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Preface

This publication provides system level reference
material related to the functional and programming
characteristics of the IBM 3274 Control Unit and
attached terminals.

The following 3270 display system machines are
referred to in this publication:

IBM 3274 Control Unit Models 1A, 1B, 1C, 1D,
21A, 21B, 21C, 21D, 31A, 31C, 31D, and 51C

IBM 3277 Display Station Models 1 and 2

IBM 3278 Display Station Models 1, 2, 3, 4,
and S

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

IBM 3230 Printer Model 2

IBM 3262 Printer Models 3 and 13

IBM 3268 Printer Model 2

IBM 3287 Printer Models 1, 1C, 2, and 2C
IBM 3289 Line Printer Models 1 and 2
IBM 3284 Printer Models 1 and 2

IBM 3286 Printer Models 1 and 2

IBM 3288 Line Printer Model 2

The full complement of IBM 3270 Information
Display System machines is identified in the
introductory publication An Introduction to the IBM
3270 Information Display System, Form No.
GA27-2739.

Other publications containing 3274-related
information such as site preparation or customizing
are identified at the end of this preface.
Publications dealing directly with the referenced
terminals that attach to the 3274, and other aspects
of the 3270 Information Display System, are
identified in the Library User’s Guide (see end of
Preface).
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Organization of This Publication

The first two chapters deal with the 3274 models,
host attachments, the 3274 interpretation and
execution of the commands and orders contained in
the 3270 data stream, and the characteristics of the
previously referenced 3270 system terminals when
attached to the 3274 Control Unit.

The next three chapters address the functioning of
the 3274 and attached devices when locally attached
to the host system (A, B, and D units), when
remotely attached to the host system using BSC
{bisynchronous communication protocol) for
communication (C units and 51C), or remotely
attached (C units and 51C) to the host system using
SNA/SDLC protocols for communication.

The final chapters provide programming examples of
the 3270 data stream including use of programmed
symbols, color capabilities, and highlighting of fields
on the display screen. Suggestions for handling
terminal operator input and development routines for
encoding and decoding messages from the displays
are also discussed.

Appendixes are provided that deal with the following
topics:

e 3274 Error Status Indicator Code Interpretation

+ Operator Area Information Symbols (3278,
3279)

« Keys and Keyboards

» APL/Text Feature

» Katakana Feature

o Encrypt/Decrypt Feature
« RECFMS Formats

o Selector Light Pen and Magnetic Stripe Reading
Device

o Buffer Address I/O Interface Codes
o X.21 Switched Network Adapter Feature

¢ Symbol Definition Bit String Compression

iii
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o Indicators and Controls (3277, 3284, 3286,
3288)

o Compression of Symbol Definition Bit Strings
¢ Glossary
Related Publications

The following publications supplement the
information contained in this publication:

IBM 3270 Information Display System

3274 Control Unit Planning,.Setup, and
Customizing Guide, GA27-2827

3274 Control Unit Operator’s Guide,
GA23-0023

The 3270 Information Display System Reference

Summary, GX20-1878, contains summary listings of

the status and sense codes, error codes, and other
reference data discussed in this publication.

Publications describing the printers and displays

attaching to the 3274, the 3270 data stream, the use

of color, highlighting, and programmed symbols,

operating and problem determination procedures, and

programming information, are listed in IBM 3270
Information Display System, Library User’s Guide,
GA23-0058.

iv

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

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

IBM Multiuse Communications Loop Planning
Guide, GA23-0038

IBM Multiuse Communications Loop Installation
Guide, GA23-0039

The two Multiuse Communication Loop publications
cited above and the following IBM 4300 Processor
publications provide information concerning
attachment of the 3274-51C to the 4331 Processor
via the 4331 Loop Adapter:

IBM 4300 Processors Summary and Input/Output
and Data Communications Configurator,
GA33-1523

IBM 4331 Processor Functional Characteristics
and Processor Complex Configurator, GA33-1526

3270 equipment attached to the 4331 Processor via
the loop adapter appears to the 4331 as though it
were locally channel-attached.
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Chapter 1. Control Units and Data Stream

The 3274 Control Unit (Model 1A, 1B, 1C, 1D, 21A, 21B, 21C, 21D, 31A,
31C, 31D or 51C) is one of the basic components of the 3270 Information
Display System, a family of products that can be tailored to meet the needs of
a wide range of 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 IBM 3270 Information
Display System: Configurator, GA27-2849.)

Models of the 3274 can be selected to form 3270 system configurations
attachable to System/360, System/370, System/3, 4300 Processor, and 8100
Information System configurations as host systems. (See An Introduction to the
IBM 3270 Information Display System, GA27-2739, for possible system
combinations.)

The 3274 Control Unit can attach locally or remotely to a host system. 3274
units employ binary synchronous communication (BSC) or synchronous data
link control (SDLC) transmission disciplines in remote operations.

Figure 1-1 provides an overview.

Note: The 3274 Models 1, 21, and 31 bearing like letter designations (e.g., 1C,
21C, 31C) support the same terminals, terminal configurations, and functions.

The Model 21 units have less control storage capability than the Model 1 and 31
machines and do not support some of the available terminal features or feature
combinations.

Throughout this publication, references to 3274 “A units, >> “B units,”” “C units,”’
and “D units’’ are used as convenient abbreviations for all model numbers suffixed
by the same letter (for example, 3274 Models 14, 214, and 314 = A units). The
3274 Model 51C is referred to as 51C.

Display System Components

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.

Chapter 1. Control Units and Data Stream  1-1
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Host Control Unit Device

System/3 3277 Display Station

3278 Display Station

System/360 3279 Color Display Station

3230, 3262, and
3268 Printers

System/370 3074 .
and 303X 3284 Printer

3286 Printer

4300 ‘ 3287 Printer

3288 Line Printer

8100 ' 3289 Line Printer

Figure 1-1. 3274 Host and Device Combinations

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 1/0
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.

Additionally, when the host 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
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that device until the operation is completed. At that time, sequential polling is
resumed.

The 3274 Control Unit models can operate in local or remote configurations:

o The 3274 A units operate as channel-attached local units using SNA
protocols (see Chapter 5).

o« The 3274 B and D units operate as channel-attached local units using the
host processor channel program (see Chapter 3).

o The 3274 C units and 51C operate as remote units using SNA/SDLC or
BSC disciplines (see Chapters 4 and 5).

In the SNA/SDLC 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.

I The 3230, 3262, 3268, 3287, or 3289 attached to a 3274, or the 3288 attached
to a 3274, can also function in BSC or SNA/SDLC protocol. When operating
in SNA/SDLC, the 3230, 3262, 3268, 3287, and 3289 function as LU type 3.
When SCS is installed in the 3230, 3262, 3268, 3287, or 3289, the printer
functions as an LU type 1. The 3230, 3262, 3268, 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, which functions in either BSC or
SNA/SDLC disciplines.

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 the 3274 B and D units,
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 A units (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.
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Interface Codes

| SNA Interface Codes
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When commands 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.

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 American 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 1-3 and 1-4 show the United States EBCDIC interface codes for
several control unit/device combinations. Figure 1-5 indicates the actions
taken by the 3274 Control Unit in response to various interface code points.
Figures 1-6 and 1-7 show the United States ASCII codes. Figure 1-8 shows
the control character codes. Refer to Appendix E for the Katakana codes.

ASCII uses 7 of a byte’s 8 bits for information, allowing addressing of 128
code points per byte. The high-order ASCII bit is always zero. EBCDIC uses
all 8 bits for information, allowing addressing of 256 code points per byte.
EBCDIC and ASCII explicitly define an information interchange code (ICC)

and implicitly specify unique character sets. See the Character Set Reference
manual. '

With SDLC, the 3274 Control Unit operates with EBCDIC or an alternate,
which is usually ASCIIL.

The alternate code is selectable as a feature during customizing. The 3274
Physical Unit (PU) cannot support multiple alternate codes concurrently. The
Alternate Code feature: ‘ '

« Defines the available alternate ICC.

¢ Defines the character set for all associated L.U2 terminals.

o Allows only typewriter keyboards.

« Should not be used with an LU using the SNA Character Set (SCS).

The characteristics of LU-LU sessions are established by the SNA Bind RU.
The Bind indicates which, if any, alternate code will be allowed for the ICC.

| The LUs must agree on an alternate code before one can be used.

The Request Header Code Select Indicator (RH CSI) indicates the alternate or
EBCDIC ICC for the FMD RU. All host-bound FMD RUs will use alternate
code when permitted by the bind and will have their RH CSIs set.
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The alternate code character set is supported only for typewriter keyboards.
The differences between the EBCDIC and ASCII keyboard layouts are noted
below; four keys are involved, and the coding points associated with each are
in parentheses:

Key Keytop Symbol

Shift EBCDIC ASCII

Up Bar (X'4F’) Exclamation point (X‘21°)
Up Not sign (X‘5F) Circumflex (X‘SE’)

Up Exclamation Right bracket (X'5D")

point (X'5A")

Down Cent sign (X'4A’)  Left bracket (X'5B’)

Code structures pertain only to the data portion of information in an SDLC
data stream. All but the SNA LU-L.U function management data request unit
(FMD RU) is considered bit-significant control information and is not subject
to graphic representation.

| BSC Interface Codes

The BSC interface codes are described under “Redundancy Checking” and
“Data-Link Control Characters,” in Chapter 4.
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Bits
00 01 10 1 0.1
Hex 1 00 |0v |10 ]| 11m|oo|or] 10|11 |fo|or]|1w]1n|o| o [1w0]| 1 |e-23
Bits
4567 l 0 1 2 3 ) 5 6 7 8 9 A B c D E F |e—Hex 0
0000 0 | NuL SP & 0
— e w—
0001 1 SBA / 1 a L A J 1
'y
+ -
0010 2 EUA I b K s [:] K S 2
t t
0011 3 Ic Vo 1 vy c L T 3
t 1
0100 4q | d m u | 0 M u 4
+ t
0101 5 PT NL | e n v | E N v 5
—+ t
0110 6 'K o wl F 0 w! 6
t +
o111 7 |9 3 x | G P X 7
re 3
1] T
1000 8 1 h a y | H Q Y 8
t t
1001 9 EM . ' z | | R z 9
—t -t -4
1010 A ¢ ' \
1011 B . $ #
1100 C FF | DUP RA < . % @
1101 D SF ( ) _
1110 E FM + . >
111 F suB | | 1

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 not specified. The character displayed by the 3277 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.

2. Lowercase alphabetic characters (shown within the dotted outlined area) are displayed or

. printed as uppercase characters, unless the terminal has dual-case capability.

3. NL, EM, FF, DUP, and FM control characters are displayed or printed as5 9 < * and , char-
acters, respectively, except hy 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
< /s not printed.

4. Bits 0 and 1 are assigned for the following characters: AID, attribute, write control (WCC), copy

Noo

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 1-8.

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

The SUB control character (hex 3F) is not supported for terminals attached to 3274 Control
Units.

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

Figure 1-3. United States EBCDIC I/O Interface Code for 3274 Control Units with 3277, 3284,

3286, 3287 (with 3271/3272 Attachment Feature), and 3288 Terminals Attached
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Bits

00 01 10 1 lt— 0.1
Hex1 | 00 | 01 | 10| 11 | 00| 01| 10 [11 | 00| 01 | 10| 11 | 00| 01 | 10| 11 je—2,3
Bits
4567 l 0 1 2 3 4 5 6 7 8 9 A 8 Cc D E F |@—Hex O
0000 | 0 |NUL Pl & - (Y |M]o
0001 1 sBA | / a |l |~ Al )
0010 2 EUA b k s B K S 2
0011 3 IC c | t (o L T 3
0100 4 ) d m u D M v} 4
0101 5 | PT | NL e n v el N | vl s
. 0110 6 f o w F (o] w 6
o111 7 g p x G [4 X 7
1000 8 GE SA h q Yy H Q Y 8
1001 9 EM | SFE N i r z | R z 9
1010 | A PO I I '
1011 B . $ , #
1100 C FF DUP| MF RA < * % @
1101 o | cr | sF ( ) e
1110 E FM + | > | -
111 F suB | - ? " EO
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 /0 interface code returned for an undefined
character code. See Figure 1-5.
2. CR, NL, EM, and F F 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. .
3. Bits 0 and 1 are assigned for the following characters: AID, attribute, write control wcce), 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 1-8.
4. For BSC data-link control characters, see Chapter 4. For the SCS control codes associated with
the SNA Character String feature on 3262, 3287 (with the 3274/3276 Attachment feature), and
3289 printers, see Chapter 2.
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

Figure 1-4. United States EBCDIC 1/O Interface Code for 3274 Units and Attached 3262, 3278, 3279, 3287

16

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 direct>d to one of these terminals, CR will be dispiayed or
printed as > (on mono-case terminals), and no CR fu.'ction will be executed; hex code 0D will
be returned on a subsequent read operation.

(with 3274/3276 Attachment Feature), and 3289 Terminals



Controller With

Display or Printer

Without ECSA!

With ECSA'

Configuration Support A
and B; codepoints not
preceded by X'08

All unsupported control codepoints or unsupported graphic codepoints are replaced with hyphen

codepoints in the data buffer,

Configuration Support B;
codepoints X‘nn’ preceded
by X‘08’

X'08nn’ is réplaced by a single hyphen
codepoint in the data buffer.

For X’‘nn’ equal to all control codepoints
and unsupported APL codepoints, X'08nn’ is
replaced by a hyphen codepoint in the

data buffer.

Configuration Support C;
codepoints not preceded by
X'08’

For 3278, 3287, 3289 devices: (1) a
hyphen codepoint replaces codepoints
CE, CF, DD, DE, DF, ED, EE, EF, and
FE in the data buffer, (2) a negative
response is given to control codepoints
in the range X'00" to X‘3F’ and X'FF’
except for codepoints 00, 05, 08, 0OC,
0D, 11, 12, 13, 15, 19, 1C, 1D, 1E, and
3C, and (3) graphic codepoints X' 40’
to ‘FE’, except as noted above, are
stored in the data buffer and returned
in subsequent read operations,

For the 3277 device: (1) Unsupported
graphic codepoints in the range X‘40’ to
X‘FE’ are replaced with a hyphen code-
point in the data buffer, and (2) a
negative response is given as described
above for the 3278.

A negative response is given to unsupported
control codepoints in the range X'00" to X'3F’,

All codepoints in the range X'40" to X'FE’ plus
X’'3F’ and X'FF' are stored in the data buffer
and returned in subsequent read operations,

Configuration Support C;
codepoints X‘nn’ preceded
by X‘08*

For X’nn’ equal to X*00’ through X‘3F’ or X‘FF’, a negative response is returned.

For X’nn’ equal to X‘40’ through X‘FE’,
X‘08nn’ is replaced by a single hyphen
codepoint in the data buffer.

For X’nn’ equal to all unsupported APL
codepoints, X‘08nn’ is replaced by a
single hyphen codepoint in the data buffer.

! Extended character set adapter

Figure 1-5. Matrix for Hyphenation and Negative Responses — 3274 Control Unit
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s
Hex 1 000 |001 010 | 011 | 100 | 101 | 110 | 111 4-?,6‘5
5;31 l o 1 2 3 4 5 6 7 [=#=Hex 0
0000 0 NUL sp |0 @ [4 P
0001 1 r_SBA ! 1 A Q a r—u—_j
0010 2 EUA | © 2 B R b le
0011 3 IC # 3 C S c s i
0100 4 RA | $ 4 o} T d t !
0101 5 % 5 E u e u J|
0110 [3 & 6 F v f v }
o1 7 ! 7 G w ] w i
1000 8 ( 8 H X h x ]
1001 9 | pT | EM ) 9 | Y I y 1]
1010 A NL | suB | * J z ) 2
101 B + , K { k l__:
1100 C FF oup | . L [ i
1101 D SF B M ] m ;__
1110 E FM B N ~ n i
1 F ? e} O_j_d
Notes:

1.

6.

7.

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. I1BM 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.
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.

NL, EM, FF, DUP, and FM control characters are displayed or printedas 5 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.

AlD, attribute, write control (WCC), copy control (CCC), CU and device address, buffer address,
sense, and status characters are assigned as specified in Figure 1-8 so that each character can be
represented by a graphic character within the solid outlined portion of this chart.

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

ASCII B option displays and prints ! and A for codes 21 and 5E (hex), respectively.

