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Preface

This publication provides management, programmers, and
system analysts with detailed reference material relating to
the IBM 3270 Information Display System. The 3270
display system includes the following units:

® [BM 3271 Control Unit Models 1,2, 11, and 12

¢ IBM 3272 Control Unit Models 1 and 2

® [BM 3274 Control Unit Models 1A, 1B, 1C, 1D, and 51C
® IBM 3275 Display Station Models 1,2, 11, and 12
°

IBM 3276 Control Unit Display Station Models 1, 2, 3,
4,11,12,13,and 14

® [IBM 3277 Display Station Models 1 and 2
¢ IBM 3278 Display Station Models 1,2, 3,4, and 5

IBM 3279 Color Display Station Models 2A, 2B, 3A, and
3B

IBM 3284 Printer Models 1, 2, and 3

IBM 3286 Printer Models 1 and 2

IBM 3287 Printer Models 1, 1C, 2, and 2C
IBM 3288 Printer Model 2

IBM 3289 Line Printer Models 1 and 2

Organization of This Publication

This manual is divided into two parts. Part 1, System
Components, contains Chapters 1 through 4:

Chapter 1, Introduction, summarizes the 3270 system.

Chapter 2, Control Units, describes generally the 3270
control units; it describes in detail the data streams,
codes, commands, and orders used by these units. The
chapter also describes unit and model-dependent
differences.

Chapter 3, Displays, provides general information about
_ displays. It presents detailed information about display
fields, keyboards, selector-light-pen operation, the
security keylock, and magnetic card reading devices.
Unit and model-dependent differences are also described.

Chapter 4, Printers, discusses printer capabilities and
control including formatting, orders, buffered and
unbuffered operations, SNA character string, and copy
functions. (See also the IBM 3287 Printer Models 1 and
2: Component Description, GA27-3153, and the IBM
3287 Printer Models 1C and 2C Component Description,
GA27-3229.)

Part 2, User/Programmer Guide, consisting of Chapters 5
through 8, presents programming information for the
various control units as follows:

Chapter 5, Local Operations (3272 Models 1 and 2 and
3274 Models 1B and 1D), describes the functioning of

the 3272 Models 1 and 2 and the 3274 Models 1B and

1D.

Chapter 6, Remote Operations—BSC, treats the 3271
Models 1 and 2, the 3274 Model 1C, the 3275 Models 1
and 2, and the 3276 Models 1, 2, 3, and 4.

Chapter 7, SNA/SDLC Communication (3274 and
3276), describes SNA and SDLC protocols for the 3274
and 3276 and the 3274 Model 1A. It also presents SNA
reference data applicable to these machines.

Chapter 8, Remote Operations—SDLC (3271 Models 11
and 12 and 3275 Models 11 and 12), discusses program-
ming aspects of the 3271 and 3275 Models 11 and 12.

Ten appendixes provide reference material as follows:
Appendix A. Indicators and Controls
Appendix B. Buffer Address I/O Interface Codes
Appendix C. Status Indicator Codes
Appendix D. Data Analysis — APL Feature
Appendix E. APL/Text Feature
Appendix F. Katakana Feature
Appendix G.. Encrypt/Decrypt Feature

Appendix H. Request Formatted Maintenance
Statistics (RECFMS) Formats

Appendix I. Abbreviations
Appendix J. Glossary

An index completes this publication.

Related Publications

Information concerning the Multiuse Communications
Loop, used to attach 3270 devices to 8100 Information
Systems, is contained in:

® [BM 8100 Information System: Communications,
Loop, and Display/Printer Attachment Description,
GA27-2883

® [BM Multius.> Communications Loop Planning Guide,
GA23-0038

® [BM Multiixe Communications Loop Installation Guide,
GA23-0039

The following publications provide additional background
information angd detail:

® BM System/{360 Principles of Operation, GA22-6821
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IBM System/370 Principles of Operation, GA22-7000

® General Information—Binary Synchronous Communica-

tions, GA27-3004

IBM Synchronous Data Link Control: General Informa-
tion, GA27-3093

IBM 2701 Data Adapter Unit: Component Description,
GA22-6864

IBM 2703 Transmission Control: Component Descrip-
tion, GA27-2703

Introduction to the IBM 3704 and 3705 Communica-
tions Controllers, GA27-3051

IBM System/3 Model 10 Components: Reference
Manual, GA219103

IBM System/3 Model 10 Multi-line/Multi-point Binary
Synchronous Communications: Reference Manual,
GC21-7573

IBM Systems Network Architecture: General Informa-
tion, GA27-3202

IBM Systems Network Architecture Format and

Protocol: Reference Manual; Architecture Logic,
SC30-3112

IBM System/370 and 4300 Processors Bibliography,
G(C20-0001

An Introduction to the 3270 Information Display
System, GA27-2739

Operator’s Guide for IBM 3270 Information Display
System, GA27-2742

APL Language, GC26-3847

An Introduction to the IBM 3270 APL and Text
Fucilities, GA27-2788

IBM 3270 Information Display System: Configurator,
GA27-2849

IBM 3270 Information Display System: Character Set
Reference, GA27-2837

IBM 3270 Information Display System: 3274 Control
Unit, Operator’s Guide, GA23-0023

IBM 3270 Information Display System: 3276 Control
Unit Display Station; Operator’s Guide, GA18-2040

