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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, 41A, 41C, 41D, 51C, and 61C

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

IBM 3279 Color Display Station Models 2A, 2B, 2X, 3A, 3B, 3X, S2A, S2B,
and S3G

IBM 3270 Personal Computer Attachment

IBM 3270 Personal Computer

IBM 3290 Information Panel Display Station

IBM 3178 Display Station

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

IBM 3299 Terminal Multiplexer Adapter

IBM 4250 Printer

IBM 5210 Printer Models G1 and G2
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, GA27-2739.

Other publications containing 3274-related information such as site preparation
or customizing are identified at the end of this Preface. Publications dealing
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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).

Note: This publication does not discuss the operations of the various 3274
Control Unit models when a function offered as an RPQ item has been installed
in the subsystem. RPQ items are accompanied by their own documentation.

Installation of an RPQ item may alter the 3274 functions discussed in this

publication and, in addition, affect the operation of future subsystem functions
that may be added.

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), or remotely attached to the host system using
SNA/SDL.C protocols for communication (C units).

Chapters 6 and 7 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. ‘

Chapter 8 describes the Response Time Monitor and the 3274 SNA alert
functions, including operator procedures.

Appendixes are provided that deal with the following topics:

e 3274 Error Status Indicator Code Interpretation, and Log and Test Facilities
e Operator Information Area Indicators

« Keys and Keyboards

o APL/Text Feature

o Katakana Feature

o Encrypt/Decrypt Feature

« RECFMS Formats

e Selector Light Pen and Magnetic Stripe Reading Device

e X.21 Switched Network Adapter Feature

o Compression of Symbol Definition Bit Strings.



Related Publications

Following the appendixes are:
o A list of abbreviations used in this manual
e A glossary of terms used

« Anindex.

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

This publication is used to install Configuration Support levels A, B, C,
and T, as appropriate, in 3274 Control Unit Models 1A, 1B, 1C, 1D,
21A,21B, 21C, 21D, 31A, 31C, 31D, and 51C.

3274 Control Unit Customizing Guide— Configuration Support P,
GA23-0176

This publication is used to install Configuration Support P in 3274
Control Unit Models 1C, 31C, and 51C.

3274 Control Unit Customizing Guide, GA23-0065

This publication is used to install Configuration Support level D in 3274
Control Unit Models 31A, 31C, 31D, and 51C equipped with the
two-sided diskette drive, and 3274 Control Unit Models 41A, 41C, 41D,
and 61C.

Data Stream Programmer’s Reference, GA23-0059

This publication provides detailed architectural discussions of 3270 data
stream elements.

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.

Information concerning the Multiuse Communications L.oop, 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
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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 the 3270 Data Stream

The 3274 Control Unit (Model 1A, 1B, 1C, 1D, 21A, 21B, 21C, 21D, 31A, 31C,
31D, 41A, 41C, 41D, 51C, and 61C) 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.

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 and control unit/device 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 (SDI.C) transmission disciplines in remote operations.

Terminology Used in This Book: The number of different 3274 Control Unit
models and the number of attachable devices require that some naming
conventions be established so that control units and devices can be referred to in
a concise manner. The assumptions and naming conventions adopted throughout
this publication are:

« The 3274 Models bearing the same letter designations (for example, Models
31A, 41A, and 1A) support the same terminals, terminal configurations, and
functions with the following exceptions:

— Models with the number 21 have less control storage than models with the
numbers 1, 31, and 41 and do not support some of the terminal features
or feature combinations available on the other models.

— Models 41A, 41C, 41D, and 61C do not support Category B devices (see
below).

o The terms “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 1A, 21A, 31A, and 41A are referred to as A
units).

When needed, explicit model numbers are used.
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« Attachable devices are grouped by the type of adapter they require (A or B).
The groupings are:

Category A Devices

IBM 3270 Personal Computer

3178 Display Station

3230 Printer Model 2

3262 Line Printer Models 3 and 13
3268 Printer Model 2

3278 Display Station, all models

IBM 3278 Display Station with IBM 3270 Personal Computer
Attachment

3279 Color Display Station, all models
3287 Printer, Models 1, 1C, 2, 2C

3289 Line Printer, Models 1 and 2
3290 Information Panel Display Station
4250 Printer

5210 Printer Models GO1 and G02

Category B Devices

3277 Display Station

3284 Printer Models 1 and 2

3286 Printer Models 1 and 2

3287 Printer (with 3271/3272 Attachment Feature)
3288 Line Printer Model 2

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, except
for those devices such as the 3290 Information Panel Display Station that
interpret the data stream and execute the functions called for independently of
the 3274. When such devices are attached to the 3274, the control unit
essentially passes the outbound data stream to the addressed device and transmits,
upon request, an inbound data stream prepared by the device.

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.

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



Data Flow

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 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:

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

« 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 operate as remote units using SNA/SDLC or BSC
disciplines (see Chapters 4 and 5).

In the SNA/SDLC environment, attached displays function as LU type 2. The
data stream chain for a write-type command, for example, consists of the
command code, buffer orders, and display data.

Category A printers attached to a 3274, or the 3288 printer attached to a 3274,
can also function in BSC or SNA/SDLC protocol. When operating in
SNA/SDLC, the Category A printers function as LU type 3. When SCS is
installed in Category A printers, the printer functions as an LU type 1. The
Category A printers 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/SDL.C 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.
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Interface Codes

SNA Interface Codes

14

All command operations that direct movement of data to and from the 3270
system result in transfer of data between the control unit and a device buffer.
When commands 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 1-1 and 1-2 show the United States EBCDIC interface codes for several
control unit/device combinations. Figure 1-3 indicates the actions taken by the
3274 Control Unit in response to various interface code points. Figures 1-4 and
1-5 show the United States ASCII codes. Figure 1-6 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 ASCI.

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.

» Allows only typewriter keyboards.

« Should not be used with an LU using the SNA character string (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.



Bits

00 01 10 1M g O.1
Hex 1 00 |0t | 10| 1nm]|]oo| o] 10]11]oofor|1w0]|1t]|o00| 0ot ]| 10] 11 |je-23
Bits
4567 l (] 1 2 3 4 5 6 7 8 9 A B c o) E F ja—Hex 0
0000 0 NUL sP & : 0
0001 1 SBA / ) a i A 3 1
$ —
T
0010 2 EUA [ k s 8 K S 2
t +
0011 3 1c tc | T} C L T 3
+ )
0100 4 1 d m | u | D ™M U 4
t— +
0101 5 PT | NL | e n vl 3 N v 5
\ . I
LE T
0110 6 (B o w | F o} w 6
t }
o 7 (] p x 1 G P X 7
n 4
1 1
1000 8 'L q v | H Q Y 8
1 +
1001 9 EM ' r z | ! R 2 9
—_—— -
1010 A ¢ ' '
1011 8 . $ #
1100 c FF | bup RA | < . % @
101 D SF ( ) _
1110 E FM + > R
"nn F | = >
Notes:
1. Character code assignments other than those shown within all outlined areas of this chart are

5.
6.
7.

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.

Lowercase alphabetic characters (shown within the dotted outlined area) are displayed or
printed as uppercase characters, unless the terminal has dual-case capability.

NL, EM, FF, DUP, and FM control characters are displayed or printedas 5 9 < * and ; char-
acters, respectively, except by printers under format control, in which case NL and EM do not
result in the printing of a character, and by printers successfully executing FF, in which case

< is not printed.

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

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

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

Figure 1-1. United States EBCDIC 1/0O Interface Code for 3274 Control Units with Category B

Terminals Attached
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Bits

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 1-6.

4. For BSC data-link control characters, see Chapter 4. For the SCS control codes associated with

the SNA Character String feature on Category A 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

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

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

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

Terminals

00 01 10 1 lea— 0.1
Hex 1 00 01 10 11 00 ()] 10 1 00 01 10 1" 00 01 10 11 |e—23
Bits
4567 l 0 1 2 3 4 5 6 7 8 9 A 8 C D E F [<—Hex 0
0000 | 0 |NUL sP | & (1t y|[Nv]o
0001 1 SBA / a i -~ A J 1
0010 2 EUA b k s B K S 2
0011 3 IC c | t C L T 3
0100 4 d m u D M V] 4
0101 5 PT NL e n v E N v 5
0110 6 f o w F (o] W 6
om 7 9 p x G| P x| 7
1000 8 GE SA h q y H Q Y 8
1001 9 EM | SFE * i r z 1 R 4 9
1010 A ¢ ! : R
1011 B . $ , #
1100 c FF |ouP|MF | RA | < . % @
1101 D | crR | sF ( I
1110 E FM + ; > | =
111 F | R i 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). 1BM reserves the right to change at
any time the character displayed or printed and the 1/0 interface code returned for an undefined
character code. See Figure 1-3.
2. CR, NL, EM, and FF control characters are displayed and printed as blank characters. The DUP
and FM control characters are displayed as Tand respectively, and are displayed and printed as
* and ; when operating in mono-case mode.
3. Bits 0 and 1 are assigned for the following characters: AlD, attribute, write control (Wwcce), copy



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 fhe

data buffer.

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

For Category A displays: (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’ ex-
cept for codepoints 00, 05, 08, OC,
oD, 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 re-
turned in subsequent read operations.

For Category B displays: (1) Unsup-
ported graphic codepoints in the range
X'40' to X'FE’ are replaced with a
hyphen codepoint in the data buffer,
and (2) a negative response is given as
described above for Category A.

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‘0O8nn’ 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.

1 Extended character set adapter

FD for Swiss-French, not DD
6C for Swiss-German, not DF

FD for Canadian French Bilingual, not DD

6C for French AZERTY (105), not DF

Figure 1-3. Matrix for Hyphenation and Negative Responses — 3274 Control Unit

Chapter 1. Control Units and the 3270 Data Stream
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1-8

Bits

Hex 1 000 |001 010 | 011 | 100 [ 101 [ 110 | 111 j=e=7.6.5
Bits
4321 [¢3 1 2 3 4 5 6 7 -~ Hex O
0000 0 NUL sp o @ |p oo
0001 1 SBA | ! 1 A Q a q Jl
0010 2 EUA | 2 B8 R b ' ;
1
0011 3 \c = 3 o] S ¢ s I
0100 a rRA | $ 4 D T d 1 |
4
0101 5 % 5 E u e u I'
0110 6 & 6 F v [ v
A
01 7 : 7 G w q w |
1000 8 { 8 H X h |
—|
1001 ] PT | EM ) 9 j Y ! v
1010 A NL . J z i z
1011 B + , K | k I
| —
1100 C FF puP L '
| —
1101 D SF - ™M ] m I
 —
1110 E M . N ~ n I
| —
111 F 4 o} OJ
R JS—

Notes:

1.

Character code assignments other than those shown within all outlined areas of this chart are
undefined. If an undefined character code is programmed, the character that will be displayed
or printed and the 1/0 interface code returned on a subsequent read operation are not specified.
The character displayed or printed by these terminals for a given undefined character code may
be different for other .erminals. IBM 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.

AID, attribute, write contro/ (WCC), copy control (CCC), CU and device address, buffer address,
sense, and status characters are assigned as specified in Figure 1-6 so that each character can be
represented by a graphic character within the solid outlined portion of this chart.

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

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

Figure 1-4. United States ASCII 1/O Interface Code for 3274 C Units and Attached Category B

Terminals



Bits

Hex1 | 000 {001 | 010 [011 | 100 {101 | 110 | 111 |#=7,6,5
Bits
4321 l 0 1 2 3 4 5 6 7 |-e=Hex0
0000 (] NUL SP |0 @ 4 . 3
0001 1 SBAa § ! 1 A Q a q
0010 2 eua] 2 8 R |b '
0011 3 ic | # 3 [ S c s
0100 4 RA 1§ 4 D |T d t
0101 5 % |5 E u |e u
0110 6 & |6 F f v
0 7 : 7 G |w |g w
1000 8 ( 8 H X h x
1001 9 PT |EM | ) 9 l Y i v
1010 A NL . : J z i z
1011 8 + | K|t Nk
1100 c FF |DuP| < L \ ! H
mo| o fen s |- |- (m |1 [m |}
110 E A > |N ~ln ~
1M1 F / ? o |_ o
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. 18M reserves
the right to change at any time the character displayed or printed and the 1/0 interface code
returned for an undefined character code.