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

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

I Figure 1-6. United States ASCII I/O Interface Code for 3274 C Units and 51C with 3277, 3284,

3286, 3287 (with 3271/3272 Attachment Feature), and 3288 Terminals Attached



Buts

Hex 1 | 000 |001 | 010 | 011 | 100 | 101 | 110 | 111 |<=7,6,5
Bits
4321 l 0 1 2 3 4 5 6 7 |- Hex0
0000 0 NUL ] @ P . p
0001 1 SBA ! 1 A Q a q
0010 2 EUA ] 2 B8 R b '
0011 3 c|l# |3 [¢ s ¢ s
0100 4 RA | s 4 D |T d t
0101 5 % |5 E U e u
0110 6 & |6 F Y t v
o 7 ' 7 G W |g w
1000 8 ( 8 H X h x
1001 9 PT |EM | ) 9 | Y ! y
1010 A NL . . : J ¥4 1 z
1011 B + ; K [ k {
1100 c | fr |our| - < o (v !
1101 D [cr sF | - = M ) m }
110 E FM > N ~ |a ~
1" F / ? o K

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. |BM 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 _l_iisplayed 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), copy control (CCC), CU and device address, buffer address,
sense, and status characters are assigned as specified in Figure 1-8 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 4.

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, 78, 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 1-7. United States ASCII 1/O Interface Code for 3274 Units and Attached 3278, 3279,
3287 (with 3274/3276 Attachment Feature), and 3289 Terminals

Chapter 1. Control Units and Data Stream 1-9



Bits 2—7 Graphic EBCDIC ASCII Bits 2—7 Graphic EBCDIC ASCII
00 0000 sp 40 20 ' 10 0000 - 60 2D
00 0001 A c1 ol 10 0001 / 61 2F
00 0010 B c2 42 10 0010 s E2 53
00 0011 ¢ Cc3 43 10 0011 T E3 54
00 0100 D c4 a4 10 0100 U E4 55
00 0101 E c5 45
00 0110 F s 46 10 0101 v ES5 56
00 0111 G c7 a7 10 0110 W E6 57
00 1000 H cs 48 10 0111 X E7 58
00 1001 | c9 49 10 1000 Y E8 59
00 1010 { ¢ 4A - 10 1001 z E9 5A

[ - 58 10 1010 ! (EBCDIC) 6A 7C
00 1011 "4B 2E 10 1011 , 6B 2C
00 1100 < ac 3C 10 1100 % 6C 25
00 1101 ( 4D 28 10 1101 - 6D 5F
00 110 . :’E 28 10 1110 > 6E 3E
00 1111 { ! . y 10 1111 ? 6F 3F
01 0000 & 50 26 1 0000 o Fo 30
01 0001 J D1 4A 11 0001 1 Fi 31
01 0010 K D2 48
o1 o011 L os ac 11 0010 2 F2 32
o1 0100 Iy o4 a0 11 0011 3 F3 33
01 0101 N o5 aE 11 0100 a Fa 34
01 0110 o 06 aF 110101 5 F5 35
01 0111 p D7 50 11 0110 6 F6 36
01 1000 Q D8 51 11 0111 7 F7 37
01 1001 R D9 52 11 1000 8 F8 38
01 1010 { ! 5A - 11 1001 9 F9 39

] - 5D 11 1010 : 7A 3A
01 101 $ 58 24 111011 # 78 23
01 1100 N 5C 2A 111100 @ 7C 40
01 1101 ) 5D 29 " 1101 ) o 27
or 110 : SE 38 11 1110 = 7E 3D
or 1M { | °F 5E 11 111 "

, 7F 22

Note: The characters above are used as attribute, AID, write contral (WCC), copy control (CCC), CU and device address, and buffer
address. They are also used as status and sense except 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 ASCI]

code prior to transmission.

To use this table to determine the hex code transmitted for an address or control character, first determine the values of bits 2—7. Select this
bit configuration from the ““Bits 2—7"" column. The hex code that will be transmitted (either in EBCDIC or in ASC!1) is to the right of the
bit configuration.

Use this table also to determine equivalent EBCDIC and ASCI! hex codes and their associated graphic characters. See Figurée 1-6, Note 5, for
ASCII A and B graphic character difference for ASCII codes 21 and 5E (hex).

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

Figure 1-8. Control Character I/O Codes



Device Addressing

Addresses for devices on 3274 control units are based on the port to which they
are attached. The port sockets are numbered, and device adapters are attached
in accordance with requirements 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.

Figure 1-9 illustrates 3274 Control Unit address assignments.

Type of Address
Port Number Device Attached SNA Non-SNA
A0 A 02 00
A1 A 03 01
A2 A 04 02
A3 A 05 03
A4 None 06 04
A5 None 07 05
A6 None 08 06
A7 None 09 07
A8 A 10 08
A9 A 11 09
A10 A 12 10
A1l A 13 11
A12 A 14 12
A13 A 15 13
Al14 None 16 14
A15 A 17 15
B8O B 18 16
B1 B 19 17
B2 None 20 18
B3 None 21 19
B4 B 22 20
B5 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 1-9. Example of 3274 Control Unit Address Assignments

Chapter 1. Control Units and Data Stream 1-11
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Data Stream

The 3270 data stream consists of application data, commands/structured field
functions, and orders which are transmitted between the control unit and the
host system. Control information, which governs the movement of the data

stream, is also transmitted.

Data transfer commands are issued to initiate such operations as the total or
partial writing, reading, and erasing of data in a selected terminal character
buffer. Control commands initiate control unit and/or terminal operations not
involved with data transfer (except for status information). Structured field
functions (data transfer or control) are used for such operations as loading a
programmed symbol set and querying a terminal as to its characteristics; for
example, character buffer capacity. Orders can be included in write data
streams either alone or intermixed with display and print data.

Two types of orders are available - buffer control orders and printer format
orders. Buffer control orders are interpreted and executed as they are received
by the control unit, and are used to position, define, modify, assign attributes on
a field and character basis, and format data being written to a display character
buffer; to erase selected unprotected data in the buffer; and to reposition the
cursor. Printer formatting orders are initially stored in the printer character
buffer as data and are interpreted and executed by the printer logic when
encountered in the print operation.

The balance of this chapter consists of 3270 data stream description.

3270 Data Stream Function

Commands/Structured Fields

1-12

The 3270 data stream - outbound - can consist of commands, structured fields,
write control characters {WCC) if appropriate, orders, character data, and the
parameters needed by a control command. Inbound data streams (read
operations) consist of orders and character data or requested sense and control
information.

The command or structured field type-code defines the operation to be
performed.

The operations which may be specified include:

—  Write to the character buffer

— Erase and then Write to the character buffer

— Erase and then Write to the Alternate size character buffer

— Read the entire character buffer

— Read only the Modified data from the character buffer (some exceptions)

— Read All the Modified data from the character buffer (no exceptions)

— Erase All the Unprotected data from the character buffer

— Copy the content of character buffer A to character buffer B. (3274 C
units, 51C BSC only.)

— Select a terminal and initiate terminal character buffer to control unit buffer
transfer of all data, modified data only, or data from position in preparation
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for a Read Buffer, Read Modified or a Write operation (3274 B and D
units).
— Perform No functional Operation, retrieve pending status (3274 B and D
units).
— Sense further definition of the Unit Check condition (3274 B and D units).
— Sense the Control Unit Identification (3274 B and D units).

When the Structured Field and Attribute Processing Option is installed in the
control unit, the following structured field functions are available:

— 3270 DS; a structured field function used to combine 3270 write-type
commands and the COPY command (BSC) with other structured field
functions in a single transmission to devices supporting structured field and
attribute processing.

—  Write Structured Field (WSF); a write-type command indicating that
structured fields follow.

— Load Programmed Symbols (LPS); a structured field function used to load
symbol definition data into loadable terminal storage.

— Set Reply Mode (SRM); a structured field function used to define the
format of inbound data streams generated by Read command operations.

— Read Partition-Query; a structured field function used to query a terminal
as to its characteristics.

— Query Reply; a structured field function containing the terminal
characteristics requested by Read Partition-Query.

— SCS Data; a structured field function used to transmit an SCS data stream
to a printer in an LU Type 1 session when other structured fields are also in
the transmission.

Command codes, including the WSF command, are shown in Figure 1-10.

I 3274Band D 3274 A and C Units
Units and 51C
EBCDIC EBCDIC ASCIl

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 7€ 3D =
Read Buffer 02 F2 32 2
Read Modified 06 F6 36 6
Read Modified All NA 6E 3E :
Write 01 F1 31 1
No Operation 03 NA NA NA
Select? oB NA NA NA
Select RM?® 0B NA NA NA
Select RB? 1B 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

! Applicable to 3274 C units (BSC) and 51C (BSC) only.
2 Applicable to 3274 B units
3 Applicable to 3274 D units

Figure 1-10. Command Codes
Chapter 1. Control Units and Data Stream 1-13



Orders

The outbound data stream can contain orders directing the formatting of a
display terminal buffer or the formatting of a printer operation. For a
discussion of the printer formatting orders (NL, EM, FF, SI, and CR), refer to
Chapter 3.

Orders that can be included in the 3270 data stream are described below:

The Set Buffer Address (SBA) order is followed by two address characters, and
sets a pointer called the current buffer address (CBA). Subsequent data
characters will be stored in the character buffer in a sequential fashion
beginning at the CBA. As each character is stored, the CBA is updated to
point to the next character location in the character buffer.

The Start Field (SF) order indicates that the next character in the data stream is
to be interpreted as a field attribute character. It will therefore be stored in the
character buffer in a unique fashion so that the hardware will interpret it as a
field attribute and not as a data character.

The Insert Cursor (IC) order causes the cursor to be displayed at the screen
location associated with CBA.

The Program Tab (PT) order will cause the CBA to be set to the first data
character position in the next unprotected field in the buffer. Under certain
circumstances it will also cause nulls to be inserted into the character buffer
from this new CBA to the end of the field.

The Repeat to Address (RA) order is followed by 2 character buffer address
bytes and a character to be repeated. That character will be replicated through
the character buffer up to, but not including, the specified buffer address.

The Erase Unprotected to Address (EUA) order is followed by 2 character
buffer address bytes and causes nulls to be inserted in all unprotected buffer
locations starting at the CBA and up to, but not including, the specified stop
address.

When the Structured Field and Attribute Processing option is installed in the
control unit, the following orders are available for use with appropriately
configured terminals:

The Start Field Extended (SFE) order is followed by a 1-byte count indicating
the number of attribute type and value pairs which follows. The specified
number of attribute type and value pairs follows the count.

The Modify Field (MF) order allows specified extended field attributes to be
modified without having to respecify all the attributes in the field. The

structure of the Modify Field order is identical to that of the Start Field
Extended order, having a 1-byte count field followed by the specified number of
attribute type and value pairs.



Attributes

Write Commands

12/14-Bit Addressing

The Set Attribute (SA) order provides the ability to associate attributes with
individual characters rather than with fields. In this case, only a single attribute
type and value pair follows the order, and the count field is absent. Once a
character attribute has been established using this order, it applies to all
subsequent characters in the transmission, until a new character attribute value
of the same type is established with another Set Attribute order. Character
attribute values are reset to their defaults at the beginning of each transmission.
The character attributes specified with Set Attribute orders override the same
attribute type settings specified with the SFE or MF orders applying to the
fields in which the characters are stored.

Four attribute types can be specified in the orders included in the 3270 data
stream: field, color, extended highlighting, and symbol set. All four can be
assigned to fields and three of the four can be assigned to individual characters.

The color, extended highlighting, and symbol set attribute types may be applied
to characters as well as fields. Values accompany the attribute type
designation, specifying, for instance, red for the color attribute, or protected,
numeric for the field attribute. Refer to Chapter 2 for a discussion of
attributes.

Two write-type commands, Write and Erase/Write, are used to load, format,
and selectively erase device buffer data. These commands can also initiate
certain device operations such as starting the printer, resetting the keyboard,
and sounding the audible alarm. Write and erase/write operations are identical
except that Erase/Write causes complete erasure of the device buffer before the
write operation is started. Thus, Erase/Write is used to load the buffer with
completely new data, whereas Write can be used to modify existing buffer data.

A third write-type command, Erase/Write Alternate, performs the erase/write
function for 3278 and 3279 displays and 3287 and 3289 printers. It is also
used to switch the display or printer into large screen or expanded print
capacity mode. The Erase/Write Alternate command is valid when sent to the
3274.

Twelve- or 14-bit buffer addressing is allowed in an outbound data stream.
(Inbound data streams always use 12-bit addressing.) Definition of 12- or
14-bit buffer addressing is as follows:

Bits 0 and 1 of the first address byte following an SBA, RA, or EUA order are
considered flag bits and have the following significance:

= 00 — 14-bit binary address follows

01 — 12-bit coded address follows

10 — Reserved

11 — 12-bit coded address follows

Chapter 1. Control Units and Data Stream  1-15
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Write Command

1-16

When the flag bits are 00, the next 14 bits (the remainder of the current byte

(6 bits) and 8 bits of the next byte) are considered a buffer address in binary

form. No address translation is necessary. Receipt of a buffer address

beginning with the flag bits 10 will cause a negative response (X‘1005’) or an
|Op Chk when the 3274 has configuration support C installed.

The bytes received by the 3274 for Write command operation consist of a
command code, a write control character (WCC), and orders and/or data.
Remotely attached 3274 control units also receive appropriate data link control
framing. The sequence of bytes is as follows:

XXX Data Link Framing Characters
XXX (Remote Only)

Any Write -~ See Figure 1-10.

Command
WCC - See following text and Figure 1-11,

™ Orders and/or
Data

-
L___/——\

ey

XXX Data Link Framing Characters (Remote Only)

The minimum data stream following a Write command is a 1-byte WCC. This
is ensured because the byte count field of the write channel control word
(CCW) must be set to a minimum of 1 when attached to the 3274 Model 1B
or 1D, or else the command code is not sent. The minimum Write command
data stream to a remote 3270 consists of framing characters (for example, in
BSC, STX, ESC, and ETX) and the command code. To be meaningful, a
WCC byte should follow the command code; if the BSC data link control
character ETX follows the command code, an all-zero default WCC byte is
generated by the control unit, and command execution is ended normally. An
order or display/print data byte that immediately follows the command code is
interpreted as a WCC by the control unit.

The WCC byte format is as follows:

. Reset Printout Start Sound |Keyboard a;s;t
Bit Format Print Alarm | Restore Bits
o 1 2 3 4 5 6 7

*Determined by the configuration of bits 2 through 7. See Figure 1-11.



Figure 1-11 describes the function of each WCC bit. When the WCC specifies
an operation that does not apply to the selected device (for example, if the
Sound Alarm bit is set and the selected device does not have the Audible Alarm
feature), the specified operation is ignored. When the WCC byte is followed by
order or display/print data bytes, only the Reset MDT Bits function, if
specified, is performed before the write operation; any other WCC function is
deferred until all data is written and all orders are performed.

Orders and buffer data can follow the WCC character. (Orders are described
later in this chapter, following the “Write Commands” description.) Buffer data
can be written into any specified location of the buffer without erasing or
modifying data in the other buffer locations. Data characters are stored in
successive buffer locations until an order is encountered in the data stream
which alters the buffer address, or until all the data has been entered. During
the write operation, the buffer address is advanced one location as each
character is stored.

The buffer location where data entry starts depends upon the following
considerations:

1. The starting location may be specified by an SBA order that follows the
WCC. (This order is described later in this chapter under “Orders.”)

2. The starting location will be the buffer address containing the cursor if the
Write command is not chained or if it is chained from a Copy, Select, Erase
All Unprotected, No Operation, or Sense command.

3. The starting location will be the current buffer address if the Write
command is chained from a Read or another Write command.

The formatting and placement of write data and the modification of existing
buffer data are described under “Orders.”

Bit Explanation

0 Determined by the contents of bits 2 through 7 as shown in Figure 1-8.

1 WCC reset bit. When set to 1, resets the functions denoted in Figure 1-12.
2,3 Define the printout format, as follows:

=00 — The NL, EM, and CR? orders in the data stream determine print line
length. Provides a 132-print position line when the orders are notpresent.

=01 — Specifies 40-character print line.

=10 — Specifies 64-character print line.

=11 — Specifies 80-character print line.

4 Start Printer bit. When set to 1, initiates a printout operation at completion
of the write operation.

5 The Sound Alarm bit. When set to 1, sounds the audible alarm at the selected
device at the end of the operation if that device has an audible alarm.

6 The Keyboard Restore bit. When set to 1, restores operation of the keyboard

by resetting the INPUT INHIBITED indicator on 3277 displays, and the
System Lock or Wait symbol on 3278, or 3279 displays. It also resets the
AID byte at the termination of the 1/O command.

7 Reset MDT bits. When set to 1, all MDT bits in the selected devices’ existing
buffer data are reset before any data is written or orders are executed.

! The CR order is applicable to the 3262, 3287 and 3289 printers only.