IBM 3270 Information Display System: 3278 Display
Station; Operator’s Guide, GA27-2890

IBM 3270 Information Display System; 3276 Control
Unit Display Station with Katakana Feature; Operator’s
Guide, GA18-2043

3278 Display Station with Katakana Feature: Operator’s
Guide, GA18-1030

IBM 3270 Information Display System: 3274 Planning,
Setup, and Customizing Guide, GA27-2827

IBM 3270 Information Display System: Color and
Programmed Symbols, GA33-3056

3270 Information Display System: Reference Summary,
GX20-1878
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Chapter 1. Introduction

Display System Components

Features and Configurations

Part 1. System Components

The IBM 3270 Information Display System (frontispiece) is a family of products that can
be tailored to meet the needs of alphameric display applications. The 3270 system

offers the user a wide selection of components and configurations. Also available are a
large variety of features which improve performance, provide additional operational
capability, and permit expansion of the display system. (The features are described in
the publication IBM 3270 Information Display System: Configurator, GA27-2849.)

Components of the 3270 can be selected to form 3270 system configurations attachable
to System/360, System/370, System/3, 4300 Processor, 8100 Information System, and
3790 Communication System configurations as host systems. (See An Introduction to
the IBM 3270 Information Display System, GA27-2739, for possible system
combinations.)

The 3270 system can attach locally or remotely to a host system. 3270 systems employ
binary synchronous communication (BSC) or synchronous data link control (SDLC)
protocol.

The 3270 Information Display System has three basic components: a control unit, a
display station, and a printer.

The control unit provides for the 3270 system’s attachment to a data processing system
and directs the operation of attached display stations and printers.

The display station provides image display of data transmitted from the host system.
A display station with an attached keyboard enables the user to enter, modify, or delete
data on the display, and to cause the revised data to be returned to the host system for
storage or additional processing.

The printer provides printed copy of data displayed at a display station or transmitted
from the host system.

Features for the 3270 system components are detailed in the Configurator, GA27-2849;
possible configurations of host, control unit, device, and communication methods are
detailed in An Introduction to the IBM 3270 Information Display System, GA27-2739.
Figure 1-1 provides an overview.

In brief, the 3270 Information Display System offers both feature flexibility:

o [t offers typewriter, data entry, data entry keypunch layout, and operator console
keyboards (with control and/or program function keys) and a selector light pen.

e It provides local data-transfer rates of up to 650,000 cps and remote line speeds of
up to 7,200 bps when using a 3276 Model 1, 2, 3, or 4 and BSC operating mode.
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Line speeds of up to 9,600 bps are provided when using SDLC operating mode and
a 3271 Model 11 or 12, 3275 Model 11 or 12, 2 3274 Model 1C, or a 3276 Model 11,
12, 13, or 14, or 3276 Model 1, 2, 3, or 4 with SDLC/BSC switch. ;

It includes data security enhancement features, such as a security keylock, Encrypt/
Decrypt, an operator identification card reader, or a magnetic slot reader; and it
permits data to be entered at a display station without having the data displayed.

and configuration flexibility:

It can be a remote stand-alone unit (3275), with or without printer (3284-3)
attached, or it can be a local or remote cluster using a 3272 or 3271 and up to 32
devices (3277s, 3284s, 3286s, 3287s, and 3288s) attached to each control unit as the
configuration specifies.

It can be a remote stand-alone unit (3276) or a cluster containing a 3276 with up to
seven attached 3278 or 3279 displays and/or 3287 or 3289 printers; or it can be a
3274 with up to 32 attached displays and/or printers (3277s, 3278s, 3279s, 3284s,
3286s, 3287s, 3288s, and 3289s).

It can include 480-, 960-, 1,920-, 2,560-, 3,440-, and 3,564-character displays.

It can include printers (40, 66, 80, or 120 cps, or up to 400 lines per minute).

It can be configured with both color and monochrome displays and p{;:n,ters.

It can be attached locally (directly to the channel) or remotely (thro‘u‘;gh communi-

cations facilities) to a data processing system.

It is compatible in line discipline with other IBM BSC or SDLC products.



Host Control Unit Device

3271 3277 Display

3278 Display

‘ ( | 3279 Color Display |

‘ </
<L X [3284 Printer |
S

System/370 3286 Printer
and 303X
3287 Printer
3790

[8100]

|3276} 3289 Line Printer

Figure 1-1. Host Control Unit and Device Combinations

Chapter 1. Introduction 1-3






Chapter 2. Control Units

Data Stream

Each unit in the 3270 system (except the 3284 Model 3) has its own buffer for storing data.
Buffers are checked to determine that all characters in the buffers have correct parity. A
parity check error occurs when circuitry detects one or more characters with bad parity.

The 3275 and 3276, with their displays, contain their own control unit and execute
commands in the same way as a control unit with one attached device. The 3276 may
control up to seven attached devices consisting of 3278 and/or 3279 display stations, 3287
Printers, and for 3289 Line Printers. The 3275 contains one buffer, which it uses both for pre-
paring and for displaying data. When a printout is required at an attached 3284 Model 3
(which has no buffer), the 3275 buffer is used to format and store the printer data.

When not executing a command operation, the control units continually perform an
internal poll of all attached devices. Internal polling is performed to determine the current
device status and whether the device has an I/O pending condition.

