop address
set up on the Address/Register Tata switches is identical with the
instruction address contained in rhe new PSW, the control unit does
not stop on this address.

Instruction Step

In this mode of operation, the control unit executes one complete
instruction for each operation cf the Start key. Since the interrupt
condition is always tested prior to the execution of an instruction,
it is possible that an interrupt occurs when the Start key is pressed;
in this case, the control unit stops after the instruction that is
designated by the address in the new PSW is executed.

Storage Display

The eight-bit byte of data located in main storage at the address
indicated on the Address/Register Data switches is displayed in the
U-L register when the Start key is operated. The address of this byte
of data is displayed in the E-S-T-R registers.

torage Alter

To alter the contents of a main-storage byte, the operator must set
the Address/Register Data switches to the desired location and select
the bit configuration of the eight-bit byte of data to be entered by
setting the two Data switches., When the Start key is operated, the
byte indicated on the Data switches is entered. The byte which was
entered is displayed in the U-L registers and the address of this byte
is displayed in the E-S-T-R registers.

The'eight-bit byte of data is represented in hexadecimal notation

on the Data switches. Data switch 1 select the configuration of bits
0 1 2 3 and Data switch 2 selects the configuration of bits 4 5 6 7
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The contents of the eight general registers and also the contents of
certain address registers may be displayed in this mode of operation.
The register to be displayed must first be selected by Data switch

1 according to Pigure 17.

The operator may then display the contents of the selected register
in the E-S-T-R registers by operating the Start key. The number of

the register selected is displayed as a four-bit binary number in the
P register.

The first halfword of the last instruciton executed (OP code plus
byte two of the instruciton) may be displayed in the E-S-T-R registers
in this mode when Register 0 is selected (Figqure 1-17).

Data Switch | Register Selected

(0000) [First two bytes of previous instruction
(0001) |)-Recall Address Register

(0010) [PSW (bits 0-15)

(0011) IPSW (bits 16-31)

(0110) -

General Register 8
(1001) |General Register 9
(1010) ]General Register 10
(1011) |General Register 11
(1100) | General Register 12
(1101) |General Register 13
(1110) |General Register 14
(1111) | General Register 15

MTMOOA®PO0OYOUWEWN~O
—_
(=]
s

Figure 1-17, Data Switch 1

Register Alter

The contents of the eight general registers and certain address
registers may be altered in this mode of operation. The register to
be altered must first be selected by Data switch 1 as shown in Pigure
17. The data to be entered into the selected register is set on the
four Address/Register Data switches. When the Start key is operated,
the data is entered into the selected register. The data which was
entered is displayed in the E-S-T-R registers and the nuamber of the
selected register is displayed as a four-bit binary number in the P
register.

Terainal Control Unit 1-61



Storage Scan

In this mode of operation, the control unit starts at the address
indicated on the Address/Register Data switches when the Start key
is operated. It scans through main storage (from low to high) until
a parity error is detected or the Stop key is operated. If the end
of main storage is reached during the scan, the scan continues from
the beginning of main storage.

(o]
r

D o+
m o

0N ee

The only correct methcd of terminating a scan operation is to
the Stop key.

Lo IR~

S

Storage Fill

In this mode of operation, the control unit enters the contents of
Data switches 1 and 2 into all rositions of main storage, starting
at the address indicated by the Address/Register Data switches.
Operation of the Start key causes the loading of storage to begin.
The loading proceeds from low address locations to high address
locations, and wraps around frcm the high end of main storage to the
low end of main storage. The loading operaticn is terminated by
operation of the Stop key.

Note: The only correct method of terminating a fill operation is to
press the Stop key.

Data Switches

Data switches 1 and 2 are physically located on the control unit console
below the U and L registers. They are 16-position rotary switches

with hexadecimal notation. Data swtich 1 selects the configuration

of bits 0 1 2 3 and Data switch 2 selects the confiqguration of bits

8 56 7 in an eight-bit byte of data in Storage Alter mode. Data
switch 1 is also used for register selection in the Register Dsplay

and Register Alter modes. The hexadecimal representation for all bit
combinations of an eight-bit byte is shown in Appendix E.

The position of the Data switches may be changed without disturbing
control unit operation.
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Address/Register Data Switches

The four 16-position rotary Address/Register Data switches are numbered
1, 2, 3, 4 from left to right and are physically arranged on the control
unit console directly below the E-S-T-R registers. These switches

have hexadecimal notation. A hexadecimal-decimal ccnversion table

is presented in Appendix E. Refer to the Address Stop, Register
Display, and Register Alter modes for the functions of the
Address/Register Data switches.

The position of the Address/Register Data switches may be changed

without disturbing control unit operation, except that a stop may occur
if in the Address Stop mode.

Time-Sharing Switch

When this switch is on, the execution of input/output operations is
time-shared with other control unit operations. When the switch is
off, each input/ocutput operation is completely executed before the
control unit continues with the next sequential instruction.

Lamp Test Switch

This switch may be employed to visually check for burned out indicator
lamps. All indicators on the Terminal Console should be on when the
Lamp Test switch 1is operated.

OPERATING CONDITIONS

During normal operation of the control unit under control of the stored
program, the Stop indicator on the console is turned off. This
indicator is on for all stcp conditions of the control unit. Three
types of stop conditions may occur:

1. Process Check: A process check indicates some fault in the control
unit such as an even parity. It can be reset by operating the
System Reset key.

2. A Normal sStop: In this case, only the Stop indicator is on.
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3. A Programming Error Stop: In this case, the Stop indicator as well
as an error number display in data register I is on. The error
number in data register I is displayed in the binary coded form.
For example, the code €111 represents the nuaber 7 and indicates
that the second operand of a decimal instruction is equal to or
greater in size (field lenqgth) than the first operand.

For normal stop conditions other than a programmed halt operation,
the operation code of the Next Sequential Instruciton (NSI) is displayed
in the U-L registers and the address of the NSI is displayed in the
E-S-T-R registers on the console.

For a programmed halt operation, the halt operation code is

. displayed in the U-L registers and the direct or effective address
derived from the B1 and D1 fields of the instruction is displayed in
the E-S-T-R registers.

For programming error stop conditions, the operation code of the
instruction in which the error condition occurred is displayed in the
U-L registers, and the address cf this instruction is displayed in
the E-S-T~R registers.

A normal stop of the control unit occurs as a result of:
1. Operation of the Stop key.
2. A programmed halt operation.

3. An address stop in the Address Stop mode.

4. Operation in the Instruction Step mode.

The control unit is also in a normal stop condition following
operation of the System Reset key or when power is first applied, but
all register disglays are blank (0000).

The control unit starts with the instruction located at the address
contained in the program status word (bits 16-31) when the Start key
is operated., The PSW contains the address of the NSI when the control
unit stops as a result of one of the conditions listed above.

All input/output operations in progress when the control unit stops
as a result of the conditicns listed above are completely executed.
A1l input/output operations in progress are terminated when the Systen
Reset key is operated.
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A programming error stop cccurs as a result of the conditions listed
below. With each condition is a four-bit binary number which is
displayed in the I register when a stor due to the error condition
occurs.

1. Operation code invalid (0001).
2. Addressing error.

a. An instruction address or an operand address refers to the
protected first 144 bytes of main storage (01900).

Note: As an exception, the error display 0100 may also occur
vhen a data error has arisen during the execution of a Zero
and Add Packed instruction. This exception applies when the
data error is caused by a low-order half-byte not containing
a valid digit code.

b. An instruction address or an operand address is outside
available storage (0101).

C. The R1 or R2 fields of an RR cr an RX format binary instruction
contain binary values 0 thrcugh 7, the BR1 field in a Branch
and Store instruction contains binary values 0 through 7,
or the R2 field of an RR format branch instruction contains
binary values 1 through 7 (0101}).

d. Any instruction part is located at the last available storage
position (0101).

3. Specification error.

a. An instruction address is not located on a halfword boundary
of main storage (0110).

b. A binary operand is not located on a specified boundary of
main storage {0110).

C. For Decimal Add, Decimal Subtract, Zero and RAdd, and Decimal
Compare instructions, the length code 12 is greater than the
length code L1 (0110).

d. For Decimal Multiply and Decimal Dvide instructions, the
length code 1.2 is greater than 7 or greater than or equal
to the length code L1 (0110).

e. Bits 12 through 15 of an RX format instruction are not all
zero (0110).
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f. The field length specified in an input/output instruction
is =zero.

Note: For the BSCA field length specifications which exceed
the maximum do not cause an error indication, but the bytes
specified in excess are not processed. The program continues
undisturbed.

4. Binary overflow check (1000).

5. Data error.
a. A sign or digit of an operand in the decimal instructiomns
Zero and Add, Add, Subtract, Compare, Multiply, or Divide

is incorrect or the operand fields in these operations overlap
incorrectly (0111).

Note: Care must be taken when displaying error locatioms
after a data error has arisen during a Compare Decimal
operation. TIf the error was caused by an incorrect digit

code in the first fcur bits of a byte, displaying this half-
byte will cause a change in the last four bits of the byte.
Depending on the bit configuration, incorrect parity can arise
and cause a process error.

b. The multiplicand field (first operand) in a Decimal Multiply
instruction has insufficient high-order zeros (0111).

C. An invalid digit code is contained within the second operand
field of an Edit operation (0111).

6. Decimal divide check (1011).

If the start key is operated before the error condition is
corrected, the control unit again attempts to execute the 1nstruc1ton
in which the error occurred.

If the error is corrected without altering the contents of the
PSW, the control unit executes the instruction in which the error
occurred and continues with the program wvhen the Mode switch is placed
in the Process or Address Stop position and the Start key is operated.
Caution must be exercised in the case of error conditions that occur
during the actual processing of data. A second atempt to execute an
instruction which has previously been partially executed without
reconstructing the first operand causes erroneous results.

All input/output operations in progress when the control unit stops
as a result of a programming errcr condition are completely executed.

If an address which is outside available storage is encountered
during an input/output transfer, the transfer and the input/output
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operation are terminated as if the complete data field as specified
in the input/cutput instruction had been transferred; an error condition
does not occur.

Process Error Stop Conditions

When an internal parity error occurs in the control unit, the control
unit stops immediately. All input/output operations in progress are
terminated.

The Process indicator on the console will be on. The process error
condition must be reset by operation of the System Reset key on the
console,

After a process error, the restart procedure cannct be used. The

program must be loaded again and started either from the beginning
or at a check point.

INPUT/QUTPUT OPERATIONS

Transfers of information to main storage from sources external to the
control unit and from main storage to external destinations are referred

to as 1nput/oufput operations, For card I/0, the communication adapter
and printer, three types of instructions are provided: Transfer I/0,
Control I/0, and Test I/0 and Rranch.

A Transfer instruction (XIO) controls the transfer of data between
main storage and the input/cutput device.

A Control instruction (CIC) directs an input/output device to
perform a specified function, such as select a stacker pocket or
initiate a carriage skir.

A Test I/0 and Branch instruction (TIOB) causes an inquiry to an
input/output device for a particular condition (for example, reader
busy or end of form); if the tested lndlcator is on, the program
branches to the specified address.

If the Time-Sharing switch is on, processing operations in the
control unit are time-shared with the transfer of data between main
storage and the input/output devices., When an input/output device
requests service, processing is suspended only for the time required
to send or accept the input/output data.
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DATA FORMAT

Input/output data, located in eight-bit bytes in main storage in
variable~length fields, may be in the zoned, binary, or packed format.
The data format in which an input/output device may accept or present
data is, however a characteristic of the device,

Input data is translated from the code form of the input device
to the Extended Binary=-Coded-Decimal Interchange Code employed by the
control unit internally as the data is received., Output data is
translated from the internal control unit code to the code form of
the output device as the data is transferred.

)

CONDITION CODE

The status of an I/0 device addressed by an XIO instruction, and under
certain conditions, a Control I/0 instruction, sets the condition code
of the PSW at the time the execution of the instruction is completed.
The condition code indicates if the I/0 device has initiated the
operation specified, and if not, the reason for the rejection. The
condition code can be used for decision-making by subsequent kranching
operations. The condition code is set to 00, 01, 10, or 11 Ly an
instruction to indicate the status of the I/0 device addressed.

Condition Code Status

00 Available

01 Working

10 Not Used

11 Not Operational
Available

Indicates that the addressed I/0 device is operational, does not contain
data or error check conditions, and is not husy with a previously
initiated operation.

Working

Indicates that the addressed I/0 device is executing a previously
initiated operation.
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Indicates that the addressed 1/0 device is in a not-ready status, or
an error or a data check condition exists on the device.

The operation specified by an XIO instruction is initiated only
wvhen the addressed I,/0 device is in the available state. If an I/0
device is specified which is not a part of the system, a no-operation
occurs, and the condition code is not changed.

INSTRUCTION FCRMAT

The three input/output instructions and their formats are as follows:

TI0B D1 (B1), UF

HE [oafr | o | D1 |

d 78 1112 1516 1920 31

The Device Address (DA) specifies the I/0 device in which a condition
is to be tested.

The Function Specification (FS) specifies the particular condition
or indicator to be tested in the I/0 device addressed.

If the condition tested in the addressed I/0 device is on, the
updated instruction address is replaced by the branch address dervied
from the B1-D1 fields; otherwise, normal instruction sequencing
continues with the updated instruction address.

Control I/0

ciO D1 (B1), UF

[7 98 ;LDAJ /s | qu D1 |

112 1516 1 31

The Device Address'(DA) specifies the I/0 device in wvhich a control
function is to be performed.
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The Punction Specification (FS) specifies the particular component
(it may also specify the primary function of that component) in the
I/0 device addressed.

A detailed specificiation of the contrcl functicn to be performed
is derived from the contents cf the B1-D1 fields, according to the
rules for direct or effective address generation. If the detailed
specification derived from the B1-D2 fields is all zero, a no-operation
occurs.

X0 D1, (UF, B1), D2 (R2)
DO I DA 1 FS [ B1 B@] | B2 Kg D2 ]
78 "ni2 15 16 1920 31 32 35 36

The Device Address (DA) specifies the I/0 device to which output data
is to be transmitted, or from which input data is to be received.

The Function Specification (FS) specifies the input or output
function to be performed on the I/0 device addressed, and also the
particular component of the addressed device (when required).

The main-storage location of the first byte in the input or output
data field is derived from the ccntents of the B1-D1 fields according
to the rules for direct or effective address generation.

The field or record length cf the input or output data in main
storage is derived from the contents cf the B2-D2 fields.

The field length specifications for input or output data fields
in main storage is the acutal number of bytes in the field, whereas

for variable field length processing operations, the field length
specification is the number of bytes extending beyond the first byte.

ERROR CONDITICNS

Error conditions which may occur in the control unit during the
instruction or service phases of input/output operations are listed
below,

1. Operation code invalid.
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4.

Addressing error.

A.

b.

An instruction address or the address of an input/output data
field refers to the prctected first 144 bytes of main storage.

An instruciton address, the address of an input/output data
field, or a branch address is outside available storage.

If an incorrect branch address has been specified, the control
unit indicates the error during the execution of the branch
instruction itself.

Any instruction part is located in the last two main-storage
positions.

Specification error.

The low-order bit of an instruction address is one.

The field length specified for an input/output data field

is zero or is greater than the maximum allowable number for
the I/0 device addressed. Exception to this rule is the BSCa,
where no specifidation error cccurs when a field length
exceeding the allowable maximum (4095 bytes for BSCA) is
specified; this is because, in BSCA instructions, the four

high-order bits of the field length specification are ignored.

Control Unit parity error.

An input/output instruction containing an I/0 device address which
specifies a device not attached to the system is treated as a no-
operation,

To ensure correct function, only valid specifications as defined
in this manual should be used.

INTERRUPTION

Interruption is the general term applied to an automatic branch in

the control unit proqram. The branch is automatic in the sense that

it occurs when the conditions exists, and is independent of a programmed
branch instructicn.

In the control unit, interruption is provided only for the channel

end input/output condition. Channel end condition of an input/output
device is defined as the time (in the mechanical cycle of the device)
at which the data transfer has teen completed.
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In the time-shared mode of operation of the control unit and the
input/output devices, the transfer of data between the input/output
devices and main storage in tte ccntrol unit is asynchronous with
respect to processing operations. Thus, the channel end condition
of an input/output data transfer operation may occur at any time in
the instruction or execution phase of any processing operation. It
is also possible that more than cne input/output device would reach
the channel end condition during a specific processing operation.
The channel end conditions are stored in the form of interrupt bits.
These bits are reset when the respective interrupts occur or are reset
by a system reset or load operation.

The control unit is in an in ible state when the channel
mask bit in the PSW is 1, and is on-interruptible state when
this bit is 0. The channel mask bit is reset to 0 by operation of
the System Reset or Program Load key. The channel mask bit may be
altered by a Set PSW instruction or by.an interruption.

Ml ~ nn—&— 1 e FS
L& 1L

When the control unit is in the interruptible state (channel mask
bit is 1), a test is performed by the control unit at the end of each
processing operation to determine whether or not a channel end condition
exists for any input/output device. (The instruction and start phases
of input/output operations are also considered as processing
operations.)

The test for a channel end ccnditicn is performed in an established
priority sequence. The program continues with the next sequential
instruction if no channel end conditions exist. When one or more end
conditions exist, the first one encountered in the priority sequence
causes an interruption to occur. The channel end condition which
causes the interruption is reset. The interruption is performed by
storing the PSW in fixed maln—storage location 144 and obtaining a
new PSW from another fixed main-storage location (148) before the
program continues. Since the new PSW contains the address of the next
sequential instruction, the interrupt is equivalent to a branch
operation. The PSW which is stcred in main storage location 144 is
referred to as the old PSW.

The old PSW (stored at main storage location 144 when an interrupt
occurs) contains the device address of the I/0 device which caused
the interruption (bits 8-11); the primary function which the device
vas performing (bits 12-15); the address of the next sequential
instruciton, and the condition code. Primary functions are read, or
print.

Note: The term channel in the above context is the card read or printer
adapter and the BSCA adapter.

The following is a list of device addresses and function

specifications contained in tits 8 through 15 of the o0ld PSW stored
at main-storage location 144 when an interruption due to the
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corresponding channel end condition occurs. The list is in the priority
sequence for these interruptions.

Channel-End Condition

2922-3 Read

2922-2 Print

BSCA Any XIO

BSCA ITB Received

2152 Read

2152 Write or Carrier Return
2152 Inquiry Request

1442<5 Punch

o
whhbHBOu & 'P
|h:l
FWNh=adboOoNn |0

The channel mask bit in the new PSW (obtained from main-storage
location 148) may disable further interruptions in the routine which
begins at the next sequential instruction address specified in the
new PSW., As a means of returning to the point in the program at which
the interruption occurred, a Set PSW instruction, in which the specified
address is 144, may be used as the last instruction in the routine.