Figure 1-11. Write Control Character (WCC)
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Color, Extended Prograﬁmcd

Highlighting, PS ‘ Symbols
Keyboard Actions or Base Color
Data Stream States Reply Mode Selection indicator INOP Symbol-Set ID Content | Override Bit |
Clear key (SSCP) R R 1 R NC NC R
Clear key (unowned) R R 1 NC NC R
Clear key (LULU) R R 1 R NC NC R
System request key SSCP (unowned) R R 1 R NC NC R
System request key SSCP (LULU) R R 1 R NC NC R
System request key unowned (SSCP) R R 1 R NC NC R
Receipt of RU (SSCP) R R 1 R NC NC R
System request key LULU (SSCP) R R 1 R NC NC R
TEST key “ENTER" 2 R 1 R NC NC R
TEST key “EXIT" R R 1 R NC NC R
WCC Reset in EW[EWA R R 1 R NC NC R
Power on R R R R R R R
SNA Clear (LULU) NC NC NC NC NC NC NC
SNA ACT LU (SSCP-owned) NC NC NC NC NC NC NC
SNA DACTLU NC NC NC NC. NC NC NC
SNA ACTLU (unowned) NC NC NC NC NC NC NC
UNBIND NC NC NC NC NC NC NC
BIND R R R NC NC R
Set Reply Mode 3 NC 1 NC NC NC 4
SA, SFE, MF NC NC NC NC NC NC
0828 (external viewpoint) R R R R NC NC R
CD/EB WRITE acknowledgment NC NC NC R NC NC NC

R = Reset (to default value)

Notes:

NC = No change

1. Display exactly those attribute selection indicators that are honored as a result of the Repiy mode.

n oA WN

Figure 1-12. Reset Matrix

1-18

Allow all attribute key selections during test.

. IfSA, SFE, or MF reference color, then the color-override bit is set.

Inbound Reply mode changed to the mode described in the structured field.

If the Reply mode indicates color as an acceptable operator selection, then the color-override bit is set.



Erase/Write Command
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Programming Notes:

1. If the commands are being chained, the Write or Erase/Write command
with the Start Print WCC bit set must be the last command in the chain.
If not:

a. Local control units abort the Write or Erase/Write command that
specifies Start Print.

b. Remote control units perform the print operation and abort the next
command.

2. The Printout Format bits are honored only if the Start Print bit is set in
the same WCC.

3. In remote operations, if a Write command that includes data is chained
from a previous Write command, an SBA order should immediately follow
the WCC to define the starting location at which data entry is to start; this
permits recovery in case of an error condition that requires retransmission of
that data.

Programming Restriction: A Write command should not be chained from an
Erase All Unprotected command. If it is, the operation is undefined.

Execution of the Erase/Write command performs two operations: an erase
operation and a write operation. The erase operation clears the entire device
buffer to nulls, positions the cursor to character location 0, and resets the buffer
address to 0.

Erase/Write then performs the write and WCC operations in the same manner
as a Write command. If no WCC is sent, the Erase/Write command will not
erase the buffer.

An Erase/Write command can also return a display or printer to the default
screen size or character print capacity (as next described under “Erase/Write
Alternate Command”’).

Erase/Write Alternate Command

The 3278 and 3279 displays and 3287 and 3289 printers with a capacity of 960
characters can function as 480-character devices; 1920-, 2560-, 3440-, and
3564-character (3278 Model 5, 3287, and 3289 attached to 3274 A, C, and D
units only) displays and printers can function as 1920-character devices. Thus,
application programs written for 3277 displays and for 3284, 3286, and 3288
printers can be used without modification of screen or print format for 3278 or
3279 displays and for 3287 and 3289 printers.

Chapter 1. Control Units and Data Stream 1-19
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|For the 3274 B, C, or D units, a unique instruction is required from the
application program to enable a display or printer to function at greater than
480- or 1920-default-character capacity. The Erase/Write Alternate command
is used to switch a 3278 or 3279 display screen size or a 3287 or 3289 print
capacity to the alternate size indicated by the display model number or specified
for the printer as follows:

Default Alternate
3278 3279 3287 and Character Character
Model Model 3289 Model | Capacity Capacity
1 —_ 1,2 480 960
2 2A, 2B 1,2 1920 1920
3 3A, 3B 1,2 1920 2560
4 _ 1,2 1920 3440
5 — 1,2 1920 3564

The Erase/Write Alternate command also operates as an Erase/Write
command. Once the display or printer is placed in alternate mode, operation
continues in alternate mode until the operator presses the CLEAR, SYS REQ
(SNA only), or TEST key or until an Erase/Write command is received, the
SNA session is unbound, power fails at the control unit, display, or printer, or,
in locally attached 3270 systems, a system reset sequence occurs. Only these
conditions return the display or printer to the default-value screen-size or

| character print capacity. For the 3274 B, C, or D units, the Erase/Write
Alternate and Erase/Write commands are used to switch a display screen size,
or a print capacity to alternate size, or vice versa, according to Bind parameter
definition. '

When in emulation mode, and with the display not in an LU-LU session, the
operator may set the display to its maximum size by pressing the CLEAR key.

A 3278 or 3279 display operating as an LU type 2 requires the format shown in
Figure 1-13 as part of the bind operation.

Byte 24 determines the screen size for both the base and the extended LU type
2. Only 480- and 1920-character displays are supported in the base LU type 2,
which corresponds to the 3277 Models 1 and 2. The Bind format must specify
the extended LU type 2 for larger screen sizes. The base LU type 2 screen size
is in effect during the entire session when coded in byte 24. Bytes 20 through
23 are ignored in this case. The 3277s attached to the 3274 are always in base
LU type 2 Bind format. Any I/O device that has base LU type 2 Bind format
can accept an Erase/Write Alternate command, but it is executed as an
Erase/Write command. '



Byte Bit Model Content Description

20 0-7 Default number of rows
1 X'01’ — X'0C’ 1-12
2 X001’ — X'18’ 1-24
3 X001’ — X'20° 1-32
4 X'01’'— X'2B’ 1-43
5 X'01" — X"1B’ 1-27

21 0-7 Default number of columns
1 X'28’ 40
1-5 X'50’ 80
5 X'84’ 132

22 0-7 Alternate number of rows
1 X'01" — X'0C’ 1-12
2 X'01" — X'18’ 1-24
3 X'01" — X'20° 1-32
4 X'01' — X'2B’ 1-43
5 X‘01" — X"1B’ 1-27

23 0-7 Alternate number of columns
1 X'28’ 40
1-5 X’'60* 80
5 X'84° 132

24 0—7 Session screen size

0 All Reserved reserved
1—7 1-5 b'000 0000’ Base default (12 x 40 or 24 x 80)
1 b’000 0001* Base Model 1 default (12 x 40)
2-5 b’000 0010’ Base Model 2 default (24 x 80)
1-5 b'111 1110’ Extended default (size specified in bytes
20 and 21)
1-56 b’111 1111° Extended alternate (size specified in bytes
22 and 23)
Note: Row values outside these ranges and column values other than those listed cause the Bind
to be rejected with X'0821°,

Figure 1-13. LU Type 2 Screen Size Bind Format

When bits 1 through 7 of byte 24 are coded b‘0000000’, the device assumes the
3277 default size defined for that model display. Buffer wrap occurs as if the
device were physically a 3277 Model 1 or 2 display. If an Erase/Write
Alternate command is received while bound, it is processed as a normal
Erase/Write command. No state change occurs within the display. Default
screen sizes are as follows:

3278 3279 Default Screen Size Assumed with
Model Model Byte 24 = b‘0000000°

—_ 480 (12 x 40)

2A, 2B 1920 (24 x 80)

3A, 3B 1920 (24 x 80)

— 1920 (24 x 80)
—_ 1920 (24 x 80)

(O T S
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Only a Model 1 display can be bound as b‘0000001°, a base LU type 2 with a
12 x 40 character screen. This coding of the Bind image is rejected with
X‘0821’ on Models 2, 3, 4, and 5.

A Model 2, 3, 4, and 5 display can be bound as b‘0000010’, a Base LU type 2
with a 24 x 80 character screen. This Bind format, if used for a Model 1
display, causes the Bind to be rejected with X‘0821°.

When operating with a screen size of 480 characters, sequential buffer addresses
map to the 12 x 40 screen format in row major order. When operating in other
screen sizes, sequential buffer addresses map to the defined screen format in
row major order.

Byte 24 must be coded X‘7E’ or X‘7F’ to use displays in large-screen mode
(2560, 3440, and 3564 characters) during the LU-LU session.

When bits 1 through 7 of byte 24 are coded X‘7E’, the screen size of the device
is defined in bytes 20 and 21 of the Bind image, and bytes 22 and 23 are
ignored. The device operates with the defined screen size during the entire
session. An Erase/Write Alternate command is accepted by the device but is
interpreted as an Erase/Write command. No state change occurs, and the
screen size remains as defined in bytes 20 and 21 of the Bind image. Valid
codings of bytes 20 and 21 are as follows:

Model 1 Model 2 Model 3 Model 4 Model 5
Byte Hex <X‘0C’ <Xx'18 < X200 < X'28B’ <X'1B’
20 Row <12 <24 <32 <43 <27
Byte Hex X‘'28' X'50' X‘50 X'50° X‘50' X'50' X'84’
21 Col 40 80 80 80 80 80 132

If the Bind specifies an invalid number of columns, or if the number of rows is
greater than the maximum row specified (above) for each model, the Bind will
be rejected. Buffer wrap will occur at the end of the row specified in byte 20.

When bits 1 through 7 of byte 24 are coded b‘0111111’, a dynamic switch can
be made during the session between a default screen size and an alternate
screen size. When byte 24 is coded in this way, bytes 20 through 23 define the
default and alternate screen sizes.

Valid codings of these bytes are as follows:

Model 1 Model 2 Model 3 Model 4 Model 5
Bytes  Hex <Xx'oc’ <X'18 <X20 <X'2B’ <X'1B’
20and Row <12 <24 <32 <43 <27
22
Bytes  Hex X'28 X'50'  X'50' X'50° X560 X‘50" X‘84’
21and Col 40 80 80 80 80 80 132
23



The Bind is rejected if an invalid number of columns is coded in the Bind image
or if the number of rows is greater than the maximum row value shown for each
model (above). When in alternate-size mode, the display will wrap at the end
of the row specified in byte 22 of the Bind image. When in default-size mode,
the screen will wrap at the end of the row specified in byte 20 of the Bind
image.

Once the Bind has taken place, the display is cleared and set to the default
screen size and format. Request/Response Units (RUs) that contain SBA, RA,
or EUA orders with addresses out of the range of the default screen size are
rejected with -RSP (1005) (address out of range) response. Data will wrap at
the default screen boundary whether input by the operator or from the
outbound data stream, and wrapping will occur at the default screen boundary
as defined for all other 3270 operations (for example, Erase All Unprotected,
Read Buffer).

The Erase/Write Alternate command dynamically switches the display to the
specified alternate screen size. Note that, on a Model 2 display, the
Erase/Write Alternate command performs no meaningful function.

If bound to dynamically switch, the device assumes the characteristics of a
display with the alternate screen size, upon receipt of an Erase/Write Alternate
command. RUs that contain SBA, RA, or EUA orders that have addresses out
of the range of the valid alternate screen size are rejected with ~-RSP (1005)
(address out of range).

Write, Erase/Write, and Erase/Write Alternate Commands (LU Type 3)

Both 3287 and 3289 printers can operate as LU type 3, and extended LU type
3. Commands and orders used by LU type 2 are applicable to LU type 3 and
extended LU type 3 except for the read-type commands: Read Buffer, Read
Modified, and Read Modified All. Read-type commands are rejected with -RSP
(1003) (invalid command code).

LU type 3 operations are directed by write-type commands. As specified in the
Bind, printers that function as base LU type 3 operate as 480- or
1920-character devices, and printers that function as extended LU type 3
operate with alternate buffer sizes of 960, 1920, 2560, 3440, or 3564
characters, or the full physical buffer. The alternate size is established by an
Erase/Write Alternate command, and the default size is established by an
Erase/Write command. Loss of power at the printer or the control unit or
unbinding the session returns the printer to the default buffer size.

The WCC for LU type 3 and extended LU type 3 is shown in Figure 1-11.
The function of bits 2, 3 (Printout Format), 5 (Sound Alarm), and 7 (Reset
MDT bits) is the same as for LU type 2. When bit 4 (Start Print) is set to 1,
the printer buffer content is printed after completion of the data transfer.
Otherwise, printing does not occur after completion of the data transfer.

Buffered printers that operate as LU type 3 employ the format shown in Figure
1-14 as part of the Bind operation.
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Byte Bit Content Description
19 0-7 Reserved
20 0-7 Default number of rows
X'oC’ 12
X‘18’ 24
X1B’ 27
X20" ' 32
X2B’ 43
21 0-—-7 Default number of columns
X'28’ 40
X'50" 80
X'84" 132
22 0-7 Alternate number of rows
X'0C’ 12
X'18’ 24
X‘1B' 27
X'20' 32
X2B’ 43
23 0-7 Alternate number of columns
X560’ 80
X'84' 132
24 0 Reserved
1-7 Session Buffer Size
b‘0000000’ Extended LU3 uses all available buffer space.
No size is specified.
b’0000001’ Base LU3, 12 x 40
b‘0000010’ Base LU3, 24 x 80
b’1111110' Extended LU3 static buffer size is defined
in bytes 20, 21.
b’1111111’ Extended LU, alternate sizes are indicated
in bytes 22, 23.
All other values are reserved and cause the Bind to be rejected with X'0821".

Figure 1-14. LU Type 3 Buffer Size Bind Format

Byte 24 establishes the buffer size for both base and extended LU type 3
operations. The base LU type 3 operation supports a 480- or 1920-character
buffer only, using the Erase/Write command. To use larger printer buffer sizes,
the Bind must specify Extended LU type 3 operation.

The Erase/Write Alternate command is accepted in base LU type 3, but it is
processed as an Erase/Write command. No state change occurs. All 3287s and
3289s can be bound with b‘0000001’ or b‘0000010°.

When bits 1 through 7 of byte 24 are coded b‘0000000’, the entire print buffer
can be used, regardless of size. Buffer wrap occurs at the end of the physical
buffer. An Erase/Write Alternate command is processed as a normal
Erase/Write command. No state change occurs.

When coded b‘1111110’, byte 24 indicates extended LU type 3 operation with
the buffer size coded in bytes 20 and 21. Buffer size switching is not allowed.
Bytes 22 and 23 are ignored. When an Erase/Write Alternate command is
encountered in the data stream, it is interpreted as a normal Erase/Write
command.
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When byte 24 is coded b‘1111111°, bytes 22 and 23 are inspected to determine
the maximum alternate buffer size to be used during the session; for example, a
Bind for 32 rows of 80 characters each permits the use of programs written for
960-, 1920-, and 2560-character buffer sizes. (If programs written for
132-character columns are used, byte 22 must be interpreted differently.) This
assumes that programs do not depend upon buffer address wrap during write
operations.

If the printer cannot support the required buffer size, the Bind is rejected with
a -RSP (0821) response parameter error. A 3287 with a basic 2K buffer
cannot, for example, accept an LU 3 Bind specifying a 2560-character buffer.
The 3274 supports any column count within the constraints of the above
row/column product. The row/column product determines the print buffer
wrap point. Print control is managed by the WCC and not by the Bind
parameter values.

Write Structured Field (WSF) Command, Function Management Header 1 (FMHI1), and
Structured Field Functions

For 3270 systems in the SNA/SDLC environment (LU Types 2 and 3
sessions), the BSC environment, and locally attached systems, the WSF
command and its associated structured field functions provide the mechanism
for:

— Combining eligible 3270 commands and structured field functions in a
single transmission to terminals supporting SFAP (3270DS structured field).

~ Loading symbol definition data into a specified terminal storage (Load
Programmed Symbols structured field).

— Querying a terminal as to its characteristics (Read Partition—Query
structured field).

— Specifying the type of inbound transmission wanted, and
allowing/disallowing operator selection of color, extended highlighting, and
symbol-set characteristics for keyed-in data (Set Reply Mode structured
field).

For LU type 1 sessions, a Function Management Header Type 1 (FMH1) and
structured field functions (L.oad Programmed Symbols, Read Partition - Query,
SCS Data) provide the mechanism for support of the Structured Field and
Attribute Processing (SFAP) option in an SCS data stream.

WSF Command

The WSF command must be the first item in any structured-field transmission.
The length field of the first structured field follows immediately.

Command chaining involving the WSF command is not allowed, except after a
Select Write (WRT) command.

In processing a structured-field transmission, the 3274, except for the Read
Partition - Query structured field, does not check for multiple transmissions of a
specific structured-field type. When the same type of structured field appears
more than once in the transmission, the last occurrence of the field sets the
values used.
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A WSF transmission does not change printer allocations.

If a WSF transmission is sent to a controller and device not configured or
featured for structured-field and attribute processing, an Op Chk or negative
response (X‘1003’) is returned.