The current status of each device indicates to the control unit whether the device
is available, ready, or busy. This information is recorded in the associated device adapter
in the control unit.

When an I/O pending condition is detected at a device attached to a 3271 or 3272, polling
stops and the control unit communicates solely with that device. When communication is
ended, the control unit commences polling at the next sequential device.

Additionally, when the program addresses a specific device, the control unit stops the
sequential polling and polls the addressed device to obtain its latest status. If conditions
permit, the control unit communicates solely with that device until the operation is
completed. At that time, sequential polling is resumed. :

The 3270 data stream consists of user-provided data, commands, and orders which are
transmitted between the control unit and the host system (Figure 2-1). Control informa-
tion, which governs the movement of the data stream, is also transmitted. The control
units can differ as to the type of commands and/or transmission protocols employed.

Commands are issued to initiate such operations as the total or partial writing, reading, and
erasing of data in a selected 3270 device buffer. Orders can be included in write data

streams, either alone or intermixed with display or print data.

Two types of orders are available. One type is executed as it is received by the control

-unit. This type is used to position, define, and format data being written into the buffer;

to erase selected unprotected data in the buffer; and to reposition the cursor. The second
type of order specifies printer format. These orders are initially stored in the buffer as
data and are executed only during a print operation.

The data stream, as transmitted and received by the 3271 Models 1 and 2 (remote BSC)
and the 3272 Models 1 and 2 (local attachment), is also accepted by the 3274 Models 1C,
1B, 1D, and 51C, respectively. The 3276 Models 1, 2, 3, and 4 provide the same responses
and functions with the same commands as a 3271; the 3274 provides the same responses
and functions with the same commands as the respective 3271 and 3272.
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Figure 2-1. Data Flow between Data Processing System and 3270 Display System
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Interface Codes

Device Addressing

The 3274 and 3276 can also operate under SNA protocol using SDLC line discipline.
In this environment, attached 3278s or 3279s function as LU type 2. The data
stream RU for a write-type command, for example, consists of the command code,
buffer orders, and display data. This structure provides a migration path for 3270
application programs into an SNA environment.

The 3287 or 3289 attached to a 3274 or 3276, or the 3288 attached to a 3274,
can also function in BSC or SNA/SDLC protocol. When operating in SNA/SDLC,
the 3287 and 3289 function as LU type 3. When SCS is installed on the 3287
or 3289, the printer functions as an LU type 1. The 3287 and 3289 can also
operate as local copy devices; that is, data may be sent to a printer(s) from a
display station attached to the same 3274 or 3276, which functions in either
BSC or SNA/SDLC protocol.

Data, commands, and orders transmitted between the control unit and the host system are
in the form of interface codes. Two different codes are used in the United States:
extended binary-coded decimal interchange code (EBCDIC) and Amierican National
Standard Code for Information Interchange (ASCII). The EBCDIC codes are also used

in the World Trade countries (ASCII is available only in the U.S.); refer to IBM 3270
Information Display System: Character Set Reference, GA27-2837, for details.

Figures 2-2 and 2-3 show the United States EBCDIC interface codes for several control
unit/device combinations. Figures 2-4 and 2-5 show the United States ASCII codes.
Figure 2-6 shows the control character codes. Refer to Appendix F for the Katakana
codes.

Addresses for devices on the 3274 are based on the port to which they are attached. The
port sockets are numbered, and device adapters are attached in accordance with require-
ments detailed in IBM 3270 Information Display System: 3274 Control Unit Planning,
Setup, and Customizing Guide, GA27-2827. The 32 addresses available for each 3274
(12 for Model 51C) are assigned sequentially to the ports, beginning at the bottom adapter;
if no device is attached to a port, the address for that port is reserved even though unused.
All category A ports are attached at the bottom of the control unit and receive sequential
addresses, starting with 00 in non-SNA and 02 in SNA systems. Type B ports are attached
above the A ports and are assigned sequential addresses, starting after the last type A port
address. Type A addresses are reserved in blocks of 8 (each type A adapter has 8 ports

on it); type B addresses are reserved in blocks of 4.

The port addresses on the 3276 control unit are 00-07 (ports 0-7) in non-SNA and
02-09 (ports 0-7) in SNA.

Figure 2-7 illustrates 3274 Control Unit address assignments.
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Bits

00 01 10 1 ja— 0.1
Hex 1 oo lot ] 10| 1m]oofot] 1w |1m|oofor]|1w|1mjol| o |10] 11 w23
Bits
4567 l 0 1 2 3| 4 5 6 7 8 9 Al B|] Cc| DJ|E F |ja—Hex0
0000 o | nuL sP & - [}
-
0001 1 SBA / ) a i A J 1
N
1]
0010 2 EUA I b k s | B K|S 2
. —d 4
T \J
0011 3 Ic 1 ¢ [ t c L|T]| 3
M
t 1
0100 4 ) d m| ou D M|ul| 4
M H
L) ¥
0101 5 PT | NL ) e n v 3 N V]S
t
0110 6 | f ° w F o|wl| s
Li
oin 7 g p x | G P X 7
1 t
1000 8 ) h q y | H Q Y 8
+ -
1001 9 EM i r z 1 Rtz | 9
JR I Rt
1010 A ¢ | H
1011 8 . $ #
1100 c FF | DUP RA | < | = % | @
1101 D SF ( ) _
1110 E 1M + ; > 1=
1mn F suef | | »
Notes:

1.