LAST CARD CONTROL

The card I/0 device has a card reading unit and is provided with a
testable Last Card indicator.

The last card condition in the 2922-3 Terminal Card Reader is set
when a Read Card instruction for the 2922-=3 is encountered in the
program and no cards is at the read station, The channel-end condition
is set, and the 2922-3 is placed in a not-ready status. The Last Card
indicator may be tested and is reset by a Test I/O and Branch
instruction in which the device address is 1 and the function
specification is 4, The Last Card indicator is also reset when a new
deck of cards is run in on the 2922-3 and the first Read Card
instruction is encountered in the program; or it can ke reset by the
system reset function of the control unit.

COMPATIBILITY

The organization of the 2922 terminal is, in most respects, identical
with that of the System/360., The data and instruction formats are

a compatible subset. The majority of operations in the control unit
instruction set are compatible. Some instructions and features in
the 2922 terminal are different from those in the System/360. These
differences are described in this section.
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The control unit exerts direct control over all the I/0O devices
attached to it. However, I/O operations are initiated, halted, or
tested by program instruction, which select the unit to be used. The
I/0 instructions determine what operation is performed (read, write,
and so on) and where the data is stored.

GENERAL REGISTERS

The control unit has eight general registers. They are numbkered 8-

15 and correspond to the same registers in a System/360. They are

one halfword in length compared to fullword length on System/360 models,
Results of valid control unit binary operations are identical to
corresponding operations in the System/360 except for the recognition
of an overflow condition.

MAIN STORAGE ADDRESSING

The first 144 Lytes of main storage are protected and program reference
to this area results in an error condition.

ADDRESSING

An address used to refer to main storage in the 2922-1 may be specified
by either of two methods: direct addressina or effective-address
generation., Direct addressing is indicated when the high-order bit

in the B-field of an instruction is zero. The address from this method
is derived from the binary value of the low-order 14 positions (for
addresses up to 16383) of the combined B and D fields. Effective-
address generation is automatically performed when the B-field refers
to general registers 8-15; in forming this address, the control unit
operates identically to the System/360.
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INPUT/QUTPUT DEVICES

RMINAL CARD READER
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INTRIDUCTION

This section contains the operating principles and features of the

IBM 2922-3 Terminal Card Reader as used with the 2922-1 Terminal Control
Unit. Descriptions of machine timings ani operator procedures are also
covered.

Pigure 2-1. 2922-3 Terminal Card Reader
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The 2922-2 Terminal Card Reader provides punched card input for
the IBM 2922 Programmable Terminal., Cards are read at a maximam rate
of 50C cards per minute (cpm).

The control unit program controls card reading., Cards are read
serially, that is, column-by-column, beginning in column 1., ERach

>olumn is read twice and the two readings are compared to check reading
accuracy, The control unit detects off-punched or mispositioned cards.

MACHINE FEATURES

CARD PATH

Caris travel from a card feed hopper, 'through the read station, and
into the stacker (Fiqure 2-2). The hopper and stacker have capacitiss
of approximately 1200 and 1300 cards, respectively.
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Stacker

Read Station

Preread Station

Pigqure 2-2, 2922-3 Card Path

_ Reading is done by light cells, which convert light energy into
electrical energy. Twelve read cells, one for each row of punching
positions in the card, are exposed to light as holes in the card pass

by them (Figure 2-3).
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Light
Source

Fiber-Optic
Bundles
(12)

Light
Distributor

Card
Movement

Light Striking
Phototransistor
(Hole is read.)

Figqure 2-3. Schematic of 2922-3 Read Station
OPERATING KEYS AND INDICATORS

The operating keys and indicators, Figure 2-4, are strategically located
on the left end of the terminal console.
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READER CONTROL

READ FEED
CHECK l [ READY—I [cuscx ] ATTENTION

| START—I NPRO—l L STOP

Fiqure 2-4, Console Kevs and Indicators

Indicators

This indicates that the 2922-2 is ready tc accept instructions from

the control unit. The follcwing conditions must be satisfied for the
ready indicator to be on:

1. Power on

2.’ Cards in hopper, cexcept during last card sequences
3. Cards in pre-reaid, excepi during last card sequences
u, None of the following errors active

Read Check
Feed Check
Attention

Input/Cutput Devices
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S Machine not stopped with Stop key

6 Cards not being run out with the NPRO key

7. Last card indicator not set.

Tf the 2922-3 is addressed by a Transfer instruction when the Ready
indicator is off, the Reader indicator on the console is turned on.
The not-ready condition is indicated to the 2922-1 program through

the Device Status Word, which should be monitored before a Read
instruction is issued to the 2922-3.

Feed Check

This indicator turns on when a card is mispositioned in the card path
or when certain equipment malfunctions cccur. When turned on by a
mispositionad card, the Feed Check indicator can be turned off by the
following procedure:

1. Tmpty the hopper.

2. Raise the machine cover.

3. Clear the card path of all cards.,

4, Close the machine cover.

5. Press the NPPO key.

NOTE: Restart the program according to procedures described in the
Operating Procedures manual for the type of program being
run.

If repeated feed checks occur, notify your Service Representative,

mhe feed check condition turns off the Ready indicator and turns

on the Readar indicator on the 2922-1 when the next Transfer instruction

is issued to the 2922-3,
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Indicates that a card is sufficiently mispositioned to impair reading.
For the Praogrammable Terminal, this indicator may also indicate that
an invalid code has been detected.

The read check condition also turns off the Ready indicator and
turns on the Reader indicator on the console.

When the 2922-3 is operating with the Terminal Control Unit, the
read check is turned off by:

1. Pressing the I/0 Check Reset key on
the console, or

2. Pressing the System Reset key on
the console, or

3. Pressing the Load key on the
console, or

4, Pressing the NPRO key on the console,
or

5. Testing the read check indicator by a Test I/O
and Branch instruction,

When the 2922-3 is operating with the Terminal Control Unit, the
NPRO key must be used to turn off the Read Check indicator.

Attention

Indicates an open cover or a full stacker, The indicator is reset

by correcting the condition., The Attention indicator condition turns
off the Ready indicator and turns on the Reader indicator on the
Terainal Control Unit when the next Transfer instruction is issued

to the 2922-3., Operator intervention is required to restore the 2922-
3 to the ready condition.

NOTE: If the cover is opened during an operation in progress, the

2922-3 motor stops and the Feed Check indicator is turned on, indicating
th2 possibility that an operation was not completed.
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KEYS

The operating keys are used to start and stop the 2922-3 and to clear
the card path without processing the cards.

- — — ——

Pressing the Start key places the 2922-3 in ready status, providing
6 C

311 the conditions listed under Ready Licht are satisfied If n

a
n ara
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is at the preread station, one card is fed to that position.

Stop

Pressing this key stops the 2922-3 and r2moves it from ready status.
If a card read operation is in progress, the operation is complated
hefore the machine stops. Pressing the Start key restarts the 2922-

{Nonprocess_Runout)

Pressing this key ejects all cards in the card path to the stacker
vithout being read, Before the NPRO key will function, any card jam
must be removed and the hopper must be eapty.

DATA FLOW

The data flow from the 2922-3 to the control unit storage is as follows:

The normal IBM card code is translated into the Extended Binary Codeil
Decimal Interchange Code (EBCDIC). The Terminal Control Onit also
has the added ability of reading in column binary mode. PFigure 2-5
shovs the data flow and format for the Programmable Terminal.
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Column-Binary

4

[o[1]2]3]4]5]e]7]o]1]2[3]4]5]6[7 j+——Bytes @
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Column
Binary
Punching

Note: Bits 0 and 1
are set to zeros.

Data
Transfer

Figure 2-5,

Translated

into

EBCDIC

Codes
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Data Storage Formats
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PROGRAMMING

COKNDITICN CODES

Three condition codes (working, available, and not operational)
indicate the status of the 2922-3 to the Terminal Control Unit.
Transfer of data from the 2922-3 to the contrcl umit can occur only
when the 2922-3 is in the available state. The 2922-3 is in the
available state whenever the Ready indicator is on, the Read Check

] 3 3 3 e o A - R i S
indicator is not on, and a previous read operationm is not in progress.

The 2922-3 is working during the execution of a previously initiated
Read Card instruction, A new instruction cannot be accepted until
the previous instruction has been executed and the 2922-3 has returned
to the available state.

The not-operational state exists whenever the 2922-3 Ready indicator
is off or when the Feed Check or Read Check indicator is on. The feed
check condition is not program testable and is indicated to the progranm
by the not-operational condition code. Operator intervention is
required to restart from either condition.

TRANSFER INSTRUCTION

The Transfer instruction (Read Card) governs the transfer of data from
the 2922-3 to the Terminal Corntrcl Unit.

Data transfer begins with the data read frcm column 1 of the card
and continues until the specified number of columns have been
transferred from the card reader tc the control unit storage,

NOTE: A scored card should be designed so that the last column read

is to the left of the score tc avoid the likelihood of the
score causing a read check.

TEST I/0 AND BRANCH INSTRUCTICN

Test I/0 and Branch instructions direct the control unit to interrogate

the 2922-3 for a particular condition (indicator), such as read check
indicator.
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READER BUSY INDICATOR

The reader busy indicator (data transfer in progress) is tested; if

th> indicator is on, the program branches to the address specified

by the instruction. The indicator is turned off when the data transfer
has been completed.

READ CHECK INDICATOR

The read check indicator is tested; if the indicator is on, the program
branches to the address specified by the instruction. The read check
inlicator is turned off by the branch test; by the I/0 Check Res2t,

the System Reset, or the Load key on the terminal console; or by
pressing the NPRO key on the 2922-1 Terminal Control Unit console.

LAST CARD INDICATOR

Tha last card indicator is turned on when a Read instruction is given
when no card is at the preread station. The indicator is tested anig,
if it is on, the program branches to the address specified by the
instruction. The indicator is reset by the branch test or when a new
jeck of cards is run in on the 2922-3 and the first Card Read
instruction is encountered in the program.

NOTE: when the last card feeds from the hopper, the 2922-3 Ready
indicator goes off. (The next Transfer instruction directel
to the 2922-3 when the Ready indicator is off, turns on the
Reader indicator on the console.) At this point the operator
either refills the hopper and presses the 2922-3 Start key
to continue the operation, or presses the Start key without
refilling the hopper. This restores the 2922-3 to ready
status and allows the Terminal Control Jnit stored program
t5> read the last card and initiate a last card routine. Th2
card Read instruction that turns on the last card indicator
also turns off the Ready indicator.
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OPERATING PROCEDURES

All power to the 2922-3 is supplied from the power supplies in the
Terminal Control Unit to which it is attached. When the power is
turned on in the control unit, a feed check automatically results in
the 2922-3, This is a design feature to ensure that no cards are ieft
in the card path from a previous operation.

To start operation, the operator:
1. Presses the NPRO key to clear the feed
check condition.

2. Loads the hopper with cards.

3. Presses the start key,

This places the 2922-3 in ready status and completes the initial
setup.

A feed check indication may result from a hopper misfeed, a jam, or

1 mispositioned card in the read station. Most feed check conditions
can be physically corrected by emptying the hopper, fanning the cards,
replacing creased or torn cards, and pressing the NPRO key. If this
procedure does not turn off the Peed Check indicator, check for a card
jan.

The entire transport and the stacker are exposed by swinging the
rear top cover to the rear. At least half of any card in the c-ard
path is now visible and can be easily removed. Any card partially
unjer a feed roll may be moved either forward or backward by turning
the handwheel in the appropriate direction.

The hand wheel is located just below and to the rear of the read

station., A plastic card guide over the preread station can be raised
to aid in jam removal from that station.
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After the card path has been cleared, restore the card guide, clos2
the rear top cover, and press the NPRO key.

RESTART

To restart the Terminal Control Unit program after an NRPO operation,
follow the procedures in the Operating Procedures manual for the type
of program bheing processed.

LAST CARD

When the last card feeds from the hopper, the 2922-3 Ready indicator
is reset. At this point the operator either refills the hopper and
presses the Start key to continue the operation, or presses the Start
key without refilling the hopper. This restores the 2922-3 to ready
status and allows the control unit stored program to read the last
card and initiate a last card routine.

- -

Two basic timing considerations are associated with a 2922-3 attached
to the Terminal Control Unit.

1. Card throughput in cards per minute (cpm).
2. Time available for other Terminal operations.

The Proqrammable Terminal is capable of performing operations such
1s reading and processing, essentially simultaneously. This ability
is called "time sharing”, When all 80 columns of a card are read,
ths control unit is interlocked (busy) for only 5 ms. The remainder
of the cycle is available for other operations.

This time can be used by the programmer to accomplish the data
manipulation, for instance, add, subtract, print, etc., required to
carry out a data processing operation, If fewer than 80 columns are
spacified by the Read instruction, the interlock time is reduced by

approximately 2.06 ms for each column not read.

The 2922-3 has a maximum card read speed of 500 cards per minutz
{cpm .

Input /Output Devices 2-13



INSTRUCTIONS

TRANSFER INSTRUCTIONS (XIO)

Function Op Code DA  FS
Read Card ne 1 2

The direct or effective address (drived from the B1-D1 fields of the
instruction) specifies the leftmost main-storage location of the field
where the input data will he located. The length of the input field
is lerived from the R2-D2 fields of the instruction.

The field length specification is restricted to binary values equal
to or less than 8C.

TEST T/0 AND BRANCH INSTRUCTIONS (TTOB)

Function Op_Code DA FEs
Test Reader Busy 9A 1 0
Test Reader Error 97 1 1
Test Last Card 9 1 4

Test Reader Busy

- wtt o S

The Reader Busy indicator is tested. 1If this condition exists, the
updated instructior address is replaced by the branch address;
othervise, normal instruction sequencing proceeds with the updated
instruction address.

Test Reader Error

The Read Check indicator is tested., If this indicator is on, the
updated instruction address is replaced by the branch address;
otherwise, normal instruction sequencing proceeds with the updated
instructisn address. Th2 Read Check indicator is reset by the branch
test.
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Test Last Card

Th> Last Card condition is tested. If this condition exists, the
updated instruction address is replaced by the branch address;
otharwise, normal instruction sequencing proceeds with the updated
instruction address. The last Card condition is reset by the branch
test.

CONTROL TI/0 INSTRUCTIONS (CIO)

A control instruction which specifies tha 2922-3 is treated as a no-
operation.

CONDITION CODE

The condition code is set 00, 01, or 11 when the execution of an XIO
instruction is initiated. At this time the status of the respective

T/) device is checked and the result of the check determines the setting
of the condition code; €)Y indicates available status, 21 indicates
working status, and 11 indicates a not-operational status.

A data transfer specified by an XIO instruciton for the 2922-3
is initiated only when the 2922-3 is in the available state. The 2922-
3 is in the available state when the ready indicator is on, the read
shack indicator is not on, and a previously initiated Read Card
instruction is not in progress.,

The 2922-3 is working (condition cod2 01) during the execution
of a previoulsy initiated Read Card XIO instruciton., It cannot accept
a na2w instruction until the previous instruction has been executed
and the 2922-3 has been returned to the available state (condition
code 00).

The 2922-3 is not operational when the ready indicator is off or
when the FPeed Check or Read Check indicators are on.
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The IBM punched card is a1 permanent data storing device that contains
3¢ storaqge positions (card columns). When the standard IBM zard cods
(Figqure 2-6) is used, each punched column contains either omne digit
or one character. The capacity of a card is increased to 16" storaqge
positions, however, when the column binary code (see Pigure 2-€) 1is
used; each punched column can then contain two digits sr two characters
in six-bit Binary Coded Decimal (BCD) code. A column binary card
cannot be read like an ordinary punched card because the meaning of
thz usual zones and digits (12, 11, ¢, 1, 2, and so on) is charged

to correspond to the bits of the BCD code. The punches in one card
>olumn represent the BCD bits B, 1, @, 4, 2, 1, from top to bottom.

Valve Standard 1BM Cord Code Volue Column Binory Code
12 3] ] B (1}{s]
11— 0 A— D
0— 8 — o
1— o 4— |0
2— 2 — 0
3i— |0 S ... B 10 0 I O O
4— 8 — (0|0
5— o A— |0] |D
6— 8 —
1| Io 4—
8 2 ojo
9 ] o
Column 123 4 Column 12345

Fiqure 2-6, IBM Punched Card Codes

Column binary cards can be read by the card I/0 device attached
to the 2922-1 Terminal Control Unit. Each BCD character is transfarrei
into one byte of main storage. Since the six-hit BCD character cannot
£ill a byte, the character is placed into bits 2-7 of the byte, and
bits 0 and 2 of the byte are forced to zero. Column binary reading
is performed from top to bottom of the card column, proceeding by
columns from left to right (Fiqure 2-7).

The programmer must know that, when the 8) columns of a card punched
in Column Binary mode are read, 160 adjacent bytes of core storage
are needed. The field length specification derived from the B2 and
D2 fields of the XI0 instruciton (issued to read a column binary card)
pertains to the number of BCD characters that are to be read. The
field length must therefore be greater than zero and not more than

160.
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The programmer can specify an odd number of characters (odd field
length). When this occurs, reading always stops after the upper half
of the last card column has been read, If the storage capacity is
axca2eded during a column blnary read operation, reading stops when
the highest storage position is reached, regardless of whether the
field length is exhausted or not. No error indication is given.
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01234567 01234567 0]234567
Byte 1 Byte 2 Byte 3

Figure 2-7. Column Binary Reading

The column binary mode is set by an additional bit in the FS field
fo the XIO instruction. When bit 12 of the instruction (this is the
3-bit of the PS field) is present, the reader reads in column binary
mode; when bit 12 of the instruction is zero (not present), the reader
reads column-by-column. Thus, the column binary mode of reading is
specified when the value of the PS is increased by eight.

The following list gives all read instructions, with the regalar
FS and the coluan binary FS, for all card I/0 device which can operate
in column binary mode.

2922-3 Card Reader

DR FS  Eunction Mode
1 2 Read Card EBCD
1 10 Read Card Colu mn Binary
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The IBM 2922-2 Terminal Printer (Fiqure 2-8) is an output device
attachable to the IBM Terminal Control Unit, Fanfold paper, preprintei
forms, or adding~-machine type paper tape may be used., The 2922-2 can
also be used to generate machine-readable input documents for all TBM
optical character readers.