Function Management Header 1 (FMH1)

Structured Field Functions

1-26

To direct a structured field data stream to a printer in LU type 1 session, an
FMH]1 is used, rather than the WSF command, to indicate the beginning of a
structured field data stream. The format header indicator in the Bind command
(byte 6, bit 1) must specify function management header included. The FMH1
Iformat accepted by the 3274 is X‘0601000B6000°. A data stream, with a
properly specified Bind command (byte 6 bit 1 set to 1) and an FMH1 in the
format just described, directed to a printer equipped for SFAP support, will be
accepted by the 3274. For other printers, the Bind with byte 6 bit 1 set 1 will
be rejected with sense code X‘0821’.

A data stream containing a Bind with byte 6 bit 1 set to 0 and an FMH1 s
rejected with sense code X‘400F.

Structured fields, whether outbound or inbound, have the following general
format: length—type—parameters and data.

The length-field value includes the 2 bytes of the length field. A length-field
value of zero causes the structured field to be treated as the last structured field
in the transmission.

The type field identifies the purpose of the structured field, and the parameters
and data that follow are variable, depending on the structured-field type.

3270DS Structured Field. The 3270DS structured field is used to transmit
Write, Erase/Write, Erase/Write Alternate, Erase All Unprotected, or BSC
Copy commands as part of a 3270 structured field data stream containing other
structured field functions (e.g., the LPS structured field).

The 3274 Control Unit Models 1 and 31A, C, and D and 51C support the
3270DS structured field when Configuration Support C is installed.

Each 3270DS structured field encountered in the data stream is processed to
completion before operations are started on a succeeding structured field.

A format description and explanatory notes for the 3270DS structured field
follow:

Byte Bit Content Meaning

0,1 — X‘nnnn’ Length of structured field
2 —_ X4’ 3270DS identifier

31 — X000’ Mandatory; checked.

Any other value is
rejected with SNA sense
code X‘1005’ or
non-SNA op-check.
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Byte Bit Content Meaning

4! —_ —_ 3270 command codes. Byte
4 values are checked.
Any value other than those
shown results in rejection
with SNA sense code X‘1003’
or non-SNA op-check.

Error checking for the 3270
command specified is the same
as for the command when not
enclosed in a structured field.

— XF1’ Write
X‘F5’ Erase/Write?
X‘7E’ Erase/Write Alternate?
X‘6F’ Erase All Unprotected
XF7’ Copy (BSC)?
5 —_ X‘nn® Byte S contains the

Write Control Character
(WCCQC)* for the Write command
(X‘F1’, X‘F5’, X“TE’), or

the Copy Control Character
(CCC) for the BSC Copy
command (X‘F7’).

6,7 —_— X‘nn’ The “From” address for
the BSC Copy command;
or the start of 3270 data
stream order and data
associated with the Write
commands.

7-n —_ X‘nn... Orders and data continued
(Write commands)

LIf bytes 3 and 4 are missing, an SNA sense code of X‘1005’ or a non-SNA
op-check is returned.

2If no WCC is defined, no erasing or resetting occurs.
3 See page 1-26.2
4 See page 1-26.2

The BSC Copy command must meet the following requirements to be valid in a
3270DS structured field. An op-check will be returned if they are not met.

« The communications must be BSC.

o The 3270DS structured field carrying the BSC Copy command must be the
last structured field in the transmission.
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1-26.2

The same rules apply to the BSC Copy command in the 3270DS structured field
as cited for the command when used in a nonstructured field 3270 data stream.

If the 3270DS structured field carrying the BSC Copy command is sent to an
SNA configured controller, SNA sense code X‘1003’ is returned.

When a data stream contains multiple 3270DS structured fields, and thereby
multiple WCCs, the WCC functions will be executed as defined below.

RESET Executed in each structured field as it is
encountered.
START PRINT Executed at the end of the transmission, after

the write operation has been completed. Only
the last structured field in the transmission
may have a WCC that specifies Start Print. If
the Start Print bit is set in any of the other
structured fields, the WSF will be rejected
with SNA sense code X‘1001’ (RU Data
error) or non-SNA op-check.

SOUND ALARM Executed for each structured field at the end
of the operation specified for the structured
field.

KEYBOARD RESTORE Examined for each structured field and noted
if set to restore. The keyboard will be
unlocked if the WCC byte in one of the
3270DS structured fields was set to unlock.
The keyboard will not be unlocked until the
end of transmission is processed.

RESET MDT Executed for each structured field containing a
Write command, prior to writing any data or
executing any orders in the data stream. The
bit is ignored on an Erase/Write or
Erase/Write Alternate command.

Load Programmed Symbols (LPS) Structured Field. The LPS structured field is
used to load symbol definition data into loadable terminal storage. (The Color
and Programmed Symbols publication, GA33-3056, describes Programmed
Symbols capability, applications, and programming support.)

Terminals configured to support Programmed Symbols can have up to six
loadable storages (IDs of X‘02’ to X‘07’, correlating to the attribute selection
keys PS-A to PS-F).

To accommodate multiple colors within a single-character location, some of the
loadable terminal storages are provided with three primary color planes.
Storage X‘05’ on the 3287 Models 1C and 2C and storages X‘04’, X‘05’, and
X‘07’ (PS-C, PS-D, and PS-F) on the 3279 Models 2A and 3A are triple-plane
storages.
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The storage ID and a unique symbol-set ID [Coded Graphic Local Identifier
(CGLI)] are specified in the LPS structured field, and the controller logic keeps
track of the association. When the symbol set ID shows up in SA, SFE, or MF
orders as a Programmed Symbols attribute value, the symbol set is accessed in
the specified storage.

A Programmed Symbol set contains up to 190 symbol definitions and a space
code point (X‘40’). Code points X‘41’ to X‘FE’ correlate to the 190 possible
symbols. Note that not all code points can be invoked from a keyboard, only
those permitted by the keyboard/language combination installed.
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The skip suppression facility (specified in byte 3, bit 2) provides for suppression
of the vertical spacing between character cells. If specified, skip suppression is
applied any time the symbol set ID appears as an attribute value, effective with
the next row of cells. Suppression is by row; that is, the symbol set ID of the
symbol set specifying suppression must appear as an attribute value in each row
if skip suppression is wanted. Specification of another symbol set with skip
suppression off, or default to the base character set, normally stops skip
suppression with the next row. However, when the base character set is
selected by default and the change occurs when the field attribute and extended
field attribute are associated with the first character position in a row, skip
suppression will not turn off until the next line plus one.

Note: Skip suppression is available only on the 3278 Model 2 and the 3279
Model 2B.

The LPS structured field has a basic and extended form, as follows.

Byte Bit Content Meaning

0,1 — X‘nnnn’ Length of structured field, including extensions if
present.
2 — X06’ LPS structured field identifier.
3 g b'd Basic LPS format. No extensions present.
b‘1’ LPS format extensions present.
1 b'¢’ Do not clear the specified terminal storage (byte 6)

prior to loading. This enables symbol definitions to be
added to an existing set.

b1’ Clear the specified terminal storage (byte 6) before
loading the symbol definitions in this structured field.
The entire storage is cleared of any existing symbol
definitions. If this PS set is part of a triple-plane set,
only the plane(s) indicated in byte 12 (extension)
is(are) cleared.

2 b’ Skip suppression off. Normal row spacing (vertical) in
effect.
b‘1’ Skip suppression on. The next row will be positioned

adjacent to the current row, with no spacing (vertical)
between rows.

3 b Must be b‘0’. Other values are rejected with negative
response (X‘1003’) or Op Chk.
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Byte Bit Content

4—7 XV

X2

X5’

X6’

4 —_— X‘nn’

5 —_ X‘nn®

Meaning

The symbol definition data in this LPS is display type 1;
each symbol definition specifies the dot pattern to be
displayed in a 9-dot-wide-by-16-dot-deep block matrix.
The definition consists of 18 bytes of data, the first two
bytes defining a 16-bit vertical slice of the matrix (left
side) and the following 16 bytes representing sixteen
8-bit horizontal slices (top to bottom) of the matrix.

Definitions for the 9 x 16 block matrix are always
assumed. When the display uses only a 9 x 12 block
matrix, the last four bits of the 16-bit vertical slice and
the last four 8-bit slices are ignored.

Display type 2. Display type 2 is the Display type 1
definitions in compressed form. See Appendix K for
compression discussion.

The symbol definition data in this LPS is printer type 5.
Each symbol definition specifies the dot pattern to be
displayed in a 10-dot-wide-by-8-dot-deep block matrix.
The definition consists of 10 bytes of data, each
representing an 8-bit vertical slice of the matrix. Bit 1
of byte 1 represents the upper-left dot in the matrix.
Byte 10 represents the right-hand side of the matrix.

Printer type 6. Printer type 6 is the printer type 5
definitions in compressed form. The 3274 Control
Unit, with Configuration Support C, will decompress
the data for LU type 3 devices. See Appendix K for
compression discussion.

Values other than X‘1’, X2°, X‘5’, or X‘6’ in bits 4-7
are not accepted. A negative response (X‘1003’) or Op
Chk results.

Programmed Symbol set identifier; valid values are
X‘40’ to X‘EF’. The controller associates this ID with
the terminal storage ID specified in byte 6. This ID is
used in SFE, MF, and SA orders as a Programmed
Symbol attribute value. An X‘FF’ in this byte causes
the control unit to mark the storage specified in byte 6
as “free” and effectively blocks any further reference to
the symbol set. Invalid values cause a negative response
(X1003’) or Op Chk.

X‘nn’ is an EBCDIC 1/0 interface code point in the
range X‘41’ to X‘FE. Invalid code points cause a
negative response (X‘1005’) or Op Chk.



Byte Bit
6 J—
7 J—
8 g

1

2

3-7

Content

X‘nn’

X‘nn’

b‘ﬂ’
b‘1’

b‘0’

b‘1’

b‘0’

b1’

b‘00000’

Meaning

The code point correlates with a symbol-definition data
slot in the Loadable terminal storage, and the symbol
definitions are loaded into slots correlated with
contiguous EBCDIC code points, starting with the slot
pointed to by X‘nn’. Loading continues until (1) a
positive response indicates that loading ended on a
matrix boundary or (2) a negative response indicates
that loading did not end on a matrix boundary, that
code point X‘FE’ has been overrun, or that algorithm
conditions for decompression were not met.

Loadable terminal storage ID in the range X‘02’ to
X‘07’. These values equate with the PS attribute
selection keys PS-A through PS-F, respectively. Invalid
IDs or a valid ID not loaded causes a negative response
(X‘084C’) or Op Chk.

Length specification for extended form, including this
length parameter itself. If X‘nn’ is X‘00’ or a value
greater than X‘06’, a negative response (X‘1005”) or
Op Chk is returned. Bytes 7 through 12 compose the
LPS extension, and the parameters may be progressively
included by specifying the appropriate length. Omitted
parameters are equated to X‘00’, and the effect is the
same as receiving a byte containing X‘00’. ’

All dots available for display or printing.
Fewer than all dots may be displayed or printed.

For a local copy operation, the ID of this symbol set
(byte 4) is compared with symbol-set IDs in the printer.
If there is a match, the copy is performed using the
corresponding symbol set in the printer. If there is no
match, the characters of the interface code in the
printer’s read-only storage are used.

Symbol set IDs are not compared. Characters from the
interface code in the printer’s read-only storage are
used.

This symbol set is keyboard-selectable. The PS key
corresponding to the storage specified in byte 6 is
enabled.

This symbol set is not keyboard-selectable; it is
intended for output only. The PS selection key cannot
be enabled while this storage and the specified symbol
set (byte 4) are associated.

If bits 3-7 are not zero, a negative response (X‘1003)
or Op Chk is returned.
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Byte Bit Content Meaning

9,10 — X‘an’ Bytes 9 and 10 are the horizontal (9) and vertical (10)
dot specification for the block matrix size of symbols in
the set. If specified, byte 9 must be X‘OA’ for printers
and X‘09’ for displays, and byte 10 must be X‘08’ for
printers and X‘10’ for displays.

These values are assumed if bytes 9 and 10 are not
specified or are set to zero. A negative response
(X‘1005) or an Op Chk is returned for values other
than the above.

1 — Xo00 If not X‘00’, a negative response (X‘1003”) or Op Chk
is returned.

12 0—4 b‘00000° Must be 0. Other values cause a negative response
(X‘1003%) or Op Chk.

5—7 b‘000’ When loading triple-plane terminal storages, b‘000’
causes the symbol definitions for each code point to be
loaded in all three planes.

b‘001’ Load the symbol definitions in the blue plane.
b 010’ Load the symbol definitions in the red plane.
b‘100’ Load the symbol definitions in the green plane.

Any other values in bits 5-7 cause a negative response
(X‘084C’) or Op Chk.

Set Reply Mode (SRM) Structured Field. The SRM structured field defines the
format of inbound data streams generated in response to Read commands and
specifies the character attributes (Color, Extended Highlighting, Programmed
Symbols) that the operator may select for keyed data. Three inbound data
stream formats can be set by the SRM structured field: field mode, extended
field mode, and character mode. Character mode also controls operator
selection of character attributes.

SF, SBA orders, field attributes, characters, and the graphic escape code (X‘08%)
may be included in inbound field mode transmissions.

SFE, SBA orders, field attributes, extended field attributes, characters, and the

- graphic escape code (X‘08’) may be included in inbound extended field mode

transmissions.

SFE, SBA, SA orders, field attributes, extended field attributes, character
attributes, and the graphic escape code (X‘08’) may be included in inbound
character mode transmissions.

The graphic escape code (X‘08’) is returned with a character (all modes) when
the Programmed Symbols character attribute value indicates that the APL/Text
storage contains the definition of the character.



The SRM structured field consists of a length specification, an identifier, a reply
mode specification, and, if character mode is specified, attribute type
specifications. Length is a minimum of 5 bytes. Byte and bit content and
meaning are as follows:

Byte Bit Content Meaning

0,1 — X‘0000° Length of structure.
or
X‘0005’
to
X‘nnnn’

2 — X‘09’ Set Reply Mode identifier.

3 — X000 Reserved, must be zero. Other values result in
negative response (X‘1005’) or Op Chk.

4 —_ X‘00 Field mode.
X001’ Extended Field mode.
X02’ Character mode.
Other Values result in negative responst X‘1003°)
or Op Chk.
5—7 — X‘nn’ Attribute list for character mode.
or Bytes 5-7 are effective only if X‘02’ was
X‘nnnn’ specified in byte 4. Any, or all, of the
or character attribute types - Color,

X‘nnnnnn’ Extended Highlighting, Programmed Symbols - may
be listed. Values are:
X‘41’ - Extended Highlighting
X‘42’ - Color
X‘43’ - Programmed Symbols
Other values result in negative response (X‘1003’) or
Op Chk.

SCS Data Structured Field (SCS Data)

The SCS Data structured field allows an SCS printer data stream to be included
in the same chain of RUs as the other structured fields (Read Partition-Query,
Load Programmed Symbols) that can be directed to a printer in an LU type 1
session.

The SCS print stream must be sent via SCS Data if any of the other structured
fields are included in the transmission.

The syntax is:

Byte Content Meaning

0,1 X‘nnnn’ Length of structured field. If X‘0000’, indicates last or only
structured field in transmission.

2 X‘41° SCS Data identifier.

3 X‘00° Mandatory. Any other value results in rejection and sense code
X‘1005’ is returned.

4—n data The SCS printer data stream.
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Read Partition (Query) Structured Field

1-32

The Read Partition (Query) structured field provides the mechanism for a host
application program to inquire as to the color, highlighting, usable area, reply
modes, and symbol-set characteristics of a terminal and to receive a reply. This
field is valid only in outbound data streams and must be the only or last
structured field in a Write Structured Field (WSF) transmission. The format of
the Read Partition structured field is as follows:

Byte Bit Content Meaning

0—1 —  X‘0000° Length field
or
X‘0005’
2 — X'or Structured field type
3 — XFFP Mandatory
4 — X'02 Identifies this structured field as a query

If bytes 3 and 4 do not exist or bytes exist after byte 4, an Op Chk or sense
code X‘1005’ is returned. If byte 3 does not contain X‘FF’ or byte 4 does not
contain X‘02’, an Op Chk or sense code X‘1003’ is returned. If the SNA
outbound chain does not contain a change direction indicator (CD) or does
contain an end bracket indicator (EB), the chain is rejected with negative
response X‘0829’.

The response by the controller to the query is the transmission of a series of
structured fields that describe the characteristics of the addressed terminal.
Response is immediate when SDL.C/SNA protocols are being used; response is
given when the terminal is polled if BSC protocol is being used, and, in the case
of the 3274 D units, when a Read Modified CCW is received.