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

AID, attribute, write control (WCC), copy control (CCC/, CU and device address, buffer address,
sense, and status characters are assigned as specified in Figure 1-6 so that each character can be
represented by a graphic character within the solid outlined portion of this chart.

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

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

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

are attached to a 3274 Control Unit, the characters | * ~ | | and\ are displayed or printed
as\ ' - () and\ respectively, codes 7C, 60, 7€, 7B, 7D, and 5C will be returned on a subsequent
read operation. When the CR control character is directed to one of these terminals, CR will

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

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

Figure 1-5. United States ASCII 1/O Interface Code for 3274 Units and Attached Category A

Terminals

Chapter 1. Control Units and the 3270 Data Stream  1-9



Bits 27 Graphic EBCDIC ASCH Bits 2—7 Graphic EBCDIC ASCII
00 0000 SP 40 20 10 0000 - 60 2D
00 0001 A c1 41 10 0001 / 61 2F
00 0010 B c2 42 10 0010 s E2 53
00 0071 c c3 43 10 0011 T E3 54
00 0100 D ca 44
00 0101 £ oo a5 10 0100 U E4 55
00 0110 ; o6 45 10 0101 v ES5 56
00 0111 G o7 a7 10 0110 w E6 57
00 1000 H cs 48 10 011 X E7 58
00 1001 | co a9 10 1000 % E8 59
00 1010 { ¢ an - 10 1001 z E9 5A

[ - 58 10 1010 | (EBCDIC) 6A 7C
00 1011 4B 2E 10 1011 , 68 2¢
00 1100 < 4C 3C 10 1100 % 6C 25
00 1101 { 4D 28 10 1101 B 6D e
0o 1110 : :E 28 10 1110 > 6E 3E
00 1111 { ! " o 10 1111 ? 6F 3F
01 0000 & 50 26 1 0000 0 Fo 30
01 0001 J b1 4A 11 0001 1 F1 31
01 0010 K D2 4B
o1 0011 . os ac 11 0010 2 F2 32
o1 0100 " oa P 11 0011 3 F3 33
01 0101 N D5 4E 11 0100 4 Fa 34
o1 0110 o D6 aF 11 0101 5 F5 35
o1 0111 [ D7 50 ‘ 11 0110 6 F6 36
01 1000 Q D8 51 11 0111 7 F7 37
01 1001 R D9 B2 11 1000 8 F8 38
01 1010 { ! 5A - 11 1001 9 F9 39

] - 5D 11 1010 : 7A 3A
01 1011 $ 58 24 11 1011 # 78 23
01 1100 i 5C 2A 11 1100 @ 7C 40
o1 1101 ) 5D 29 11 110 ' 70 27
01 1110 ; 5E 3B

: o 11 1110 = 7E 3D
01 1111 { . ol 5E 1M1 1111 " 7F 22

Note: The characters above are used as attribute, AlD, write control (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. [f transmission is in ASCII, the CU translates the EBCDIC code to ASC!/

code prior to transmission.

To use this table to determine the hex code transmitted ror 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 ASCI!) is to the right of the
bit configuration.

Use this table also to determine equivalent EBCDIC and ASCII hex codes and their associated graphic characters. See Figure 1-4, Note 5, for
ASCI! 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. Refer to IBM 3270 Information Display System: Character Set Reference, GA27-2837, for possible graphic differences when
these codes are used. '

Figure 1-6. Control Character I/O Codes
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BSC Interface Codes

Device Addressing

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-LU function management data request unit (FMD
RU) is considered bit-significant control information and is not subject to graphic
representation.

The BSC interface codes are described under “Redundancy Checking” and
“Data-Link Control Characters,” in Chapter 4.

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 the following publications:

e IBM 3274 Control Unit Planning, Setup and Customizing Guide, GA27-2827,
for all models using Configuration Support levels A, B, C, and T.

e IBM 3274 Control Unit Customizing Guide, GA23-0065, for all models using
Configuration Support level D.

Note: Addressing when the IBM 3299 Terminal Multiplexer or an IBM 3290
Information Panel Display Station using Logical Terminal Addressing is attached
to the 3274 is discussed in the Customizing Guide, GA23-0065.

The 32 addresses available for each 3274 (12 for Model 51C, 16 for 61C) 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 1-7 illustrates 3274 Control Unit address assignments.
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Data Stream

1-12

Type of Address
Port Number Device Attached SNA Non-SNA
AOQ A 02 00
A1l 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
A14 None 16 14
A15 A 17 15
BO B 18 16
81 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 1-7. Example of 3274 Control Unit Address Assignments

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

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)

— FErase All the Unprotected data from the character buffer

— Copy the content of character buffer A to character buffer B. (3274 C
units, 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 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:

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

— 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.

— ERASE/RESET; a structured field function used to set the buffers of
devices capable of default or alternate size operation to either the default
or alternate size and clear the buffer.

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

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

1-14

— 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 1-8.

3274 Band D 3274 A and C Units
Units
EBCDIC EBCDIC ASCII

Command Hex Hex Hex Graphic
Copy' NA F7 37 7
Erase All Unprotected OF 6F 3F ?
Erase/Write 05 F5 35 5
Erase/Write Alternate oD 7E 3D =
Read Buffer 02 F2 32 2
Read Modified 06 F6 36 6
Read Modified All NA 6E 3E :
Write 01 F1 31 1
No Operation 03 NA NA NA
Select? 0B NA NA NA
Select RM? 0B NA NA NA
Select RB? 1B NA NA NA
Select RMP? 2B 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) only.
% Applicable to 3274 B and D units
3Applicab/e- to 3274 D units

Figure 1-8. Command Codes

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 2.

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.



Attributes

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.

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, aumeric for the
field attribute. Refer to Chapter 2 for a discussion of attributes.
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Write Commands

12/14-Bit Addressing

Write Command

1-16

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 3178, 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

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 Oniy)
Any Write - See Figure 1-8.
Command
WCC — See the following text and Figure 19

Orders and/or
Data

-

S

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‘g?r‘
Bit Format Print Alarm | Restore Bits
0 1 2 3 2 5 o ,

*Determined by the configuration of bits 2 through 7. See Figure 1-9.

Figure 1-9 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.”
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Erase/Write Command

1-18

Bit Explanation

0 Determined by the contents of bits 2 through 7 as shown in Figure 1-6.
1 WCC reset bit. When set to 1, resets the functions denoted in Figure 1-10.
23 Define the printout format, as foliows:

=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 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 Category A 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 1-9. Write Control Character (WCC)

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. Inremote 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.



Color, Extended Programmed
Highlighting, PS Symbols
Keyboard Actions or Base Color
Data Stream States Reply Mode Selection Indicator INOP Symbol-Set 1D Content | Override Bit
Clear key (SSCP) R R 1 R NC NC R
]Clear key (unowned) R R 1 R 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 ACTLU (SSCP-owned) NC NC NC NC NC NC NC
SNA DACTLU NC NC NC NC NC NC NC
SNA ACT LU (unowned) NC NC NC NC NC NC NC
UNBIND NC NC NC NC NC NC NC
BIND R R R R NC NC R
Set Reply Mode NC 1 NC NC NC
SA, SFE, MF NC NC NC NC NC NC
082B (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.

oA N

Figure 1-10. Reset Matrix

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 accep table operator selection, then the color-override bit is set.

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 3178, 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 3178,
3278, or 3279 displays and for 3287 and 3289 printers.
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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 Category A display screen size or printer capacity to the alternate size
indicated by the display model number or specified for the printer as follows:

‘ Default Alternate
3178 3278 3279 3287 and | Character | Character
Model | Model Model 3289 Model | Capacity Capacity

1 _ 1,2 480 960
C1,C212 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 Category A display operating as an LU type 2 requires the format shown in
Figure 1-11 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.

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



Byte Bit Model | Content Description
20 0-7 Default 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
21 0-7 Default number of columns
1 X'28' 40
1-5 X'60' 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)
1-5 b 1111111’ 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 1-11. LU Type 2 Screen Size Bind Format

command. No state change occurs within the display. Default screen sizes are as

follows:

3178
Model

C1,C2

Only a Model 1 display can be bound as b‘0000001’, a base LU type 2 witha 12 x

3278
Model

N W N =

3279

Model

2A,2B
3A, 3B

Default Screen Size Assumed with
Byte 24 = b‘0000000’

480 (12 x 40)
1920 (24 x 80)
1920 (24 x 80)
1920 (24 x 80)
1920 (24 x 80)

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°.
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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 Mode! 2 Model 3 Model 4 Model 5
Byte Hex <X'0C’ <X'18 < X220 < X'28’ <X18°
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 Modet 4 Model §
Bytes  Hex <x'oc’ <x'18 <X'20° <X'28' <Xx'18’
20and Row <12 <24 <32 <43 <27
22
Bytes  Hex X'28' X'S0°  X'50' X'50' X580 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 .U 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
1-12 as part of the Bind operation.

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 1L.U 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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Byte Bit Content Description
19 0—7 Reserved
20 0-7 Default number of rows
X'oc’ 12
X‘18’ 24
X‘1B’ 27
X20" 32
X2B’ 43
21 0-7 Default number of columns
X'28' 40
X650’ 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 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.
AH other values are reserved and cause the Bind to be rejected with X'0821°.

Figure 1-12. LU Type 3 Buffer Size Bind Format

When byte 24 is coded b*1111111’, byte

Bind for 32 rows of 80 characters each p

s 22 and 23 are inspected to determine
the maximum alternate buffer size to be used during the session; for example, a

ermits 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 co

product. The row/column product determines the print buffer wrap point. Print

control is managed by the WCC and not

nstraints of the above row/column

by the Bind parameter values.

Write Structured Field (WSF) Command, Function Management Header 1 (FMH]I), and

Structured Field Functions
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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 comma

nds and structured field functions in a

single transmission to terminals supporting SFAP (3270DS structured

field).




WSF Command

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

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

— Setting default or alternate buffer sizes.

— 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 (Load 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.

The WSF command must be the first item in any structured-field transmission.
The length field of the first structured field follows immediately. An exception is
the D unit where the length field is the first item.

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.

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)

To direct a structured field data stream to a printer in LU type 1 session, an
FMH1 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
format 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 O and an FMH1 is
rejected with sense code X‘400F.
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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, Frase All Unprotected, or BSC Copy
commands as part of a 3270 structured field data stream containing other
structured field functions (for example, 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 —_ X440 3270DS identifier

31 —_ X000 Mandatory; checked.
Any other value is
rejected with SNA sense

code X‘1005’ or
non-SNA Op Chk.

41 — —_ 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 Chk.

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

XFr Write

1 If bytes 3 and 4 are missing, an SNA sense code of X‘1005’ or a non-SNA
~ Op Chk. is returned.



Byte Bit Content
X‘F5’
X“TE’
X‘6F’
XF7

5 — X‘nn’

6 — X‘nn’

7-n — X‘nn...’

Meaning

Erase/Write?
Erase/Write Alternate?
Erase All Unprotected
Copy (BSC)3

Byte S contains the

Write Control Character
(WCC)4 for the Write command
(X‘F1’, X‘F5’, X“TE"), or

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

The “From” address for
the BSC Copy command;
or the start of 3270 data
stream order and data
associated with the Write
commands.

Orders and data continued
(Write commands)

2 If no WCC is defined, no erasing or resetting occurs.

3 See page 1-28

4 See page 1-28

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

The communications must be BSC.

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

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

RESET

START PRINT

SOUND ALARM

KEYBOARD RESTORE

RESET MDT

Executed in each structured field as it is
encountered.

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 Chk.

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

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.

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.

ERASE/RESET Structured Field. This outbound structured field can be used to
set the buffers of devices capable of default or alternate buffer size operation to
either the default or alternate size, for example, in the case of a 3278 display
(Model 4) either 1920-character capacity or 3440-character capacity.

Execution of the function sets the buffer to the specified size and leaves the
device in its base or power-on state.

The format of the ERASE/RESET structured field is:

Byte Bit Content
0-1 — X‘0004’
2 — X‘03’
3 0 b0’
b1’
1-7 Reserved

Meaning

Length of structured field
ERASE/RESET identifier

Set buffer to default size

Set buffer to alternate size

Must be set to b‘0000000°. If not,

negative response X‘1003’ (SNA)
or an Op Chk (BSC) is returned.