NOO

9.

Character code assignments other than those shown within all outlined areas of this chart are
undefined. If an undefined character code is programmed, the character that will be displayed
or printed is not specified. The character displayed by the 3277 or 3275 for a given undefined
character code may be different for other devices. IBM reserves the right to change at any time
the character displayed for an undefined character code.

Lowercase alphabetic characters (shown within the dotted outlined area) are converted to upper-
case by the display station or printer and displayed or printed as uppercase characters, unless the
terminal has dual-case capability.

“NL, EM, FF, DUP, and FM control characters are displayed or printedas5 9 < * and ; char-

acters, respectively, except by printers under format control, in which case NL and EM do not
result in the printing of a character, and by printers successfully executing FF, in which case

< is not printed.

Bits 0 and 1 are assigned for the following characters: AID, attribute, write control (WCC), copy
control (CCC), CU and device address, buffer address, sense, and status. Bits 0 and 1 are
assigned so that each character can be represented by a graphic character within the solid
outlined areas of the chart. See Figure 2-6.

This table also applies for Belgian, French, and Italian mono-case 1/0 interface codes and graphics.
The | character fhex 6A) is not displayed and is printed by the 3287 and 3288 only.

The FF control character (hex OC) is returned to the host during a subsequent read operation as
8C (hex), except when attached to 3274 Control Units, in which case it is returned as OC (hex).
The SUB control character (hex 3F) is not supported for terminals attached to 3274 Control
Units.

For BSC data-link control characters, see Chapter 6.

Figure 2-2. United States EBCDIC I/O Interface Code for 3271, 3272, and 3274 Control Units with

3277, 3284, 3286, 3287 (with 3271/3272 Attachment Feature), and 3288 Terminals
Attached, and 3275 Units



Bits

00 01 10 1 [a— 0.1

o Hex 1 00 (o1 |10 1M ]oo|o1| 10 ]|1n|oofo]1w]|111]|o]| o |10]| 1 23
4.'::7 l 0 1 2 3 4 5 6 7 8 9 Al B c D | E F |—Hex 0
0000 0 | NUL sP & | - ) { } \ 0
0001 1 SBA / a i ~ Al 1
0010 2 EUA b k s B K | s 2
0011 3 v Ic c | t (o} L T 3
0100 4 d m u D M u 4
0101 s | PT | NL e n v E N|[V] 5
o110 6 f o w F o|wl]|] s
‘01 7 g p x G P X 7
1000 | 8 | oE SA hlg |y Hwlal|v| s
1001 9 EM |SFE N i r 2 1 R z 9
1010 A el vl ) s
1011 B . $ | . #
1100 c FF |DUP|MF | RA| < | % | @
1101 D | cR | sF { ) _
110 E FM + ; > | =
111 F | "

Notes:

1. Character code assignments other than those shown within all outlined areas of this chart are

undefined. If an undefined character code is programmed, the character that will be displayed
or printed is a hyphen (—); hex code 60 will be returned on a subsequent read operation. For
control units with Configuration Support C installed, undefined control codes from X’00’ to
X’3F’ cause a negative response (SNA) or an Op Chk (BSC). IBM reserves the right to change at
any time the character displayed or printed and the 1/0 interface code returned for an undefined
character code.

. CR, NL, EM, and FF control characters are displayed and printed as blank characters. The DUP

and FM control characters are displayed as ¥and Trespectively, and are displayed and printed as
* and; when operating in mono-case mode.

Bits 0 and 1 are assigned for the following characters: AID, attribute, write control (wcee), copy
control (CCC), CU and device address, buffer address, sense, and status. Bits 0 and 1 are
assigned so that each character can be represented by a graphic character within the solid
outlined areas of the chart. See Figure 2-6.

. For BSC data-link control characters, see Chapter 6. For the SCS control codes associated with

the SNA Character String feature on 3287 (with the 3274/3276 Attachment feature) and 3289
printers, see Chapter 4.

. When operating in mono-case mode, the lowercase alphabetic characters are displayed or printed

as uppercase characters.

. When 3277, 3284, 3286, 3287 (with the 3271/3272 Attachment feature), and 3288 terminals

are attached to a 3274 Control Unit, the codes of characters: * ~ { | and\ will be accepted
and returned, but they will generally be displayed or printed as different graphics for the various
language specify features.

When the CR control character is directed to one of these terminals, CR will be displayed or
printed as > {on mono-case terminals), and no CR function will be executed, hex code 0D will
be returned on a subsequent read operation.

Figure 2-3. United States EBCDIC 1/0 Interface Code for 3274 and 3276 Units and Attached

3278, 3279, 3287 (with 3274/3276 Attachment Feature), and 3289 Terminals
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Bits

Hex1 | 000 001 | 010 | 011 | 100 | 101 | 110 | 111 [«#=7,6,5
Bits
4321 ‘ 0 1 2 3 4 5 6 7 |<t=Hex 0
0000 0 NUL | se |o e |p p
0001 1 sBA | ! 1 A {a ]a q
0010 2 EUA | 2 B R b roy
0011 3 ic | # |3 c S c s |
0100 4 RA| s 4 D |T d 1
0101 [ % |6 E u e u o}
0110 6 & |6 F v f v J'
o111 7 7 G w | w i
1000 8 ( 8 H X h x|
1001 9 pT | EM | ) 9 | Y i y
1010 A NL jsuB}f * : J z i z
1011 B + K [ k l
1100 [o] EF pup] ., < L \ 1 i
1101 D s | - = Y] ) m L__
1110 [ L > N ~ fn i
1M F / ? o |_ o i
Notes:

1. Character code assignments other than those shown within all outlined areas of this chart are
undefined. If an undefined character code is programmed, the character that will be displayed
or printed and the 1/0 interface code returned on a subsequent read operation are not specified.
The character displayed or printed by these terminals for a given undefined character code may
be different for other terminals. 1BM reserves the right to change at any time the character dis-
played or printed and the 1/0 interface code returned for an undefined character code.