When Read Partition—Query is received by a 3274 D unit as the last structured
field in a WSF transmission, the 3274 control unit returns a status of DE and
terminates the operation. The Time indicator in the Operator Information Area
is turned on, and the keyboard is locked to prevent operator interference with
the query reply. The keyboard is unlocked upon receipt of a Write type
command with the keyboard restore bit set.

If Read Partition—Query is not the last structured field in the WSF
transmission, or, if there is an error in the WSF data, a 3274 D unit terminates

Ithe operation with status of DE, UC and sets the operation check bit in the
sense byte.

Following acceptance of the Read Partition—Query structured field, a 3274 D
unit generates an asynchronous status of attention, requesting the host to issue a
Read Modified command to obtain the query reply.



Orders and Attributes

Orders

Orders can be included in Write, Erase/Write, or Erase/Write Alternate
command data streams, either alone or intermixed with display or print data.
Two types of orders are available: printout format orders and buffer control
orders. Printout format orders are initially stored in the buffer as data and are
subsequently executed only during a print operation (see Chapter 2).

The following paragraphs describe buffer control orders, which are executed as
they are received in the write data stream by the 3274; these orders are not
stored in the buffer. Six buffer control orders (see Figure 1-15) are provided to
position, define, and format data being written into the buffer, to erase selected
unprotected data in the buffer, and to reposition the cursor; three buffer control
orders are provided for managing the Color, Extended Highlighting, and
Programmed Symbols attributes for fields and characters when the SFAP option
is installed. Refer to “Structured Field and Attribute Processing Orders”
discussed later in this section.

Start Field (SF) Order

This order notifies the control unit that the next byte in the write data stream is
an attribute character. (The attribute character is described in Figure 2-5.) The
control unit then stores the next byte (the attribute character) at the current
buffer address. As the attribute character is stored, the control unit sets a
control bit at that address; this bit identifies the byte as an attribute character
during subsequent program or device operations with the buffer data.

When received by control units and terminals supporting the extended field
attributes, the SF order causes the default value (X‘00’) for the Color,
Extended Highlighting, and Programmed Symbols attribute types to be set in the
extended field attribute buffer.

Note: The byte immediately following the SF order in the data stream is
always stored as an attribute character, even when the byte is intended as an
order or an alphameric data character.

During execution of a Read Buffer command, the control unit automatically
inserts SF order codes in the read data stream immediately before each attribute
character. This permits identification of the attribute characters by the program
and also permits correct storage of attribute characters in the buffer if the read
data is used for subsequent write operations.

Set Buffer Address (SBA) Order

This 3-byte order specifies a new buffer address from which write operations
are to start or continue. Set Buffer Address orders can be used to write data
into various areas of the buffer. An SBA order can also precede another order
in the data stream to specify the starting address for a PT, RA, or EUA order;
to specify the address at which an attribute byte is to be stored by an SF, or
SFE order or modified by an MF order; or to specify the address at which the
cursor is to be repositioned by an IC order.
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Order Byte 1 )
Sequence {Order Code) Byte Byte Byte
2 3 4
EBCDIC ASCHI
Order (Hex) (Hex)
Start Field (SF) 1D 1D Attribute
‘ Character!
Set Buffer Address (SBA) | 1 11 1st Address 2nd Address
S Byte3 Byte3d
Insert Cursor (IC) 13 13
Program Tab (PT) 05 09 )
Repeat to Address (RA) 3C 14 1st Address 2nd Address Character
th93 Byte2 to Be
) Repeated
Erase Unprotected 1st Address 2nd Address
to Address (EUA) 12 12 Byte3 Byte2

Notes:

1. Figure 2-5 shows attribute by te.

2. Appendix J lists the 2-byte code for each possible address. To be a valid address:

a. If the default size is used in BSC mode, the maximum buffer addresses are:

3277-1, 3278-1: 479

3277-2; 3278-2, -3, -4, -5; 3279-2, -3: 1919

b. If the a/terna te size is used in BSC mode, the maximum buffer addresses are specified by the device model number:

Model 1: 959
Model 2: 1919
Model 3: 2559
Model 4: 3439
Model 5: 3563

c. If the SNA/SDLC mode is used, the maximum default size and alternate size are the display size minus 1. The display size is

defined in the Bind parameter.

Figure 1-15. Buffer Control Orders and Order Codes
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If the SBA order specifies an invalid address (for example, greater than 479 for
a 3277 Model 1 or 1919 for a 3277 Model 2), the write operation is terminated
at this point. : :

When a Read Modified command is executed and an attribute character
(initially sent to the device by writing an SF order) is detected with the MDT
bit set, the CU inserts, in place of the attribute, an SBA code followed by the
2-byte buffer address of the first character in the modified field (attribute
address +1). This permits identification by the control unit of fields that are
modified. When a Read Modified command is executed in a remote unit, this
3-byte sequence is always sent in the same text block. Remote units do not
split this sequence between two successive blocks.



Imsert Cursor (IC) Order

Program Tab (PT) Order

This order repositions the cursor to the location specified by the current buffer
address. Execution of this order does not change the current buffer address.
For example, if IC is issued when the current buffer address is 160 and the
cursor is at location 80, the cursor is moved from location 80 and inserted at
location 160. The current buffer address at the end of this operation would
remain 160.

The PT order advances the current buffer address to the address of the first
character position of the next unprotected field. If the PT is issued when the
current buffer address is the location of an attribute byte of an unprotected
field, the buffer address advances to the next location of that field (one
location). In addition, if the PT order in the write data stream does not follow
a control command, order, or order sequence such as WCC, IC, or RA
(3-character sequence), nulls are inserted in the buffer from the current buffer
address to the end of the field, regardless of the value of bit 2
(protected/unprotected) of the attribute character for the field. Whenever a
character position is set to null by the PT order, the default value (X‘00’) for
the Color, Extended Highlighting, and Programmed Symbols attribute types is
set in the character attribute buffer. When the PT order follows a control
command, order, or order sequence, the buffer content is not modified for that
field.

The PT order stops its search at the last location in the buffer. If an attribute
character for an unprotected field is not found by this point, the buffer address
is set to location 0. (If the PT order finds an attribute character for an
unprotected field in the last buffer location, the buffer address is also set to
Zero.)

To continue the search for an unprotected field, a second PT order must be
issued immediately following the first one. Since the current buffer address was
reset to 0 by the first PT order, the second PT order begins its search at buffer
location 0. If the previous PT order was still inserting nulls in each character
location when it terminated at the last buffer location, the new PT order will
continue to insert nulls from buffer location O to the end of the current field.
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Repeat to Address (RA) Order

The RA order stores a specified alphameric or null character in all buffer
locations, starting at the current buffer address and ending at (but not
including) the specified stop address. This stop address and the character to be
repeated are identified by the three bytes immediately following the RA order
in the write data stream, as follows:

Byte
0 RA Order
1
- Stop ] See Appendix J
Address for address.
2 )
3 Character to Be Repeated — See Figures 1-3 through 1-8
} for codes

The third character following the RA order is always interpreted as the
character that will be repeated. If an invalid stop address is specified, the write
operation is terminated at this point without storing the character, and error
status is generated. When Color, Extended Highlighting, or Programmed
Symbols attributes are specified for the character, the attribute values are
entered into the character attribute buffer as each repeated character is written
in the data buffer.

When the stop address is lower than the current buffer address, the RA
operation wraps from the bottom row of the buffer to the top row. When the
stop address equals the current address, the specified character is stored in all
buffer locations.

Attribute characters will be overwritten by the RA order if they occur before
the RA order stop address.

Erase Unprotected to Address (EUA) Order

1-36

The EUA order inserts nulls in all unprotected buffer character locations,
starting at the current buffer address and ending at, but not including, the
specified stop address. This stop address is specified by 2 address bytes which
immediately follow the EUA order in the write data stream. If an invalid
address is specified, the write operation is terminated at this point and error
status is generated. Whenever a character position is set to null by the EUA
order, the default value (X‘00’) for the Color, Extended Highlighting, and
Programmed Symbols attribute types is set in the character attribute buffer.

When the stop address is lower than the current buffer address, the EUA
operation wraps from the bottom row of the buffer to the top row. When the
stop address equals the current address, all unprotected character locations in
the buffer are erased.

Attribute characters are not affected by the EUA order.



Structured Field and Attribute Processing Orders

Three orders—Start Field Extended (SFE), Modify Field (MF), and Set
Attribute (SA)—are used to manage the Color, Extended Highlighting, and
Programmed Symbols attributes for fields and individual characters. (Field
attributes—protection, display, character type, etc.—can also be controlled by
SFE and MF.) The SFE and MF orders are used to define and alter attributes
as they apply to whole fields; the SA order sets the Color, Extended
Highlighting, and Programmed Symbols attributes as they apply to individual
characters. All three orders make use of a “type value” pair (2 bytes) to define
the type of attribute (field, Color, Extended Highlighting, Programmed
Symbols) and the setting. (Attribute types and values are discussed later on.)
These orders can be included in Write, Erase/Write, or Erase/Write Alternate
command data streams, alone or intermixed with display and print data.

Start Field Extended (SFE) Order. The Start Field Extended (SFE) order (hex
code 29) is used to define the start of a field and to assign field, Color,
Extended Highlighting, and Programmed Symbols attributes to the field.

The format of the order is “X‘29’—number of type/value
pairs-type-value-type-value . . . type-value.” The first byte after the order
specifies the number of type/value pairs following; type is any of the 4 attribute
types that can be specified; and value is the setting for the type.

Any permissible attribute type not specifically defined in the order has its value
set to binary zeros. When specified more than once in the SFE order, the last
occurrence of an attribute type and value determines the setting. If the number
of type/value pairs is specified as zero, all attribute types are set to their default
values.

Attribute values that are unknown or cannot be maintained and returned
inbound are rejected with an Op Chk in non-SNA protocol, or, for Color and
Extended Highlighting in SNA protocol, a negative response of X‘1003’, or, for
Programmed Symbols, X‘0863°.

This order causes a field attribute byte to be generated at the current buffer
position.

Modify Field (MF) Order. The Modify Field (MF) order (hex code 2C) is used
to selectively change field, Color, Extended Highlighting, and Programmed
Symbols attributes at the current buffer address. The current buffer address
must be that of a field attribute byte; otherwise, the order is rejected with an
Op Chk in non-SNA protocol, or a negative response of X‘1005’ for SNA
protocel. Only the attribute types specified in the order are changed.

The format of the order is “X‘2C’—number of type/value
pairs-type-value-type-value . . . type-value.” The first byte after the order
specifies the number of type/value pairs following; fype is one of the four
attribute types specifiable in the MF order; and value is the setting for the type.
(See “Attribute Types and Values.”)

At the completion of order processing, the current buffer address is incremented
by 1.
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If the number of type/value pairs is specified as zero, no change is made to any
of the attributes and the current buffer address is incremented by 1. However,
the current buffer address must still be that of a field attribute.

When specified more than once in an MF order, the last occurrence of an
attribute type and value determines the setting.

Attribute values that are unknown or cannot be maintained and returned
inbound are rejected with an Op Chk in non-SNA protocol, or, for Color and
Extended Highlighting in SNA protocol, a negative response of X‘1003’, or, for
Programmed Symbols, X‘0863°.

Set Attribute (SA) Order. The Set Attribute (SA) order (hex code 28) is used to
change the Color, Extended Highlighting, or Programmed Symbols attributes
applicable to the character at the current buffer address, or to set these attribute
types to their default value. Attributes set for the character at the current
buffer address are applied to the current and subsequent characters until

another SA order is encountered or the attributes are reset by a write type
command or power-on-reset. Color, Extended Highlighting, and Programmed
Symbols attributes set at the character level override the same attributes set at
the field level.

The format of the order is “X28’-type-value” (3 bytes). Type is one of the
four attribute types specifiable in the SA order, and value is the setting for the
type. (See “Attribute Types and Values.””) If more than one attribute type is to
be changed, more than one SA order can precede the character in the data
stream.

An Erase/Write or Erase/Write Alternate command resets the data buffer to
nulls and each attribute associated with the nulled characters to its default
value.

An SA order is generated and inserted in the inbound data stream only when
the attribute value of an attribute type that has been specified in the Set Reply
Mode structured field changes. The assumption is made that the Color,
Extended Highlighting, and Programmed Symbols attribute types are all set to
their default values at the beginning of the inbound transmission. The first SA
order generated will be for the first attribute not equal to its default value. (See
“Set Reply Mode Structured Field” in the discussion of the Write Structured
Field command.)

Attribute values that are unknown or cannot be maintained and returned
inbound are rejected with an Op Chk in non-SNA protocol, or, for Color and
Extended Highlighting in SNA protocol, a negative response of X‘1003’, or, for
Programmed Symbols in SNA protocol, a negative response of X‘0863’.

Attribute Types and Values. The following attribute types and values are used in
the Start Field Extended, Modify Field, and Set Attribute orders. Type codes
other than those given here are rejected with an Op Chk (non-SNA) or a
negative response of X‘1003’ (SNA).



Attribute Type

Field Attribute
Extended Highlighting
Color

Code  SFE, MF Orders Order

Character Attribute reset  X‘00 - X
X‘co’ X -
X‘41’ X X
X427 X X
X‘43 X X

Programmed Symbols

The x indicates that the type code is valid when used in the order.

Valid attribute values for each code are as follows:

Type Code Values

X000 X00°

XCo The codes

Result

This is the only valid setting for this attribute
type. This type/value pair is used only with the
SA order. All character attributes specifiable in
SA order are set to default value.

appearing here are determined by the field

attributes desired. See Figure 2-5 for a breakdown of the
field attribute byte.

X‘41’ X000’
XF1’
XF2’
XF4’

X‘42’ X‘00
XF1
X‘F2’
X‘F3’
XF4
X‘F5’
X‘F6’
XF7T

X43 X0
X40’
to
X‘EF’
XF1’

Attribute Defaults: Default conditions for the attribute types field (Color,

Default. See Figure 1-16.
Blink

Reverse video
Underscore

Default. See Figure 1-16.

Blue

Red

Pink

Green

Turquoise

Yellow

White for 3279, black for 3287, multicolor for
triple plane symbol

Default. See Figure 1-16.
Valid range for symbol-set IDs assigned in the
Load Programmed Symbols structured field.

Symbol-set ID for the APL/Text symbol set in
terminal storage ID X‘01°. This is the only non-
loadable symbol set supported, and this attribute
value may only be used in the SA order. If X‘F1’
is received in an SFE or MF order, an Op Chk
or negative response of X‘1005’ is returned.

Extended Highlighting, and Programmed Symbols) are described in Figure 1-16.

The Color, Extended Highlighting, and Programmed Symbol set attributes
always assume the default condition when code X‘00’. Character attributes

assume the field setting (if defined); otherwise, the character attributes are as
noted above for field attribute default.
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Read Commands

1-40

Default Condition
Character Attribute
Screen
Attribute
Type Field Attribute Formatted Unformatted
Field Unprotected, A/N, Not applicable Not applicable
display, non-
detectable, MDT
bit off
Color 3279" Inherit field 3279 - green
, 3278 — green color 3278 — green
3287 — black? 3287 — black?
Extended None Inherit field None
Highlighting highlight
Programmed Nonloadable Inherit field Nonloadable
Symbols character set in specified character set
read-only storage. Programmed in read-only
Symbol storage.

1 If the base color switch is set to color and the data stream contains any attribute type-color

(X'42') specification, or the Set Reply Mode {SRM) function has set character mode with

color as the reply mode, then the base color switch setting is overridden, and the field default display
color is green (white if the field is intensified). (See the reset matrix in Figure 1-12 for the actions
that cancel the override of the base color switch.)

2lf feature 9136 is installed — green

Figure 1-16. Attribute Defaults

Three read-type commands are executed by the 3274. Read Buffer, Read
Modified, and Read Modified All. 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. 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
3274 cannot generate attention interruption. Instead, the host program should
issue poll sequences periodically. Upon receipt of a poll sequence, the 3274
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.



Read Buffer Command

3. If no operator 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 O if the Read Buffer command is unchained. Certain
3270 emulators also begin data transfer from buffer address 0 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 buffer will terminate when
the last character location in the buffer has been transferred, or before the
last character location has been transferred as follows: (1) in local
configurations, when the channel byte count reaches 0 (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 in Chapters 4 and 5).

The transferred data stream begins with a 3-character read heading consisting of
the AID character followed by a 2-character cursor address. The contents of all
buffer locations are transferred, including nulls. Start Field or Start Field
Extended (SF, SFE) orders are inserted by the control unit to identify the
beginning of each field.