Figure 2-8., 1IBM 2922-2 Terminal Printer

A printer's rated speed is based upon the number of single-spaceil
lines that can be printed per minute, Actual printing speed depends
1lso upon the character set used and the time required for processing
and for moving paper.
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The basic character arrangement for the printer is the fixed 60
character set (PL/1-60 Graphics). PFach position can print 60 different
characters: 26 alphabetic, 1C numeric, and 24 special characters.

Horizontal spacing is 10 characters per in. (25,4mm). Standard
vertical spacing is six and eight lines per inch, controlled manually
by the operator., Vertical spacing and skipping are initiated by the
stored program. Standard skipping rate is about 33 in. (83cm) per
sacond,

The production of machine-readable documents requires attention
to print quality and format. The specific requirements for each optical
reader are described in "Print Ouality Requirements” and in manuals
for particular optical character readers (See "References-OCR").

A schematic of the chain printing mechanism is shown in Figure 2-9.

One Section ot

Paper

- 132 Printing
Positions

% Complete Chain Composed of Four
Sections (30 slugs, 2 characters per slug)

Figure 2-9, Chain Printing Mechanisnm
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YACHINFE COVERS AND SAFETY

The covers of the 2922-2 are designed to safequard personnel against
possible injury when the machine is in operation. Some hazards (such
as moving mechanical parts) are ohvious; others (such as electrical
potantials and ascoustical noise) are not,

Although IBM maintains rigorous attention to safety on all its

machines, the effectiveness of safequards is decreased by failare to
ke2p the covers closed when the machine is running.

The frames of all TIBM equipment have been made electrically safe
by standard grounding practices, The covers are acoustically designed
to reduce the noise level below any possible hearing damage. Printer
operation with the covers open, however, causes needless exposure to
thes2 unse2n hazards, Because of this, IBM strongly recommends that
all personnel associated with the equipment follow the simple safety
first procedure of keeping the covers closed whenever the machine is
in operation,

If necessary to open the side or rear covers of the 2922-2, use

1 coin or a key to operate the metal tab in the vertical gap between
the covers.

QPERATING INFORMATION
OPERATOR CONTROLS

Th2 k2ys and lights (Figqure 2-10) are located at the right end of the
terminal control unit console and provida operator contrsl of the
printer during setup and programmed interruptions that require operator
attention.
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PRINTING CONTROLS

Start

Pressing the start key places the printer in a ready status if the
following conditions are met:

1. Power on

2. TForms guide plates closed

3., TFeed clutch control properly positioned
4. Carriage control tape installed

5. Carriage brush assembly closed

6. No error conditions, such as print check, sync check,
or end-of-form, exist.

The start key permits operating the printer after the end-of-form
light is on, until channel 1 of the carriage tape.

A duplicate start key (Figqure 2-11) is located at the rsar of the
printer for operator convenience,

| PRINT FUNCTION ]

PRINT PRINT
READY CHECK

END OF
FORMS

FORMS SYNC
CHECK CHECK

PRINTER CONTROLS |
CHECK
RESET

CARRIAGE
RESTORE

START

STOP |

CARRIAGE
STOP

CARRIAGE
SPACE

Figqure 2-10., Operating Keys and Lights
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Figure 2-11., Printer Keys (Rear)

Check Reset

The check reset key resets a printer error indication. Pressing the
start key restarts the operation.

stop
The stop key stops the printer at the completion of the current

operation., A duplicate stop key (Figure 2-11) is located at the rear
of the machine for operator convenience.

Print Ready

The print ready light indicates that the printer has been conditioned

by the operator to accept initial instructions and subsequent commands
from the controller, This light turns off when:

The stop key is pressed

The carriage stop key is fressed

An end-of-form is indicated

An error condition (such as form check, sync check,
or print check) occurs,

£ W N -
o o »
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Print Check

The print check light indicates a malfuncticn in the printer circuits.
The operation may be retried and, if unsuccessful, service may be
required.

End of Fornm

The end-of-form light turns on and the machine stops when an end-of-
form condition occurs.,

If an end-of-form occurs during a skip or while spacing within
the last form in the printer, the operator should single-cycle print
until the next skip to a new fcrm occurs.

Borm_Check
The form check light is turned on for anonf the following conditions.

1. Forms not feeding properly through the forms tractor
2. TForms guide plate open

3. Carriage control tape not installed

4. Carriage trush assembly open

5. Feed clutch manual control not progerly positioned
6. Carriage stop key pressed.

sync_Check

The sync check light turns on when the chain is not in synchronization

vith the compare circuits for the printer, The timing is automatically
corrected. Pressing the check reset key turns off this light.

CARRIAGE CONTROLS

Carriage_Space

Pressing the carriage space key advances the carriage form one line

space if the clutch is engaged. On some systems, this key is operable
only when the printer is in a not-ready condition.
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Carriage_Restore

Pressing the carriage restore key positions the carriage at channel

1 (home position) of the carriage tape, or at linecount 1 of the forms
line counter., If the carriage feed clutch is disengaged, the form
does not move,

NOTE: This key must not be pressed when the printer is printing.
Printer operation is unpredictable; carriage runaway may
occur.

Carriage_Stop

Pressing The carriage stop key stops the carriage operation and turns

on the form check light, The form may need to be realigned with the
program., Press the check reset key tc turn off the form check 1light.

INDICATOR PANEL LIGHTS

The indicator panel (Figure 2-12), located below the manual feed clutch

control, can enable the operator to easily locate and rectify common
troubhle sources,

GATE
INLK

BRUSH SHIFT
INLK INLK

THER
INLK

Figqure 2-12. Indicator Panel
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Gate Inlk

The gate interlock light indicates that the print unit is not in
position. The print-unit release lever locks this unit in position.

Brush Inlk

The brush interlock light indicates that the carriage tape brushes
are not latched in position fcor operation.,

Carriage Fuse

The carriage fuse light indicates that a fuse in the carriage circuitry
has burned out, <Contact your service representative,

The shift interlock light indicates that the manual feed clutch control
is not positioned properly.

Thermal Inlk

The thermal interlock light indicates that a fuse has burned out and
that service is required.

The low-speed start light indicates that a low-speed skip or line
spacing has been initiated.

S_stop

The low-speed stop light indicates that a low-speed skip stop has been
initiated. The light is also cn when the carriage is not in motion.

MANUAL CONTROLS

The manhual controls are shown in Figures 2-13 through 2-16.
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Feed Clutch

The feed clutch controls the carriage tape drive and form feeding
mechanism, and selects the 6- or 8-line-per-inch spacing, When the
feed clutch is set to neutral, automatic form feeding cannot occur.

Paper_Advance

The paper advance knob positions the form vertically, The feed clutch
must be disengaged.
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Lateral
Print
Vernier

Right-Hand
Tractor
Vernier

Knob

Paper
Advance
Knob

Print-Density
Lever

Vertical Print
Adjustment Knob

Figure 2-13, Manual Controls

Vertical Print Adijustment

The vertical print adjustment knob controls the fine spacing adjustment
of forms at the print line. The carriage tape is not affected by this
adjustment.
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Print Unit Release

The print-unit releass lever unlocks the print unit to allow it to
be swung open tc provide access *oc the form transport area (Figure

e g t P
2-1‘4’) N

T-Casting
Lock Lever

e T

(23 [ YT}
S~ rrmue-rnning widf

Setting Chart

Print-Timing Dial ’

Figure 2-14, Print Unit Release lLever

Pript-line Indicator_and Rikbon Shield

The print-line indicator and ribbon shield (Figure 2-15) pivot with
the ritbon mechanism when the print unit is openad. This assembly
may be unlatched from the print unit and pivoted independently.
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ki

Pigure 2-15., Print Line Indicator and Ribhon Shield

Lateral Print_ Adjustment lever

This lever allows for horizontal positioning of the printing mechanisa.
#hen the laver is raised, the print mechanism unlocks and can be
positioned horizontally within its 2.8 in. (61nm) travel limit.

Latera}l Print Vernier Knob

The lateral print vernier controls the movement of the print mechanisa.
Bovement is up to 1/2 in. (13mm).

RH_Tractor Vernier

The right-hand tractor vernier knob controls fine adjustments in paper
tension. Lateral movement is up to 1/2 in. (13me).

Practor_ Slide Bars

Input/Output Devices 2-29'



The forms tractors are mounted on two tractor slide-bars, upper and
lowsr. To facilitate positioning the forms tractors, notches are
provided in the tractor slide-bar.

The left tractor is locked in place by a spring-loaded latch in
on2 of the nine notches located 1 in. (25,4mm) apart on the tractor
slide-bar. The third notch from the left end is the normal location
for most applications,

The first notch is used for forms from 5 1/2 to 18 3/8 in, (149
to 475am) wide. When this notch is used, the lateral movement of the
print unit is limited to .4 in. (10mm).

The second notch is used for forms from 4 1/2 to 17 3/4 in. (115
to 45C amm) in width., When this notch is used, the lateral movement
of the print unit is limited to 1.4 in. (35mm).

The third notch is used for forms'from 3 1/2 to 16 3/84 in. (99
-to 8425mm) wide. When this notch, or one of the notches 4 through 9
is used, a full lateral print-unit movemant of 2.4 in. (61am) 1is
possible.

The ninth (last) notch can be used for forms from 3 1/2 to 1) 3/8
in., (90 to 273mm) wide. When this notch is used, the first print
position is No. 38,

The right-hand tractor is locked in place by spring-locked pins
snapped into any one of 27 holes, located 1/2 in. (13mm) apart on the
tractor slide-bar.

The movement of the tractor slide-bar is controlled by the right-
hand tractor vernier.

Print Density Lever

The print-hammer unit accommodates different thicknesses of foras.
The print-density lever provides a vernier control for print impression.
When this lever is set at position E, print impression is lightest.

When this lever is set to position A, print impression is darkest.
Betveen these two settings are intermediat settings. Position C is
considered the normal setting. This lever moves the type chain closer
to, or farther from, the hammer unit (See Figure 2-13).
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A movable dial is set for fine adjustment of print quality (See Figure
2’1“) .

The proper dial setting is obtained from the print-timing dial
chart (FPigure 2-14) located on the ribbon cover. The setting of the
print-density lever, in conjunction with the thickness of the form,
gives a nominal setting of the print-timing dial.

The setting from the chart can be adjusted to a finer degree by
thes operator. For finer setting of the timing dial, turn the timing
dial clockwise until the left side of the characters appears to be
cut off. Then rotate the dial counterclockwise until the right side
of the printing appears to bhe cut off. The optimum setting of the
print-timing dial is halfway between the two readings.

The form-thickness lever (Figure 2-16) is located at the right-hand

end of the ribbon cover., This lever peramits manual adjustment for

th2 various forms (single or multiple copy) thicknesses. The adjustment
range is froa 0,003 in, (0,C8mm) ainimum to 0.019 in. (0,48mm) maximum
jraduated in increments of 0.004 in. (0,10mm).

Form-Thickness Lever

Pigure 2-16. PForms Thickness Lever
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FORMS CARRIAGE CONTROL

For tape control, each application has a control tape (Figure 2-17)
corresponding in length to the length of one or more forms. This tape
is punched with holes to stop the form when it reaches a pred termined
position.

With the carriage-control tape, the carriage accommodates continuous
foras, up to a maximum of 22 in, (559mm) in length (at 6 lines per
in.,). The minimum length is 1 in. (25,4mm) or 1 1/2 in. (38,1mm) at
8 or 6 lines per in. respectively.

Control Tape
The carriage-control tape (See Figure 2-7) has 12 columns indicated

by vertical lines. These positions are called channels. Holes can

be punched in each channel throughout the length of the tape. A maximum
0of 132 lines can be used to control a form, although for convenience

the tape blanks are slightly longer. Horizontal lines are spaced six

to th2 in, (25,4mm) for the entire length of the tape. Round holss

in the center of the tape are prepunched for the pin-feed drive that
advances the tape in synchronisa with the movement of a printed form
through the carriage.
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Carriage Control
Tape Idler

Brush Holder

Latch

Figurz 2-17. PForms Carriage Control

PONCHING THF TAPE

Six-Lines-per-Inch Spacing

4 small compact punch {FPigure 2-18} is provided for punching the tape.
The tape is first marked in the channels in which the holes are to

be punched., This can be easily done by laying the tape beside the
left 2dge of the form it is to control, with the top line (immediately
under the glue portion) even with the top edge of the form. Then a
mark is made in the first channel, on the line that correspon s to

the first printing line of the form. Additional marks are mada in

the appropriate channels for each of the other skip stops, and for

the2 overflow signal required for the fornm.
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Figure 2-18., Tape Punch

The marking for one form should be repeated as many times as the
length of the tape (22 in. or 559mm) allows, When the tape controls
savaral forms in one revolution through the sensing mechanism, the
life of the tape is increased. Finally, the line correspondi g to
the bottom edge of the last form should be marked for cutting after
tha tape is punched.

The tape is inserted in the punch by placing the line to be punchel
over the quide line on the base of the punch and placing the center
fe2d-holes of the tape over the pins projecting from the base. The
indicator slide is then moved until the arrow points to the namber
of the channel to be punched. Pressing on the top of the punch, towari
the back, cuts a rectangular hole at the intersection of a vertical
anl horizontal line in the required channel of the tape. The tape
Holes in the same channel should not be spaced closer than eight 1lines
apart. After the tape is punched, it is cut and looped into a belt.
The bottom end is glued to the top section marked glue, wvith the bottom
lin2 coinciding with the first line. Before the tape is glued, the
glaze on the tape should be removed with an ink eraser; if this is
not done, the tape ends may separate. The center feed-holes shounld
coincide when the two ends of the tape are glued together.

The last hole punched in the tape should be at least four lines
from the cut edge, because approximately the last half in. (12, Tam)
of the tape overlaps the glue section when the two ends are spliced,
If a hole must be punched lower than four lines from the bottom of
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the form, place the tape with the top line (inmmediately under the glue
portion) four lines lower than the top edge of the form, before marking
the channels. To compensate for the loss, cut the tape four lines
lowar than the bottom edgqe of the form.

Eight-Lines-perzInch Spacing
Each line on the tape always equals one line on the form, regardless

whether the form is six to eight lines par in. (25,4mm). For a document
printed eight lines to the in,, every 1,8 in. (3,2mm) on the form
represents one line on the tape. :

Carriage_Tape_ Rrushes

Reading brushes (Figure 2-19) sense holes in the carriage-control tape.
A small contact roll is used for the brushes.
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Stop Reading Brushes

Contact Roll

Pin Feed Drive

Figure 2-19, Carriag=2 Tape Brushes

ACOUSTICAL DAMPENER

The acoustical darspener is a nylcon and bronze brush on the print-unit
frame, The dampener provides a drag on single-part forms to dampen
high-frequency vitration of the paper. The brush is hinged so that
it can be rotated out of the way when not needed. To prevent damage
to single-part forms, rotate the brush away frcm the paper when the
prirt unit is moved horizontally for alignment.

OPEERATOR PROCEDJRES

CARRTAGE TAPE INSFRTION

1. Raise the bprinter cover.
2. Turn the feed clutch to neutral.
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3. Press the latch on the side of the brush holder, and raise.
the assenmbly.

4. With the printing on the outside of the tape loop, place the
loop over the pin-feed drive wheel so that the pins engage
the holes in the tape. Be certain that the line position
numbers are on the right side of the tape loop, as seen from
the front of the printer.

5. Place the other end of the loop around the adjustable carriage-
control tape idler.

€. Adjust the idler by loosening the locking knob and moving
the idler in its track. No noticeable slack should be in
the tape, but the tape should not be under tension. Test
the tape by pressing the sides of the loop together. There
should be some give. If the tape is too tight, the pin-feed
holes will be damaged. Be sure to retighten the locking knob
on the idler. _

7. Lower the brush assembly. A click can be heard when the latch
engages.

8. Press the restore key. When the tape has returned to the
home (channel 1 or line count 1) position, engage the feed
clutch,

9. Close the printer cover.

RIBBON CHANGING

To change the ribbon (Figure 2-20) on the 2922-2:

Drive Mechanism ——>,

/ Ribbon Cover

Ribbon Correction Roll .

Pigure 2-2). Ribbon Mechanism
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1. Raise the printer cover,

2. Pull back and unlock the print unit release lever. Sving
out the print unit,

3. Open the top ribbon cover.

4, Unlatch the print-line indicator ribbon shield and svwing it
avay from the ribbon, against the forms area.

5. Push the top ribbon roll to the right (hinged side of print
unit), 1ift out the left end of the ribbon roll, and rerove
the roll from the drive end of the mechanism. (Gloves may
be provided with the ribbon.)

6. on printers without the auxliary ribbon feeding, slip the
ribbon from under the ribbon correction roller.

7. T> reaove the bottom roll, press the ribbon roll to the right,
lover the left end of the ribbon roll, and remove it from
the mechanisn.

8. when replacing the ribbon in th2 machine, hand-tighten the
ribbon to remove slack from in front of the printing mechanisnm.

pibbons are available in 11 inch (279,4mm) widths, in addition
to the standard 14 in. (355,6mm). The ribbon width lever (Figure 2-
21) can adjust the ribbon-feed mechanism to accomodate the various
ribbon widths.

Ribbon Cover
Print Unit )
Release Lever— g
Ribbon Width
Lever
Pigqure 2-21. Front of Printer (Cover Raised)
NOTE: When installing a nev ribbon in the printer, always load the

full ribbon spool on the bottom spindle to assure proper
ri bbon skew on the first wvinding of the ribbon (Figure 2-22).
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Ribbon Correction Roll

Print Chain

Figure 2-22, Installing a New Ribbon

FORMS INSFRTION

1.

2.
3.

u.

5.

Raise the front cover of the printer to gain access to the
print unit and forms area.

Turn the clutch to neutral. '

Unlock and swing back the print unit by pulling the print-
unit release lever toward you.

Set both the left-hand forms tractors slightly to the left

of the first printing position. Pull the tractor until until
it latches in the appropriate notch (Figure 2-23).

Open the left-hand tractor covers and place the forms over
the pins., Close the covers.

Open both the right-hand tractor covers.

Move the right-hand tractors to the desired location to line
up the right side of the forms. Pull out the tractor pin
latch, and slide the tractor until the pin snaps into the
appropriate position (See Figure 2-15).

Place the forms over the tractor feed-pins and close the
tractor covers.

Tighten the tension on the form, using the right-hand tractor
vernier.,
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Rear Paper Guides ——.