2. Lowercase alphabetic characters {shown within the dotted outlined area) are converted to upper-
case by the display station or printer and displayed or printed as uppercase characters.

3. NL, EM, FF, DUP, and FM control characters are displayed or printedas§ 9- < * and;
characters, respectively, except by printers under format control, in which case NL and EM do
not result in the printing of a character, and by printers successfully executing FF, in which
case < is not printed.

4. AID, attribute, write control (WCC), copy control (CCC), CU and device address, buffer address,
sense, and status characters are assigned as specified in Figure 2-6 so that each character can be
represented by a graphic character within the solid outlined portion of this chart.

5. ASCII A option displays and prints | and — for interface codes 21 and 5E (hex), respectively.
ASCII B option displays and prints { and A for codes 21 and 5E (hex), respectively.

6. The FF control character (OC) is returned to the host during a subsequent read operation as
46, except for 3274 attached terminals, in which case it is returned as OC.

7. The SUB control character (hex 1A) is not supported for terminals attached to 3274 Control
Units.

8. For BSC data-link control characters, see Chapter 6.

Figure 2-4.1 United States ASCI 1/O Interface Code for 3271 and 3274 Model 1C Control Units with
3277, 3284, 3286, 3287 (with 3271/3272 Attachment Feature), and 3288 Terminals
Attached, and 3275 Units



Bits
Hex1 | 000 001 | 010 | 011 | 100 | 101 | 110 | 111 |=e=7,6,5
Bits
4321l o |1 | 213 |4 |5 |6 | 7 [aHex0
0000 o |NUL sp o e |°p . o
0001 1 seAa f 1 1 A {a la q
0010 2 EUAl 2 B R b r
0011 3 c {# |3 [+ s c s
0100 4 rafs |a D T Jd |t
0101 5 % |5 E |uU |e u
0110 6 & |6 Fojv | v
o111 7 : 7 G |w |g w
1000 8 ( 8 H [x f|hn x
1001 9 T |EM |} 9 i vy i y
1010 A NL . 3 z }i z
1011 8 + IR
moo | ¢ fer foue]c < | N0
1101 D fcr | sr - |- M|l m }
1110 E Fm I > N ~ ~
111 F / ? o |_ 1o

Notes:

1. Character code assignments other than those shown within all outlined areas of this chart are
undefined. If an undefined character code is programmed, the character that will be displayed
or printed is a hyphen (—); code 2D will be returned on a subsequent read operation. 1BM reserves
the right to change at any time the character displayed or printed and the 1/0 interface code
returned for an undefined character code.

2. CR, NL, EM, and FF control characters are  displayed and printed as blank characters. The DUP
and FM control characters are displayed as * and ; respectively, and are displayed and printed as
*and ; when operating in mono-case mode.

3. AID, attribute, write control (WCC), capy control (CCC), CU and device address, buffer address,
sense, and status characters are assigned as specified in Figure 2-6 so that each character can be
represented by a graphic character within the solid outlined portion of this chart.

4. For BSC data-link control characters, see Chapter 6.

5. When operating in mono-case mode, the lowercase alphabetic characters are displayed or printed
as uppercase characters.

6. When 3277, 3284, 3286, 3287 (with the 3271/3272 Attachment feature), and 3288 terminals

are attached to a 3274 Control Unit, the characters | * ™ { '} and\ are displayed or printed

as\ ' - () and\ respectively,; codes 7C, 60, 7E, 7B, 7D, and 5C will be returned on a subsequent
read operation. When the CR control character is directed to one of these terminals, CR will

be displayed or printed as > (on mono-case terminals), and no CR function will be executed;

code 0D will be returned on a subsequent read operation.

Figure 2-5. United States ASCII 1/O Interface Code for 3274 and 3276 Units and Attached 3278,

3279, 3287 (with 3274/3276 Attachment Feature), and 3289 Terminals
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Bits 2—7 Graphic EBCDIC ASCH Bits 2—7 Graphic EBCDIC ASCII
00 0000 spP 40 20 10 0000 - 60 2D
00 0001 A ¢ ol 10 0001 / 61 2F
00 0010 B c2 42 10 0010 s E2 53
00 0011 c c3 43
10 0011 T

00 0100 D ca 44 10 0100 U E3 o4
00 0101 E c5 a5 E4 56
00 0110 F ce a6 10 otol v ES 56
00 0111 G c7 27 10 0110 w E6 57
00 1000 H C8 48 10 0111 X E?7 58
00 1001 1 co 49 10 1000 Y E8 59
00 1010 { ¢ aA - 10 1001 z ES 5A