The possible cursor address byte configurations are shown in Appendix J. The
possible Attention Identification (AID) byte configurations are shown in Figure
1-17. An AID configuration other than 60 or ES8 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 2-5.
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Hex Hex
Character Character Graphic Read Modified ’
AID (EBCDIC) | (ASCIt) 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) 70 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 F4 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 7B | See 23 # Rd Mod
PF 12 key 7¢ INote. | 40 @ Rd Mod AlD code and cursor
: address, followed by an
PF 13 key c1 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 c4 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 Cc9 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 ldentification )
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 68 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 IBM 3270 Information Display System: Character Set Reference, GA27-2837, for possible graphic character differences.

Figure 1-17. Attention ID (AID) Configurations
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Read Modified Command

Read Modified Operation

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 1-17 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 Frase/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.

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 attribute 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 3 bytes of the read data stream are always the AID code (Figure 1-17)
and the 2-byte cursor address; these bytes are called the “read heading.”

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 2-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:

AID

| cursor Read Heading

Address

SBA

| Atb Adr +1_|
First Modified Field
(nulls suppressed)

. ———

Alphameric
Data

Second Modified Field
(nulls suppressed)

SBA )

| _Atb Adr +1_| (
Alphameric ‘
Data
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If a space or null selector-light-pen attention AID is generated, at a 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 0 if the Read Modified command is unchained or is chained
from a Copy, Select, Sense, or No Operation command.

2. The current address if the Read Modified command is chained from a
Write, Erase/Write, Read Modified, Read Modified All, or Read Buffer
command.

The search for modified-field aftribute bytes ends when the last buffer location
is checked.

. The transfer of read data is terminated as follows:

1. If the last modified field is wrapped from the last buffer (for example, 479
or 1919) to the first location, the operation is terminated after all data in
the field is transferred (nulls are suppressed). The buffer address at the end
of the operation is the address of the next attribute byte in the buffer. For
example, if a modified field extends from address 1900 (the attribute byte)
to address 79 (wrapped field), the data from address 1901 through 79 is
transferred (nulls are suppressed); in this case, the read operation is
terminated with the buffer address set to 80 (the attribute byte of the next
field).

2. If the buffer does not contain a wrapped modified field, and if the channel
byte count has not reached zero (local operation only), the modified data
stream is terminated when the last modified field is transferred; at the end
of the operation, the buffer address is set to 0.

' 3. During 3274 B and D unit operations, if the channel byte count reaches
zero before all modified data is transferred, read operations are terminated
and the remaining modified data is not transferred. The buffer address
after termination is undefined.

If the buffer is formatted (contains fields) but none of the fields have been
modified, the read data stream consists of the 3-byte read heading only.
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Short Read

Test Request Read

If the buffer is unformatted (contains no fields), the read data stream consists
of the 3-byte read heading followed by all alphameric data in the buffer (nulls
are suppressed), even when part or all of the data has not been modified. Since
an unformatted buffer contains no attribute bytes, no SBA codes with
associated addresses or address characters are included in the data stream, and
the modification of data cannot be determined. Data transfer starts at address
0, regardless of command chaining, and continues to the end of the buffer. At
the end of the operation, the buffer address is set to 0. This read operation can
also be terminated by the channel byte count reaching zero before all data is
read; in this case, the buffer address after termination is undefined.

The Read Modified command causes a short read operation if the CLEAR,
CNCL, or a PA key has been pressed at the selected device. During the Short
Read operation, only an AID byte is transferred to main storage. This AID
byte identifies the key that was pressed.

This description applies only to units not using SNA protocol. The Read
Modified command causes a Test Request Read operation if the TEST REQ
(3277) or SYS REQ (3278 and 3279) key has been pressed at the selected
device. The Test Request Read data stream sent to main storage is as follows:

SOH
%

Test Request
/ Read Heading
STX
Input Data

The Test Request Read heading is generated by the control unit. The
remainder of the data stream is the same as described previously for
read-modified operations, excluding the 3-byte read heading (AID and cursor
address). If the buffer is unformatted, all alphameric data in the buffer is
included in the data stream (nulls are suppressed), starting at address 0. If the
buffer is formatted, each attribute byte is examined for a set MDT bit. Each
time a set MDT bit is found, the alphameric data in the field associated with
that bit is sent to main storage (nulls are suppressed); if no MDT bits are set,
the read data stream consists of the Test Request Read heading only. The
buffer location at which the search for MDT bits begins and the transfer of data
ends is the same as described for read-modified operations.

Test Request Read function usage is determined by the access method.

Normally, the operator would (1) clear the display, (2) enter test request data
in a predefined format, and then (3) press the TEST REQ or SYS REQ key.
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Read Modified All Command

The Read Modified All command is used with the 3274 A and C units and 51C
operating in SNA/SDLC protocol. This command operates like a Read
Modified command except that both addresses and data from all modified fields
are sent to the host, regardless of the AID byte generated. The Read Modified
All command is not generated by the control unit in response to a poll

"~ sequence. It must be sent by the host.

Query Reply Structured Field

1-46

The response by the control unit to the Read Partition—Query function is the
transmission of a series of structured fields indicating the field and character
attributes, the screen or page size and characteristics, the symbol sets, and the
reply modes available on the addressed terminal. Five structured fields are
transmitted, each defining a characteristic: color, highlighting, usable area, reply
modes, and symbol sets. Since each structured field contains its own unique
identification the order in which the fields are transmitted is not important. An
example follows. After the example the individual structured fields are
discussed.

The data stream sent in response to a Read Partition Query structured field for
a control unit with a device having an EAB is:

Hex Function

X‘88’ or X‘0601008B6000’ AID
(X‘0601008B6000’ is the Function
Management Header Type 1 (FMH1)
required to transmit the Query Reply
structured field inbound from a printer in
an LU type 1 session.)

X‘00168186Z008 (16 Z bytes)’ Color

X‘000F818704 (8 Z bytes)’ Highlighting

X‘001781817Z100 (17 Z bytes)’ Usable Area

X‘00078188000102’ Reply Mode

X‘00008185B000 (7 Z bytes)’ Character Sets

X‘03’ ‘ Number of bytes in descriptor
X‘0006000’ ROS 0

X‘0100F1’ (if present) ROS 1 (ROS=Read-only storage)
X02ZZtt’ (if present) RWS 2-PSA (RWS=Read/Write storage)
X‘03ZZtt’ (if present) RWS 3-PSB

X‘04Z7tt’ (if present) ) RWS 4-PSC

X‘05ZZtt’ (if present) RWS 5-PSD

X‘06ZZ1t’ (if present) RWS 6-PSE

XOT7ZZ1t’ (if present) RWS 7-PSF

Where Z is a variable of the structured field that depends upon the device
that is attached to the control unit.
tt is the symbol set ID for sets that have been host loaded. It is
returned as X‘FF’ if the set is not loaded.

If a device has ECSA and ROS or RWS is not present in a ROS or RWS
location, the descriptor for that location is not returned.
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A Query Reply inbound data stream consists of AID byte X‘88’, or the FMH1
noted above, defining what follows as an inbound structured field data stream,
followed by the structured fields. Each structured field is of the general

format: length—type—data.

Note: Query Reply is the only structured field transmission sent inbound from a
printer in LU type 1 or type 3 session.

Query Reply (Color) Structured Field

This Query Reply structured field indicates the color attribute values recognized
by the addressed terminal and returned in an inbound data stream. Eight pairs
of bytes, one pair for each of the possible color attribute values, are returned to
the host. The first byte of a pair contains the color attribute value accepted;
the second byte contains the same value if that color is supported by the
terminal, or the default color attribute value (X‘00’) if it is not. There is one
exception: the second byte of the pair defining the default color attribute for
~ the terminal indicates the default color that will be supported.

The format of the Query Reply (Color) structured field is as follows:

Content Meaning

X‘0016’ Length

X817
X‘86’
b‘0’
b‘0’
b‘1’

Query Reply structured field ID
Identifies this query reply as color
Reserved

Printer only; black ribbon not loaded
Printer only; black ribbon loaded

b‘000000° Reserved

X08’

Number of color pairs

6—21 (Terminal-dependent; see following)

Byte Bit
0,1 —
2 —
3 —
4 0
1
2—17
5 —
1st Byte
Possible
Attribute
Byte Value
6,7 X‘00’
8,9 X‘F1’
10, 11 X‘F2’
12, 13 X‘F3
14, 15 X‘F4
16, 17 X‘F5’
18, 19 X‘F6’
20, 21 X‘FT’

3278

X‘F4’
X‘00’
X00’
X00
X‘00°
X000’
X00
X00’

2nd Byte

3230, 3262, Full

3268, Color
3287-1,-2 3287-1C,-2C 3279
X‘FT XF7’ X‘F4’
X000’ X‘F1’ X‘F1’
X000’ X‘F2’ X‘F2’
X‘00’ X00’ X‘F3’
X‘00’ X‘F4 X‘F4’
X000 X000’ X‘Fy’
X‘00’ X000’ X‘F6’
X00’ XF7 X‘F7T’

As an example, the following Query Reply (Color) structured field might be
transmitted for a 3287 Model 1C and 2C printer:

X‘00168186000800F7F1F 1F2F2F300F4F4F500F600F7F 7’
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Query Reply (Extended Highlighting) Structured Field

This Query Reply structured field indicates the highlighting attribute values
recognized by the addressed terminal and returned in an inbound data stream.
Four pairs of bytes, one pair for each of the possible highlighting attribute
values, are returned to the host. The first byte of a pair contains the
highlighting attribute value accepted; the second byte contains the same vaiue if
that highlighting attribute is supported by the terminal or the default
highlighting attribute value (X‘00’) if it is not. There is one exception: the
second byte of the pair defining the default highlighting attribute support

indicates the default highlighting that will be supported.

The format of the Query Reply (Extended Highlighting) structured field is as
follows: :

Byte Content Meaning

0,1 X‘0000’ Length of structure

or
X‘000D’
2 X‘81’ Query reply identifier
3 X‘87 1dentifies this query reply as highlighting
4 X04’ Number of highlighting pairs
5—12 (Terminal-dependent; see following. Note: Possible highlighting
attribute values are X ‘00’—default, X ‘FO0’—normal,
X‘F1’—blink, X ‘F2’—reverse video, X ‘F4’—underscore)
1st Byte 2nd Byte
, " Possible 3230, 3262,
Attribute 3268,
Byte  Value 3278 3287-1,-2,-1C,-2C 3279
5,6 X000’ XFO’ XFO’ XFQ’
7, 8 X‘F1’ XFv X00’ XFr’
9,10 X‘F2 X‘F2’ X000 XF2’
11, 1

2 XF4 XF4  XF4 X‘F4’

Query Reply (Usable Area) Structured Field

1-48

This Query Reply structured field indicates the size and characteristics of the
screen or page of the addressed terminal. Screen or page size is expressed as
width of usable area in characters (columns or print positions) and depth of
usable area in characters (rows or print lines). [For a printer, the values
returned correspond to the maximum print position (MPP) and maximum print
line supported by the hardware, not to the current settings if operator-specifiable.]

The default size of the dot matrix block within which a character is presented is
also defined.
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The format of the Query Reply (Usable Area) structured field is as follows:

Byte  Bit
0,1 —
2 J—
3 J—
4 0, 1
2
3
4—7
4—7
5 J—
6,7 —
8,9 —
10 —
11—14 —
15—18 —

Content

X0017
X‘81’
X871’
b‘00’
b‘0’
b‘1’
b‘0’
b‘1’
b‘0001’
b‘1111’

X000’

X‘50°
X‘50°
X84’

X118
X220
X2B’
X‘1PB’
X18
X220
X‘66’°
XTF’
X00

X‘00000000°
X‘00020089’
X00010071°
X‘000A02ES’
X‘00010064
X‘000100A0°
X‘00010064°

X‘00000000°
X*‘0002008C’
X‘0002006F’
X‘00010040°
X‘000100A0°
X00020085’

Meaning

Length of this structure

Query reply identifier

Identifies this query reply as “usable area”.
Reserved

3270DS structured field supported
3270DS structured field not supported
Not a hard-copy device

A hard-copy device

14-bit addressing allowed

If reply is from a device operating in LU
type 1 mode.

Reserved

Width of usable area in characters (dot
matrix blocks)

3278-2,-3,-4

3279-2,-3

3230, 3262, 3268, 3278-5, 3287

Depth of usable area in characters (dot
matrix blocks)

3278-2

3278-3

3278-4

3278-5

3279-2

3279-3

3287

3230, 3262, 3268

Unit of measure is the inch for distance
between dots given for X and Y directions in
bytes 11—14 and 15—18.

Dot spacing in the X (horizontal) direction,
expressed as a fraction; 2-byte numerator/
2-byte denominator; and measured in the
units defined in byte 10.

3262

3278-2,-3,-4

3278-5

3279-2,-3

3268

3230

3287

Dot spacing in the Y (vertical) direction,
expressed as a fraction; 2-byte numerator/
2-byte denominator; and measured in the
units defined in byte 10.

3262

3278-2,-3,-4,-5

3279-2,-3

3268

3230

3287
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Byte Bit

19 —_

20 _

21,22 —

Query Reply (Reply Mode) Structured Field

1-50

Content

X00
X09
X09
X0A’
X0C’
X000
X110
XocC’
X0C
X088
X112’

X‘0780°
X‘0A00
X‘0D70’
X‘ODEC’
X‘0780°
X‘0A00’
X‘/nnnn’

Meaning

Default width of dot matrix block, in dots

3262

3278-2,-3,-4,-5

3279-2,-3

3268, 3287

3230 ;

Default depth of dot matrix block, in dots

3262

3278-2,-3

3278-4,-5

3279-2,-3

3268, 3287

3230

Character buffer size, in bytes. Buffer size is not
reported for devices operating in LU type 1 mode.
3278-2 (1920)

3278-3 (2560)

3278-4 (3440)

3278-5 (3564)

3279-2 (1920)

3279-3 (2560)

3230, 3262, 3268, 3287—Dependent on
installed buffer size (2K or 4K). Equivalent to
display sizes except when byte 24 of an LU type 3
Bind command is set to X‘00’. Wrap points for
the physical buffer are then given as follows:

2K buffer — X‘07B0’ (1968)

4K buffer — X‘OEBO’ (3760)
with PS feature installed

4K buffer — X‘OFB0’ (4016)
no PS feature

This Query Reply structured field indicates the form of inbound data stream
that the addressed terminal supports.

The format is as follows:

Byte  Bit

1 —_—

-

SO
I

Content
X‘0007’
X‘81’
X‘88’
X000
X‘0r’

X‘02’

Meaning

Length

Query reply identifier

Identifies this Query reply as “reply mode”.
Indicates that the terminal supports Field Mode
inbound data streams.

Indicates that the terminal supports Extended
Field Mode data streams.

Indicates that the terminal supports Character
Mode data streams.
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Query Reply (Symbol Sets) Structured Field

This Query Reply structured field indicates the number and kind of symbol sets
(both user-defined and IBM-defined Programmed Symbol sets present in the
terminal. The terminal storage ID is given as well as an indication of whether
it is associated with a symbol set. The structured field consists of a 12-byte
base and up to eight 3-byte storage descriptors, one for each storage area
present in the terminal.

The format of the Query Reply (Symbol Sets) structured field is as follows:

Byte Bit Content Meaning
0,1 — X‘onnn’ Length—includes any 3-byte symbol set
descriptors present
2 — X871’ Query reply identifier
3 — X85’ Identifies this query reply as “symbol sets”.
4 0 b1’ Graphic escape supported
b0’ Graphic escape not supported
1 b0’ Reserved
2 b‘0’ Load Programmed Symbols structured field not
supported
b'1’ Load Programmed Symbols structured field
supported
3 b0’ Load Programmed Symbols structured field
extension not supported
b1’ Load Programmed Symbols structured field
extension supported
4 b0’ Reserved
5—7 b‘000’ Reserved
5 —_ X‘00’ Reserved
6 —_ —_ Default dot matrix block width
X‘00’ 3262
XOA’ 3268, 3287
XocC’ 3230
— Default dot matrix block width
X0y Display
7 —_ Default dot matrix block depth
X00’ 3262
X‘08’ 3268, 3287
X112’ 3230
X110’ Display
8—11 — X‘40000000’ Display supports load PS data format type 1.

(Will be X‘60000000’ if the 3274 has been
customized to support decompression.)
X‘04000000° Printer supports load PS data format type 5.
(Will be X‘06000000” if the 3274 has been
customized to support decompression.)
12 — X‘03’ Length of each symbol-set descriptor which
follows.
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Descriptors (One or more descriptors follow byte 12; a descriptor defines one
terminal storage and symbol-set characteristics.)