Load Programmed Symbols Structured Field. This 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.

The storage ID and a unique symbol-set ID [Coded Graphic Local Identifier
(CGLI)] are specified in the 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.

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 on the 3278 Model 2, the 3279 Model 2B, and
the 3287 Models 1C and 2C.

This structured field has a basic and extended form, as follows. The basic form
consists of a 7-byte header (bytes 0—6) and n bytes of symbol definition data.
The extended form consists of an up to 6-byte extension to the basic header
(bytes 7—12) that provides additional information associated with copy
operations and color, followed by n bytes of symbol definition data.

Byte Bit Content Meaning

0,1 — X‘nnnn’ Length of structured field, including
extension if present.

2 —_ X‘06’ LPS structured field identifier.
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Byte Bit Content

3 0 b0’
b1’

1 b0’

b‘1’

2 b0’

b1’

3 b0’
4-7 X1
X2

1-30

Meaning
Basic format. No extension present.

Format extension present. (Bytes
7-12.)

Do not clear the specified terminal
storage (byte 6) prior to loading. This
enables symbol definitions to be added
to an existing set.

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.

Skip suppression off. Normal row
spacing (vertical) in effect.

Skip suppression on. The next row will
be positioned adjacent to the current
row, with no spacing (vertical) between
rOWS.

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

The symbol definition data in this 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.



Byte

Bit

Content

XS’

X6’

X‘nn’

X‘nn’

Meaning

The symbol definition data 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’, X‘2’, 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 (X‘1003’) or Op Chk.

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

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
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Byte

Bit

Content

X‘nn’

X‘nn’

b0’

b1’

b0’

b1’

b0’

Meaning

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. Symbol definition data follows
this byte unless extended form LPS.

Length specification for extended form,
including this length parameter itself. 1f
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.



Byte

11

12

Bit

Content

b1’

b‘00000°

X‘nn’

X00

b‘00000°

b‘000°

b‘001’

b‘010’

b‘100’

Meaning

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.

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.

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

Must be 0. Other values cause a negative
response (X‘1003’) or Op Chk.

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

Load the symbol definitions in the blue
plane.

Load the symbol definitions in the red
plane.

Load the symbol definitions in the green
plane.

Any other values in bits 5—7 cause a
negative response (X‘084C’) or Op Chk.
Symbol definition data follows this byte.

Chapter 1. Control Units and the 3270 Data Stream  1-33



1-34

Set Reply Mode Structured Field. This 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: 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 —_ X009 Set Reply Mode identifier.
3 —_ X000 Reserved, must be zero. Other values
result in negative response (X‘1005’) or
Op Chk.
4 — X000 Field mode.
xXor’ Extended Field mode.
X022’ Character mode.

Other values result in negative response
(X*1003’) or Op Chk.



Byte Bit Content Meaning

5-17 — X‘nn’ Attribute list for character mode.
or Bytes 5—7 are effective only if X‘02’
X‘nnnn’ was specified in byte 4. Any, or all, of
or the 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
(X1003’) 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 iin the transmission.

The syntax is:

Byte Content Meaning

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

2 X471’ 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.

Read Partition (Query) Structured Field

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 — X01’ Structured field type
3 —_ X‘FF’ Mandatory
4 — X02’ Identifies this structured field as a
query
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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 SDLC/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 the 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 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 1-13) 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.

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.



Order Byte 1
Sequence (Order Code) Byte Byte Byte
2 3 4
EBCDIC ASCII
Order (Hex) {Hex)
Start Field (SF) 1D 1D Attribute
Character!
Set Buffer Address (SBA) 11 11 1st Address 2nd Address
Byte3 Byte3
Insert Cursor {I1C) 13 13
Program Tab {PT) 05 09
Repeat to Address (RA) 3C 14 1st Address 2nd Address Character
Byte3 Byte2 to Be
Repeated
Erase Unprotected 1st Address 2nd Address
to Address (EUA) 12 12 Byte3 ByteZ

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

3178 C1, €2

b. If the alternate size is used in BSC mode, the maximum Luffer addresses are specified by the device model number:

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

¢. 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 1-13. Buffer Control Orders and Order Codes

Set Buffer Address (SBA) Order

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.

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
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Insert Cursor (IC) Order

Program Tab (PT) Order

1-38

data stream to specify the starting address for a PT, RA, SA, 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.

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.

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 buffer
location following the next unprotected attribute byte. 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 O.
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.



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
Address ]
2
3 Character to Be Repeated — See Figures 1-1 through 1-6
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

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.
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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; fype 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 negativé 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 protocol. 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; zype 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.

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 in the data stream
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 “X‘28’-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’.

Chapter 1. Control Units and the 3270 Data Stream  1-41



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).

SFE,MF  SA

Attribute Type Code Orders Order
Character Attribute reset X000 — X
Field Attribute X‘CO’ X —
Extended Highlighting X471’ X X
Color X4 X X
Programmed Symbols X‘43’ X X

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 Result

X000’ X000 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.

X‘Co The codes appearing here are determined by the field
attributes desired. See Figure 2-5 for a breakdown of the
field attribute byte.

X‘41’ X‘00 Default. See Figure 1-14.
X‘F1’ Blink
X‘F2’ Reverse video
XF4 Underscore

X42’ X0 Default. See Figure 1-14.
X‘F1’ Blue
X‘F2’ Red
X‘F3 Pink

X‘F4 Green

X‘F5’ Turquoise

X‘F6’ Yellow

X‘F7’ White for 3279, black for 3287, multicolor for
triple plane symbol

X43’ X900 Default. See Figure 1-14.
X4 Valid range for symbol-set IDs assigned in the
to Load Programmed Symbols structured field.
X‘EF’

X‘F1’ 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.
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Read Commands

Attribute Defaults: Default conditions for the attribute types field (Color,
Extended Highlighting, and Programmed Symbols) are described in Figure 1-14.

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
Symbois character set in specified character set
read-only storage. Programmed in read-only
Symbol storage.

' |f 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 1-10 for the actions
that cancel the override of the base color switch.)

2If feature 9136 is installed — green
Figure 1-14. Attribute Defaults

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.

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

Chapter 1. Control Units and the 3270 Data Stream  1-43



Read Buffer Command

1-44

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.

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 vsual 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 0O (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.



Read Modified Command

Read Modified Operation

The possible Attention Identification (AID) byte configurations are shown in
Figure 1-15. 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.

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 1-15 lists the operator actions and the resulting
Read Modified command operation initiated by each action. Read Modified
commands normally are not used for remote configurations since polling initiates
a control-unit-generated read-modified operation if AID is generated and if status
is not pending.

A major feature of Read Modified command operations is null suppression. The
device buffer is cleared to all nulls when the operator turns power on or presses
the CLEAR key, or when the erase portion of an Erase/Write command is
executed at the selected device. Also, selected portions of a buffer can be cleared
to nulls by the Erase All Unprotected command and certain orders. During Read
Modified command operations, null codes are not sent.

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 1-15)
and the 2-byte cursor address; these bytes are called the “read heading.”
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Hex

Hex
Character Character Graphic Read Modified
AID (EBCDIC) | (ASCIl) 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 &
(Selector-Light-Pen Attention) 7D 27 ' Rd Mod
PF 1 key F1 31 1 Rd Mod
PF 2 key F2 32 2 Rd Mod
PF 3 key F3 33 3 Rd Mod
PF 4 key 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 AID code and cursor
address, followed by an
PF 13 key [ox} 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 (o] 46 F Rd Mod
PF 19 key Cc7 47 G Rd Mod
PF 20 key C8 48 H Rd Mod
PF 21 key Cc9 49 | Rd Mod
PF 22 key aA 58 ¢ Rd Mod
PF 23 key 4B 2E . Rd Mod
PF 24 key 4C 3C < Rd Mod
Operator ldentification ) .
Card Reader E6 57 Y Rd Mod
Magnetic Slot Reader
and Magnetic Hand Scanner E7 58 X Rd Mod
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
AlD code only.
PA 3 key 6B 2C , Short Rd
CLEAR key 6D 5F — Short Rd
TEST REQ and SYS REQ keys FO 30 0 Tst Req Rd A test request message.

AID transferred on Read
Buffer only.

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

Figure 1-15. Attention ID (AID) Configurations
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Following the read heading is the alphameric data of each modified field. The
data for each field is preceded in the data stream by a Set Buffer Address (SBA)
order code followed by the 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:

N

AID

Cursor > Read Heading

Address

SBA

{ First Modified Field
(nulls suppressed)

| Atb Adr+1_|

Alphameric
Data

— ]

\
SBA (

LAt Adr +1_21 | second Modified Field

\ {nulls suppressed)

Alphameric
Data

If a space or null selector-light-pen 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 All 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 attribute 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 transfexred (nulls are suppressed). The buffer address at the end of
the operation is the address of the next attribute byte in the buffer. For
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Short Read

Test Request Read
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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.

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 (3178, 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.

Read Modified All Command

The Read Modified All command is used with the 3274 A and C units 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

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, the reply
modes or features available on the addressed terminal. Up to seven structured
fields can be transmitted: color, highlighting, usable area, reply mode, symbol set,
IBM 3270 Personal Computer Attachment, and Implicit Partition. 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:

Query Reply 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‘00178181Z100 (17 Z bytes)’ Usable area
X‘00078188000102’ Reply mode

X‘00008185B000 (7 Z bytes)’
X‘03’

X000000’

X‘0100F1’ (if present)
X02ZZtt’ (if present)
X03ZZtt’ (if present)
X‘04ZZ1t (if present)

Character sets

Number of bytes in descriptor

ROS 0O

ROS 1 (ROS=Read-only storage)
RWS 2-PSA (RWS=Read/Write storage)
RWS 3-PSB

RWS 4-PSC
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Query Reply Function

X‘05ZZtt’ (if present) RWS 5-PSD
X‘06ZZtt’ (if present) RWS 6-PSE
X‘07ZZtt’ (if present) RWS 7-PSF
X‘000681930800° IBM 3270 Personal Computer Attachment

X‘001181A60000 (11 Z bytes)’ Implicit Partition
Where:

Z s a variable of the structured field that depends upon the device that is
attached to the control unit.

1t 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.

A Query Reply inbound data stream consists of AID byte X‘88’, or the FMH 1
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:

Byte Bit Content Meaning

0,1 _ X‘0016’ Length

2 — X81’ Query Reply structured field ID

3 — X‘86° Identifies this query reply as color

4 0 b0’ Reserved
1 b0’ Printer only; black ribbon not loaded

b1’ Printer only; black ribbon loaded

2—1 b‘000000° Reserved

5 — X‘08’ Number of color pairs

6~21 (Terminal-dependent; see following.)
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Ist Byte 2nd Byte

Possible 3230, 3262, Full

Attribute 3178, 3268, Color
Byte Value 3278 3287-1,-2 3287-1C,-2C 3279
6,7 X‘00’ X‘F4 XF7T X‘F7’ XF4
8,9 XF1’ X000 X000’ XF1’ XF1’
10,11 X‘F2’ X000 X000 X‘F2’ XF2
12,13 X‘F3’ X000 X000’ X00’ X‘F3
14,15 X‘F4’ X000 X0 XF4 XF4’
16,17 X‘F5’ X00° X000 X0’ X‘F5’
18,19 X‘F&’ X000 X000 X‘00’ X‘F6’
20,21 X°F7T X000 X000 XF7 XFT

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

X‘00168186000800F7F1F1F2F2F300F4F4F500F600F7F 7’

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 value 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‘000¢’ Length of structure

or
X‘000D’

2 X881’ Query reply identifier

3 X‘87 Identifies this query reply as highlighting

4 X‘04° Number of highlighting pairs

5—12  (Terminal-dependent; see following. Note: Possible highlighting

attribute values are X ‘00°—default, X ‘FO’—normal,
XF1’—blink, X'F2’—reverse video, X ‘F4’—underscore.)
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Query Reply (Usable Area) Structured Field

1st Byte

Possible
Attribute
Value

X‘00’
XF1’
XF2’
XF4

2nd Byte

3230, 3262,

3268,
3178 3278 3287-1,-2,~1C,-2C 3279
XFO XFO XFQ XFO
X000 XF1rr X900 X‘F1’
X000 X‘F2 X000 XF2
X000 X‘F4 XF4 XF4

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.