[ 58 10 1010 =(EBCDIC) 6A 7C
00 1011 48 2E 10 1011 , 68 2¢
00 1100 < ac 3C 10 1100 % 6C 25
00 1101 ( 4D 28 10 1101 - 6D SE
00 1110 * 4E 28 10 1110 > 6E 3E

I F -
00 1111 { 4f 10 1111 ? 6F 3F

| 21
01 0000 & 50 26 11 0000 0 FO 30
3: 3(1)(1) "K ‘;; :: 11 0001 1 F1 31
o1 0011 A B3 ac 11 0010 2 F2 32
ol 0100 " o4 it 11 0011 3 F3 33
o1 0101 N D5 aE 11 0100 4 Fa4 34
01 0111 P D7 50 11 0110 6 F6 36
01 1000 Q D8 51 1 0111 7 F7 37
o1 1001 R D9 52 11 1000 8 F8 38
o1 1010 { ! 5A = 11 1001 9 Fo 39

] - 5D 11 1010 : 7A 3A
01 1011 $ 58 24 11 101 # 78 23
01 1100 N 5C 2A 11 1100 @ 7c 40
01 1101 ) 5D 29 .
01 1110 ; BE 3B 111t h 27

4 11 1110 = 7E 3D
01 1111 4

A al 5E 1 1N " 7F 22

Note: The characters above are used as attribute, AID, write control (WCC), copy control {CCC), CU and device address, and buffer address.
They are also used as status and sense, except by the 3274 and 3276 when operating in BSC. When any of these characters is transmitted to the
program, the CU assigns the appropriate EBCDIC code. If transmission is in ASCII, the CU translates the EBCDIC code to ASCII code prior to
transmission.
To use this table ta determine the hex code transmitted for an address or control character, first determine the values of bits 2—7. Select this
bit conﬁguratlon from the “Bits 2—7"* column. The hex code that will be transmitted (either in EBCDIC or in ASCII) is to the right of the
bit configuration.
Use this table also to determine equivalent EBCDIC and ASCII hex codes and their associated graphic characters. See Figure 2-4, Note 5, for
ASCI! A and B graphic character difference for ASCI codes 21 and 5E (hex).

: Gréphic characters for the United States 1/0 interface codes are shown. Graphic characters might differ for particular World Trade 1/0
interface codes. Refer to I1BM 3270 lnformauon Display System: Character Set Reference, GA27-2837, for passible graphic differences when
these codes are used.

Figure 2-6. Control Chatacter 1/O Codes

28



Commands

Type of Address
Port Number Device Attached SNA Non-SNA
AO A 02 00
Al A 03 01
A2 A 04 02
A3 A 05 03
A4 None 06 04
A5 None 07 05
AB None 08 06
A7 None 09 07
A8 A 10 08
A9 A 11 09
A10 A 12 10
Al1 A 13 11
A12 A 14 12
A13 A 15 13
Al4 None 16 14
A15 A 17 15
BO B 18 16
B1 B 19 17
B2 None 20 18
B3 None 21 19
B4 B 22 20
BS B 23 21
B6 None 24 22
B7 None 25 23

Note: Regardless of the type of host attachment, the 3274 Printer Authorization Matrix

requires all port addresses of each type to be based on a 0 origin.

Figure 2-7. Example of 3274 Control Unit Address Assignments

Four basic types of commands are used by control units in the 3270 system:

1. Write commands, which are used to transfer data and orders from main storage to the
3270 system.

2. Read commands, which transfer 3270 buffer data, keyboard key data, and, for
remote configurations, status information to main storage.

3. Control commands, which cause certain printer or display station operations.

4. Sense command (local configurations only), which transfers to main storage a byte

of sense data that reflects certain control or check conditions existing in the device or
control unit to which the command was addressed.

Figure 2.8 lists the commands and associated codes that can be executed by the 3270

system.
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3272 3271 3275

3274-1B,-1D| 3274 3276

EBCDIC EBCDIC ASCII
Command Hex Hex Hex Graphic
Copy' NA F7 37 7
Erase All Unprotected OF 6F 3F ?
Erase/Write 05 F5 35 5
Erase/Write Alternate oD 7E 3D =
Read Buffer 02 F2 32 2
Read Modified 06 F6 36 6
Réad Modified All NA 6E 3E :
Write 01 F1 31 1
No Operation 03 NA NA NA
Select 0B NA NA NA
Select RM* 0B NA NA NA
Select RB* 18 NA NA NA
Select RMP * 28 NA NA NA
Select RBP * 3B NA NA NA
Select WRT* 4B NA NA NA
Sense 04 NA NA NA
Sense ID° E4 NA NA NA
Write Structured Field* 1 NA NA NA
Write Structured Field® NA F3 NA NA

Y Applicable to 3271, 3274-1C (BSC), and 3276-1 through -4 only.
2Applicable to 3274 and 3276 only.

3 Applicable to 3274-1A, 3274-1C (SNA/SDLC), and 3276-11 through -14 only.
* Applicable to 3274-1D only.

S Applicable to 3274-18 and -1D only.
6 Applicable to 3274-1A4, 1C, 51C only.

Figure 2-8. Command Codes

The instantaneous rate at which data is transferred between main storage of the data
processing system and a device attached to the 3270 system depends on the information-
transfer capability of the channel, whether data or command codes are transferred, and
whether a local or remote 3270 system is attached.