- Forms Tractors

Forms Tractors

Hammer Unit

Figure 2-23, Forms Tractor

10. T> position the form, turn the paper advance knob until the
block, line, or area on which the first line of print is to
occur is just visible above the ribbon guide bar. Align the
desired hammer position to the form with the lateral print
alignment lever and vernier. Observe the relationship to
the form of the markings on the ribbon quide bar. WNow, turn
the paper advance knob backward three line spaces (if in six-
line neutral, or or four line spaces if in eight-line n=2utral).
The form is now properly positioned.

11, Close and lock the print unit. Be sure to push the print-
unit release lever as far back as it will go.

12. Restore the carriage tape to the first printing position by
pressing the carriage restore button.

13, Set the feed clutch to DRIVE., Set it for either six or eight
lines per in. (25,4mm) depending on the form to be printed.

14. Close the cover of the printer.

15. Position the paper supply so that the forms feed straight
up into the machine.

16. When the printing begins, operator attention is required
behind the printer., The first form must be guided betwveen
the forms stacker-quide and the machine. Then, the first
form must be adjusted in the stacker so they fold flatly.

See "Forms Stacking".
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FORMS STACKING

The forms stacking mechanism of the 2922-2 printer consists of two
major parts: a set of stacker rolls and a paper guide. As the forms
are printed, they move upward out of the print area, over the top of
the printer, and downward into the stacker at the back of the machine,
Here the forms are refolded into a flat stack.

As the forms enter the stacker, they pass between the powered
stacker rolls and a paper-tension device.

The paper gquide arrangement is used to help stack the paper evenly.
Satisfactory stacking under power depends on the care with which the
operator positions or adjusts and supervises the operation of the
forms-feeding and stacking mechanissnss.

Among the common operator actions'recommended for good forms feeling
and stacking are the following.

1. Remove the blank forms from their shipping cartons before
installing them in the printer. Air suction produced as thez
forms are pullel from the carton increases the drag on the
paper sufficiently to tear or distort the pin feed holes at
the edges of the forms,

2. Be careful when adjusting the forms tractors. Never adjust
the horizontal tractor vernier so that the form is streched
ty>o tightly. This can tear or distort the pin-feed holes
in the forass.

Position the sliding paper quide (Figure 2-2%) up or down as
required to obtain the best folding and stacking condition. Use the
paper-gquide control knob to raise or lower the paper quide. This knob
slides along a printed scale graduated from O through € for convenient
operator reference. The lower edge of the paper guide assists in
folding the paper; thus, as the pile of stacked forms rises, raise
the guide correspondingly.

Gravity stacking is obtained by disengaging the paper-tension
device from the powered stacker rolls., Use the stacker spring lift
bar (Fiqure 2-24) to move the circular tension springs avay from the
stacker rolls.
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Paper Guide

Paper Guide
Control Knob

Stacker Spring
Lift Bar

FPigure 2-24, Porms Stacker

PRINT QUALITY REQUIREMENIS

When the 2922-2 printer is used in optical character recognition (OCR)
applications, correct machine setup is important, The operator must
take certain precautions to ensure acceptable print quality. These

incluode:

1. Using recommended ribhon and paper-weight combinations.,
2. Supervising and adjusting the print density as required.
3. Replacing the ribbon as requirei.

4, Cleaning the type faces.
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RTBBONS AND PAPER

Por applications in which OCR is used extensively, the IBM OCR ribbon
(part 414486) or equivalent, is recommended. FPor ess extensive OCR
applications, the IBM general-purpose ribbon {(part 419298), or
aquivalent may be used, provided a 20- to 24-pound (75-to 90 gram per
square meter) bond paper is used. Other weights of paper rejuire the
IBM OCR ribbon or eguivalent.

RIBBCN LIFE

Ribbon life depends upon the amount of ribbon usage. Because new
ribbons contain more ink than used ones, the initial print density
(darkness of impression) is heavy. The more the ribbon is used, the
less ink it contains and the lighter the print density beconmes.
Tharefore, the operator should check the print density at the beginning
of the job and periodically thkroughout the run, and adjust the print-
jensity control as required to maintain the best print quality.

When printing becomes so light that further adjustment of the
print-density control produces no appreciable improvement, resplace
th2 ribbon., When an OCR ribbon is used, the condition does not occur
usually until 250,000 lines have been printed.

Figures 2-25 and 2-26 illustrate acceptable and unacceptable OCR
printing related to ribbon life. Lines one and two shov acceptable
printing, and lines three and four show marginal printing. Lines five
and six represent unacceptable printing: both inadequate ink coverage
and insufficient stroke width.
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(D) o05-6-5-4-3-2-1-0-0-9-8-7030200016329
Acceptable{
@ 777879707-780087-70797877767574737271

(3 =850-00090807060504030201030200042996
Marginal

(4) nn78-80898887868584838281030200052479

(®) 49404-40114- 4069484 7464544434741 -02572

Unacceptabie

1 (6) ~9-0-2-£0-0-0-9-8- 7- =5-4-3-2-1-27528

Figure 2-25. Pibbon Life Related to OCR Print Quality

(D) HNHIMHLHKHJHIHHHGHF HEHDHCHBHAHH 253011958
(2) KNKMKLKKKJKIKHKGKFKEKDKCKBKAKK 263020ck1

C) XNXIXLXKXJIXIXHXGXF XEXDXCXBXAXX 2b3C32524

Marginal

{

(®) UNUMULUKUJUIUHUGUFUSUDUCUBUAUL a6 3041371

(&) anemaLakaJal 2HacaFaEabacan2ARa 253053429
Unacceptable{
(&) 123456769012 3456 7690123456 2090 253054000

Figur2 2-26. Ribbon Life Related to OCR Print Quality (1428 Pont)

CHARACTER STROKE WIDTH

Except for the period or decimal, and comma, the character-stroke width
for OCR should measure C.010-0.018 in. (0,25-0,46mm). The samples

of printing shown in this publication can be used for visual comparison.
These samples show acceptable as well as unacceptable stroke widths.

Figure 2-27 shows tvo samples of ideal OCR printing with stroka

wvidths of 7.013 in. (C,33mm) and 0,011 in. (0,28mm). A sample with
stroke widths of 0,008 in. (0,20mm) is included for comparison,
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PRINT DENSITY AND PORMS-THICKNESS ADJUSTMENTS

In applications in which print quality is critical, correct print-
density and forms-thickness adjustment are important. The forms-
thickness adjustment must correspond to the thickness of the forms
used., If this thickness cannot be measured directly, secure this
information from the paper supplier. The thickness of 20- to 24-pound
({75-90-qram per square meter) paper is about 0.004 in. (C,1Cmm), and
continous forms card stock is about 0.007 in. (0,%8mm). The forms
tractors should be adjusted to hold the forms as taut as possible
vwithout bursting or tearing the fornms.

Because each printing format causes unigque ribbon wear, the operator
must experiment with a print-density adjustment schedule that provides
optimum results for his particular application. 1A good quality OCR
ribbon has a usage expectancy (for OCR printing) of 250,000 lines.

As a starting point, the following schedule of print-density settings
for the degree of ribbon wear is recommended:

Print Density
Ribbon Usage Setting

New to 50,000 lines

50,000 to 100,000 lines
100,000 to 150,000 lines

150,000 to 250,000 lines

» 0N o

1234567890-0O 0.013in. (0,32 mm) Stroke Width

1234567890~-0 0011 in. (0,28mm) Stroke Width

1234567890-0  0.008. in. (0,20 mm) Stroke Width

Figure 2-27. Stroke-width variations

Figure 2-28 shows print-density conditions {(enlarged) that can be
corrected by the 2922-2 operator.

Adjust the print density control lewver to get the best impression with
th2 thickness of the forms being used. Then set the print-timing dial
(Figure 2-14) for that thickness, as prescribed by the chart on the
print unit (also in Pigure 2-14). If the left edges of the characters
are cut off, turn the print-timing dial counterclockwise until they
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reappear. If the right edges are cut off, turn the dial clockvise.
{Refer to Figqure 2-28.)

HHHH corw
HHHH covmon o
HHHH oo
HHHH . o

Slur (Excessive

“ Width of Vertical
HHH o -

Pigure 2-28, Print Conditions (Operator Adjustable)

PRINT QUALITY TEST PROCEDURE

To detect a maladjustment that affects print quality and to find the
optimum print-density setting, perform the following procedure
periodically before actually printing documents to be used for optical
character reading.

1. Install ribbon to be used.

2. Insert documents in the form-feeding mechanism set the printer
controls for the thickness of the document.

3. With the print-density control set at E, print a few lines.
of H's in all positions to check for fading across the print
line (characters blacker on one side of the form than those
on the other side). If fading occurs, notify a service
representative.

4, With the print-density control set at D, continue printing
and look for conditions shown in Figure 2-28,

S. vary the print-density control through several positions to
determine the optimum setting for the actual printing of
documents., At different impression levels, observe the
printing for light density, stroke sections, extraneous ink,
and excessive stroke width,
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TYPE-FACE CLEANING

For best results, the operator should periodically clean the type
faces, first with a vacumn clearer, then with the type cleaning paper
(IBM part 451529, or equivalent). This is a crepe-like paper having

a tacky surface. As the hammers drive the cleaning paper against the
typ2 (ribbon removed) dirt from the type adheres to its surfacs. Only
one or two sheets are required to clean all the type. Discard the
irty sheets.

NOTE: tader no circumstances should the operator attempt to clean
the chain by any means other than the following:

1. Open the print unit and remove the ribbon.
2. vacumn-clean the cartridge, type faces, and print area.
3. Install the type-cleaning paper on the tractors, just like
any other form. Be sure the crepe side is facing you,
4, Position the paper and tractors so that the entire print line
is between the preforated margins.
Se Close and lock the print unit.
6. set the print-density control to C, and the print-timing dial
to 17,
. put the carriage drive in neutral and press CHECK RESET.
(This turns on the check light.)

8. Lzave the top cover open and load a suitable program, and
press START. The machine starts printing a pattern to print
every character in every print position many times.

9, Using the paper advance knob (Figure 2-13), manually space

' the paper every five or six lines while printing until the
type faces are clean, as indicated by a light printed line.
Avoid printing more than ten print lines on the same space
as this tends to shred the crepe surface of the paper. The
shreds that flake off may lodge between the type slugs and
damage the chain.

10. Remove and discard the dirty cleaning paper. Reinstall the
ribdbon.

5

REPERENCES--0OCR
Por additional information, the operator should refer to the following

IBM 1231 and 1232 optical Mark Page Readers, GA21-9012
IBRM 1282 Opticai Reader Card Punch, GA2u4-3106

IBM 1287 Opticsl Reader, GA21-9064

IBM 1288 Optiral Page Reader, GA21-9081

IBM 1418 Optjral Character Reader, IBM 1428

4
/
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Alphameric Optical Reader, GA24-1473

Print Quality Considerations, IRM 1418 and IB
1428, GA24-1452

OCR Input Preparation Guide, GC20-1686.
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INSTRUCTIONS

TRANSFER INSTRUCTION (XIO)

Function Op Code DA FS
Print DC 4 e
Print & Space Suppress DO i 1

The direct or effective address (derived from the B1-D1 fields of the
instruction) specifies the leftmost byte of the output data field in
main storage. The length of the output field is derived from the B2-
D2 fields of the instruction.

The field length specification is limited to binary values equal
to or less than 132 for the 2922-2,

At the completion of the Print instruction, the carriage performs
an automatic single space unless otherwise directed by the progran.
The automatic single space does not occur following a Print and Space
Suppress instruction.

TEST I/0 AND BRANCH INSTRUCTIONS (TIOB)

Function Op Code DA FS
Test Printer Rusy SA 4 0
Test Printer Frror 9 4 1
Test Channel 9 9A 4 2
Test Channel 12 92 4 3
Test Carriage Busy %A 4 6

Test Printer Busy

The printer busy condition is tested. 1If this condition exists, the
updated instruction address is replaced by the branch address;
othervise, normal instruction sequencing proceeds with the updated
instruction address. The printer busy condition and the carriage busy
condition (see "Test Carriage Busy") are of the same duration.
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Test Print

Th2 Print Check indicator is tested. If this indicator is on, the
updated instruction address is replaced by the branch address;
otharwise, normal instruction sequencing proceeds with the updated
instruction address., With the 2922-3 pPrinter attached to the Terminal,
the print check indicates misfiring of hammers.,

Test Channel 9

The carriage channel 9 condition is tested. If this condition exists,
the updated instruction address is replaced by the branch address;
otherwise, normal instruction sequencing proceeds with the updated
instruction address. The carriage channel 9 coniition is reset by
tha branch test, and is reset when the carriage moves to or beyond
channel 1,

The carriage channel 12 condition is tested, If this condition exists,
the updated instruction address is replaced by the branch address;
othervwise, normal instruction sequencing proceeds with the updated
instruction address. The carriage channel 12 condition is reset by
the branch test, and is reset when the carriage moves to or beyonad
channel 1,

If a print operation, which includes carriage motion after printing,
is in progress when either the Test Channel 9 of the Test Channel 12
instructions are encountered in the program sequence, the control unit
is interlocked until the coampletion of the print operation; at this
time the test is performed and the program continues,

Test Carriage Busy

The carriage busy condition is tested. If this condition exists, the
updated instruction address is replaced by the branch address;
otherwise, normal instruction sequencing proceed wtih the updated
instruction address. The carriage carriage busy condition and the
printer busy condition are of the same duration.
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CONTROL I/0O INSTRUCTION ({CIO)

Function Oop Code DA ES
Control Carriage, Immediate Space 9B 4 4
Control Carriage, Immediate Skip 9B 4 5
Control Carriage, Delayed Space 9B 4 6
Control Carriage, Delayed Skip 9B 4 7

A Control Carriage instruction in which bits 28, 29, 30, and 31 are
11l zero is treated as a no-operation.

The direct or effective detailed specification (derived from the
B1-D1 fields of the Control Carriage instruction) indicates the
particular line or carriage channel to which the carriage is to advanca.
Inly the four lowest-order bits of the detailed specification (bits
28-31) are required; the remaining higher-order bits are ignored.
Carriage channel selection is as follows:

Bits
28 23 30 31 Specification
0 ¥} 0 1 Single Space or Channel 1
0 e 1 ) Double Space or Channel 2
0 ¢ 1 1 Triple Space or Channel 3
0 1 0 0 Channel 4
N 1 D 1 Channel 5
] 1 1 0 Channel 6
0 1 1 1 Channel 7
1 0 0 0 Channel 8
1 0 0 1 Channel 9
1 0 1 0 Channel 10
1 0 1 1 Channel 11
1 1 0 0 Channel 12

Not2: After a skip operation (for example, a skip to channel 1), the
form is stopped on the particular line to which it was to advance (for
2xample, line 77). If the control tape contains a punch on line 78

in some other channel (for example, channel 2), the programmer can

move the form to this next line by issuing a single-space instruction.
However, if a Skip to Channel 2 inmnstruction is issued instead, the
skip operation is automatically altered into a single-space instruction
and the form advances only to the next line.

Input /Output Devices 2-51



CONDITION CODE

10 Instruction

Tha condition code is set to 00, 01, or 11 at the time the execution
of an XI0 instruction for the printer is completed, to indicate that
th2 printer is in the available, working, or not operational state.

The I/0 operation and data transfer as specified in an XIO
instruction for the printer is initiated only when the printer is in
the available state.

The printer is available when the Ready indicator is on and a
previous print operation, including carriage motion, is not in progress.

The printer is working or busy 3during the execution of a previous
print operation, including carriage motion after printing.

The printer is not operational when the Ready indicator is not
on.

Th2 condition code is set to 00, 01, or 11 at the time the execution
of a Control Carriage instruction is completed, to indicate that the
carriage is in the available, working, or not operational state.

The carriage operation specified is initiated only when the carriage
is in the available state.

The carriage is available when the printer Ready indicator is on
if a previous print operation is not in progress.

The carriage is working or busy during the execution of a previous
print operation which includes carriage motion after printing, or
luring the execution of a previous carriage operation.

The carriage is not operational when the printer Ready indicator
is not on, or when the carriage control tape is not imserted.
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IBM 2152 PRINTER-KEYBOARD (OPTIONAL FEATURE)

INTRODUCTION

Tha IBM 2152 Printer-Keyboard consists of an IBM Selectric Typewriter
mounted on a table that is cable-connected to an attachment in the
terminal control unit.

The 2152 Printer-Reyboard is used mainly as an inquiry station.
For example, it allows an operator to retrieve information, and to
print the information on paper; these inquiries are advantageous when
jobs are being run sequentially and the operator needs to know the
current working status. The 2152 can' also be used for entering certain
variable job parameters (such as program decision factors and
calculation factors).

Th2 2152 may also be used as a secondary printer. For example,
relatively low frequency messages (such as back-order or re-order
information developed during billing or stock control operations) may
be printed during a regular run without interfering with the operation
of the primary printer of the system. Two separate reports may thus
be produced by the same program.

The width of the 2152 print line is 125 characters (maximum) and
ths vartical spacing is six lines per inch (standard), or eight lines
per inch (optional). The 2152 prints at 15.5 characters per second,
using a print element of standard System/360 layout, and producing
one original print and up to four copies.

The standard equipment includes a pin feed platen (which allows
perforated continuous forms to be used) and a paper guide. A friction
platen is optional.

GENERAL OPERATION

Tha 2152 can operate only when the control unit has pover on. In
addition, if the device is to be used as an inquiry station or secondary
printer, the keyboard On Line/Off Line switch (Figure 2-29) must be

in the on-line position. In off-line mode, the system can neither
respond to inquiries nor print unsolicited messages because the
attachment is in a reset state.
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In on-line mode, the 2152 is under stored progqram control, thus,
ths system may print unsolicited messages as well as replies o
‘inquiries; therefore, the keyboard is locked mechanically during on-
line mode, To gain access to the keyboard, the operator must press
the request (REQ) key; this action is acknowledged by the keyboard
Request (R) light coming on. The program eventually responds to the
requast by issuing a Read instruction, the keyboard Proceed (P) 1light
comes on and, at the same time, the keyboard is unlocked.
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Indicator Light, confirming 'Request’

Indicator Light, meaning 'Proceed
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Indicator Light, meaning Pl or P2 Check, or Operator Error
NOTE: Numbers beneath keys are for identification

Figure 2-29., IBM 2152 Printer-Keyboard Layout

The operator can now enter a message and may key in as many
characters as the field length of the Read instruction permits. The
keyboard locks automatically when the allotted field has been filled,

Rzgardless of whether the field length has been used partially

or wholly, the operator must terminate the message by depressing either

the EFnd of Transmission (EOT) key, for a valid message, or the Cancel
(CAN) key, for an invalid message. When the Cancel key is depressed,
1 program-testable Cancel indicator is set; however, the message in
main storage that has been declared invalid is not destroyed. The
program may repeat the operation by issuing another Read instruction.
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A special electronic circuit quards against accidental operation
of the space bar together with another data key, Should this occur,
no data can enter main storage and the keyboard locks. The oparator
is then forced to cancel the message.