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

Byte Bit
0,1 —
2 —
3 —
4 0,1
2
3
4—17
4—7
5 —
6,7 —_
8,9 —
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Content

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

X00

X550
XS0
X84’

X118
X220
X2B’
X1B’
X‘18’
X220
X‘66’
X“TF’

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)

3178-C1,-C2, 3278-2,-3,-4

3279-2,-3

3230, 3262, 3268, 3278-5, 3287
Depth of usable area in characters (dot
matrix blocks)

3178-C1,-C2, 3278-2

3278-3

3278-4

3278-5

3279-2

3279-3

3287

3230, 3262, 3268



Byte Bit

10 —

11-14 —

15-18 —

19 —

20 —_

21,22 —

Content

X00’

X‘00000000’
X‘00020089’
X‘00010071°
X‘000A02ES’
X‘00010064’
X‘000100A0°
X‘00010064’

X‘00000000’
X‘00020085’
X‘0002006F°
X‘00010040’
X‘000100A0
X0002008C’
X00

X09’

X09

X0A’

X0C

X00
X110
X0C
XocC
X008
X112

X0780
X‘0A00°
X‘0D7¢’
X‘ODEC’
X0780°
X‘0A00’

Chapter 1. Control Units and the 3270 Data Stream

Meaning

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

3178-C1,-C2, 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

3178-C1,-C2, 3278-2,-3,-4,-5

3279-2,-3

3268

3230

3287

Default width of dot matrix block, in dots
3262

3178-C1,-C2, 3278-2,-3,-4,-5

3279-2,-3

3268, 3287

3230

Default depth of dot matrix block, in dots
3262

3178-C1,-C2, 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 1.U type 1 mode.
3178-C1,-C2, 3278-2 (1920)

3278-3 (2560)

3278-4 (3440)

3278-5 (3564)

3279-2 (1920)

3279-3 (2560)
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Byte Bit Content Meaning

X‘/nnnn’ 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

Query Reply (Reply Mode) Structured Field

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

The format is as follows:

Byte Bit Content Meaning

0,1 — X‘0007  Length

2 — X‘81’ Query reply identifier

3 — X‘88’ Identifies this Query reply as “reply mode™.

4 —_ X‘00’ Indicates that the terminal supports Field Mode
inbound data streams.

5 — Xor Indicates that the terminal supports Extended
Field Mode data streams.

6 — X02’ Indicates that the terminal supports Character

Mode data streams.

Query Reply (Symbol Sets) Structured Field
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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‘nnnn’ Length—includes any 3-byte symbol set
descriptors present

2 — X‘81’ Query reply identifier

3 —_ X‘85’ Identifies this query reply as “‘symbol sets”.



Byte Bit Content

4 0 b1’
b‘0’

1 b‘0’

2 b0’

b‘1’
3 b‘0’
b1’

b0’
=7  b‘000’
X‘00
X000
X0A’
Xoc

X09

v A

X000
X08’
X112’
X10
8§—-11 — X*‘40000000°

X‘04000000’

12 — X‘03’

Meaning

Graphic escape supported

Graphic escape not supported

Reserved

Load Programmed Symbols structured field not
supported

Load Programmed Symbols structured field
supported

Load Programmed Symbols structured field
extension not supported

Load Programmed Symbols structured field
extension supported

Reserved

Reserved

Reserved

Default dot matrix block width

3262

3268, 3287

3230

Default dot matrix block width

Display

Default dot matrix block depth

3262

3268, 3287

3230

Display

Display supports load PS data format type 1.
(Will be X‘60000000’ if the 3274 has been
customized to support decompression.)
Printer supports load PS data format type 5.
(Will be X‘06000000’ if the 3274 has been
customized to support decompression.)
Length of each symbol-set descriptor which
follows.

Descriptors (One or more descriptors follow byte 12; a descriptor defines one
terminal storage and symbol-set characteristics.)

Byte Bit Content

0 —_—
X00’

X'or

X02’
to
X07
1 0 b‘0’
b1’
1 b‘0’
b1’
2 b0’

Meaning

Terminal storage identification: X‘00’ to X‘07’
Read-only storage containing I/O interface
code symbol set. .
Read-only storage containing APL./Text symbol
set if feature present

Host loadable terminal storages for Programmed
Symbol sets. These storages are specified in the
Load PS structured field.

Read-only storage

Loadable terminal storage

Single-plane storage

Triple-plane storage

Symbols are accessed using a 1-byte code.
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Byte Bit Content

3 b0’
b1’
4—7 b‘0000°
2 X‘nn’

Meaning

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).

Comparison is not allowed.

Reserved

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.

Query Reply (IBM 3270 Personal Computer Attachment) Structured Field

The format of the 3270/PCAF Query Reply, indicating that the Personal
Computer Attachment is present on the device, is:

Byte Content
0-1 X‘0006’
2 X‘81’
3 X93’
4-5 X‘0800°

Meaning

Length

Query reply ID

Identifies this query reply as IBM 3270 Personal
Computer Attachment.

Maximum size (bytes) of an individual

file transfer message (2048 bytes).

The IBM 3270 Personal Computer Attachment can also be attached to a device
without an EAB. The following Query Reply would be sent in response to the
Read Partition-Query structured field:

Query Reply

X‘88’

Function

AID

X‘00178181Z7100 (17 Z bytes)’ Usable area

X‘000681930800°

Where:

IBM 3270 Personal Computer Attachment

Z  is a variable of the structured field that depends upon the device
that is attached to the control unit.

Query Reply (Implicit Partition) Structured Field
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The Implicit Partition Query Reply structured field defines unique implicit

partition characteristics.

Implicit Partition Default and Alternate Sizes:

« For SNA, the default and alternate sizes returned in this reply are those

established at BIND.

« For non-SNA, the default and alternate sizes returned in this reply are those

in effect at the time the reply is generated.



Format:

Content

X0011°
X81’
X‘A6’
X‘0000’

Meaning

Length of structured field
Query reply

Implicit partition
Reserved

Self-defining parameters follow:

Impilicit partition sizes for display devices — 3278 and 3279 stations:

Byte

Content
X‘0B’
X1’
X000’
WD
HD
WA

HA

Meaning

Parameter length

Implicit partition sizes

Reserved

Width of default implicit partition
size in cells

Height of default implicit partition
size in celis

Width of alternate implicit partition
size in cells

Height of alternate implicit partition
size in cells

The above elements of the Implicit Partition Query Reply structured field are
generated and sent inbound in reply to a Query directed to any display device.

Implicit partition sizes for printer devices:

Byte

N W= O

-6
=10

Content

X‘0B

X‘03’
X00
DPBS
APBS

Meaning

Parameter length

Implicit partition sizes

Reserved

Default printer buffer size in cells
Alternate printer buffer size in cells

The above elements of the Implicit Partition Query Reply structured field are
generated and sent inbound in reply to a Query directed to any SNA LU type 3 or
any non-SNA printer device.

The buffer size defines the following printer buffer restrictions:

1. The maximum linear character buffer address that can be explicitly specified
in 3270 orders. (This maximum buffer address is one less than the buffer size

in character cells.)

2. The wrapping point for the transmitted data. If the implied address for data
being loaded into the character buffer exceeds the maximum address allowed
by buffer size, then the implied address is reset to zero and loading continues
from the first buffer location.
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Inbound Transmissions

Note: For a BIND command with byte 24 =0, the buffer sizes are decremented
by 256 bytes if the printer has the Programmed Symbols (PS) feature.

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 (AID) 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
chapter), or data from the device buffer (for example, modified fields of the
display image). An inbound operation device characteristic (INOP), set by the
controlter, defines the type.

Inbound Operation Device Characteristic (INOP)

Read States
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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:
« An operator “enter” action sets INOP to 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.

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
1-16, Parts A and B.
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Part A. SNA Environment — Read State Transitions
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Part B. BSC and Local Attachment (Non-SNA) Environment — Read State Transitions

Key: @
R

Next state entered. Same state indicated means no transition.
Reject, no state transition.
No action, no state transition.

Figure 1-16. Read State Transitions

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 1-16).

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:

o 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.
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« 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 1-16, 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 1-16,

Part A.)

Retry States. There are three retry states:

e 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.

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 1-16 shows the read states and the events that affect them.

With reference to Figure 1-16, the indicators displayed in the Operator
Information Area of a display are as follows:

State Indicator

No ‘adicator 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

OO OO 0606



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 inbound 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.

3. 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. 1If 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.

2. 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.
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3.

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

a. If the command is Read Modified and INOP specifies Query, the

appropriate query replies are transmitted.

b. 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

c. 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.

b. 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
c. 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.
2. The Time indicator is displayed.
3. INOP is set to Query.
4. The data is transmitted inbound.
5. The SLU is placed in RCV state.
6. The SLU is placed in Retry Read state.
BSC or Local Attachment Environment
1. If the device is in Normal Read state, then:
a. The Time indicator is displayed.
b. INOP is set to Query.
c. ForBSC:
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.

d. For Local Attachment (non-SNA):
1) A channel attention occurs.

2) The device is placed in Data Pending Read state.



Control Commands

Copy Command

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

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.
c. 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 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).

Note: The Copy command is not recognized by the 3290 Information Panel
Display Station. To obtain a printed copy of information displayed on the 3290
screen “Local Copy” must have been specified at 3274 customization and the
appropriate entries made in the Printer Authorization Matrix.

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 a—— See Fi 1-8
2 | command Code ee Figure 1-8.
3 cce le—— See below and Figure 1-17.
; “From"” Device .
4 Address l—— See Figure 1-18.
5 ETX

The CCC-byte format is as follows:

. 1 Printout Start Sound Type of Data
Format Print Alarm to Be Copied
0 1 2 3 4 5 6 7

*Determined by the configuration of bits 2 through 7. See Figure 1-6.

Figure 1-17 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.

Bit Explanation
0,1 Determined by the contents of bits 2 through 7 as shown in Figure 1-6,
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 1-17. Copy Control Characters (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 (“to”) 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
1-18. 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
to 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 32784 3278-5
~ 7| 480 1920 960 480 1920 2560 1920 3440 1920 1920
From
32771 B _ _
480 | o [ v o ° . ° ° ° °
3277-2
1920 — o — - o v o v o o
32781
960 - . o A [} ° ° ° ° °
3278-1
480 o ° v o . e [ o L] [}
3278-2, 3279 ) :
1920 - o - - [} v o v ] o
3278-2, 3279 . )
2560 - - - - - 0 A ° A A
3278-3
1920 - o — — o v o v o o
32784 » 3
3440 - - - - - - - ) A A
32784
1920 - o - - o v o v o o
3278-5
3564 - — - - - - - - - A
3278-5
1920 - o - - 0 v o v o o
Legend:

o Transfer allowed, no change in screen state required.

— Transfer not allowed, Operation Check returned to host.

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.

< >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 1-18. Buffer Transfers for 3274 C Unit Copy Command Operations
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Structured Field and Attribute Processing Considerations for Copy

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 Command (3274 B Units)

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 Read 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 immediaté 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)
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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.



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)

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.

Erase All Unprotected Command

This command performs five functions at the addressed device:
1. Clears all unprotected buffer character locations to nulis.
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 3178, 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, Erase 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: Erase 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/O
“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:

[CﬁlIRIBOCIEC(DCIUSICCIOCI

1 2 3 4 5 6 7

Figure 1-19 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 O 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:

» Poweron

e IML completed
e Online

+ Not busy

« No outstanding status to be presented



Bit

Name

Significance

Command Reject (CR)

Intervention Required (IR}

Bus Out Check (BOC)

Equipment Check (EC)

Data Check (DC)

Unit Specify (US)
Control Check (CC)

Operation Check (OC)

Set if the 3274 B or D units have receivec an invalid command; the valid commands
are listed in Figure 1-8.

Set if a command, other than Sense, was addressed to a device that is unavailable or
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.

Set if: (1) the 3274 B or D units have asynchronously detected a parity check on
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. |f

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, 3178, 3278, or 3279 has detected a cursor check, or (3) a
device has detected a buffer check. [f 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 éxecute, 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 1-19. 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 3178, 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 3178, 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

Character Sets
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If a protected message is sent to a 3178 or 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.