0 — Terminal storage identification: X‘00’ to X‘07’
X‘00’ Read-only storage containing I/O interface
code symbol set.
Xor Read-only storage containing APL./Text symbol
set if feature present
X‘02’ Host loadable terminal storages for Programmed
to Symbol sets. These storages are specified in the
X7 load PS structured field.
1 0 b0’ Read-only storage
b‘1’ Loadable terminal storage
1 b0’ Single-plane storage
b1’ Triple-plane storage
2 b0’ Symbols are accessed using a 1-byte code.
3 b0’ Comparison of the symbol set ID of the symbol

set loaded in this storage with the symbol set
ID(s) of sets loaded in the printer is allowed
(copy operations).

b1’ Comparison is not allowed.
Byte Bit Content Meaning
4—7 b‘0000’ Reserved
2 X‘nn’ Symbol set ID. The ID is currently associated

with the terminal storage ID contained in

byte 0. Value range is X‘40’ through X‘EF’

for valid symbol ID. A value of X‘FF’
indicates that the storage is not associated with
any symbol set.

Inbound Transmissions

Inbound transmissions result from an operator “enter’ action, a host-initiated
(unsolicited) read request, or a host retry of an inbound transmission.

An operator “enter” action is one that causes an attention identifier (AlD) to
be transmitted inbound. The host program responds with a read request. The
host program must acknowledge the inbound transmission before a new
inbound operation can be performed. (See “Host Acknowledgments™
following.)

A host-initiated read operation is an inbound transmission not caused by an
operator “enter” action. No host acknowledgment is required before a new
inbound transmission can occur.

Host retry is a retransmission of the last unacknowledged inbound transmission
from the device. The host must acknowledge reception of an inbound
transmission before a “new’ inbound transmission can take place. A host retry
transmission does not cause read state transitions (read states are discussed
following) and is not considered a “new” inbound transmission requiring host
acknowledgment. Host retry occurs until a host acknowledgment takes place.

The type of inbound transmission is either a Query Reply structured field (the
response to the Read Partition-Query structured field discussed earlier in this
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chapter), or data from the device buffer (for example, modified fields of the
display image). An inbound operation device characteristic (INOP), set by the
controller, defines the type.

Inbound Operation Device Characteristic (INOP)

The device characteristic INOP determines the operation to be performed when
data is transmitted inbound on a retry transmission in SNA, BSC, or Local
Attachment environments, or when the device is in a data pending state in a
Local Attachment environment.

INOP is set by any of the following:

o An operator “enter” action sets INOP toc Read Modified.

» Reception of a Read Partition-Query structured field sets INOP to Query.

« Host acknowledgment of an inbound transmission sets INOP to Read
Modified.

INOP and the seven read states discussed next are used in the description of
read command processing later in this chapter.
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Read States

While powered on, a device is in one of seven states with respect to read
operations. The three primary states are: Normal, Data Pending, and Retry.
The data pending and retry states have three substates: Enter, Read, and
Stacked Enter. The events that cause transitions between the states are shown
in Figure 2-18, Parts A and B.

Normal Read State. A device is in Normal read state when powered on, or prior
to initiation of a new read operation, or after use of the Reset key in certain
instances (see Figure 1-18).

When in Normal read state, an operator “enter’” action or the reception of a
Read Partition-Query structured field causes the device to prepare to generate
the inbound data stream and to go into a Data Pending state if in a BSC or
Local Attachment environment, or to transmit the data and go into a Retry
state if in a SNA environment.

In all environments, a host-initiated read operation causes the data to be
transmitted with no state transitions occurring. The device remains in Normal
read state.

Data Pending States. There are three data pending states:

« Data Pending Enter: the device state after an operator “enter” action
occurred.

« Data Pending Read: the device state after reception of a
Read-Partition-Query structured field.

« Data Pending Stacked Enter: the device state after a Read Partition-Query
structured field was received while the device was in Data Pending Enter
read state or Retry Enter read state (the enter data is stacked).

A Poll (BSC) or a read command (Local Attachment) received while the device
is in a data pending state causes the data to be transmitted and the device to be
placed in the corresponding Retry state. (See Figure 1-18, Part B.)

In an SNA environment, the data pending states do not occur. An “enter”
action or reception of a Read Partition-Query structured field causes the data to
be transmitted directly and the device to be placed in Retry state. (See Figure
1-18, Part A.)

Retry States. There are three retry states:

« Retry Enter: the device state after “enter” data was transmitted to the host.

¢ Retry Read: the device state after Query Reply data was transmitted to the
host.

« Retry Stacked Enter: the device state after “enter” data was stacked
(non-SNA environment only) and the Query Reply data has been
transmitted to the host.

While in a retry state, the last inbound transmission can be retried by means of
a Read Modified command.
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A host acknowledgment causes the device to revert from a retry state to the
normal read state, or, in the case of Retry Stacked Enter, to the Data Pending
Stacked Enter read state.

Figure 1-18 shows the read states and the events that affect them.

With reference to Figure 1-18, the indicators displayed in the Operator
Information Area of a display are as follows:

Indicator
No indicator or System Lock indicator

Time indicator (BSC) or System Lock indicator (Local Attachment
Time indicator

Time indicator

System Lock (BSC and Local Attachment) Time indicator (SNA)
~Time indicator

Time indicator
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Part B. BSC and Local Attachment (Non-SNA) Environment — Read State Transitions
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Next state entered. Same state indicated means no transition.
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No action, no state transition.

Figure 1-18. Read State Transitions



Host Acknowledgments

Processing of Read Commands

After inbound transmissions resulting from operator ‘“enter” actions, or after
transmission of the reply to a Read Partition-Query, the transmission must be
acknowledged before a new inbourid operation can be performed.

For inbound transmissions generated by operator ‘“enter” actions. the following
are host acknowledgments:

An outbound transmission containing a Write, Erase/Write, or Erase/Write
Alternate command followed by a WCC with the keyboard restore bit set to
1, or an Erase All Unprotected command.

In a BSC or Local Attachment (non-SNA) environment, any write
transmission when the device is in Data Pending Enter read state.

In a BSC environment, a Copy command.

In an SNA environment, any outbound transmission that, after processing,
leaves the SLU in Send state or Contention state. These transmissions
include null RUs carrying a CD or EB indicator.

For inbound Query Reply transmissions, the acknowledgment is:

Any valid outbound data stream transmission other than a read command.
For purposes of Query Reply acknowledgment, write commands without a
write control character (WCC) are considered an acknowledgment. The
reception of a Write Structured Field command is also an acknowledgment.

Host acknowledgment resets INOP to Read Modified.

Read commands (Read Modified, Read Modified All, Read Buffer) are
processed as follows.

SNA Environment

1.

If any of the following conditions pertains, the read command is rejected:

a. The SLU is not in SNA Receive (RCV) or Contention (CONT) state.
b. The chain that contains the RU does not specify CD.
c. The chain that contains the RU specifies EB.

Otherwise, step 2 or 3 is performed.

If the device is in Normal read state, then data is transmitted inbound as
defined by:

a. The command
b. The AID (Read Modified command only)
c. The reply Mode (see “Set Reply Mode™” earlier in this chapter)
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The device remains in the Normal read state if the read operation was
host-initiated. The device is placed in Retry state if the transmission was
generated by an “enter” action or reception of a Read Partition-Query
structured field.

If the device is in a Retry state, then a “retry” is performed as follows:

a. If the command is Read Modified and INOP specifies Query, then the
appropriate query replies are transmitted.

b. If the command is Read Modified and INOP specifies Read Modified,

' then data is transmitted as specified by:
(1) The Read Modified command
(2) The AID

(3) The reply mode

c. If the command is Read Modified All or Read Buffer, then data is
transmitted as defined by:

(1) The command
(2) The reply mode

The device remains in the retry state until a host acknowledgment causes a
transition to the Normal read state.

BSC or Local Attachment Environment

1.

[

If the device is in Normal read state in a BSC or Local Attachment
environment, then:

a. Data is transmitted inbound as defined by:
(1) The command (Read Modified, Read Buffer)
(2) The AID (Read Modified command only)

(3) The reply mode

The device remains in Normal read state.

If the device is in a Data Pending state in a BSC environment, then data is
transmitted as defined by:

a. The command
b. The AID (Read Modified command only)
c. The reply mode

The device is placed in Normal read state.



3.

If the device is in a Data Pending state in a Local Attachment environment,
then:

If the command is Read Modified and INOP specifies Query, the
appropriate query replies are transmitted.

If the command is Read Modified and INOP specifies Read Modified,
then data is transmitted as defined by:

(1) The Read Modified command
(2) The AID

(3) The reply mode

If the command is Read Buffer, then data is transmitted as defined by:
(1) The command

(2) The reply mode

For items a, b, and c, the device is placed in the corresponding Retry state
(Enter, Read, Stacked Enter).

If the device is in a Retry state in a BSC or Local Attachment environment,
then a “retry” is performed as follows:

a.

If the command is Read Modified and INOP specifies Query, then the
appropriate query replies are transmitted inbound.

If the command is Read Modified and INOP specifies Read Modified,
then data is transmitted as defined by:

(1) The Read Modified command
(2) The AID

(3) The reply mode

If the command is Read Buffer, then data is transmitted as defined by:
(1) The command

(2) The reply mode

For items a, b, and c, the device remains in the retry state.
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Processing of Read Partition-Query Structured Fields
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Read Partition-Query and the Query Reply are processed as follows.

SNA Environment

1. If any of the folloWing conditions pertains, the Read Partition (Query) is

rejected.

a. The SLU is in a Retry state.

b. The SLU is not in SNA RCV or CONT state.

c. The Read Partition is not the last structured field in the RU chain.
d. The chain containing the RU does not specify CD or specifies EB.
e. Byte 3 of the query is not X‘FF’.

Otherwise, steps 2 through 6 are performed.

A o o

The Time indicator is displayed.

INOP is set to Query.

The data is transmitted inbound.

The SLU is placed in RCV state.

The SLU is placed in Retry Read state.

BSC or Local Attachment Environment

1. If the device is in Normal Read state, then:

The Time indicator is displayed.
INOP is set to Query.
For BSC:

(1) The device prepares to generate the required inbound data stream.
(2) The device is placed in Data Pending Read state.

(3) A later Poll causes the data to be transmitted and the device to be
placed in Retry Read state.

For Local Attachment (non-SNA):
(1) A channel attention occurs.
(2) The device is placed in Data Pending Read state.

(3) A later read command causes the data to be transmitted and the
device to be placed in Retry Read state.



Control Commands

Copy Command
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2. If the device is in Data Pending Enter state or Retry Enter state, then:

a. The outstanding enter data is stacked.

b. The X-Clock condition remains in effect.
INOP is set to Query.

d. For BSC:

(1) The device prepares to generate the required inbound data stream.
(2) The device is placed in Data Pending Stacked Enter state.

(3) A later Poll causes the Query Reply data to be transmitted inbound
and the device to be placed in Retry Stacked Enter state.

e. For Local Attachment (non-SNA):
(1) A channel attention occurs.
(2) The device is placed in Data Pending Stacked Enter state.

(3) A later read modified command causes the data to be transmitted
and the device to be placed in Retry Stacked Enter.

Control commands initiate certain control unit and/or device operations not
involved with the transfer of data (other than status). Four control-type
commands are executed by the 3274: Copy, Select, Erase All Unprotected, and
No Operation. Not all control commands are valid for all models. The
applicable control units are identified within the description of each control
command.

The 3274 C units and 51C support the Copy command when operating with
BSC protocol. These units do not support the Copy command when operating
with SNA/SDLC protocol; however, a local copy function is provided (see
Chapter 2).

Copy is used to transfer buffer data from one device to another device attached
to the same control unit. The selected device is the “to” device, the one to
which buffer data will be transferred. The “from” device, the source of the
buffer data to be copied, is identified in the second of two bytes that follow the
Copy command code; the first byte, called the copy control character (CCC),
identifies the type of data to be copied. The CCC can also, at the “to” device,
start print operations, specify the printout format for those operations, and,
when the device is a display station, sound the audible alarm. ‘
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The Copy data stream is as follows:

Byte
0 STX
1 ESC
Copy
- igure 1-10.
2 | command Code See Figure
3 cee See betow and Figure 1-19.
“From’’ Device )
4 Address Lt— See Figure 1-20.
51 ETX

The CCC-byte format is as follows:

. Printout Start | Sound Type of Data
! Format Print Alarm to Be Copied
Y 1 2 3 4 5 6 7

*Determined by the configuration of bits 2 through 7. See Figure 1-8.

Figure 1-19 describes the function of each CCC bit. A CCC and address byte
must always follow the command code; if they do not, the control unit aborts :
the command and generates error status. ”

|
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Bit '~ Explanation
0,1 Determined by the contents of bits 2 through 7 as shown in Figure 1-8.
2,3 Define the printout format as follows:

=00 — The NL, EM, and CR" orders in the data stream determine print line
length. Provides a 132-print position line when the orders are not present.

=01 — Specifies a 40-character print line.
= 10 — Specifies a 64-character print line.
=11 ~ Specifies an 80-character print line.

4 The Start Print bit. When set to 1, initiates a printout operation at the ““to"’
device after buffer transfers are completed.

5 The Sound Alarm bit. When set to 1, sounds the audible alarm at the ‘‘to” device
after buffer transfers are completed if that device has an audible alarm.

(6, 7 - Define the type of data to be copied as follows:

= 00 — Only attribute characters are copied.

=01 — Attribute characters and unprotected alphameric fields {including nulls)
are copied. Nulls are transferred for the alphameric characters not copied
from the protected fields. )

=10 — All attribute characters and protected alphameric fields (including nulls)
are copied. Nulls are transferred for the alphameric characters not copied
from the unprotected fields.

=11 — The entire contents of the storage buffer (including nulls) are copied.

! The CR order is applicable to the 3262, 3287 (3274 Attachment) and 3289 Printers only.
Figure 1-19. Copy Control Character (CCC)




Copy command operations are similar to Write command operations. After the
control unit, for example, accepts the Copy data stream, it initiates the transfer
of all bytes from the “from’ device buffer to the control unit buffer. Upon
completion of this transfer, the control unit inserts nulls in all character
locations that do not contain the type of data specified by CCC bits 6 and 7.
The updated control unit buffer contents are then transferred to the selected
(“t0”) device. At the completion of Copy command operations, the cursor is in
the same character location at the ““to” device as it was at the “from” device at
the start of operations.

The “from” device buffer can be “locked” (made incapable of being copied) by
writing a protected/alphameric attribute byte (bit 2=1 and 3=0) in address 0
(with BSC only).

The Copy command can specify as the “from” device the same device that is
selected (the “to” device). This procedure provides a means of programming
selective device buffer “erase” operations as specified by CCC bits 6 and 7. In
this case, the device buffer contents are transferred to the control unit, nulls are
inserted as determined by the CCC, and the resulting buffer contents are
transferred back to the same device buffer.

When the buffer size of the ‘“from” device is smaller than, or equal in size to,
the buffer size of the “to” device, screen size switching occurs as listed in
Figure 1-20. Invalid transfers are also indicated. The buffer of the “to” device
is, in effect, cleared before the copy is performed. The same rules apply for
copy-operation transfers to printer buffers.

Programming Notes:

1. Copy should not be chained from a Write, Erase/Write Alternate,
Erase/Write Unprotected, or Erase All Unprotected command, since it will
copy the data as modified by the Write or Erase command.

2. If the CCC Start Print bit is set and commands are being chained, Copy
should be the last command of the chain. If not, the control unit aborts the
subsequent command.

3. Copy can be executed from a smaller buffer size to a larger buffer size,
but an attempt to copy from a larger to a smaller buffer size will cause an
Operation Check.

4. An Operation Check will occur if copying from an APL device in APL
mode lo a device that does not have the APL feature installed.

When the “to” device is a 3288 equipped with the Text Print feature, a
restricted character set applies, as shown in Figure D-10. A printout of a
display station buffer containing the remaining characters of the 3288
120-character set, not included in the 3288 restricted character set, may be
obtained by sending the contents of the display buffer to the host system.
When the host receives data from a 3277 to be printed on a 3288, it translates the
character codes received into codes that are applicable to the 3288 before
transmission to the printer.
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3278-2 3278-2 :
To 32771 3277-2 3278-1 3278-1 3279 3279 3278-3 32784 327844 3278-5 3278-5
480 1920 960 480 1920 2560 1920 3440 1920 3564 1920
From
32771
480 o ) v o [} ° ° ° ® ° °
3277-2
1920 - o - - o v o v o v o
3278-1
960 - ° o A ° ° ° ° [} [} °
3278-1
480 o ° v o o ° ° ° ® ° [}
3278-2, 3279
1920 - o - - o v o v [¢) v o
3278-2, 3279 . ,
2560 - - - - - o A ° A ° A
3278-3
1920 - o - — o v (o) v o v o
3278-4 3
3440 - - - - - - - ) A ° A
32784
1920 - o - - o v o v [} v o
3278-5
3564 - - - - - - - - - o A
32785
1920 - o - - o v o v o v o
Legend:

o Transfer allowed, no change in screen state required.

— Transfer not allowed, Operation Check returned to host.