In on-line mode, the program may issue Write instructions to print
out messages on the 2152, During write operations, the keyboard is
principally locked so that the operator cannot intervene accidentally;
howaver, he can press the Request key at anytime.

INSTRUCTIONS

TYNSTRUCTION SET

The 2152 is programmed with instructions shown in Fiqure 2-30.

Format Type Op Code DA FS Name

SS XIO DO E 1 Read (from Printer)

SS X10 DO E 2 Write without Carrier
Return/Line Feed

SS XIo DO E 3 Write with Carrier Return/
Line Feed

M Cclo 98 E 1 Carrier Return/Line Feed

N| Clo 98 E | 2 Enable Request

Sl Cio 9B £ 3 Disable Request

St TiIOB 9A E 0 Test Printer Busy

St TIOB 9A E 1 Test Inquiry Request

| TIOB 9A E 2 Test Any Check

Sl TIOB 9A E 3 Test Cancel

SI TIOB 9A E 4 Test P1-Check

St TIOB 9A E 5 Test P2-Check

Figure 2-30. 2152 Instruction Set

XT0 INSTRUCTIONS

The 2152 Transfer I/0 (XIO) instructions are executed only when the
2152 is ready. If the device is not ready, the instruction is rejected
and a program-testable indication of the reason for the rejection is
given in the form of a condition code,
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If the 2152 is ready, an XIO instruction is accepted and the devica
becomes busy for the duration of the operation. The ending of an XID
instruction is indicated to the program by a device end interrupt.

The placing of the interrupt regquest ends the 2152 busy status.

The foregoing characteristics pertain to the Read instruction and
both Write instructions, and to the Carrier Return/Line Feed instruction
although this is a Control I/0 (CI0O) instruction, The Read and Write
instructions are limited to a field length of 511 bytes; if this rule
is violated, a program error stop occurs with a 6 in data register
1. The other programming rules (even boundary, protected area, main
storage limits, direct or effective addressing) must also be ohserved,

CIO INSTRUCTIONS

Tha 2152 Control I/0 (CIO) instructions are executed regardless of

the status of the device. If the 2152 is off-line, the execution of

2 CIO instruction results in no operation. A specification error
occurs if the function specification is " or greater than 3. The 2152
cannot become busy while a CIO instruction is being executed, and the
termination of this instruction is not accompanied by a request for
interrupt. However, these characteristics 4o not apply to the Carrier
Return/Line Feed instruction, which is treated as an XIO instruction.
CI) instructions contain a B1-D1 field that may be used to state a
letailed function specification; however, this field is not used for
the 2152, The B1-D1 field must, nevertheless, not be zero.

F'IDB INSTRUCTIONS

Th2 2152 Tast I/0 and Branch (TIOB) instructions are executed regardless
of the status of the device, If the tested condition is present, the
program branches to the address defined in the B1-D1 field of the
instruction. If the tested condition is not present, or if the 2152
is off-1line or not connected, the program continues with the next
sequential instruction. TIOB instructions cannot set the 2152 busy
status and an interrupt is not requested when such instructions have
bee2n completed. The testing of a particular indicator (except Busy
and Any Check) causes it to be reset; the Busy indicatd>r is reset when
the busy condition ends, and the Any Check indicator is reset when

all conditions covered by this indicator have been reset.
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READY CONDITION

The 2152 ready condition is a prerequisite for the successful execution
of a1l Read, Write and Carrier Return instructions. The device is
ready when all of the following requirem=2nts are met:

1. 2152 attached,

2. On-line mode.

3. No end-of-forms conditions.

4. V¥Not busy.

5. Uu48-volt dc potential present.

6. No P1or P2 check.

CONDITION CODE

Before a Read, Write, or Carrier Return instruction is executed, the
status of the 2152 is examined and a condition code is set.

Condition Code 00 {binary)

Tndicates that the 2152 is ready.

Condition Zode 21 (binary)

Inlicates that the 2152 is busy executing a previously-issued Read,
Write, or Carrier Return instruction.
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Condition Code 11 (binary)

Injicates that the 2152 is not operational becanse of one of the
following conditions:

1. 2152 not attached (cables disconnected).

2. Off-line mode.

3. U4B-vyolt dc failure,

5. P11 or P2 check present.

The not-operational condition is also indicated by the 2152 light
in the attention field of the console; this light ccmes on when a 2152
XI0 instruction is issued while the device is not ready.

2152 INTFRRUPTS
The 2152 requests one of two interrupts; device end or, inquiry. The

device and interrupt has priority.

Device End Interrupt

The device end interrupt is requested whenever a Read, Write, or Carrier
Return instruction has endad. For this interrupt, the device ailidress

'F' and one of the two function specifications are stored in the old

PSW to indicate which operation has ended. Identification is as
follows:

Indication DA ES
Read Fnd E 1
Write Fnd, or E 2
Carrier Return

End

At interrupt time, the program may t2st on errors and on the type
of termination. Por example, if an operation was ended hy off-line
switching, the Cancel indicator is on. A check on the residual count
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positions 162 and 163 can show how much of the allotted field length
has been used. The device-end interrupt remains pending when the
channel mask bit in the PSW is off.

Ingquiry Interrupt

This interrupt is identified by device address *E' and function
specification 3, An inquiry interrupt is requested when the operator
depresses the Request key. To satisfy the operator's request, the
program eventually issues a Read instruction.

However, when the Request key is depressed, the request is only
stored:; the associated interrupt can occur only when the request is
enabled., The request can be enabled either hefore or any time after
sparation of the Request key. 1Inquiry requests can disturb opera tions
in progress and are, therefore, subject to program control via Enable
Requast and Disable Request instructions. For example, an already
enabled request can be disabled, providel that the desired inguiry
intarrupt has not yet occurred. Nevertheless, the request still ramains
pending until it is enabled, and the inquiry interrupt can then occur.

Because all interrupts can be disablsd via channel mask zero, a
spacial Test instruction (Test Inquiry Request) is provided by which
2152 ingquiry requests can be satisifed without interrupt. However,
evan in these cases a request is recognized only when it has been
enabled.

PRINCIPLES OF QPERATION

211 2152 operations are verformed in time-sharing mode with other
input/output and processing operations.

READ OPERATION

A read operation is executed only when the 2152 is ready. If the device
is ready, a Read instruction can bhe accepted, whereupon the 2152 becomes
busy, the keyboard Proceed light comes on, and the keyboard is unlocked.
Th: opsrator may now key in data at any speed because there are not
time-out conditions to be met, The carrier proceeds from left to

rijht, one step at a time (with each key operation), until it reaches
the right-hand end position. At this position, the keyboard locks,
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excapt for the space bar. No space character, however, can entsr main
storage as long as the carrier is positioned at the right-hand end.

To start a nev print line, the operator must depress the keyhoard
Raturn key. This action causes the carrier to return to the left-hani
end, whereupon the form is advanced one step. A lever at the platen
1llows the operator to select the vertical size of this step, with
the standard platen, the line feed ratio can thus be adjusted to either
thre2 or six lines per inch.

ote: During carrier return, the keyboard is unlocked; if data keys
re operated, data enters main storage and is also printead. Data-key
peration during carrier return should be avoided

v alalia e

Q =

The Return key can be operated repsatedly to advance the paner
the raquired number 5f lines. The operation of the space bar causes
one blank character to be transferred for each space-bar operation.
The operation of function keys, such as Shift (to upper case), EOT
or Cancel, initiates the desired action but no function characters
ar2 transferred to mair storage.

If the field length is used up during a read operation, the keyboard
is locked so that the read-in area cannot be overrun. However, the
Proceed light remains on until the operation ends. The message is
ended when either FOT or CAN is depreseed; this action can occur at
any time during the read operation. FNT is used when the operator
declares the message to be valid; the Cancel kev is used when the
me2ssage pust be alter=d (that is, d=sclared invalid).

Note: If the operator accidentally denresses the snace bar together
with a data key, the keyboard locks and the check light comes on; if
this has happened, neither the space nor the character has entered
main storage. This situation is termed ‘operator error'. A message,
during which an operator error occurs, must bhe terminated via the
Cancel key; EOT has no function in this case. The operator srror is
thus indicated to the program by the testable rancel indicator.

The Cancel indicator is 3lso set when a read aoperation is terminated
by the switching of the 2152 to off-line mode. The cancelled messaqge
is not destroyed; the program may allow for correction by repeating
the read operation. If a message is ended by either EOT, Cancel, or
off-line switching, the carrier returns automatically to the left-hand
marjgin and line feed occurs. 1If either a P1 or P2 check occurs or
if the end-of-forms contact operates during a read operation, the
oparation is not disturbed hut can continue to the end. However, the
2152 becomes not ready thereafter, and a new Read, Write, or Carrier
Return/Line Feed instruction cannot be executed unless the ready status
is restored. At the end of a Read instruction, device end interrupt
is requested regqardless of the method of termination, and a residual
length count is stored in positions 162, 143.
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The issue of a Read instruction has no influence on the inguiry
intarrupt bit, which is reset only by execution of the interrupt.
The operator can, therefore, rely on the Request light heing on until
intarrupt sccurs. This arrangement is necessary because the program
may volunteer a Read instruction (for example, in order to allow the
oparator to enter the current date) immediately after the Request key
has been operated. However, the operator may have pressed the Request
key for a different purpose and, therefore, his regquest is not satisfi=gd
by the inquiry interrupt or by a program test on the inquiry request.

WRITF OPEBRATION

Two different write operations can be performed by the stored program;
write with carrier return/line feed, and write without carrier return/
line feed. In both operations, the keyboard of the 2152 remains locked
throughout, and the carrier returns automatically when the right-hand
enl position is reached. The operations differ only in the action

of thz carrier when the respective operations terminate. When the
write-with-carrier-return operation ends, the carrier returns from

the position reached to the left-hand end. When the write-without-
carrier-return operation ends, the carrisr is left at the position
adjacent t> the last character that was printed; consequently, any
subsequent operation (read or write) begins at this position, with

no space between the adjacent texts,

Write sperations cannot be stopped by the depression of FOT, or
CAN, by P1 or P2 checks, or by and end-of-forms condition. However,
if a P1 or P2 check or an end-of-forms condition arises, the 2152
becomes not ready and any new Read, Write, or Carrier Return/line Feed
instruction cannot be executed unless the ready status is ressored.
Only two keys are operational during write operations; REQ and ON
LINE/OFF LINE, Requests are stored during write operations and are
ex2cuted later (see "Inquiry Interrupt" under %2152 Interrupts".)

If the 2152 is switched to off-line mode during a write operation,

the operation ends, the Cancel indicator is set, and the carrier returns
even if the instruction specified no carrier return. At the end of

a write operation, device end interrupt is requested regardless of

the mathod of termination. A residual field length count is stored

in positions 162, 163.
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CONTROIL OPERATIONS

The Carrier Return/Line Feed instruction is executed only when the
2152 is ready. This instruction causes the carrier to return to the
left-hand margin and the form to advance to the next print line; if
the carrier is already positioned at this margin, the only action is
line feed. The instruction can he issnel repeatedly to move the paper
a corresponding number of lines., The 2152 is busy during carrier
return until the device end interrupt is requested, which occurs when
the carrier has reached the left-hand margin.

Enable Request

Requests are disabled automatically after system power on and system
res2t. If a request is entered via the Request key, the request is
stored and remains pending until it is enabled by the FEnable
instruction. When a pending request is enabled, it will request an
inquiry interrupt. A request that has been entered via the Request
key can be extinguished by switching the 2152 to off-1line however,
the Enable instruction remains effective until either Disable Reguest
is issued or the system reset key is operated.

Disable Reguest

Inquiry interrupts may he inconvenient during certain program runs.
In order to suppress these interrupts without suppressing all others,
th2 2152 raquest can be disabled, either before or after the Request
key has been operated,

If Disable Request is issued before the Request key is depressed,
a subsequent Request key operation will nevertheless cause a request
to be stored, however, no interrupt action will occur until this stored
request is enabled.

If Disable Request is issued after a request has been entered via
the request key but ‘before the corresponding inquiry interrupt has
bean exscuted, then this inquiry interrupt cannot occur until the
request has been enabled., Once a request has bheen entered, it remains
stored unless the 2152 is switched to off-1line mode.
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TIOB DPERATIONS

Test Tnquiry Reguest

Ths inquiry request can he tested directly to allow the program to
branch when interrupts are disabled via channel nask zero. However,
the test can find enabled requests only; the branch then occurs and
the request is reset. A test on a request that was entered but not
anabled cannot cause a branch.

Test Printer Busy

The printer busy condition can be tested to prevent initiation of an
oparation that cannot be performed successfully. The 2152 becomes busy
when it has accepted a Read, Write, or Carrier Return/Line Feed
instruction. The busy condition ends when devica end interrupt is
requested, which occurs at the end of any of these operations. The
busy condition is not reset by the test., The program branches when
th2 2152 is found t> he busy; the program continues with the next
sequential instruction when the device is found to be not busy.

The Cancel indicator is set whenever the keyboard Canel key is depressed
juring read operations. (The Cancel key is ineffective during write

or carrier-return operations.) The indicator is also set whenever

tha 2152 is switched off-line. The Cancel indicator can be tested

to find out whether the previous operation should be repeated. Tf

the indicator is on, the test causes the program to branch and the
inlicator to be reset, However, the test is not mandatory because

the indicator is reset automatically with the next Read, Write, or
Carrier Return/Line Feed instruction that is issued after the indicator
is set.

Test P1 Check

The P1 check indicates that the attachﬁent to which the 2152 transmits

(or from which it receives data) contains an even bit configuration.
This parity error can occur during a read or write operation, however,
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th2 opsration is not stopped but can continue to completion. The P1
check sets ‘the 2152 not-ready indicator light on the console conmes

on if a new XJYO instruction is issuei, The test on the P1 check causes
tha program to branch, and hoth lights go out. A new Read, Write, or
Carrier Return/Line Feed instruction is rejected with condition code

11 (not operational) as long as the P1 check is present. During
operator error, the P1 check is suppressed.

Test On B2 Check

The P2 check indicates that the mechanism of the 2152 has operated

1 wrong combination of contacts, possibly during a read or write
operation. The operation is not, however, stopped but can continue

to completion. The P2 check sets the 2152 not-ready status and turns
on the 2152 check light. The 2152 indicator light on the console comes
on if a new XI0O instruction is issued. A new Read, Write, or Carrier
Return/Line Feed instruction is rejected with condition code 11 {not
operational) as long as the P2 check is present. The test on the P2
check causes the program to branch and the check light, as well as
the indicator light, is turned off, The P2 check is operational at
all times and is not suppressed when an operator error occurs.

The Any Check indicator is a summary indication for any of the following
indicators: P1 check, P2 check, and Cancel. The program branches whan
the Any check indicator is on, but the indicator is not reset; it is
reszt only vhen all indicators that have caused it are reset.

PRINTER CHARACTER SET

Th2 2152 can print all characters shown within the heavy frames in
Figure 2-31, Bit confiqurations that pertain to the areas outside
these frames are valid EBCDIC confiqurations but, if used, cause
unspecified characters to be printed. Unspecified characters do not
cause a check. The printable character set corresponds to the keyboard
nomenclature and to the print element layout (Figure 2-32). One blank
character is transferred to main storage for each operation of the
space bar, except when the carrier is at the right-hand end of its
travel; with the carrier in this position, the space bar loses its
function (and the rest of the keyboard is mechanically blocked). 1If
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tha program intends to produce spaces, it must issue a Write instruction
and provide blank characters in those positions where a space is to
appear.

Bit positions 0,1 contain ——— & o9 01 10 N
- N\
Bit positions 2,3 contain =l 00|01 10| N ooflor]|10|n oo|lorjwo|n
Bit positions 4,5,6,7, contain
0000 blk| & | - 0
0001 / ali AL !
0010 bk |s B K|S |2
3E1 S A clL|t]3
zmo d|m| v D | M|U|4
710! e in | v E|N{V |5
0110 flo|w Flo|w]|eé
0111 g | P | x G|P | X 7
1000 h|qly HlQ|Y]|s
1001 ilr|z 1| rR{Z]|9
1010 ¢!
1011 v N N
1100 <l %)@
1101 Cy oy
110 s> =
nn N -

Figure 2-31, 2152 Character Set to EBCDIC

Upper Case Lower Case
=i | % >]*])Y]<]: ' ("] 1|3 |57 |8|0]| 24|69 -
21T |V IX ¢ isjulwlz| ||/t ]v x|yl@|s]|ov|lw]|z],
JILIN|PIQ| | K|M|IO|R| ] lta|lp|lgl-|k|m]o]|r|3}$
A|C E G| H + B D F Il =l oe c e g h & | b d f i

Figure 2-32, Print Element Layout (Type 961)
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KPYS AND LIGHTS

Refer to Piqure 2-29 for the location of the various keys and lights.

ON LINE/OFF LINE KEY

Tha toggle-type On Line/Off Line key must be switched to ON LINE if
the 2152 is to operate under stored program control. Switching from
AN LINE to OFF LINE (or vice versa) causes carrier return with line
feed, 1In off-line mode, the 2152 is not ready and all attachment
circuits are in a reset state. Switching to off-line cancels any
operation in progress at that time. The key also resets a storel
request but, if the request has already caused the inquiry interrupt
bit to be stored, an inquiry interrupt will occur eventually. The
key has no effect on the enable/disable state of requests.

DATA KEYS

Tha

tarm 'data keys' refers to all keys by which data is entered.

The data keys can be operated only duriny off-line mode and during
on-line mode when a read instruction has started; otherwise, the
keyboard is 1locked.

Not2: Although no special skill is required to operate the device,
the operator should avoid these errors:

1.

2.

Operation of data keys together with the space bar (this causes
operator error with keyboard lock).

Simul taneous operation of data keys and the Return key (characters
may appear in already printed lines on paper but will be stored
in adjacent main storage positions).