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

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 3178, 3278, or 3279
buffer, or if an error is detected in a transfer of data from the 3274 to the 3178,
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 that provide 94 characters (excluding space and null) are designed
for various languages. They are available for the 3178, 3278, and 3279 displays
and for 3262, 3287 and 3289 printers. Character sets available for the 3277
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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 3178, 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 3178, 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 3178, 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 cCo DO E0O 6A A1 79

3277 { ) -
s178/ { ) S A
3278/
3279

Refer to IBM 3270 Information Display System: Character Set Reference,
GAZ27-2837, for a detailed comparison of character sets in all languages
supported by the 3270 system.

Care must be exercised when communicating between 3178, 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 3178, 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 3178, 3278, or 3279 as
{BBB}.

The 3274 functions as PU type 2 using SNA protocol.

Non-SNA Local Control Unit Differences

Operation Checks

Buffer Updates

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.
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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 (other than
the 3290 Information Panel Display Station, the IBM 3270 Personal Computer
Attachment, and the IBM 3270 Personal Computer) that can attach to the 3274
Control Units. For more detailed information on display images, refer to Chapter
6, “Screen Design.” For more device-specific information, refer to the Operator’s
Guides for the displays and printers.

Display stations for the 3270 system are buffered displays. Data displayed on the
screen is stored in coded form in a display buffer; the buffer contains as many
locations as there are character positions on the screen. The data may be loaded
from the host system by the application program or from a keyboard attached to
the display station. Figure 2-1 illustrates the concept of a buffered display.

The display image contains a fixed number of horizontal rows, with a fixed
number of character positions in each row. Depending upon the capacity of the
screen, the number of rows and characters is as follows:

480-character display 12 rows of 40 characters
960-character display 12 rows of 80 characters
1920-character display 24 rows of 80 characters
2560-character display 32 rows of 80 characters
3440-character display 43 rows of 80 characters
3564-character display 27 rows of 132 characters

There is a fixed relationship between each location in the display buffer and each
character position on the display screen. Buffer addresses start from 0, for the
character position at the left of the top row, and proceed sequentially along the
rows and down the screen to the character position at the right of the bottom row
(for example, an image with 960 character positions has buffer addresses from 0
to 959). Figure 2-2 shows the addresses of the first and last character positions in
each row, depending upon the available screen capacity.

Each location in the buffer contains 1 byte of storage; codes loaded into the
buffer are 2-digit hexadecimal codes. Write commands are used to load the
display buffer locations with the code needed to display the required data on the
display screen (see Chapter 1). Defined codes that are displayed as alphameric
characters are shown in Figures 1-1 through 1-5.
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Figure 2-1. Buffer Location and Display Screen Character Position Relationships

Display images may be formatted or unformatted:

o Formatted Display. A formatted display is one that has separate fields defined
by the program. The first character position in each field contains a control
character that defines the characteristics of the field. See “Field Attributes,”
later in this chapter, for a description of the control character.

o Unformatted Display. An unformatted display is one that has no defined
fields. An operator may input data into any position on the screen; to access
the data, the program must issue a read command for the entire display

buffer.

A formatted display contains display fields defined by the program. These fields
consist of blocks of character positions bounded by control characters. The
control character at the start of a field is set by the program to determine the
characteristics of the field; this character contains the field attributes. (For
details, see “Attributes,” later in this chapter.) Fields containing character



{-4——— 40 Character Positions —————D-'

A 0
40
80
120
160
200 480-Character
12 Rows 240 Display Format
280
320
360
400
' 440
-~ 80 Character Positions )-‘
* 0 79
80 159
160 239
240 319
320 399
12 Rows 400 960-Character Display Format 479
480 559
560 639
640 719
720 799
800 879

g

880 959

’I-‘ 80 Character Positions t>-|

80 159
160 239
240 319
320 399
400 479
480 559
560 639
640 719
720 799
800 879

24 Rows 880 959
960 1920-Character Display Format 1039

1040 1119

1120 1199

1200 1279

1280 1359

1360 ‘ 1439

1440 1519

1520 16599

1600 1679

1680 1759

1760 1839

Yy 1840 1919

Note: See Appendix B for hexadecimal equivalents.

Figure 2-2 (Part 1 of 2). Buffer Addressing Layouts for 480-, 960-, 1920-, 2560-, 3440-, and 3564-
Character Terminals
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Figure 2-2 (Part 2 of 2). Buffer Addressing Layouts for 480-, 960-, 1920-, 2560-, 3440-, and 3564-
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Attributes

positions on more than one row “wrap” from the last character position on one
row to the first character position on the next row. A field may wrap the screen;
if the first character position on the screen does not contain a control character,
the last field on the screen wraps from the last character position to the first.
(Some field-oriented operations are terminated early if the field wraps the screen;
this effect is noted in the descriptions of the specific operations.)

Display fields simplify operations both for the operator and for the programmer.
Headings can be displayed to prompt the operator as to the data that should be
entered, and the program can identify fields that contain entered data without
reading the entire display buffer. When data is being entered into a formatted
display, the presence of a control character acts as a tab stop; pressing the tab key
advances the cursor from its current position to the first character position in the
next unprotected field. (An unprotected field is one that accepts data input from
the keyboard.)

The example in Figure 2-3 illustrates the versatility of formatted displays. In this
example, the solid characters represent the displayed form of characters stored in
the buffer. The dotted squares represent the character positions corresponding to
control characters at the start of each field. The dotted characters represent fields
of data that are stored in the buffer but that have been defined by the program as
nondisplayable, that is, not to be displayed to the operator.

{.INAME :{3JOHN B DOE
LISALARY{IVZ28 2%
{JJOB TITLE :{IWRITER
{_IPHONE #:{:383-7628

Figure 2-3. Example of Formatted Display

To define the start of a field, the program may issue a Write command
transferring a Set Buffer Address (SBA) order and a Start Field (SF) order to the
display; the specified buffer address is selected, and the control character
specified by the SF order is loaded into the addressed location. Only the start of a
field is defined; starting a field ends the previous field at the character position
prior to the new control character.

All display stations for the 3270 system may be programmed with formatted
fields. The control character at the start of each field contains the field attributes.
Attributes contained in this character apply to all the data contained in the field;
for example, the attribute character for the field containing PHONE # in Figure
2-3 might define the field as protected to ensure that the operator does not enter
data into that field, and the field containing 383-7628 might be defined as
unprotected to allow the data to be changed.

Display stations that support the Structured Field and Attribute Processing option,
such as the 3279 Models 2B and 3B, are capable of handling extended attributes.
The extended attributes increase the number of characteristics that can be
defined. Extended attributes may be applied to a field and to individual
characters within the field. Extended attributes may also be applied to individual
characters in an unformatted display.
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Field Attribute Character
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Extended attributes do not occupy positions in the display buffer. Conceptually,
three additional buffers are provided for the extended attributes. Each buffer has
the same number of locations and the same address map as the display buffer.
Figure 2-4 shows the concept of four parallel buffers.

Extended Highlighting FA CA | CA CA CA CA
Extended Color FA CA CA CA CA CA,
Symbol Set FA CA CA CA CA CA
Display Buffer FA : Data : Characu'ers I
1 )
FA = Field attributes

CA = Character attributes

Figure 2-4. Extended Attributes — A Conceptual View

The field-attribute character occupies the first character position of each display
field in a formatted display; the corresponding character position on the display
screen is always blank. This 8-bit attribute character is loaded by a Start Field or
Start Field Extended (attribute type X‘CQO’) order to (1) define the start of a field
and (2) assign characteristics to the field. Bit positions in the character are ‘
significant to the display; the value assigned to each bit or group of bits controls
whether a specific attribute is applied.

Figure 2-5 shows the significance of bits in the field-attribute character.
Characteristics set by the field-attribute character are:

« Protected/Unprotected: An operator cannot enter data into or modify the
content of a protected field. Input fields that require data from the operator
must be unprotected.

o Alphameric/Numeric: In an unprotected input field, alphameric/numeric
defines the type of data that an operator can enter into the field. This
attribute has special meaning for protected fields, data entry keyboards, and
the Numeric Lock feature.

o Nondisplay/Display/Intensified: Data contained in the field is either not
displayed, displayed at normal intensity, or displayed at high intensity. The
3279 does not support two levels of intensity; if no extended attribute is
defined, nonintensified fields and intensified fields are displayed in different
colors. (The actual colors are determined by the position of the Base Color
switch and the value of the Protected/Unprotected attribute.)

Programming Note: Refer to Appendix H for the use of intensified field
attributes when formatting selector-light-pen-detectable fields.

+ Detectable/Nondetectable: Displayed data in a detectable field can be
detected by the selector light pen. (The detectable field must contain a
designator character as described under “Selector-Light-Pen Operations” in
Appendix H.)



Automatic Skip

Attribute character bit assignments are summarized as follows:

X X u/p A/N D/SPD Reserved | MDT

0 1 2 3 4 5 6 7

EBCDIC

Bit Field Description

0,1 - Value determined by contents of bits
2—7. See Figure 1-8 for hexadecimal
values.

2 - 0 =Unprotected

1 = Protected

3 - 0 = Alphameric
= Numeric (causes automatic upshift
of data entry keyboard)

-

Note: Bits 2 and 3 equal to 11 causes an
automatic skip. See text

4,5 - 00 = Display/not selector-light-pen
detectable.

01 = Display/selector-light-pen detectable.

10 = Intensified display/selector-light-pen-
detectable.

11 = Nondisplay, nonprint, nondetectable.

6 - Reserved.

7 . | - Modified Data Tag (MDT); identifies
modified fields during Read Modified
command operations.

0 = Field has not been modified.

1 = Field has been modified by the
operator. Can also be set by pro-
gram in data stream.

Figure 2-5. Field Attribute Character Bit Assignment

Field attributes are protected against input from the keyboard; however, bit 7
(Modified Data Tag) is set to 1 when the operator enters data into the field
defined by the attributes. Attribute characters are not protected against operation
of the CLEAR key; pressing the CLEAR Kkey erases all locations in the display
buffer.

Upon entry of a character into the last character location of an unprotected data
field, the cursor is repositioned according to the attribute character describing the
next field.

If the field attribute character defines the next field as (1) alphameric and either
unprotected or protected, or (2) numeric and unprotected, the cursor skips the
attribute character and is positioned to the first character location in that field.

If the field attribute character defines the field as numeric and protected, the

cursor automatically skips that field and is positioned to the first character
location of the next unprotected field.
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Base Color Mode

Extended Attributes

The 3279 uses the field attributes for the additional purpose of controlling color.

Models 2A and 3A of the 3279 always decode the field attributes to assign a color
to each display field. If the operator sets the Base Color switch to base color
(0000), then the fields are colored in one of four colors—red, blue, green, or
white—depending upon the protect and intensify bits. If the operator sets the
Base Color switch to monochrome (00), all data is displayed in green except for
intensified fields; intensified data is displayed in white. The particular attributes
examined are the protect and intensify attributes. Figure 2-6 shows how the
value of these attributes determines the color of characters displayed in a field.

Attribute Bit Base Color Switch
Field Attribute 2 3 4 5 00 . 0000
Unprotected, normal intensity 0 X 0 X Green Green
Unprotected, intensified 0 X 1 0 White Red
Protected, normal intensity 1t X 0 X Green Blue
Protected, intensified 1 X1 0 White White

Figure 2-6. Colors Derived from Field Attributes

Models 2B and 3B support extended color. When extended color is used, the
Base Color switch is disabled. However, if extended colors are not used by the
application program, these models display base color or monochrome mode in the
same way as Models 2A and 3A. See “Extended Color Attributes” later in this
chapter for more information.

Note: The integrity of the unprotected/protected attribute is preserved; the
operator can enter data only into an unprotected field.

Additional characteristics may be assigned to display fields and to individual
character positions within the fields when the display station supports the 3270
Structured Field and Attribute Processing option. The extensions to the field
attributes are:

« Extended Highlighting (blink, reverse video, underscore)
« Color (blue, red, pink, green, turquoise, yellow, white)

+ Programmed Symbols (the character code in the display buffer is used to
address a Programmed Symbol set)

Note: Extended attributes are ignored if “nondisplay” is set in the field attribute.