<»e

Notes:

! The 3440 screen does not have a 2560 mode; therefore, the screen size is set to 3440.
2The 3564 screen does not have a 2560 mode; therefore, the screen size is set to 3564. The format is changed from 80 to 132 columns.
3The 3564 screen does not have a 3440 mode; therefore, the screen size is set to 3564. The format is changed from 80 to 132 columns.

| Figure 1-20. Buffer Transfers for 3274 C Unit and 51C Copy Command Operation
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Transfer allowed, no change in screen state (appearance on ‘‘from’’ and ‘“to’’ device may differ).
Transfer allowed, screen state changes to alternate size.
Transfer allowed, screen state changes to default size.



Structured Field and Attribute Processing Considerations for Copy

Select Command (3274 B Units)

If the Copy command references a “from” device that has not received the
SFE, SA, or MF orders or the GE control code (X‘08’) since the last buffer
clear (for example, EW, EWA commands), a copy action takes place. If the
“from” device does have the extended functions in use, the Copy command is
rejected with OC and US status (indicating a locked buffer) unless all of the
following conditions are met:

1. The “from” device is a display.
2. The destination device is a printer.

3. The source device does not have a protected alphanumeric attribute in the
first position.

4. The Copy Control Character has bits 4 (Start Print), 6, and 7 (Copy Entire
Buffer) set to 1.

If these conditions are met, an attempt is made to produce a local copy. (See
also the “Local Copy Function” in Chapter 2.)

Select is an immediate command. The 3274 D units treat the Select command
as a Select RM command (both the Select command and the Select RM
command use the X‘OB’ command code). The Select command is invalid for all
other 3274 control units. The 3274 B units execute a Select command by
performing a device-to-control-unit buffer transfer. If not preceded by a Select
command, this same buffer-transfer operation is performed as part of an initial
(unchained) Write, Read Modified, or Read Buffer command.

The advantages of Select command usage are realized when a 3274 B unit is
attached to a block multiplexer channel or to a byte multiplexer channel
operating in forced Burst mode for the complete data transfer. Upon receipt of
Select, the control unit sends Channel End as initial status to the channel. This
frees a block multiplexer channel to perform other operations. Upon successful
completion of the buffer transfer, the control unit sends Device End status
asynchronously to the channel. Upon receipt of this status by the channel, a
chain operation to the desired command (Write, Read Modified, or Read
Buffer) must be initiated for effective use of the Select command. Note that
device-to-control-unit buffer transfer time is not part of the execution time for
this command.

At the conclusion of the command following the Select command, the control
unit again issues Device End status. At this point, the channel may chain to
another command of the same type or it may disconnect. If a chaining
operation is performed, another Select command is unnecessary since the
addressed device buffer contents are already in the 3274 B unit buffer.

Thus, the Select command is used to separate the device-to-control-unit buffer
transfer operation portion of a Write, Read Modified, or Read Buffer command
from the actual execution of the command. By doing so, the channel can use
the buffer transfer time for other operations.
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Select Read Modified (RM) Command (3274 D Units)

Select RM is an immediate command. It is used in place of the Select
command (used by the 3274 B units) when a read-modified operation is to be
executed.

The Select RM command causes a different operation in the 3274 D units than
that caused by the Select command for the 3274 B units. The 3274 B units
execute a Select command by performing a device-to-control-unit buffer
transfer. If not preceded by a Select command, this same buffer-transfer
operation is performed as part of an initial (unchained) Write, Read Modified,
or Read Buffer command.

The 3274 D units execute a Select RM command by preparing for a
read-modified operation; that is, the terminal buffer is searched for any
modified fields, and the input data stream is built. This could result in an AID
only (Short Read), test-request-read, or a read-modified data stream. If the
command following the Select RM command (chained) is a Write command,
the input data is not used. The write data stream is received by the 3274 D
units and processed to the terminal. If the Write command is a WCC, SBA xx
only, and then chained to a Read Buffer or a Read Modified command, the
input data stream that had been prepared is not used, and the appropriate data
stream is prepared upon receipt of the Read Buffer or Read Modified
command. If the command following the Select RM is Read Buffer, the input
data is not used, a read-buffer operation is performed, and the data is sent to
the host.

The Select RM command is used to separate the device-to-3274-D-unit
read-modified preparation from the channel operation to decrease channel use
by the 3274 D units.

Note: The successful use of the Prepare to Send select commands on the 3274 D
units requires that appropriate code be included in the access methods of the host
operating system. Host operating system “‘sysgen’’ manuals indicate the operating
system sysgen macros that are a prerequisite.

Select Read Buffer (RB) Command (3274 D Units)

Select RB is an immediate command. It replaces the Select command used by
the 3274 B units when a read-buffer operation is to be executed.

The 3274 D units execute a Select RB command by preparing for a read-buffer
operation; that is, a device-to-control-unit buffer transfer is performed and a
read-buffer data stream is built. When the data stream is completed, Device
End is sent to the host. If the command chained to the select RB command is
not a Read Buffer, the command will not be accepted, and CE, DE, UC, OC
will be sent to the host.

Select Read Modified from Position (RMP) Command (3274 D Units)

164

Select RMP is an immediate command. A Select RMP command is executed by
recording the read-modified condition and returning Device End.

The commands following the Select RMP command should be a chained Write
command followed by a chained Read Modified command. [The Write
Command contains only four bytes (WCC, SBA xx) to set the buffer address.]
If the sequence is other than as described, the command will not be accepted,
and CE, DE, UC, OC will be sent to the host.
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Upon receipt of the Write command, the 3274 D units will perform the read
modified from position preparation, and return Device End to the host when
the data stream is completed. The RM command is then executed.

Select Read Buffer from Position (RBP) Command (3274 D Units)

Select RBP is an immediate command. A Select RBP command is executed by
recording the read-buffer condition and returning Device End.

The commands following the Select RBP command should be a chained Write
command followed by a chained Read Buffer command. [The Write command
contains only four bytes (WCC, SBA xx) to set the buffer address.] If the
sequence is other than as described, the command will not be accepted, and
CE, DE, UC, OC will be sent to the host.

Upon receipt of the Write command, the 3274 D units will perform the read
buffer from position preparation, and return Device End to the host when the
data stream is completed. The Read Buffer command is then executed.

Select WRT Command (3274 D Units)

Erase All Unprotected Command

Select WRT is an immediate command. A Select WRT command is executed
by returning Device End to the host. If the chained command following the

'Select WRT is not a Write or Write Structured Field (WSF) command, CE,

DE, UC, OC will be sent to the host.

This command performs five functions at the addressed device:
1. Clears all unprotected buffer character locations to nulls.
2. Resets to 0 the MDT bit for each unprotected field.

3. Unlocks the keyboard when either the System Lock or the Wait symbol is
displayed on the 3278 or 3279. The Erase All Unprotected command
always unlocks the keyboard attached to the 3277.

4. Resets the AID byte.

5. Repositions the cursor to the first character location in the first unprotected
field of the buffer. If no unprotected fields exist, the cursor is positioned to
buffer location 0.

In local configurations, Frase All Unprotected is an immediate type command.
Upon acceptance of this command, the 3274 B or D units go “busy” and send
Channel End initial status to the channel. Upon successful completion of this
command, the control unit sends Device End status asynchronously to the
channel and then goes ‘“‘not busy.”

Programming Restriction: FErase All Unprotected should not be chained to a

Write, Erase/Write, Erase/Write Alternate, Copy, or another Erase All
Unprotected command. If it is, the resulting operation is not defined.
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No Operation Command (3274 B and D Units)

The No Operation command performs no function operation in the control unit,
but may be used to retrieve pending status. No Operation is an immediate
command; therefore, Channel End and Device End normally will be presented
as initial status unless pending status or a busy condition exists.

Sense Command (3274 B and D Units)

The Sense command should be issued in response to Unit Check status for

- further definition of the Unit Check condition. The control unit responds to a

Sense command by sending 1 byte of sense data to the channel and resets the
sense register when the Device End (DE) for the command is accepted by the
channel.

All other commands to the same address, except a No Operation or a Test I/0
“command” (command code of X‘00’), reset the sense register immediately
when the command is issued. Sense commands issued to an address other than
the one for which sense data is pending are responded to with a Busy and
Status Modifier (B, SM) initial status indication, and the sense register is not
reset. Sense should be issued following receipt of Unit Check status to ensure
that valid sense information is retrieved.

The sense byte configuration is as follows:

o [wlwl=lel=]x]

0 1 2 3 4 5 6 7

Figure 1-21 summarizes the significance of each sense bit. The various sense
and status bit combinations are described in Figures 4-5, 4-6, and 4-7.

Sense ID Command (3274 B and D Units)
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The Sense ID command requests data transfer to the host. Four bytes of data
are sent as follows:

3274 B and D Units

Byte 0  FF FF
 Bytes 1,2 3274 3274
Byte 3 1B 1D

Sense ID is honored when the 3274 B or D units are in one of the following
states:

Power on

« IML completed
e Online
+ Not busy

« No outstanding status to be presented
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Bit Name

Significance

| 0 Command Reject (CR) Set if the 3274 B or D units have received an invalid command; the valid commands

1 Intervention Required (IR) Set if a command, other than Sense, was addressed to a device that is unavailable or

‘ 2 Bus Out Check (BOC)

| 3 Equipment Check (EC) Set if: (1) the 3274 B or D units have asynchronously detected a parity check on

| 4 Data Check (DC)

5 Unit Specify (US)
| 6 Control Check (CC)

| 7 Operation Check (OC)

are listed in Figure 1-10.

is in the “’not ready’’ condition.

Set if the B or D units have detected bad parity on any command or data byte
received from the channel.

data received from a device in response to an internal poll for attention status

(the internal poll is tried twice before EC is set), (2) a printer error occurs. |If

this is a device-detected condition, Unit Specify is also set.

Set if: (1) the 3274 B or D units or a device have detected bad parity on data trans-
ferred internally or between the control unit and a device during command
operations, (2) a 3277, 3278, or 3279 has detected a cursor check, or (3) a device

has detected a buffer check. If this is a device-detected condition, Unit Specify is
also set.

Set if the sense bits resulted from a device-detected error.

Set when the 3274 B or D units have detected a timeout condition. (The addressed
device fails to perform a specified operation or respond within a specified period
of time.)

Set when the 3274 B or D units have received a valid command or order that they
cannot execute, as follows:

1. SBA, RA, or EUA order specifies an invalid buffer address.

2. Write data stream ends before all required bytes of SBA, RA, EUA, or SF order
sequence are received.

3. Write, Erase/Write, or Erase/Write Alternate with Start Print bit set in WCC is
chained to the next command; the print operation is suppressed.

4. The 3274 B units received a Write type command with the WCC equal to X'88".

5. The 3274 D units received a command chained to a Select RB, Select RBP, Select

RMP, or Select WRT command other than was expected; or the byte count of
a Write command after RBP or RMP was not equal to 4.

| Figure 1-21. Sense Bit Description—3274 B and D Units

Miscellaneous Operations

Test Request Function

The Test Request function is available for all 3270 systems. The Test Request
message sent to the host (SOH% /STX) is invoked from the keyboard. The
TEST REQ key is used on keyboards attached to the 3277s, and the SYS REQ
key is used on keyboards attached to 3278 and 3279 displays. Systems using
3274s must operate in Compatibility mode to perform the Test Request
function. The TEST key provided on 3278 and 3279 displays is used to invoke
internal 3274 tests.

Use of BSC Line Discipline

Text Transmission

Buffer Transfers. The 3274 sends a positive response before transfer of the
device buffer to the control unit. If an error occurs, the 3274 provides a
positive response to the selection sequence and indicates the error with Data
Check and Unit Specify status.
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Partial Message Transfer. The 3274 allows parts of messages to be transmitted
to the host before all data is moved from the 3278 or 3279 to the control unit.
If a terminating condition prevents completion of data transfer from the 3278 or
3279 to the control unit after inbound link transmission has started, the control
unit sends STX . . .. SUB ENQ. The control unit responds to specific polling
with Device Check (DC) and Unit Specify (US). A selection sequence with a
write-type command is accepted. A selection sequence with a read-type
command is rejected with DC and US.

Limited Conversational Text Mode. The 3274 can operate in Limited
Conversational Text mode. If the host transmits a text block following receipt
of a text transmission that ends in ETB, the 3274 initiates a timeout and sends
ENQ.

Screen Update Protected Message

Responses

Error Handling

1-68

If a protected message is sent to a 3278 display, the first message byte sent
must be the protected attribute.

To ensure data security when nondisplayable data is sent to a 3278 display, a
nondisplay attribute byte must be sent before new nondisplayable data is sent.
When a screen image is being partically changed, care must be taken not to
overwrite a nondisplay attribute in the current image. In general, the
Erase/Write command is recommended if the current image contains a
protected message.

RVI. The 3274 initiates a timeout if RVI is received in response to RVIL

Responses While Performing Concurrent Terminal Tests. While performing
concurrent terminal tests, the 3274 responds to the host with EOT if messages
are received, with RVI if a selection sequence is received, and with IR
(Intervention Required) in reply to a Specific Poll. No response is sent by the
control unit to a General Poll. While individual device tests are performed, the
device remains in a busy state for a relatively long period of time.

Unrecoverable Errors. If a nonretryable error occurs in a 3278 or 3279 buffer,
or if an error is detected in a transfer of data from the 3274 to the 3278 or
3279, the buffer is cleared, and the host is informed of the error by Device
Check and Unit Specify status but is not informed of the clear operation.

Responses to Invalid Sequences. The sequence “SOH, ESC, Write command,
WCC, ....STX....ETX” is valid.

If the host selects the 3274 and issues a Read Modified command, the control
unit transmits a single block of text ending with ETX and expects to receive an
acknowledgment from the host (under BSC rules governing Limited
Conversational mode). If the host makes an error by beginning a new
command sequence starting with STX, then the control unit replies with ENQ.



Character Sets

Use of SNA Protocol
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Character sets that provide 94 characters (excluding space and null) are
designed for various languages. They are available for the 3278 and 3279
displays and for 3262, 3287 and 3289 printers. Character sets available for the
3277 display and for the 3284, 3286, and 3288 printers contain 88 characters
(excluding space and null). Unique character sets used in World Trade
countries are available for the 3278, 3279, 3287, and 3289 units.

Units that employ the 96-character character set can display or print either
mono-case or dual-case alphabetic characters.

The split vertical bar ( } ) character, hex 6A, was available only for the 3288.
Character code 6A is now available as the ( | ) character on 3278, 3279, 3287,
and 3289 units installed in the United States, and as a series of unique
characters selected for use in World Trade character sets.

When the 3277 display is attached to the 3274, six character codes are provided
which are also valid for the 3278 or 3279 display when attached to the 3274,
but the characters displayed are different. A comparison of the displayed U.S.
EBCDIC characters is as follows:

Code Co DO EO 6A A1 79

3277 ( ) -

3278/ { ooy o~
3279 !

Refer to IBM 3270 Information Display System: Character Set Reference,
GA27-2837, for a detailed comparison of character sets in all languages
supported by the 3270 system.

Care must be exercised when communicating between 3277, 3278, and 3279
displays attached to a 3274. For example, if information is entered at a 3278
or 3279 within brackets such as {AA} and transferred to the 3277 where it is
modified and then returned to the 3278 or 3279 as {BBB}, the 3277 operator
must use the Insert Mode function instead of direct keying to modify the
information. Otherwise, the reply will be displayed on the 3278 or 3279 as
{BBB}.

The 3274 functions as FID type 2 using SNA protocol.
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Non-SNA Local Control Unit Differences

Operation Checks

Buffer Updates

Security Keylock

1-76

The 3274 D units do not Op Check a WCC = X‘88’ during a Write command.
The 3274 B units do Op Check a WCC = X‘88’.

The 3274 B units report certain operation-check conditions as ending status.
The 3274 D units do not execute the data stream as it is received from the
channel and, therefore, report these conditions as asynchronous status.

The 3274 B units bring the device buffer into the control unit, update it, and
return it to the device; the 3274 D units update the device buffer directly. If a
Bus Out Check (BOC) or Operation Check (OC) is detected, the 3274 B units
do not update the device buffer. The 3274 D units may change part of the
device buffer prior to detecting the BOC or OC.

Because the 3274 D units have updated a portion of the device buffer, a Write
command can be retried only if new fields have not been created in the buffer
portion which has been cleared by a Program Tab or Erase Unprotected to
Address Order. This applies only to BOC since OC is a nonrecoverable
program error.

The 3274 sends Device End only when the key is turned from the locked to the
unlocked position if the host attempted to select the terminal while it was
locked.



Chapter 2. Terminals

Display Stations

Display Images

This chapter describes the function of the display stations and printers that can
attach to the 3274 Control Units. For more detailed information on display
images, <ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>