Simultaneous operation of data keys and Shift key (the character

on paper will not necessarily correspond to the one in main storage;
it may be either the upper or lower case character).
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FUNCTION KEYS

Request Key

The Request key must be depressed to notify the proqram that the
operator intends to enter data into main storage. The operation of
the Request key causes a request to be stored. This stored request
remains ineffective until it is enabled. An enabled request can
subsequently initiate inquiry interrupt or it can be tested directly.
Th2 request will ultimately cause the issuing of a Read instruction
that unlocks the keyboard. A stored request is extinguished only by
off-lin2 switching. The Request key is effective only during on-1line
mode.

EOT Key

Th2 EOT key is used to terminate a read operation when the operator
plans no alternations to the message just entered. The key is effective
only duriny read operations when no operator error is present.

Cancel Key

The Cancel key is used to terminate a read operation during wvhich wrong
or unsatisfactory data has been entered. The key must be used for
termination when the keyboard has locked because of an operator error
({simultaneous activation of space bar and data key). Operation of

ths Cancel key ddes not destroy the data in main storage. The Cancel
key is effective only during read operatioms.

INDICATOR LIGHTS

Reguest Light

Tha Request light comes on vhen the Request key is operated. The light
remains on until either an inquiry interrupt occurs or until the request
is tested by the Test Inquiry Request instruction. The light goes
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out if the 2152 is switched to off-line mode. Subsequent on-line
switching will neither restore the request nor turn on the light,

Proceed Light

The Proceed light comes on whenever the program issues a Read
instruction and this instruction is accepted by the 2152, The light
Jo2s out only when the operation is terminated via FOT, Cancel or off-
line switching.

Check Light

The Check light comes on when either a P! check, a P2 check, or an
operation error occurs. TIf the light cam on because of a P1 or a P2
check, it goes out when the respective checks are tested. If the Check
light was caused by an operator error, it gces off after the Cancel

key has been operated.

Attention Light

The Attention light is installed in the attention field of the console.
Th2 light comes on whenever an XI0 instruction that addresses the 2152
is issued and the device is not ready. The 2152 is not ready wvhen

ths cables are not attached, the pover supply has failed (no 48-bolt
dc potential), a P1 or P2 check is present, the 2152 is in off-line
mode, or the end-of-forms contact has operated. The light goes out
vhen these conditions are corrected.

PAPER HANDLING

The 2152 prints on continuous forms of 13-5/8 in. (34,6 cm) width,
These forms are transported by a pin-feed platen. The horizontal
distance from pin to pin is 13-1/8 in. (33,3 ca); the vertical distance
from pin to pin is 9/16 in. (1,4% cm). The line feed mechanisa moves
the paper in increments of either 3 or 6 lines per inch (2,54 cm) as
letermined by the line adjustment lever at the platen. The maximuna
print line width is 124 $1 characters for read operations, therefore
the keyboard usually locks when position 124 is reached; hovever, if
the kayboard locks at position 123, then the space bar can still be
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operated and thus two space characters can he entered. (Beyond position
125, no addtional space characters can be entered, even though the

space bar remains unlocked.) For write operations, the maximum print
line width is 124 characters. The margins are fixed in the extrenme
left-hand and right-hand positions. One original and up to four copies
can be printed, A paper quide is provided as standard equipment.

END-OF-FORMS CONTACT

Tha2 end-of-foras contact monitors the unprinted paper stock. The
contact closes at a point that allows any read or write operation
surrently in progress to be completed in such a manner that all
information is still printed on paper, even if the maximum field length
{511 bytes) is used. The operation of the contact does not disturh
current operations but the 2152 becomes not ready thereafter.

RIBBON

A single-color ribbon, enclosed in a cartridge, is supplied. Ribbon
cartridges can be obtained in a variety of colors through any IBM
branch office.

FEATURES

A pin-feed platen with a pin-to-pin width of 13-1/8 in. (333,4nm) is
stardard. Platens are available for feeding either 6 or 8 lines per
inch.

A friction-feed platen (without pins) is optional. A forms stand
stacker is available for fanfold paper.
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The IBM 1442 Card Panch Model 5 (Figure 2-33) provides punched-card
output for the 2922 Programmable Terminal. Cards are fed from a 1200-
sari-capacity hopper, punched serially, and stacked in a 13))-card
capacity stacker. Three card-feed cycles move a card from the hopper,
through the machine, and into the stacker (Piqura 2-38).

Fiqure 2-33, 1IBM 1442 Card Punch Model 5

Cards are punched serially, one column at a time, beginning in
column one, Card throughput depends on the number of columns being
punched per card and upon the time of receipt of the punch instruction
from th2 control unit, The rated speed of punching is 160 columns
per second, The maximum card throughput when punching ten colamns
is 265 cards pasr minute, The maximum throughput when punching all
80 columns is 91 cards per minute. Blank columns may be interspersed
vith th2 punched columns, but they require the same amount of time,

Punching errors are detected. Each time a hole is punched, a check
pulse is developed and compared with a similar pulse from the systen.
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Dissimilar pulses turn on the punch check light on the 1442-5, and
also turn on the punch error indicator latch to allow for prograa
intarrogation.

Note: Tf the punch error indicator is program-tested immediately
following punching, the punch light is turned off bafore it can fully
turn on.

The control unit processes other program instructions at the same
time it is transferring data to or from an I/0 device. For exanmple,
whan all 80 columns of a card are being punched, the control unit is
interlocked with the 1442-5 for approximately 5.5 milliseconds. The
remainder of the 1442-5 punching operation is available for other
programmable terminal operations. If fewer than 80 columns are being
punched, the interlock time is reduced by .067 milliseconds for each
zolumn not punched or spaced over.

The time required t> punch and feed a card is calculated by the
formula T = 6.25 times the number of the last column punched plus 163
milliseconds, TIf the Punch and Feed instruction is not received by

Stacker Punch Incremental Sense Feed Card:
Cornering Station  Drive Station —
Punch Feed
From Hopper
I First Card
Feed Cycle
Into Sense
Station
Through Sense
Station
l Second Card
Feed Cycle
Into Punch
Station (register
in column 1)
I R
Hopper Through Punch
Station
Stacker
Into Third Card
Cornering Feed Cycle
Station
Into
Stacker

Fiqare 2-34, Card Feed Path
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the end of the 163-millisecond feed cycle, the card punching rate
(cards/minute) is reduced accordingly. Pigure 2-35 shows the
relationship of the number of card columns punched to the maxlmum
nunber of cards punched per minute.

Last Card Total Punch

Column Cycle Time CPM

Punched {milliseconds)
80 663 91
75 632 95
70 601 100
65 569 105
60 538 112
55 507 118
50 476 126
45 444 135
40 413 145
35 382 157
30 351 171
25 319 188
20 288 208 -
15 257 233
10 226 265

5 194 309
1 169 355

Figqure 2-23S, Punch Cycle Times and Throughput Rates

PPOSRAMMED OPERATIONS

T ———— ————— — - — - —— —

CONDITTION CODDES

Thr22 conlition codes (Working, Available, and Not-Operational)
indicate the status of the 1442-5, The 1442-5 is in a working status
iuriny a puncht and feed operation; in an availabls status when ready
to receive and 2xecute an instruction; and in a not-operational status
#hen a punch check has occurred and the punch indicator has not been
reszt, or when the ready light is off for one of the reasons listed
under "Check Light,.n

Pata transfer is initiated only when the 1442-5 is in an available
conlition, When the 1442-5 is in a working or not-operational status,
a Panch and Feed instruction results in setting thes condition code
only, with no action taken in the 1442-5, The control unit proceeds
to the next instruction, ‘
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TRANSFER INSTRUCTION (XIO)
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Punch and Feed Do 3

The Punch and Feed transfer command initiates the movement o>f data
from the control unit main storage to the 1442-5, The direct or
affective address (derived from the B1-D1 fields of ths instruction)
specifies the leftmost byte of the output data field in main storage.
The length of the output field is derivel from the B2-D2 fields of
the instruction, The field length specified is restricted to binary
values equal to or less than 80,

Tha punch operation begins with the card registered at column one
in the punch station. The data in main storage must be arranged in
the exact sequence in which it is to be punched.

When ths 1442-5 completes the punch oparation, it ejects the card
just punch2d1 and automatically feeds another card into the punch
station, The 14842-5 indicates the end of the punch opsration by
interrupting th2 stored program with the channel-end indication.

To obtain maximam card througkput in the 1442-5, the Punch and
Feed command must be received prior to the end of the 163-millisecond
feed cycle (Figure 2-36),

Punch n Columns , Feed Cycle |
163 ms

6.25 ms / col. ! ]

lq—-Punch Busy 13 ms

i 14425 Working

150 ms -

|

L Interrupt occurs at this point.

Pigurs 2-36, Punch and Feed Timings

Tf the 14482-5 is addressed by a Punch and FPe2d command when in
3 not-operational condition, the Punch indicator on th2 control unit
zonsole turns on, the condition code is set to Not-Operational, and
the command is terminated.
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TRST I/D AND BRANCH INSTRUCTIONS (TIOB)

The Test I/D and Branch instructions direct the control unit to
intarrogate th2 1442-5 f>r a particular condition (indicator).

Function 0p_Code DA ES
T2st Punch Busy 92 3 2
Test Punch Error 9A 3 3
Tagt Fa2d Frror qp 3 5

The Test Punch Busy instruction tests the punch Busy indicator. When
the 1442-5 is in the available condition, this indicator turns on as
soon as tha control unit sends a Punch and Feed instruction. The Punch
Busy indicator turns off when the data transfer portion of the punch
oparation is completed (last column punched and checked).

If th=2 Punch Busy indicator is on when tested, the program branches
to the address specified in the instruction, Th2 channel-end signal
is sent to the control unit at the time the Punch Busy indicator is
turned of€f,

Test Punch Error

The Test Punch Frror instruction tests the Punch Check indicator.

This indicator turns on whenever an error in punching is detected,

as further indicated by the punch-check light and by the punch indicator
(Attantion) on the control unit console,

If the punch Chack indicator is on when tested by the program,
the proaram branchss to the address specified in the instruction.
The Punch Check indicator is turned off by:

1. The Test Punch Error instruction, or

2. Pressing the I/0 Check Reset key on the control unit console,
3. Pressing the System Reset key on the control unit console,

4, Pressing the NPRO key on the 1442-5,

s. Pressing the (program) Load key on the control unit console.
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Test Feed Error

Tha Tost Fa2d Prror instruction tests the Feed Check indicator. The
Peed Check indicator turns on if a card-feeding malfunction occurs

(card jam, failure to feed, etc.) anywhere in the card feed or transport
area.

Tf the Feed Check indicator is on when tested, the program branches
to the adirsss specified in the instruction, If a feed cycle is in
progress when this instruction is encountered in the program, the
proyram sequence is delayed until the feed cycle is completed, at which
time the test is performed.

mo avoid deslaying the program, the Test Feed Error instruction
should b2 jiven at the end of the time that the 1442-5 is in a working
condition (FPigure 2-36). The working coniition drops at 150
milliseconis of the 163-millisecond feed cycle.

The coniition code is set to 00, 01, or 11 when an XIO instruction
is completed to indicate that the 1442-5 card punch is available,
working, or not-operational.

The data transfer as specified in an XID instruction for the 1442-
5§ is initiated only when the 1442-5 is in th2 available state,

The 1442 is available when the Ready indicator is on, thes Punch
~hask indicator is not on, and a punch and feed operation is not in
progress.

mhe 1442-5 is working or busy during the execution of a previous
1442-5 punch operation.

The 1442-5 is not-operational when the Ready indicator is off or
when the Punch Check or Feed Check indicators arz on.

- -

Control I/) instructions to the 14u42-5 are treatel as No-Op
instructions.

Two basic timings associated with 1442-5 operations must be considered
for maximum card throughput and for making full use of the processing
tims available between card cycles:
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1. The 1442-5 is in a working condition for 150 milliseconds
following the channel-end interruption (given at the end of
the data transfer operation for carl punching). If the Test
F2ed Frror instruction is directed to the 1442-5 during this
time, the program is delayed until the working condition
drops.

2. Thirtzen milliseconds elapses between the dropping of the
wvorkiny condition and the end of the feed cycle. A new Punch
and Feed instruction must be directed to the 1442-5 prior
t> th2 2nd of the feed cycle if maximum card throughput is
to be maintained.

S e e m e B v S ——

Figure 2-37 shows the keys and lights for operatiag the 1442-5,

KFYS

Start ey

This key places the 1442-5 in ready status on initial run-in, provided
the following conditions exist:

Power on,

Card path empty,
Cards in hopper,

No error lights on.

FOo0N a
e ¢ e o

For initial run-in, pressing the Start key causes two card-feed
cycles to register the first card at column one at the punch station.
Pressing ths Start key after the Stop key has been pressed returns’
the 1442-5 to ready status again.

1w
It
10
ro
=
(3]
<

This key stops the 1442-5 at the end of a mechanical operation and
turns off the ready light. Punch instructions are not accepted until
after the Start key is pressed to restore the 1442-5 to ready status.

Input/0Output Devices 2-76



This key (Non-Process Runout) runs cards out of the 1442-5 without
prozessing them and resets certain check conditions. W#hen using the
NPRY key to run cards out of the machine, these conditions must be
satisfie=A:

1. Hopper empty
2. Any card jams must be cleared.

Three card-feed cycles are sufficient to run all cards out of the
machine.

This key also resets any of the Feed Check lights and the Feed
~ha=k indicator after the cause of the check has been removed. This
key also resets the Punch Check light and inlicator (s=e "Operating
Procedures®) .,

HOPPER FEED PUNCH POWER READY
CLU ON

SENSE

STA
PUNCH

STA CHECK IATTENTION
TRANS

START NPRO STOP

Pigurs 2-37. Operator Panel

LIGHTS

Power 0On

This liqht indicates that ac and dc power is supplied to the 1442-5
circuits,
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This light indicates that the 1482-5 is ready to accept instructions
from the control unit. The light is on whenever these conditions are
met s

1. Power on _

2. Card registered at punch station

3. Cards in hopper

4, Attention light off

Se Hopper, sense station, punch station, transport, and feed
clutch lights off

6. Machine not stopped with the Stop key.

The Ready light is turned off by an NPRO sequance or by the
oparation that feeds the last card from the hopper. If the Ready light
is off, the Punch (Attention) indicator on the control unit conssle
turns on when the next Punch and Feed instruction is sent to the 1442-
S.

Attention

This light indicates that the chip box is full or not in the machine,
that the stacksr is full, or that the top cover is open., When the
Attention liaght is on, the Ready light is off.

This light is a general indication that an error condition exists,
as further indicated by the following lights on the back-lighted panel.
The first fivs conditions also cause the ready light to turn off.

1. HOPPFR--indicates that a card was not fed from the hopper.

2. SENSE STA--indicates a sense station jam.

2, PUNCH STA--indicates a punch station jam.

a, TRANS--indicates a jam in the stacker transport.

5. FEED CLU--indicates that the clutch failed to latch, causing
an extra feed cycle.

f. PUNCPR--indicates that the punch check pulse did not agree with

the punch data pulse. When the light is on, the Punch
(Attention) indicator on the control unit console is also on.
The Punch light is turned off when the main program tests the
Punch Error indicator or when the operator presses I/D Check
Reset, System Reset, or Load on the control unit console, or by
an NPRO sejuence on the 1442-5,
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Note: Whenever any one of these lights is on, the Punch indicator
on the control unit console turns on immediately. The first five
1ights indicate a card-feed error condition and can be turned off by
an NPRO sequenca only.

- . - - —— = - ——

MACHINE SFTUP

whan power is turned on in the programmable terminal control unit,
a hopper-check light condition results automatically in the 1442-5
forcing tha operator to use the NPRO key to reset the light condition.
This ensures that the card path is clear of cards from a previous
speration, The procedure for setting up the 1442-5 for opsration is:

Ramove any cards from the hopper.

press the NPRO key and hold it down for a few cycles.

Place cards in hopper face down, 9-edge first,

Prass the Start key. This feeds two cards from the hopper,
registers the first card on column 1 in the punch station, and
turns on the Ready light. '

£ 0N

. L] L[] .

Tha Ready light along with the auxiliary Punch On-Line light,
located on the 2922-1 console, indicates that the punch is ready for
spseration., Th2 Punch On-line light may not be on immediately but comes
sn when the punch is ready and the BSCA is communicating with a down-
lin2 systenm.

PUNCH OPERATION

punching mav be performed while the BSCA is busy and for a period of

28 saconds after th2 communications line is disconnected. Any 1442
check, stop condition, or 2922-1 terminal stop condition while punching
inhibits the tiweout until the unusual condition is clzared. Data

tn he punched does not have to come from the transmission lirne.
However, any programs requiring punch output must establish
~ommunications via the BSCA,

When the punch is ready, it is disabled (as indicated by the Punch
In-fine light being off) 23 seconds after th2 communication line has
heap 1isconnect=d. Any alteration of storage either manually or by
IPI, further prevents punching, Communication must be established again
to continuz punch operations.
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INDICATOR LIGHT PROCEDURES

Figure 2-28 is a quide whenever card jams or punch errors occur in
the 1482-5, The correction procedures in this chart restore the 1442-
5 to ready status.

. Light and 2. Program

Indication

Cause

Correction Procedure

-

. Hopper—-Check
2. Feed Check

Failure to feed card
from hopper

1. Lift cards from hopper

2. Press NPRO key for several cycles

3. Remove cards from bottom of deck
and piace deck back in hopper

4. Remove blank card from stacker

5. Press start key

Condition Code

*1f punch-check light

is on, treat as punch-check

light condition

1. Sense Sta-Check Jam at sense station Fellow procedure under Card Jam Removal
2. Feed Check
1. Punch Sta-Check Jam at punch station Follow procedure under Card Jam Removal
2. Feed Check
1. Trans-Check Jam in stacker Follow procedure under Card Jam Removal
2. Feed Check transport area
1. Feed Clu-Check Feed clutch failed to 1." Lift cards from hopper
2. Feed Check latch, causing an extra 2. Press NPRO key for several cycles
feed cycle 3. Remove blank card from stacker

4. Place card deck back in hopper

5. Press start key
1. Punch-Check Error detected in Refer to the Operator Procedure
2. Punch-Check punching Guide for the program being processed
1. Attention Chip box full or not Correct the cause and press the start key
2. Not Operational in the machine,

Condition Code stacker full, or top
: cover open

1. Attention-Check Cover open during . Lift cards from hopper
2. Not-Operational punching* Press NPRO key for several cycles

Remove blank card from stacker
Place card deck back into hopper
Press the start key

grLN

Figure 2-138,

Indicator Light Procedures

CRRD JAM REMOVAL

The Check light, along with a Sense Station, Punch Station, or Transport
light, indicates a card jam condition. If the card is jamaed at the
ounch station, repunch the card. Do not use a card saw to remove a

jam in the punch station. The punch mechanism could be damaged.
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Use ths following procedure for removing jammed cards. If the
jam is not in the punch station, only the first five steps are
necessary. ‘

1.
2.