When a character is displayed in a formatted field, the character attributes
corresponding to the display buffer location are examined to determine the
extended attributes of the character. If any of the character attributes contain
X‘00’, that particular attribute is “inherited” from the extended field attribute.

The application program may assign character attributes to an unformatted
display. Because there are no extended field attributes, however, the defaults for



Extended Highlighting and Programmed Symbol set are none and base character
set. Setting the extended color character attribute to X‘00’ in an unformatted
display causes the color to default to green.

Extended field attributes are protected against input from the keyboard. Input
data from the keyboard is always assigned character attributes of X‘00’ if the
operator does not select specific attributes. Enabling operator selection is a
function of the reply mode set by a Write Structured Field command.

The orders used by the program.to load or change extended attributes are Start
Field Extended, Modify Field, and Set Attribute. Orders and commands are
described in Chapter 1.

Extended Highlighting (Attribute Type X‘41°)

Extended Highlighting offers three ways in which a character or a field can be
highlighted: blink, reverse video, underscore. The valid codes for Extended

Highlighting are:
X‘00° — Select default (see Note 1)
X‘F1’ -— Blink
X‘F2’ — Reverse video (see Note 2)
X‘F4> — Underscore

Notes:

1. Default depends upon whether the display is formatted or unformatted:

a. Formatted: X‘00’ in the character attribute causes that attribute to be
inherited from the extended field attribute. X‘00’ in both the character
attribute and the extended field attribute causes display without

highlighting.

b. Unformatted: X‘00’ in the character attribute causes display without
highlighting.

2. Refer to “Triple-Plane Symbol Sets” later in this chapter for the effect of
reverse video on symbols defined with more than one color in a
single-character position.

3. If the operator selects “cursor blink’ or “reverse cursor,” the cursor attribute
interacts with the Extended Highlighting attribute (see ‘“Cursor” in
Appendix C).

Extended Color (Attribute Type X‘42°)

Extended Color is available only on 3279 Models 2B and 3B attached to a 3274
Control Unit equipped for structured field and attribute processing. For
compatibility of programming between color and monochrome, this attribute may
be sent to a similarly attached 3278 Model 1, 2, 3, 4, or 5 when the 3278 is
equipped with the Extended Character Set Adapter feature.
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Extended Color offers seven colors that can be defined for individual characters
within a field or for complete fields. The valid codes for the Extended Color
attribute are:

X000 — Select default (see Note 1)

X‘F1I’ — Blue

X‘F2> — Red

X‘F3* — Pink

X‘F4 — Green

X‘FS> — Turquoise

X‘F6’ — Yellow

X‘F7? — Neutral—white (see Note 2)
Notes:

1.

Symbol Set (Attribute Type X‘43°)

Default for an unformatted display is always green.

On a formatted display, a character attribute of X‘00’ causes a default to the
extended field attribute. When the extended field attribute also contains
X‘00’, the display of base colors by 3279 Models 2B and 3B is suppressed if
attribute type X‘42’ (Extended Color attribute) is used in the data stream
following:

a. FErase/Write or Erase/Write Alternate command.
b. Set Reply Mode structured field function.

When the display of base colors is suppressed, default is white for data in an
intensified field and green for all other data. (See Chapter 1 for details of
commands and orders.)

Base color is reenabled by either (1) an Erase/Write or Erase/ Write
Alternate command with bit 1 of the WCC set to 1 or (2) the operator’s
pressing the Clear, Sys Req, or TEST key. Colors displayed when base color
is enabled depend upon the field attributes and on the setting of the Base
Color switch. (See “Base Color Mode,” earlier in this chapter.)

X‘F7’ as a character attribute or “inherited” from the extended field attribute
causes the character to be displayed white except when a triple-plane symbol
set is used. (See “Triple-Plane Symbol Set,” later in this chapter.)

The Programmed Symbols features PS-2 and PS-4 use the character code from
the display buffer as an address to access a symbol set. (For details, see
“Programmed Symbol Sets,” later in this chapter.) Symbol sets are selected by
the symbol set attribute. Valid codes for this attribute are:

2-10

X‘00’ — Select default (see Note 1)

X‘40’ — Range of valid identities for symbol sets (see Note 2)
through

X‘ER’

X‘F1’ — Select APL/Text character set (see Note 3)



Programmed Symbols

Notes:
1. Default depends upon whether the display is formatted or unformatted:

a. Formatted: X‘00’ in the character attribute causes that attribute to be
inherited from the extended field attribute. X‘00’ in both the character
attribute and the extended field attribute selects the base character set.

b. Unformatted: X‘00’ in the character attribute selects the base character
set.

2. The identity assigned to a symbol set is determined by the programmer; it is a
valid identity only when the symbols have been loaded.

3. X‘F1’ cannot be used in the extended field attribute. This value is supported
only if the APL/Text character set is present. If used it is rejected.

A programmed symbol (PS) is a special character or graphic component that is
loaded by the application program into a symbol set in the device. Each symbol
set contains 190 symbol locations; each location contains a pattern of binary bits
equivalent to the dot pattern contained in each character position on the display
screen. To define a symbol, the application program sets only those bits in a
location that relates to the active dots needed to display the symbol.

Symbol sets are either single-plane or triple-plane. Triple-plane sets are not
available on monochrome displays. The advantage of a triple-plane set is that it
allows more than one color to be used in a single character position. The
following symbol sets are available at each PS address:

PS Address 3278 Models 2, 3, and 4 3279 Models 2B and 3B
A Single plane Single plane
B Single plane Single plane
C Single plane Triple plane
D Single plane Triple plane
E Single plane Single plane
F Single plane Triple plane

Characters displayed are a pattern of active dots. Each character position on the
screen is addressed by the display as a matrix of dots. Characters of the base
character set are defined within the display station as a pattern of active dots in
this matrix. The number of dots in the matrix and the size of the matrix vary
between display stations. Figure 2-7 illustrates the character position as defined
for the 3279 Models 2B and 3B and lists the parameters used by the 3278 Models
2,3, and 4.

When displaying a character from the base character set, the display station reads
an EBCDIC code from the display buffer. This EBCDIC code is used to address
the base character set, and the addressed location contains the pattern of points
needed to display the character. However, if the character attributes define or
“inherit” a symbol set, then the character code addresses a location in the symbol
set.
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* * * * * * * * *
* * * * * * * * *
* * * * * * * * *
* * * * * * * * *
* * * * * * * * *
* * * * * * * * *
* * * * * * * * *
* * * * * * * * *
* * * * » * * * *
* * * * * * * * *
* * * * * * * * *
* * * * * * * * *
3278-2, -3 32784 3279
Width, dots 9 9 9
Height, dots 16 12 12

Spacing between dots:

Vertical
Horizontal

0.38 mm {0.015 inch)
0.37 mm {0.0145 inch)

Figure 2-7. Size of Character Position

0.38 mm (0.015 inch)
0.37 mm (0.0145 inch)

0.46 mm (0.018 inch)
0.34 mm (0.0135 inch)

Take, for example, an application that displays a histogram. This application
would require a symbol set containing “fill”” patterns. Location X‘81’ in the
symbol set might then contain a cross hatch fill pattern. In this example, X‘81’ in
two locations in the display buffer might fetch two different patterns of active
dots; from the base character set, X‘81’ would fetch character a, and from the
symbol set, X‘81’ would fetch the cross-hatch pattern. Figure 2-8 illustrates this
example; the figure assumes that symbol set Y has been loaded.

Display Buffer 1 X'81" 1 X'81' |

Symbol Set lbase 1 Y |
Base Character
Set Symbol Set Y

————————— X——HK——%——
————————— —X—— K- — %
————————— —— %X ——%
————————— X——XK——K——
—— XK ——— —X——%X——%—
—————— X — - —— X% —X——%
mXXKK K- — H——%——%——
i e - XX =%
— XK KK — —— X=X —— %
——————— x - KX——X——%——
————————— —X—— K- — K-
————————— X X%

Figure 2-8. Conceptual View of Programmed Symbols Set

Symbol sets are loaded by the program issuing a Write Structured Field command.
Data sent to the display by the Write Structured Field command includes (1) the
number of the set being loaded, (2) the 1-character identity assigned to the set,
(3) a starting address for the load, and (4) the data that defines the required
symbol or set of symbols. Valid addresses for location in each symbol set range
from X‘41’ through X‘FE’. Loading of a set starts at the location specified in the
Write Structured Field command and progresses sequentially until all data has
been transferred to the set. For details, refer to “WSF Command, FMH]1, and
Structured Fields” in Chapter 1.



Single-Plane Symbol Sets

Triple-Plane Symbol Sets

A single-plane symbol set has no inherent color characteristic and is available for
both monochrome and color displays. On color displays, symbols from a
single-plane set are displayed in the color defined in the character attribute or the
extended field attribute. If the extended color attribute is X‘00’ in both the
character attribute and the extended field attribute, the symbol is displayed in the
default color (white for data or symbols in an intensified field and green for all
other data and symbols).

In certain applications, it may be necessary to display more than one color within
a single character position. For example, the Programmed Symbols feature may
be used to display three lines: one red, one blue, and one yellow. These lines may
cross at certain points, and the area of the crossing point is significantly smaller
than the area of a single character position. If multiple colors could not be
displayed within a character position, the point of intersection might appear as
follows:

————————————— r———v————————'——
_____________ o e e e e e e = -
_____________ S
bbbbbbbbbrrrrrrrrrbbbbbbbbhb
————————————— r—_——-—_—_—_—.—-—
_____________ f o= m - e e e e - - -
_____________ o= e e e e e e e = - -
_____________ o e m e e o -
YYYYYYYYYYXrrrrrrrrryyvvVYyVvYYyVvYyy
_____________ r—__—____—_.__-
_____________ e m e e e e - - -
_____________ e e e e m e —
Legend

r = red

b = blue

y = yellow

- = blank

The Programmed Symbols feature overcomes this difficulty by allowing the user
to define symbols that contain more than one color; these symbols are stored in a
triple-plane symbol set. Triple-plane symbol sets contain a separate plane for
each primary color: red, blue, and green. Corresponding locations in each plane
may be loaded with a different pattern of active bits. Addressing a locationin a
triple-plane symbol set fetches the bit patterns from each plane at that location;
the three patterns form the symbol displayed. The symbol is displayed in the
character position related to the display buffer location that contains the code
used to address the symbol set.

If the extended color attribute is X‘F7’ when a triple-plane set is addressed for a
symbol, the pattern from each plane is displayed in the primary color for the
plane, that is, red, blue, or green. To obtain pink, yellow, turquoise, and white,
the same dot is made active in more than one plane. The combinations of the
primary colors are described below under “Secondary Colors.”

If a color is defined in the character attribute or inherited from the extended field
attribute, all three patterns are displayed in the defined color. If no extended
color attribute is defined, the default is white for symbols in intensified fields and
green for symbols in all other fields.
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Secondary Colors

Triple-plane sets may be used as single-plane sets. If the program loads a
triple-plane set without defining it as such, the same symbol is loaded into each
plane. Loading a triple-plane set as a single-plane set causes the symbol to take
on the color characteristics of a single-plane set.

Secondary colors are obtained by mixing red, blue, and green. The secondary
colors are pink, yellow, turquoise, and white. When a pattern of bits from a
triple-plane symbol set is displayed with the extended color attribute of X‘F7’, if
the same bit is active in more than one plane, the active primary colors combine to
produce secondary colors. See Figure 2-9 for the combinations of primary colors.

Primary Colors

Red Blue Green Video

No No No No display
No No Yes Green

No Yes No Blue

No Yes Yes Turquoise
Yes No No Red

Yes No Yes Yellow
Yes Yes No Pink

Yes Yes Yes White

Figure 2-9. Color Combinations

Defining a Triple-Plane Symbol

A typical example of a symbol that requires a triple plane occurs where the
application program displays a graph with lines in different colors. At the point
where two or more lines cross, each line needs to hold its color in the same
character position as another line. The application programmer should also be
aware of color mixing that might occur at the point common to several lines.

Take, for example, the instance where two horizontal lines, one blue and one
yellow, are cut by a red vertical line. The active dots at the character position
might appear as shown in Figure 2-10.