In a local configuration, the control unit provides information to, and accepts information
from, the channel at an instantaneous byte rate established by the channel or control unit,
whichever is the slower. For either the 3272 or 3274-1B or -1D, the instantaneous data
transfer rate for write operations is a maximum of 650,000 bytes per second and for read
operations is a maximum of 400,000 bytes per second. With the 3274-1A (SNA
operation), the maximum data transfer rate is 100,000 bytes per second; however, if

3277s are attached, continuous overrun conditions may exist. To remove these conditions,
the maximum data transfer rate reduces to 20,000 bytes per second without significantly
degrading subsystem performance.

When a remotely attached 3270 system is in operation, the rate at which data is transferred
between the data processing system’s main storage and the control unit depends on the
type of transmission control unit and on the modems and communication facilities used.
The 3270 system accepts data from, and provides it to, the transmission control unit/
communication facility at the byte rate established by the transmission control unit/
communication facility.

All command operations that direct movement of data to and from the 3270 system
result in transfer of data between the control unit and a device buffer. When commands



Read Commands

Read Buffer Command

are not being performed, the control unit and the device buffer interact asynchronously,
and the last image displayed by a previous command is continuously regenerated at a
visible rate.

Three read-type commands are executed by the 3270: Read Buffer, Read Modified, and
Read Modified All (3274 and 3276). Read Buffer causes the entire buffer contents of the
addressed terminal to be read into main storage. The operation initiated by Read
Modified is determined by display station operator actions. The information read during
execution of Read Modified or Read Modified All could consist of fields of data

modified by keyboard operations, data entered by magnetic reading devices, buffer
addresses, or data of selector light-pen or CURSR SEL fields, or the code of a Program
Function or Program Access key.

In remote BSC configurations, reading is normally accomplished by a General or Specific
Poll sequence (described under “Remote Operations™). In local configurations, an
operator action that requires program interaction causes an attention interruption; the
program would respond to this attention interruption with a read command. In remote,
the 3271, 3274, 3275, or 3276 cannot generate attention interruption. Instead, the pro-
gram should issue poll sequences periodically. Upon receipt of a poll sequence, the 3270
BSC control unit initiates one of three operations:

1. If status and sense information is pending, this information is sent to the TCU.

2. If an operator action has occurred that requires reading by the program, and status
and sense information is not pending, a control-unit-generated Read Modified
command operation is performed.

3. If noioperator action has occurred and status and sense information is not pending,
the control unit sends End of Transmission (EOT) to the TCU, terminating the
operation.

Programming Note: Unsolicited read commands are not recommended because the
information read by these commands may be incomplete.

During a read-buffer or read-modified operation, when BSC line discipline is used, a
SUB character (3F in EBCDIC, 1A in ASCII) is sent in place of any byte that has bad
parity. Also, a Data Check sense condition is recorded. Normal transmission of the read
data then continues until the usual ending point. At that time, the operation ends as
follows: (1) in local, Unit Check is sent in the ending status byte; (2) in remote, the
transmission is terminated with ENQ in place of ETX or ETB.

Execution of the Read Buffer command causes all data in the addressed device buffer,
from the buffer location at which reading starts through the last buffer location, to be
transferred to main storage. This command is provided primarily for diagnostic purposes.
The transfer of data begins:

1. From buffer address 0 if the Read Buffer command is unchained. Certain 3270 emula-
tors also begin data transfer from buffer address O if the Read Buffer command is
chained from a Sense, Select, No Operation, or Copy command.

2. From the current buffer address if the Read Buffer command is chained. Certain 3270
emulators only begin data transfer from the current buffer address if the Read Buffer
command is chained from a Write, Erase/Write, Read Modified, or another Read Buffer
command. Regardless of where the transfer of data begins, data transfer from the buf-
fer will terminate when the last character location in the buffer has been transferred,
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Read Modified Command

2-12

or before the last character location has been transferred as follows: (1) in local con-
figurations, when the channel byte count reaches O (in this case, the buffer address
after termination is undefined); or (2) in remote configurations, when the last character
of a text block has been transferred (described under “Remote Operations” in Chapters
6, 7, and 8).

The transferred data stream begins with a three-character read heading consisting of the
AID character followed by a two-character cursor address. The contents of all buffer
locations are transferred, including nulls. Start Field (SF) order codes are inserted by the
3270 before each attribute character to identify the beginning of each field. An example
of the read data stream follows:

|
SF Attribute
AID Cursoi Addr {1D) Character TGXL}

SF Attribute SF Attribute
§ 11D) Character Text n (1D) Character ete. 2

The possible cursor address byte configurations are shown in Appendix B. The possible
Attention Identification (AID) byte configurations are shown in Figure 2-9. An AID
configuration other than 60 or E8 is set when the operator at the selected display station
has performed an operation that requires program intervention. These operations are (1)
pressing a Program Function or Program Access key, (2) reading a magnetic stripe, or

(3) detecting on an attention field with the selector light pen or CURSR SEL key. The
attribute character is shown in Figure 3-4.

Read Modified initiates one of three operations, as determined by operator actions at the
display station: (1) Read Modified, (2) Short Read, or (3) Test or System Request Read.
Figure 2-9 lists the operator actions and the resulting Read Modified command operation
initiated by each action. Read Modified commands normally are not used for remote
configurations since polling initiates a control-unit-generated read-modified operation if
AID is generated and if status is not pending.