Ramove the cards from the hopper.

naise the two top covers and locate the card jam. If the janm
is not in the punch station, raise the appropriate plastic card
guide and remove the jammed card (s).

If the jam is in the punch station, skip steps 3 through 5 and
proceed with steps 6 through 13,

3.

Prass the NPRO key to run out any cards in the card feed or
transport areas.

Replace the cards in the hopper.

prass the Start key. This again places the 1442-5 in ready
status,

loosen the two twist-type fasteners (Figure 2-39) on back cover
and lower the cover.

With the powver on, rotate the punch unit handwheel at least
one-half revolution.

Press down on the spoon-shaped lever (Fijure 2-39) and pull out
th2 card. If card remains jammed, loosen the lower punch guide
holding screw and remove the lower punch guide. Do not use a
card saw,

Replace the lower punch guide if it was removed.

Close the covers. Make sure that the cover interlocks are
operated.

Prass the NPRO key to reset the error condition.

Place one card in the hopper and feed it through with the Start
keay and the NPRO key to ensure that the card path is clear.
Place cards in the hopper ani press the Start key. The 18442-5
is now ready for continued operation.
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Rear Cover Fasteners
(One on each side) Hopper Punch Unit

Hand Wheel  Lower Punch Guide Spoon-Shaped Lever
Holding Screw

9, 1442-5, Rear View
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BINARY SYNCHRONOUS COMMUNICATIONS ADAPTER

INTRODUCTION

Telecommunication, the ability to exchange up-to-date informatiorn
between remote locations, is a valuable asset in the fast-paced modern
business world of industry and commerce, Therefecre, powerful tools,
such as electronic data preocessing systems, should not be limited to
strictly local input and output, Nowadays, as business activities
expand and companies establish branches farther afield, the rapid

exchange and processing of vital data is of ever-increasing importance.-

Thus, more and more emphasis is being placed on teleprocessing, which
offers interesting prospects to all users of data processing systems.

The Rinary Synchronous Communications Adapter (BSCA) for the 2922

Programmable Terminal is a teleprocessing device which is virtually
independent of such restricting factors as the necessity for code

translation (due to a limited character set), complex synchronizing
procedures, slow transmission sreeds, etc.

The BSCA operates in time-sharing mode with other input/output
and processing operations {(at speeds up to 72590 bits per second).

The BSCA mea=ts the requirements of high-spead communication systenms
by offering the following:

1. Transmission of the entire Extended Binary-Coded-Decimal Interchange

Code,

2. Transmission of the entire American National Standard Code for
Information Interchange.

3. Transmission of any binary data (entire programs in any language,
packed decimal data, random data, etc).

4., Transmission speeds of 2000, 2400, 4800 or 7205 bits per second.

5. Block-dividing of messages to adapt to optimal conditions on
telephone lines of a given quality.

6. Powerful error-checking methods,

7. ©Optional features that allow a variety of different operating
modes.
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The 2922-1 equipped with the BSCA can communicate with the
following: ‘

1. A System/360, all models, equipped with an IBM 2701 or 2703
Transmission Control and appropriate binary synchronous
communication features, or

2. A System/379, all models, equipped with a 2701 or 2703 Transmission
Control that has the appropriate binary synchronous communications
features, or

3. Another 2922 Programmable Terminal.

The BSCA operates over two-wire or four-wire telephone lines that
may be either privately-owned, leased, or switched (that is, part of
a common carrier dial-up network). The transmission technique is half-
duplex (that is, in one direction only at a time). The adapter can
comnunicate in point-to-point fashion. In point~-to-point operation,
data exchange is hetween two staticns.

The BSCA is fully program-controlled by 13 basic instructions (see
Figure 3-2). To the 2922-1, the BSCA is another I/0 device. However,
considerable flexibility is introduced into the program by the binary
synchronous philosophy. This philosophy features precisely-defined
control character sequences that "frame" each message at its beginning
and end. Such a message, with its control sequences at both ends,
is moved byte-by-byte from main storage in the control unit to a buffer
from where it is transmitted bit-by-bit {serially) to the remote CPU.
Here, the stream of bits enters a similar buffer where the data is
re-assembled into characters and moved eventually into main storage.,
The control characters trigger certain actions in both stations so
that each message actually contrcls its own mode of transmission.

Thus, the main controlling elements are the control character sequences
which enable each message functicn as a self-controlling entity.

Transmission Codes

When ordering a 2922 termiral, the customer must specify either the

ASCIT or the FBCPIC as his line code. The adapter accommodates only
on2 line code,.

American National Standard Code for Information Interchange (ASCII):
This code consists of seven data bits and one parity bit (Pigure 3-

1). Thus, an eight-bit character is formed which must have odd parity.
The parity bit is supplied automatically by the BSCA as needed and,

therefore, the parity bit position must always be zero in all ASCII
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characters that are to be transmitted from main storage. The
automatically-supplied parity bit is transmitted over the line; in
the receiving BSCA, however, the bit is removed automatically and
entered into main storage as a zero bit. The ASCII character is
transmitted low-order bit (bit 1) first, bit 2 next and so on, ending
with the parity bit. The ASCII table in Appendix L shows all bit
configurations; the characters within thick lines are control
characters, while those in the shaded areas cause line turnarouni
(change of transmission direction) whenever they are preceded by the
control character DLE. This operation is explained later under "Control
Sequences (Basic BSCA)".

consists of eight data bits (see Fiqure 3-1). EBCDIC characters are
transmitted low-order bit (bit 7) first, bit 6 next and so on, ending
with bit 0., The EBCDIC table in Appendix L shows all bit
configurations; the thick lines enclose the ccntrol characters, while
the shaded areas contain characters that cause line turnaround (change
of transmission direction) when they are preceded by the control
character DLE., ' See "Control Sequences (Basic BSCA)".

High-Order Low-Order
Position Position
ASCH|P 7 6 543 21
EBCDIC|0 1 234567

Fijure 3-1. Sequential Numbering of Bit Positions in EBCDIC and ASCITY

Interface Complying with EIA Regujrement RS 232B: Two interfaces,
the data set interface and the data station interface, are availabdle
for connecting the BSCA to U.S. modeas.

The data set interface complies with the EFlectronic Industry of
America (BIA) requirement RS232B; this interface allows appropriate
molems to operate on voice-grade telephone lines at speeds ranging
from 2000 to 7200 bits per second.
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Bodems

The modem converts dc signal output from the BSCA into modulated carrier
signals for transmission over telephone lines.

The BSCA does not impose on the customer the use of any particular
rodem, but he must consider certain aspects when planning his BSCA
installation. Modems that do not provide bit timing generally present
few problems. Modems that are equipped with a clock and use relative
phas2 angle modulation (4-phase modulation) offer the advantage of
operating on narrow-band communication channels; in transparent mode,
however, these modems are sensitive to certain steady bit patterns.

In particular, modems that transmit the serial BSCA bits in pairs of
bits (dibits) can lose synchronization wvhen a sequence of more than
40 consecutive one-zero {(or zero-one) patterns is transmitted.
Likewise, high speed data stations cannot transmit a series of 500
(or more) zero bits unless the stations are equipped with a universal
scrambler,

For gunidance, refer to Systems Referesnce Llibrary, General
Information--Binary Synchronous Communications, Order No., CA27-3004,

DESCRIPTION (BSCR)

The information in this section pertains to the functional
characteristics of a BSCA.

INSTRUCTION SET AND CONTROL CHARACTERS (SUMMARY)

The instruction set for the BSCA is shown in Figure 3-2, while EBCDIC
and ASCIY contrsl character codes are given in Figures 3-3 and 3-8
respectively.
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Type | Format |Op Code | DA FS Function

Xi0 SS Do 5 0 Transmit ond Receive

X10 SS DO 5 1 Receive Initial

X10 sS DO 5 4 Receive Only

XI10 SS DO 5 8 Transmit Only

Clo SI 98 5 0 Disable ITB

Cio Sl 98 5 1 Enable ITB

Cio S! 98 5 2 Enable BSCA

CiO Sl 98 5 3 Disoble BSCA

Clo Sl 98 5 6 Store Current Address

CIiO M| 98 5 7 Store Sense Information

Clo Sl 98 5 8 Store IT8 Address

TIOB St 9A 5 0 Test and Bronch on Any
indicator Set

TIOB Sl 9A 5 8 Test and Branch on Busy

Figure 3-2. BSCA Instruction Set

gi?]P;si:\;iins 67 Mnemonic Function
00000001 | SOH Start of Heading
00000010 | STX Start of Text i
00000011 | ETX End of Text
00100110 | ETB End of Tronsmittal Block
00110111} EOT End of Tronsmission
011+ 3] Column 3 | Chonge of Direction Modifier
00111101 | NAK Negative Acknowledgement
00101101 ENQ Enquiry
00010000 | DLE Data Link Escape
00110010 | SYN Synchronization Character
00011111 I8 End of Intermediate
Transmission Block

*'Do not care* positions
These bits are used at the discretion of the programmer

Figure 3-3. EBCDIC Control Character Codes
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Bit Position M . .
P7654321 nemonic Function

PO0O000O01 SOH Start of Heading
PO0OOOOTO STX Start of Text
P0O00O0100O0 EOT End of Transmission
POO00OOOT1T 1 ETX End of Text

POOTOT 1 ETB End of Transmittal Block

PO 1 1= 1| Column3 Change of Direction Modifier

POOCTO T O NAK Negative Acknowledgemen
PO000101 ENQ Enquiry

POO1O0O1TT1O SYN Synchronization Character
POQTO0OO0O DLE Data Link Escape

POCITI 11 ITB End of Intermediate
Transmission Block

*'Do not care' positions
These bits are used at the discretion of the programmer

Figure 3-4. ASCIT Control Character Codes

ODPERATING PRINCIPLE

Oparations in the BSCA are started by initialization, that is, by
bidding for the line. The initialization assigns the right to begin
transmission to one or the other station. If the BSCA gets the line,
it must first receive the bid from the other station before it can
start its transmission, The actual data exchange is accomplished with
Transmit and Receive instructions that are issued in both stations.
Before each XI0 instruction (transmit/Receive) is executed, the
condition code is set to indicate to the program whether the instruction
can be executed or not. After each XI0 instruction is executed, an
interrupt is requested to provide a means for checking the results,

If an error occurs, details of the cause for rejectior (in the forsm
of sense information) are available at interrupt time.

Initialization At Transmitting Station

The actual wire connection between two stations is either permanent
(on private and leased lines) or it must be established by a dialing
procedure (in switched networks).

After connection is established, an initialization procedure nust
be used. For reasons that are explained later in "XIO Instructions"
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unier "Transmit and Receive®, the initialization is accomplished by
two different methods that ensure the proper rhythm of data exchange
between the two stations. The method used depends on the intentions
of the user of a particular station., If he intends first to send data
to a remote station, he must use one method; if he intends first to
receive data from the remote station, he must use the other method.
Thus, initialization can be likened to starting on 'one foot or the
other', one station using one method and the other station using the
opposite method; neither method represents an advantage or a
disadvantage because, after initialization, each station transmits
in turn.

Refore any other action, the BSCA .is enabled by issuing an Enable
BSCA instruction. This instruction produces a pasitive level on the
signal lines 'data terminal ready' that runs from the BSCA to the modam
or data set; this positive level is needed for the modem to become
oparational. No other preparation is needed if the telephone line
is a private or leased line not using a telephone set; for preparation
on switched lines, however, the operator must dial the other station,
listen for the answer tone, and manually switch the modem to data mode
imnediately after the answer tone cuts off,

The modem then switches itself to the telephone line and returns
the confirmation signal 'data set ready!'! to the BSCA. Until this signal

is received, the BSCA program loops on condition code 11 (binary).

The transmitting BSCA bids for the telephone line by issuing a
Transmit and Receive instruction. The instruction reads out the actual
hbid from the terminal main storage and transmits it to the remote
station. In the simplest form, the bid consists of an Enquiry (ENQ)
~haracter that is interpreted by the recipient as "Who are you?" 3
more sophisticated bid consists of some identification followed by
th2 ENQ character which is interpreted as "I am xxx, who are you?"

The BSCA reacts to the Transmit and Receive instruction that is
issued to send the bid by setting a condition code to inform the progranm
how it may proceed:

Condition Code Function

0 (binary 09) BSCA is 'available' and has accepted
the instruction. '

1 (binary 01) BSCA is *'working' (it is still processing
a previously-issued XIO instruction).

3 (binary 11) Manual intervention is required because
the modem or data set is not operational,

If the BSCA was not enabled when the Transmit and Receive
instruction was issued, condition code 3 (binary 11) is set to indicate
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that the BSCA is not operational. 1In this example, it is assumed that
the BSCA has accepted the instruction; therefore, the BSCA activates
the modem interface line 'request to seni'. This causes the modem

to s2at its carrier on the line and subsequently to respond with 'clear
to send*'. At this point, transmission over the telephone line begins
with two automatically-supplied synchronization (SYN) characters that
provide synchronization with the other station, the actual bid f>llows
next, and an automatically-supplied pad character (sent behind the

ENQ character in the bid) ends the transmission.

BSCA I - Vl L § l
{sending) —[S’ffN lMemae// Text IS}N lMe-uge ” TextISYN Ist I I_—_>To Receiver

Inserted Inserted
Character Character

At this point, however, the instruction has not ended because ths ENQ
character causes the BSCA to turnaround, and to 'listen' for a response
from the remote station. Noreally, the Transmit and Receive instruction
ends only when a reply is received.

However, the BSCA spends only a limited amount of time on awaiting
1 reply. As soon as turnarounl occurs, a receivs timeout delay of
3-sa2conds duration starts running. This timeout delay ensures that
the BSCA cannot be hung-up indefinitely and unnoticed. The timeout
jelay is reset by every none-synchronizing character that is receivel
immediately after a SYN character. Sinc2 the BSCA automatically inserts
a SYN character after a certain time interval during transmit
operations, The 3-second timeout delay (started in the receiving BSCA)
normally cannot elapse when SYN characters are detected in the data
stream. It is only if either all SYN characters, or all data, or
nothingy is received that a timeout occurs to end the instruction.
The SYN characters are not entered into main storage.

The end of a Transmit and Receive instruction is indicated by a
request for an interrupt. As explained later, tests performed in the
interrupt routine reveal the ending status of the instruction, With
the acceptance of the Transmit and Receive instruction, the BSCA becomes
busy; the busy condition ends when interrupt is requested.
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The receiving station prepares its BSCA to rec2ive a bid from the
transmitting statisn by issuing a Receive Initial instruction. Prior
to this instruction, the BSCA must have been enabled, otherwise the
Receive Initial instruction is rejected, whereby condition code 3
(binrary 11) is set to indicate that the BSCA is not operational. The
BSCA reacts to the Receive Initial instruction by setting a condition
code to inform the program how it may proceed.

Note: If the modem has power off, the condition code for a Receive
Initial instruction is set to 00 (available) and, therefore, modzm
power off is not noticed immediately.

In this description, it is assumed that ths Fnable BSCA instruction
was given and that the Receive Initjal instruction was accepted.
The BSCA does not immediately become busy; the busy condition hegins
only with the arrival of data from the other station. The 3-second
timeout delay is started when synchronization (ckaracter phase) is
established between two stations., To avoid a permanent hang-up of
the BSCA, a timeout occurs under any of th2 following conditions:

1. If no data is received.
2. If a constant stream of SYN characters arrives.

3. If data is receivaed that does not contain a character (such as
ENQ) to cause turnaround.

The eni of a Receive Initial instruction is indicated by a request
for an interrupt. This interrupt request is made under any of the
following conditions:

1. When a bid has been received and stored in main storage.

2. ¥When a tipeout occurs.

3. +when an interfering burst operation ends.

Initialization At Receiver (Switched Lipes)

On switched telephone lines a manual answering procedure.
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An incoming call is denoted when the bell in the telephone set rings.
The operator picks up the handset to connect with the other operator,
then starts the BSCA program. This program must issue first an Enable
BSCA instruction, then a Receive Initial instruction. Once the BSCA
program has started, the operator manually switches the modem to answer
status and, if so desired, places the handset on the cradle.

With the Receive Initial instruction issued, the BSCA is ready
to receive a bid as soon as the modem has sent out its 3-second answer
tonz. Some modems generate this answer tone and subsequently indicate
'*data set ready' to the BSCA; other modems do not generate an answver
ton2, However, either type of modem can be used, provided the BSCA
is equipped with the correct modem interface feature.

For modems not capable of sending ths answer tone, the BSCA
generates the 3-second tone {(due to the interface feature) anad,
subsequently, is ready to receive. On switched telephone lines, the
3-sacond timeout is started as soon as the answer tone has been sent,
and the BSCA now beqins to search for synchronization. An interrupt
will then indicate that either a timeout occurred or a bid was received.

Interrupt

———-— e "

Th2 interrupt indicates that an XI0 instruction has ended. The BSCA
interrupt is identified by the device address 5 and the function
spacification 6 that are stored in the old program status word. Since
it is not knovn how a particular instruction has ended, the progr am
must tast certain indicators at interrupt time to find out whether

the instruction has ended in normal or in abnormal fashion. The testing
is simplified by use of the TIOB On Any Indicator Set instruction.

If no indicator is set, the previous instruction has ended without
errors, which means that either a bid, or a positive or negative
acknovledgement, or a regular message, has been received. If one (or
more) indicators are on, it is necessary to retrieve them from the
unit in which they were generated and to store them into a main storages
location where they can be inspected by the program. The Store Sense
Information instruction is used for this task.

If an instruction has ended with timeout, the timeout flag in the
sense information would be on., If a Receive Initial instruction has
besn interfered with by a burst operation that coincided with an
incoming bid, the overrun flag in the sense information would be on.
Por details of all error situations, see "Sense Information".
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Tf the error testing at interrupt time reveals that the
initialization was successful, the data exchange may begin with the
issue of a Transmit and Receive instruction.

The individual transmit and receive portions in corresponding
instructions of both stations mutually overlap. This overlapping
creates the proper rhythms of data exchange which is shown later in
Pigure 3-10

On privately-owned or leased lines, it is possible for two stationms

to vie for the line at the same time. Therefore, priority is assignei
to one station. Where contention exists, the assigned station (defined
1s the primary station) gains control of the line. The other station
(defined as the secondary station) relinquished its bid for the line
anl becomes a slave whenever contention situations arise.