...___r___._
_— e e - - - -
S
bbbbrbbbb
e e — = = = =
T
- e e = = -~
—-—.—.—.r—.———
YYYYTrXrvyyvyy
- - -y
U
____r——_—
Red Plane Blue Plane Green Plane
—-—-—-—r-—-——— ——————————————————
____r——__ __________________
———-—r———— ——————————————————
- -=--r - - - - bbbb-bbbb -=--=-+-~ -
——-——r-———.—- __________________
—._—_r———— __________________
____r____ __________________
-——.—.—r————- __________________
YrrYrrrrrry - = - = — - = = = g g9ggg-9gggg
___.._r—.—-—._ __________________
-———_r——.—_ ___________________
e e e e e e e e e e m — e e e = -
Legend:

b = active blue bit

g = active green bit

r = active red bit

y = yellow (red = green)

Note: The symbol extends to the edges of the character
position, thus allowing the lines to continue without
interruption into the adjacent character positions.

Figure 2-10. A Triple-Plane Symbol

Note: If the triple-plane example shown in Figure 2-10 were displayed with any
color attribute other than X‘F7’ (neutral), the three planes would be displayed in
one character position using the defined color; an attribute of X‘00’ for a
triple-plane set always defaults to white for symbols in an intensified field and to
green for symbols in all other fields. For example, if the symbol previously
described were displayed with a color attribute of X‘F5’ (turquoise), the symbol
would be displayed as:

_._..._.t__..._
__.._t___..
____.t____
ttttttttt
_.._.._t..._.__
____t__.._
_.___t_.___
____t____
ttttttttt
_._._._.t___...
_..__.t__..__
.____t__._._
Legend:

t = turgquoise
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Reverse Video and Triple-Plane Symbols

When reverse video is the Extended Highlighting attribute for a triple-plane
symbol, the inactive primary colors for each point are made active and the active
primary colors are made inactive. Figure 2-11 shows the effect of reversing the
primary colors.

Primary Colors

Red Blue Green Normal Video Reverse Video
No No No No display White

No No Yes Green Pink

No Yes No Blue Yellow

No Yes Yes Turquoise Red

Yes No No Red Turquoise

Yes No Yes Yellow Blue

Yes Yes No Pink Green

Yes Yes Yes White No display

Figure 2-11. Reverse Video Highlighting of Triple-Plane Symbols

For example, specifying reverse video for the triple-plane symbol used in this
chapter has the following result:

Normal Video Reverse Video

- - =--r - - - - WWWWLWWwWWW
- - - -Yr - - = - WWWWLtWWWW
- - - -y - - - - WWwWwwtwwww
bbbbrbbbb Y YVYVtyvyyvy
- - =--Y - - - - WWWWEWWWW
- - - - Y =~ = - - WWWWTLTWWWW
- - - - Y - - - - WWWWTLEtEWWWW
- - - - - = = - WWWWLTWwWwWwWw
VYYVYYVYyVvVvVy bbbbtbbbhb
- - - —-Y - - - - WWWWEWWWW
- - - -Y - - - - WWWWEtEWwWWwWWwWwW
- - =--Y - - - - WWWW©Ltwwww
Legend:

b = blue

g = green

r = red

t = turquoise

w = white

y = yellow

Unit and Model-Dependent Differences (Displays)

This section describes model-dependent differences that affect display and
keyboard operations.

Keyboard Types

Typewriter and data entry type keyboards can be attached to 3178, 3277, 3278,
and 3279 displays. The operator console keyboard can be attached to 3277
displays only.
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Keyboard Program Function Keys

Display Screen Size

Key Operation

Insert Mode

Typematic Keys

Numeric Shift Key

Screen Update

Typewriter and operator console keyboards attached to the 3277 have a maximum
of 12 program-function (PF) keys. The data entry and data entry
(keypunch-layout) keyboards attached to the 3277 displays have five PF keys. A
maximum of 24 PF keys are available on the typewriter keyboard attached to the
3178, 3278, and 3279 displays; and 10 PF keys are provided on the data entry
and data entry keypunch-layout keyboards used with the 3178, 3278, and 3279
units.

The 3277 has model-dependent screen sizes of 480 or 1920 characters. The 3278
and 3279 displays have model-dependent screen sizes of 960, 1920, 2560, 3440,
or 3564 characters. In addition, 960-character displays can function as
480-character displays, and 2560-, 3440-, and 3564-character units can function
as 1920-character displays. The 3178 screen size is 1920 characters.

Programs written for one screen size can be used without change on other screen
sizes that have the same width (that is, 40 or 80 characters) and a greater number
of lines, provided that (1) a protected field-attribute character follows the last
position on the screen that contains data and (2) the program does not depend on
data wrap.

On keyboards attached to the 3277 displays, the RESET key is used to return the
keyboard to normal operation after an insert-mode (INS MODE) operation. To
return a keyboard attached to the 3178, 3278, or 3279 display to normal
operation, any key that causes I/O communication can also be used.

The cursor move and space keys are typematic on the keyboards attached to the
3277 displays. On keyboards attached to 3178, 3278, and 3279 displays, the
ENTER key and alphameric keys (in addition to the cursor move and space keys)
are typematic.

When the Numeric Shift key on a data entry keyboard attached to the 3277
display is used with a key that does not have an upper shift symbol (@, #, D), a
blank character is inserted in the buffer. When the same operation is performed
using the Numeric Shift key on a data entry keyboard attached to the 3178, 3278,
or 3279 display, a no-shift character is placed in the buffer.

On 3277 displays, the entire image is removed from the screen when the screen
content is changed. This action causes a blank screen (referred to as ‘“blink™)
prior to display of a new image. When the content of a 3178, 3278, or 3279 is
changed, the entire image is not removed. Display stations attached to a 3274
using SNA/SDL.C protocol update the display image in character blocks of up to
256 bytes. As the screen on a display attached to a BSC 3274 is updated, if a
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communication line or program error is detected during execution of a Write
command, the update operation is stopped and the previous image is restored. If
the error persists, successive retry operations will be noted at the display station.

Display of New Line (NL), End of Message (EM), and Forms Feed (FF) Orders

The NL, EM, and FF order codes are displa,yed as 5,9, and < respectivelyon a
3277, but are not displayed on 3178, 3278, and 3279 units.

Display of Duplicate (DUP) and Field Mark (FM) Characters

The DUP and FM characters are displayed as * and ; on 3277 displays, and on
3178, 3278, and 3279 displays when the Dual Case/Mono Case switch is in the
Mono Case position. On 3178, 3278, and 3279 displays, the same symbols
appear with an overscore added (*, ;) when the Dual Case/Mono Case switch is
in the Dual Case position or always appear with an overscore when the displays
have the Extended Character Set Adapter installed and are attached to a 3274
with Configuration Support C installed.

Operator Indicators and Symbols

The 3277 has three operator indicator lights, located on the right side of the
display tube. The 3178 and 3278 Models 2, 3, 4, and 5 and 3279 units can
display up to 80 Operator Information Area symbols across the bottom row of the
display image; the 3278 Model 1 units can display up to 64 Operator Information
Area symbols.

Uppercase and Lowercase Character Display

Security Keylock
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The 3277 displays uppercase alphabetic characters. The 3178, 3278, and 3279
units display lowercase and uppercase character codes received from the host
unless the Dual Case/Mono Case switch is placed in the Mono Case position,
which results in an uppercase character display.

Uppercase and lowercase codes are transmitted between the host and the 3178,
3278, or 3279 display.

The Security Keylock is a security-enhancement special feature that provides a
key-controlled lock for 3277, 3278, and 3279 displays. The Security Keylock is
standard on 3178 displays. When the key is in the “off™ position or is removed
from the display station, the message buffer is “locked,” which prevents entry,
modification, and display of data. The display station is unavailable to
programmed read or write operations and to operator inputs such as keyboard
entry, card reader entry, and selector-light-pen operations.



Printers

Programmed attempts to access display stations that have the key turned off or
removed from the lock resuit in responses being returned to the CPU by the
control unit. Responses are device- and operation-dependent, as summarized in
the following table:

Device Attachment Operation Response
3274 B and D Units | All UC, IR Status and Sense
3274 C Units Specific Poll IR Status and Sense
(BSC) General Poll EOT
Selection Addressing | RVI
Sequence
3274 A and C Units | Normal Flow 3278/3279

(SNA/SDLC)

Requests

IR (Negative Response 0802)
3277

Power Off (Negative Response

0831)

Printers for the 3270 Information Display System provide a printed copy of
information that is displayed at a display station or of information written from
the host program. Printed data appears in the same alphameric characters and
symbols that appear on a display, and printouts can be formatted the same way a
display is formatted. Cursor information is ignored by the printer.

The following printers are available for attachment to the 3274 control units:

The 3230 Printer Model 2, an electromatrix printer supporting 3270 Data
Stream and SNA Character String (SCS) modes of controlling printer

formatting.

The 3262 Models 3 and 13, a line printer supporting 3270 Data Stream and
SNA Character String (SCS) modes of controlling printer formatting,

The 3268 Printer Model 2, a matrix printer supporting 3270 Data Stream and
SNA Character String (SCS) modes of controlling printer formatting.

The 3284 Models 1 and 2, a matrix printer supporting the 3270 Data Stream
mode of controlling printer formatting,.

The 3286 Models 1 and 2, a matrix printer supporting the 3270 Data Stream
mode of controlling printer formatting.

The 3287 Models 1, 2, 1C, and 2C, a matrix printer supporting 3270 Data
Stream and SNA Character String (SCS) modes of controlling printer
formatting; the C models are capable of supporting the Color, Extended
Highlighting, and Programmed Symbols functions of the Structured Field and
Attribute Processing customization option of the 3274 control units.
Extended Highlighting and Programmed Symbols are supported on Models 1

and 2.
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Print Line Formatting
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o The 3288 Models 1 and 2, a line printer supporting the 3270 Data Stream
mode of controlling printer formatting.

+ The 3289 Models 1 and 2, a line printer supporting the 3270 Data Stream and
SNA Character String (SCS) modes of controlling printer formatting.

The relationship between the printer buffer and a printout is shown in
Figure 2-12.

Full descriptions of the 3230, 3262, 3268, 3287, and 3289 printers are contained
in the following publications:

IBM 3230 Printer Model 2 Product Description, GA24-3759

IBM 3262 Line Printer Models 3 and 13 Component Description, GA24-3741
IBM 3268 Printer Model 2 Description, GA27-3268

IBM 3287 Printer Models I and 2 Component Description, GA27-3153

IBM 3287 Printer Models 1C and 2C Component Description, GA27-3229

IBM 3289 Line Printer Component Description, GA27-3176

Printout operations are specified by a Write command or a Copy command (3274
C units using BSC only) addressed to the printer. The print line format in which
the data is to be printed from the buffer can be specified as part of the command
in one of three printer formats. These formats define the print line length: 40,
64, or 80 character positions per line. If a format is not specified, the print line
length is determined by platen length on 3284 and 3286 printers, while the print
line length is 132 character positions on the 3262, 3287, 3288, and 3289 printers.
Print line length (maximum presentation line—MPL) can be set to values less
than 132 character positions by the operator on the 3230, 3262, 3268, 3287, and
3289 printers.

When the 3278 or 3279 Print key is used to initiate a printout, or when the 3274
SNA host copy operation, described later under “Local Copy Function,” is
executed, the print line length will be the same as that of the source display. Print
line length formats are specified below:

Addressed Format

Operation Command Terminal Specification
Host Write (except SCS) Write Printer WCC bits 2 and 3
BSC Host Copy Copy Printer CCChbits2 and 3
SNA Host Copy Write Display Same as display
PRINT key NA NA Same as display
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Figure 2-12. Relationship between Buffer Data and Printed Data




Printer Orders (3270 Data Stream Mode)

Printer orders are transferred as part of the data stream from the application
program and stored in the buffer as data.

Programming Note: Devices without the Extended Character Set Adapter
(ECSA) feature support 182 characters in the base character set: devices with
the ECSA feature support 191 characters in the base character set. If characters
from the 191-character set that are not supported by the 182-character set are
directed to a device without the ECSA feature, then that device may interpret
certain of these unsupported characters as control codes.