A major feature of Read Modified command operations is null suppression. The device
buffer is cleared to all nulls when the operator turns power on or presses the CLEAR key,
or when the erase portion of an Erase/Write command is executed at the selected device.
Also, selected portions of a buffer can be cleared to nulls by the Erase All Unprotected
command and certain orders. During Read Modified command operations, null codes

are not sent.

Read Modified Operation. During a Read Modified command, if an AID other than
selector-light-pen attention, the CURSR SEL key, a PA key, or the CLEAR key is
generated, all fields that have been modified by a keyboard, the selector light pen, the
CURSR SEL key, or the reading of a magnetic stripe are transferred to the program. All
nulls are suppressed during data transfer and thus are not included in the read data stream.
As a field is modified by the operator, the modified data tag (MDT) bit is set in the attri-
bute byte for that field. Then, when a read-modified operation is performed, successive
attribute bytes are examined for a set MDT bit. When the bit is found, the data in the
associated field is read (with nulls suppressed) before the next attribute byte is examined.

The first three bytes of the read data stream are always the AID code (Figure 2-9) and
the two-byte cursor address; these bytes are called the “read heading.”



Hex Hex
Character Character Graphic Read Modified
AID (EBCDIC) | (ASCII) Character | Command Operation Resultant Transfer to CPU
No AID generated If performing a remote ]
(Display or Display Station) 60 2D - Rd Mod polling operation, no read
(Unsolicited Read or operation occurs; otherwise
Read Modified from field addresses and text in
Host) the modified fields are
transferred.
No AID generated
(Printer) E8 59 Y Rd Mod
ENTER key and & 3
(Selector-Light-Pen Attention) 7D 27 ' Rd Mod
PF 1 key F1 31 1 Rd Mod
PF 2 key F2 32 2 Rd Mod
PF 3 key F3 33 3 Rd Mod
PF 4 key Fa 34 4 Rd Mod
PF 5 key F5 35 5 Rd Mod
PF 6 key F6 36 6 Rd Mod
PF 7 key F7 37 7 Rd Mod
PF 8 key F8 38 8 Rd Mod
PF 9 key F9 39 9 Rd Mod
PF 10 key 7A 3A Rd Mod
PF 11 key 78 lSee 23 # Rd Mod
PF 12 key 7¢ |Note. | 40 @ Rd Mod AID code and cursor
address, followed by an
PF 13 key ct 41 A Rd Mod SBA order, attribute
PF 14 key c2 42 B Rd Mod address +1, and text for
PF 15 key c3 43 c Rd Mod each modified field. Nulls
are suppressed.
PF 16 key ca 44 D Rd Mod
PF 17 key C5 45 E Rd Mod
PF 18 key cé 46 F Rd Mod
PF 19 key c7 47 G Rd Mod
PF 20 key Cc8 48 H Rd Mod
PF 21 key c9 49 | Rd Mod
PF 22 key 4A 5B ¢ Rd Mod
PF 23 key 4B 2E . Rd Mod
PF 24 key 4C 3C < Rd Mod
Operator Identification
Card Reader E6 57 w Rd Mod
Magnetic Slot Reader
and Magnetic Hand Scanner E7 58 X Rd Mod J
Selector-Light-Pen Attention 7E 3D = Rd Mod AID code, cursor address,
space null and field addresses only;
no data.
PA 1 key 6C 25 % Short Rd
PA 2 {CNCL) key 6E 3E > Short Rd
? AID code only.
PA 3 key 6B 2C . Short Rd
CLEAR key 6D 5F — Short Rd
TEST REQ and SYS REQ keys FO 30 0 Tst Req Rd A test request message.

AID transferred on Read
Buffer only.

Note: Graphic characters for the United States 1/0 interface codes are shown. If a World Trade country 1/0 interface code is used, refer
to I1BM 3270 information Display System: Character Set Reference, GA27-2837, for possible graphic character differences.

Figure 2-9. Attention ID (AID) Configurations
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Following the read heading is the alphameric data of each modified field. The data for
each field is preceded in the data stream by a Set Buffer Address (SBA) order code
followed by the two-byte buffer address of the first character position in that field (the
attribute address + 1). Thus, the read data stream when data has been modified is as
follows:

AlID
| cursor Read Heading
Address
SBA
| Atb Adr +1_]
: First Modified Field
{nulls suppressed)
Alphameric
Data
SBA
- Atb Adr +1_1 | gecond Modified Field
(nulls suppressed)
Alphameric
Data

If a space or null selector-light-pen-attention AID is generated, at a 3275 or 3277 display,
fields are not transferred to main storage during the read-modified operation. Instead,
when a set MDT bit is found (indicating selector-light-pen and/or keyboard activity), only
the Read Heading, the SBA order code, and the attribute address +1 are transferred.

Note that if fields are modified by the keyboard but completion of the modification is
signaled by a selector-light-pen-attention operation on other than ampersand character-
designator fields, a resulting read-modified operation will read only the address of the
modified fields, not the modified data. A Read Modified command can be used to obtain
both the address of, and the data in, each field that has the MDT bit set to 1.

The buffer location at which the search begins for attribute bytes that define modified
fields is a function of .command chaining. This location is:

1. Buffer address O if th