Priority can be allotted by different methods; for example, the
program of the primary station may ignorz inquiries from the secondary
station and react only to positive acknowledgements. Thus, the
secondary station is eventually forced to 'listen' to the primary
station.

In switched networks, the distinction between primary and secondary
stations is not made; normally, contention is not possible because
th2 two stations are only connected when transmission is desired, and
the calling stations has priority. However, if one station replies
to a receive bid with an acknowledgement which indicates that reception
cannot continue, contention is possible on switched lines to>, because
both, stations remain connected after such a reply. Por details, see
n"Control Sequences",

BSCA

(sending) ETX l Actual Mmge]ﬁext I STX I Header // Message I SOi-Tl :> To Receiver

End Start ‘Start
of Text of Text of Header
Basic Message Structure
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INTERMEDIATE BLOCK CHECKING MODR®R

::> BSCA
(receiving)
[acc [Bec [ eTx [Message / / Text l SYN ]
Block Check
Characters

Characters
being

accumulated

Basic Checking Scheme

Operation in Intermediate Block Checking mode allows the programmer

to divide a message into small blocks, so that each block may be checked
separately. Turnaround (with acknowledgement of each intermediate
block) is not needed and, therefore, overall throughput is increased.

The length of the intermediate blocks can be freely chosen. A
block-divid=d message can be processed by the receiver while
transmission is still in progress because each block (that is received
fres of errors) is made available by means of an intermediate interrupt.
This interrupt is requested only in the receiving BSCA and it is
identified hy the funciton specification 2; it is not effective,
however, during high-speed operation. The final interrupt (function
specification 6) occurs only at the end of the entire message, that
is, vwhen turnaround occurs; this final interrupt resets any pending
intermediate interrupt.

Note: 1If the channel mask bit in the PSW is temporarily disabled
(zero) while Intermediate Block (ITB) messages are being received,
intermediate interrupts are lost. However, the final interrupt remains
pending and will occur when the channel mask is set to one.

The ITB mode is automatically disabled after power on or system
resat. If this mode is to be used, the Enable ITB instruction must
be issued. The mode is operational until either Disable ITB or system
resat is performed. The Enable/Disable instructions are executed
immediately, provided that the BSCA is not busy. In the busy condition,
the instructions are held in the busy loop and are executed as soon
as the BSCA becomes available,

When the BSCA is programmed by means of the Input/Output Control
System (BSCA I0CS), Enable ITB and Disable ITB instructions need not
be specially issued, as these instructions are already included in
the IOCS routines. Conversely, wvhere BSCA IOCS routines are not used,
ITB mode and non-ITB mode can only be set by incorporating
Fnable/Disable ITB instructions in the user progranm.
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The message is divided into blocks by the ITB character as shown
in Piqure 3-5. The ITB characters are recognized as normal data with
no other function when the ITB mode is not enabled.

t@——Intermediate Block———#j#—Intermediate Block —ste—Intermediate Block —sx
Start End
STX L JrTexr LITB 4(( Text - l 178 ]/ Text [ETX Turnaround
ik
M - Final

£

Interrupt

Figure 3-5., ITB Message

When the intermediate interrupt occurs in the receiving BSCA, the
last-received block can be used directly without testing for any errors.
The error testing is suparfluous because the intermediate interrupt
is requested only when The received block is error-free; in addition,
the TIOB on Any Indicator Set instruction cannot be used because the
BSCA remains busy for the duration of the entire message and, therefors,
the test instruction would be locked in the I/0O-busy loop. If a block
is faulty, no intermediate interrupt occurs for this and all following
blocks. At final interrupt time (end of message), error testing can
be perfornmed.

During ITB operations, the receiving BSCA stores automatically
the address of each ITB character. This address is updated by every
block that is received free of errors, and thus, it shows where the
ITB character of the last-received error-free block is located in ths
main storage. If an error occurs, the ITB address is not updated but
remains unaltered so that the address of the last 'good' block can
be made available at final interrupt time, The address is made
availalbe by issuing the Store ITB Address instruction. The instruction
is executed immediately (even though the BSCA is busy) and amoves the
ITB address to the main-storage position addressed by B1-D1.

The block in which an error is detected is stored into main storage
as it it were a good block, but any further blocks that belong to the
message are not stored, even if they are received free of errors.
However, the last character of the message is stored into the byte
next to the last byte of the faulty block.

A11 blocks that belong to a message must be transmitted with one
Transeit and Receive instruction., Transmitting a single block defeats
the purpose of block checking and, if a single block does not sni with
the ETXY character, a timeout occurs because there is no turnaround
after ITB.

Intermediate block checking is inhibited by the Disable ITB
instruction,
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Intermediate block checkiny can be used irrespective of the
oparating speed of the BSCA.

INSTRUCTIONS (BSCA)

The information in this section pertains to the functional
characteristics of a BSCA.

XI0 INSTRUCTIONS

Transfer T/0 instructions occupy six bytes of main storage and consist
of the operation code, the device address, the function specification,
the address of the first (leftmost) byte of the main-storage input

or output field, and the field length. The B1-D1 field can be used

1s the direct address of the input/output field, or an effective address
may be gensrated by adding the contents of a general register (defined
by B1) to the displacement (D1). The adiress thus derived must not
exceed the storage capacity or violate the protected area, and must
not be equal to zero as this ciuses a specification error. The field
length is similarly derived from the B2-D2 field of the instruction
and represents the true field length. The field length is variable
from 1 to 4,095 bytes. -

All ¥T0 instructions set the condition code prior to execution
and request an interrupt after execution.

Beceive Initial

The Receive Tnitial instruction prepares the BSCA to receive an initial
sequence (a bid) from the other station., When this instruction is
issu2d, the BSCA remains in a non-husy state until synchronization

is achieved (on leased lines) or until a bid arrives (on switched
lines). Hdowever, the BSCA cannot be considered as fully available

at this time, becuase the issue of a further XIO instruction would
cause a condition code of 01 (binary) to be set.

When synchronization is established, or when the bid arrives, the
BSCA becomes busy and the bid is stored into the main-storage field
defined by the B1-D1 address. An interrupt is requested and the busy
condition ends when the bid is stored or when a timeout occurs due
to a faulty message (all SYN characters, or all data, or nothing) being
received,
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In leased- or private-line operations, a timeout during Receive
Initial can occur only because the 3-second timeout delay is started
when synchronization is achieved, as opposed to switched-line operations
wvhere the timeout delay starts when the answer tone is transmitted.

A receive initial operation can be cancelled by the Disable BSCA
instruction, provided that this instruction is issued hefore an initial
sequence is received.

Wait State

Th2 Receive Initial instruction can be used to place the terminal in
a wait state, during which the control unit is kept in a loop but is
prapared to receive and, subsequently, to process an incoaming call.
As a prerequisite, the toggle switch on ths BSCA console (ses Figure
82) must be set to WAIT STATE; this can be done any time before or
during processing operations of any kind, because the control unit
enters the wait state only when a Receive Initial instruction is issued.
Th2 PEC INITIAL OR ADPREP light on the BSCA console comes on when the
wait state begins. When a call comes in (on switched lines), or when
synchronization is achieved (on leased lines), the 3-second timeout
is started to prevent hanqup. The wait state allows data exchange
with an unattended station.

Transnit And Receive

In the half-duplex mode of data exchange that is used by the BSCA,
transmission occurs in one direction only at a time, Therefore, at

any given moment, one station transmits and the other station receives.
The station which has the right to transmit a message at a given instant
is lefined as the master station. The station which is receiving a
message from a master, and which is obliged to transmit an appropriate
reply, is defined as the slave station. The expressions master and
slave define only temporal states of the interacting stations, the

roles of which can change many times during the course of a
transmission.
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Operstion Function

Code Specification
Device Base

Address Register  Displacement Length Count of Combined Fleld

| | |- 4 \

[ oo Joa[es[er] o1 [ 82 | D2 |

\ /
\"4
Main Storage Address Base Displacement

of Combined Field Register

Structure of a Data Transfer Instruction

The Transmit and Receive instruction serves a dual purpose as the
name indicates, that is, it causes the BSCA .to transmit and subsequently
to turn around to receive, This dual function is needed because of
the extremely fast response coming from the other station. The B1-

N1 field of the Transmit and Receive instruction defines the leftmost
byte of a main-storage field that represents an output area as well

as an input area, while the field length (defined by B2-D2) pertains
to the total length of this combined output/input field. The length
is variable from 1 to 4,095 bytes, any portion of which may be chosen
1s the output field, with the remaining portion representing the input
field.

Tha master station assigns to the output portion of the combined
field the message to be transmitted and reserves the input portion
for the reply from the slave. The reply is usually a standard
acknowledgement. See "Control Sequences (Basic BSCA)™".

The slave station uses the Transmit and Receive instruction in
a similar way, but for a different purpose; it assigns its reply to
th2 output area of the combined field and reserves the input area for
the next message it expects to receive.
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Combined Field in Storage

_input Area_| Output Area To
Receiver
First [ ETX IMessage/[Text 1STX Q
Station N
Boundary

and
Turnaround Point

I
To Output Area | Input Area
Sender At

: T J Second
I ACE 0 Station

1
Maximum Length = 4,095 Bytes
Minimum Length = 1 Byte

Mutual Message Arrangement

Any messaqge that is to be transmitted or received must be framed
by control characters on both ends. These control characters activate
certain functions in the BSCA when the message is read out from the
main storage of the master and, subsequently, they activate
corresponding functions ir the slave upon arrival. See "Control
Characters {Basic BSCA)", Figure 3-6 shows a combined field as it
appears in the main storage of the master and Figure 3-7 shows the
corresponding field as it is used by the slave.

Transmit Area | Receive Area
|
Control Control’71
EChar z} Text of Message EChcr 4
|
Starting Turnaround ! Space for
Sequence Sequence ' Acknowledgement
Field Length

Pigure 3-6. Transmit and Receive Area Used by Master Station

Receive Area

|

1

Control., %" Control’”
EChar 2 X7 Char 74 j

1

|

i

Transmit Area

Standard

Acknowledgement Space for Message

Field Length

Pigure 3-7, Transmit and Receive Area Used by Slave Station
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When a Transmit and Receive instruction is issued, the output
portion (transmit area) o5f the combined field is always dealt with
first. For the master, this means that the message is sent out hit-
by-bit until the control character at the end of the message is
jetected. This control character triggers the turnaround function
in the master. The turnaround character thus marks the boundary between
output and input areas. With the detection of the turnarcund character,
the 3-second timeout is started to prevent a hangup situation in the
avent that nothing is received. The BSCA becomes busy wvhen the Transmit
and Receive instruction is accepted and this condition lasts until
interrupt occurs. 1Interrupt is normally requested only when the reply
1as been received and stored into the input portion (receive area)
of the combined field. As explained later, interrupt is alss reguest

______ LS N N g -

when certain abnormal conditions are detected.

®

1

A Transmit and Receive instruction is processed in exactly the
same way in the slave station as in the master station. The only
difference is in the logical purpose for which the instruction is used;
the slave station sends an acknowledgement first after which it turns
around to receive the next message. Again, an interrupt is requestei
when this nev message has been stored or when the timeout dslay has
2lapsed if nothing was received.

From the foregoing explanation, it may seem that the original
transmitter has an advantage over the receiver, in that the transamitter
may send messages of any lenqgth while the receiver is limited to seniing
standard acknowledgements., However, this is not necessarily so:; the
receiver is allowed to send a message of any length in reply, provided
it has received the previous message from the transmitter without
arrors. This type of operation is termed limited conversational or
'tete-a-tete' mode to distinquish it from the method of replying with
standard acknowledgements.

Operation in limited conversational mode permits the slave (that
has received from the master an error-free message ending in End of
Text (ETX) to reply with a message instead of with a standard
acknowledgement. However, the original master must then reply with
an acknovledgement, and not with a message, before the transmission
can continue., Thus, in limited conversational mode, a conversational
reply cannot be made to a conversational reply. The status of the
tvo stations involved in the transmission therefore alternates between
master and slave as shown in Figure 3-8.
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Station A Station B8 Remarks

ENQ -t
<+ ACK-0
Message Al ——+—

<+——— ACK-1 First message block (and all
subsequent odd blocks) elicits
ACK-1 response

Message A2 ——%

<——— Message Bl Limited conversational reply

ACK-0 —T Master station assumes role
of slave. The standard
acknowledgement to the con-
versational reply from station
B is mandatory

Pigure 3-8, Operation in lLimited Conversational Mode

Limited conversationil mode speeds up overall throughput because
3 convarsational reply, which replaces the actual acknowledgement,
implies that the previous reception was error-frese, When a previous
reception was faulty, however, the slave must send a negative
acknovledgement to the master., Figure 3-9 shows the main-storage
fields for a Transmit and Receive instruction used in limited

conversational mode.

Transmit Area | Receive Area

Control Text “Control 7
Char € ‘Char -

Starting Tumaround | ? ?

Sequence Sequence
EConfroli (( Text EControlﬁ
Char Char

IStarting Turnaround
|1Sequence Sequence

Field Length

Fiqure 3-9. Transmit and Receive Area fOsed in Limited Conversatiomal
Yode

Since Transmit and Receive instructions are used by both stations,
a conflict must be avoided; this is achieved by using two different
initialization procedures. The master starts with a Transmit and
Rec2ive instruction while the slave begins with a Receive Initial
instruction., Thus, an offset in the rhythm of data exchange is produced
to ensure that the transmit portion of a given instruction is always
faced with a receive portion at the other station (Figqure 3-10). The
Transeit and Receive instructions used in both stations are mt
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necassarily mirror images of each other., However, two types of errors
(short record, and storage wraparound) must be avoided.

The short record error arises when the message that is to be
transmitted, or the message that is being received, is longer that
the field lenqgth specified in the Transmit and Receive instruction.
Whan a short record is detected, an interrupt request is generated
immediately. The storage wraparound error arises when the storage
capacity is exceeded during a transmit or receive operation. For this
error, the interrupt request is also generated immediately. Both error
cases are registered in the sense information, which is available at
interrupt time.

Receive Only

The Receive Only instruction sets the BSCA to receive mode and the
3-sacond timeout is started. The instruction is used when a previously-
issued Transmit and Receive instruction has ended wth timeout and the
receiving BSCA assumes that the transmitter is only delayed temporarily,
but will start sendinqg again eventually. Thus, the Receive Only
instruction serves as a timeout extender. When the instruction ends
with timeout again, nothing is received. The Receive Only instruction
can he issued as often as desired, The BSCA becomes busy when it has
accapted this instruction, and the busy condition lasts until an
interrupt occurs. '
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Station A Station B

First Instruction: Receive Initial First Instruction: Transmit and Receive

Receive Area
] é Interrupt 2 Tronsmit Area | Receive Area | é Interrupt

(Line Bid)

Next Instruction: Transmit and Receive

3 Transmit Area | Receive Area | f Interrupt

Next Instruction: Transmit and Receive

! 4 |_Transmit Area | Receive Area ] é Interrupt

Next Instruction: Transmit and Receive 1

5 Transmit Area | Receive Area | ? Interrupt

Next Instruction: Transmit and Receive

Transmit Area

6 (Time out)

Figure 3-1), Data Fxchange via Transmit and Receive

Transeit Only

e s S S ——  ——

Ths Transmit Only instruction is used for sending a message to which
a reply is either not expected or not desirable. For example, when

it is necessary to send a negative acknovwledgement because operations
are held up by certain circumstances, it may be advantageous to use

a Transmit Only instruction to avoid receiving any further data from
the other station. The BSCA becomes busy when it has accepted this
instruction, and the busy condition ends when interrupt is requested.
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CIO0O INSTROCTIONS

Control I/0 instructions occupy four bytes of main storage and consist
of the operation code, the device address, the function specification,
and the B1-D1 field; this field further specifies the control function
that is to be performed in the BSCA according to the rules for direct
or effective addressing. These rules are given previously in this
manual in "Control Wnit" under "Addressing". When a Control I/0
instruction is issued, it is executed immediately and no condition
code is set. However, if the BSCA is working (that is, processing

a previousl y-issued XI0 instruction), the Control I/0 instruction
enters the I/0-busy loop and is executed when the BSCA becomes
available, '

Enable BSCA

The Enable BSCA control instruction has a general "turn on" function,
and is a prerequisite for all BSCA operations. When the instruction

is issued, the control signal line 'data terminal ready' that runs
from the BSCA to the modem or data set becomes positive; this positive
level makes the modem operational. The Enable BSCA instruction must
be issued before the first Transmit and Receive, Receive Only, or
Receive Tnitial instruction, or otherwise a program error stop occurs
vhen any of these instructions are issued.

Enable ITB

The Enable ITB instruction sets the BSCA to the intermediate block
check mode. An Enable instruction is executed immediately provided
that the BSCA is not busy; otherwise, the instruction is held in the
busy loop and is executed as soon as the BSCA becomes available.

In ITB Mode, the receiving station recognizes and decodes the ITB
characters as they occur in the inccming data stream. The ITB character
allows the message to be divided into blocks, each block being checked
separately. If found correct, the block is made available immediately
for further processing at the receiver hy means of an intermediate
interrupt. Thus, throughput is increased because a block-dividead
message can be processed by the receiver while transeission is still
is progress.

ITB mode remains operational until either Disable ITB or systenm
reset is performed.
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The Disable BSCA control instruction, when issued, makes the 'data
terminal ready' signal line negative. The instruction can be usel to
withdraw from an intended data exchange that was started, provided

it is issued prior to the reception of the bid or acknowledgement from
the other station. If Disable BSCA is issued while a transmission

is in progress, the current operation continues to completion and all
operations then cease because the BSCA enters a reset state.

Disable ITB

PThe Disable ITB instruction is used to disable the intermediate block
shecking function of the BSCA. A Disable instruction is executed
immediately provided that the BSCA is not busy; othervise, the
instruction is held in the busy loop and is executed as soon as the
BSCA bhecomes available.

After the Disable ITB instruction has been issued, the receiving
station does not recognize the control function of the ITB character,
which, if received, is treated as normal data. In this case, no
intarmediate block checking is carried out and no intermediate
interrupts are requested. Received data is checked and interrupt is
requested only when the complete message has been received.

Disable ITB remains operational until an Enable ITB instruction
is executed.

Store Current Address

The current address is the address of ths last-received byte, updated
by plus one. Thus, it defines the beginning of the next coabined
input/output field in main storage or the end of the previous message.
Tha Store Current Address instruction moves the carrent address to
the storage location