Some PS symbols may contain code points that coincide with those of control
functions. If these symbols are directed to a device without the PS feature, that
device will interpret these symbols as control codes.

New Line (NL) and End of Message (EM) (All Printers)

The NL order is executed only when encountered during an unformatted printout;
that is, a printout that does not have a line-length format specified. When an NL
order is encountered in the buffer, the printer performs an NL function. If no NL
order is encountered before the printer reaches the end of a line (as determined
by the maximum print position), the printer automatically performs an NL
function and continues printing. If an NL order is encountered at one character
position past the maximum print position, the 3230, 3268, 3284, 3286, 3287, and
3288 printers will perform two NL functions; the 3262 and 3289 printers will
perform one NL function.

The NL order is not executed when located in a nondisplay/nonprint field; it is
treated as an alphanumeric character and printed as a space. In addition, the NL
order is not executed when encountered during formatted printout. Instead, it is
printed by the 3284, 3286, 3287, and 3288 printers as the graphic “5,” and by the
3230, 3262, 3268, 3287, and 3289 printers as a space character.

The EM order is executed only when encountered during an unformatted
printout. The EM order is not executed when located in a nondisplay/nonprint
field; it is treated as an alphameric character and printed as a space. In addition,
the EM order is not executed when encountered during a formatted printout.
Instead, it is printed by the 3284, 3286, 3287, and 3288 printers as the graphic
“9,” and by the 3230, 3262, 3268, 3287, and 3289 printers as a space character.

- Forms Feed (FF) (3230, 3262, 3268, 3287, 3288, and 3289)

Suppress Index (SI) (3288)
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Valid Forms Feed (FF) orders are executed by the 3230, 3262, 3268, 3287, 3288,
and 3289 printers during either formatted or unformatted printouts. (The FF
order is described under “Page Length Control/ VFC Operations.”) When a valid
FF order is encountered in the first print position of a line, the print form indexes
to a predetermined print line on the next form.

The Suppress Index order is effective only when the 3288 is attached to 3271 or
3272 Control Units. See the 3271 Conirol Unit/3272 Control Unit/3275 Display
Station Description and Programmer’s Guide, GA23-0060.



Carriage Return (CR) (3230, 3262, 3268, 3287, and 3289 Printers)

When the Carriage Return (CR) order code is found in the data stream, the next
print position will be the leftmost character position on the current print line. CR
orders are not executed when they occur in nonprint fields and when the printout
is formatted (printer format bits in the WCC indicate a line length). In both
cases, the CR order is printed as a space character.

Printer Operations (3270 Data Stream Mode)

When the WCC Start Print bit is set to 1, the printout starts after the
control-unit-to-printer-buffer transfer is completed.

During a formatted print operation, data characters in the printer buffer are
scanned one line at a time before they are printed. A line feed is executed after
each line is printed. If a line contains only space characters (one or more), line
feed is performed to cause a blank line in the printout. When null characters,
attribute characters, or alphameric characters in nonprint fields are encountered,
they are treated as follows:

o If embedded in a print line, they are printed as spaces.

+ If they constitute an entire line, they are ignored and the line feed is not
performed; as a result, a blank line does not appear in the printout, and the
data is compressed vertically one line.

During an unformatted operation, buffer data printout begins at buffer location 0
and continues until the last position of the buffer is printed or until a valid EM
character is encountered. Each print line is left-justified. At the end of each
printout, a final line feed is executed so that the printer is ready to start the next
printout. When the print-terminating EM order appears in the first print position
of the print line, a final line feed is not executed because the printer is already
positioned at the left margin for the next printout.

Page Length Control/VFC Operations

The ability to index forms vertically under program control to a predetermined
print line is provided by the Page Length Control function for the 3262 and 3287
printers, by the Vertical Forms Control (VFC) specify feature for the 3288, and
as part of the basic 3289 functional capability. Special inks and preprinted forms
containing index marks are not required to make this feature operational.

When a valid Forms Feed (FF) order is encountered in the buffer during a
printout, the form skips to a predetermined line. Printing begins on the
predetermined line; the first print position (the buffer location containing the FF
character) is printed as a space character. Printing and skipping continue until the
printout is terminated. The printer is ‘“‘busy” while printing and skipping.

There is no limit on the number of FF orders that can be included in the printer
buffer or on the frequency of their occurrence. However, for an FF order to be
considered valid and thus initiate skipping, FF characters must be placed in buffer
locations corresponding to the first position of a print line in a field designated
either print or nonprint. This can be accomplished by placing the FF character
(1) in the first character after the WCC in a write, erase/write, or erase/write
alternate data stream to the printer or (2) after a valid NL or CR order.
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When an FF character is placed in the first character position of any print line
(for example, in character position 41 in a buffer with a printout format of 40
characters per line specified, or in character position 133 in a buffer for an
unformatted printout), the form skips to line 1, position 2.

An FF order in any other position (than the above) in the printer buffer is
considered invalid; the skip operation is not executed, and the FF character prints
as a ““<” character on the 3288 or as a space character on the 3262, 3287, or
3289, except when the FF order is located in a nonprint field. The “<”’ character
prints during either formatted or unformatted printouts. When an FF order is
sent to a 3288 that does not have the VFC feature installed, or if the skip
operation is not executed, the FF character is printed as a ‘“<” character. A valid
FF order prints as a space character:

During a print operation, if a valid FF order is encountered when the form is

located at the predetermined skip stop line (the first print line of each form) of a

3230, 3262, 3268, or 3288, the skip operation will be executed, and a blank form
will result. The 3287 and 3289 will not skip a blank form.

Programming Note: Placing the FF order at the end of a print buffer is not
recommended. When a valid FF order is placed at the end of a print buffer and is
followed by an EM order, the 3262, 3287, 3288, and the 3289 printers will stop
printing and skip to line 2 of the next form.

Before beginning Page Length Control/ VFC operations, forms must be loaded in
the printer and aligned to the print line where skipping should stop and printing
begin. If the forms are not aligned properly while initially being loaded, all forms
will be misaligned. The 3287 and 3288 Page Length Control/VFC circuitry
synchronizes with the skip stop line on the form as the cover is closed and the
printer goes from not ready to ready. If the cover must be raised or if a not-ready
condition occurs, the form must be checked to ensure that the skip stop line is in
the proper position before reclosing the cover.

The two Selector Switches must be set to the number corresponding to the total
number of print lines from one skip stop to the next for each Page Length
Control/VFC application. There can be up to 99 lines between successive skip
stop lines. When uniform length forms are used, the setting for the switches is
computed by multiplying the forms length in inches by the lines-per-inch setting,
either 6 lines per inch for the 3288, or 6 or 8 lines per inch for the 3262, 3287,
and 3289 printers. (For example, when 11-inch forms are installed on the 3288,
the switches should be set at 66.)

Programming Notes:

1. If an NL order and an FF order appear on the last line of a 3288 printout and
VFC is installed, FF is suppressed and the printér will not skip a full form. If
this condition occurs on a 3262, 3287, or 3289 printer, subsequent printing
will begin on a new form.

2. The Page Length Control function on the 3287 printer is synchronized when
power is applied or when the FF switch is pressed.



SCS Operations

SCS Control Codes

The SCS control codes provide printed page format control. They also can set
modes of operation, define data to be used in a unique way, and allow
communication between a terminal operator and an application program.

The SCS data stream consists of a sequential string of control and data characters.
When the SCS DATA structured field is supported, it may be used to carry the
SCS data stream.

SCS control codes are honored by the 3262, 3287, and 3289 printers when
operating as LU type 1 attached to the 3274. These printers, using SCS support,
can perform a variety of page-editing functions. The SCS control codes follow:

Code EBCDIC (Hex) Name

BS 16 Back Space

BEL 2F Bell Function

CR 0D Carriage Return

ENP 14 Enable Presentation
FF 0oC Forms Feed

GE 08 Graphic Escape

HT 05 Horizontal Tab

INP 24 Inhibit Presentation
IRS 1E Interchange-Record Separator
LF 25 Line Feed

NL 15 New Line

SA 28 Set Attribute

SHF 2BC1 Set Horizontal Format
SLD 2BC6 Set Line Density

SVF 2BC2 Set Vertical Format
TRN 35 Transparent

VCs 04XX Vertical Channel Select
VT 0B Vertical Tab

Note: To ensure format integrity, any change in print format should be followed
by the appropriate synchronizing event (CR, NL, FF, etc.).

The SCS control codes are defined as follows:

Back Space (BS): a format control that moves the print position horizontally one
position to the left. If the print position is at column 1, the function is
inoperative. Left margin settings are ignored.

Carriage Return (CR): a format control that moves the print position horizontally
to the left margin on the same line. If the print position is already at the left
margin, the function is inoperative.

Enable Presentation (ENP): a formatting control character used to enable the
printing of keyboard input data on the presentation space. This code performs no
function on the LU type 1 device, but it is accepted without error response and
without affecting format.
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Form Feed (FF): a format control that moves the print position to the top and left
margin of the next form. If the maximum presentation line (MPL) value has not
been set and there is no defauit value, the MPL defaults to 1, and the print
position moves to the left margin of the next line.

Horizontal Tab (HT): a format control that moves the print position horizontally
to the next tab stop setting. Horizontal tab stop values are set by using the Set
Horizontal Format (SHF) function. If there are no horizontal tab stops set to the
right of the current print position, the horizontal tab function results in a space.

Programming Note: Horizontal tab placed after the MPP will cause a space in the
first print position on the next line.

Inhibit Presentation (INP): a format control character used to inhibit the printing
of keyboard input data. This code performs no function on the LU type 1 device,
but it is accepted without error response and without affecting format.

Interrecord Separator (IRS): a separator character, normally used on the
LU-SSCP session. If received on an LU-LU session, the IRS defaults to a New
Line (NL) function.

Line Feed (LF): a format control that moves the print position vertically down to
the next line. :

New Line (NL): a format control that moves the print position to the left margin
and vertically down to the next line. NL is functionally equivalent to CR
followed by LF.

Set Horizontal Format (SHF): a data-defining control used to set the horizontal
format controls. These include left and right margins and horizontal tab stops. A
1-byte binary count follows the SHF code that indicates the number of bytes to
the end of the SHF string, including the count byte. The first 3 bytes following
the count byte define the maximum presentation position (MPP), the left margin
(LLM), and the right margin (RM), respectively. Tab stop settings follow the right
margin position. All values are expressed as 1-byte binary numbers.

The minimum SHF sequence is 1 byte long, which sets the horizontal format
controls to their default conditions. The SHF sequence is:

(SHF) (cnt)(MPP) (LM)(RM)(T1)(T2)...(Tn)

This value is used to define a line length less than, or equal to, the maximum print
position. The MPP default value is the maximum print position (132) or the value
set up by the printer operator (3262 and 3289).

Programming Note: If the MPP is set to a value greater than the physical page
width, data may be lost (for example, printing on the platen or print head jams at
the right margin).

LM specifies the column value of the leftmost print position. The LM also serves
as the first horizontal tab stop. Valid LM values are less than, or equal to, the
MPP. The LM default value is 1.

RM is not used in printing operations.



T1...Tn are horizontal tab stop settings. The tab stops do not have to be in order.
Valid tab stop values are equal to or less than MPP.

Set Line Density (SLD): specifies the distance to be moved for single-line vertical
spacing, as in LF or NL. A 2-byte parameter follows the SL.D control code. The
first byte, a count field, can be either X‘01’ or X‘02’. A count field of X‘01’ with
no parameter byte will set default print density. The sequence can also be
‘1BC60200’, which will set defauit value to 6 lines per inch. The second byte
specifies the distance in standard typographic points (one point = 1/72 inch).

For example, a value of 12 points indicates 6 lines per inch. LPI/Point Values are
as follows:

LPI 3t {4116 |8

Point Values| 241!] 181 121} 9

13289 only

Programming Note: If the SLD is changed without a corresponding change in the
MPL (and vice versa), printing may occur on the form fold.

When the logical unit controlling a 3287 or 3289 receives an LU type 1 Bind, the
3287 or 3289 will default to a line density of 6 lines per inch.

Density values not implemented are rejected with a negative response of X‘1005’,
parameter error. Line densities defined for the 3287 and 3289 printers are as
follows:

LPI 6 |8 (4|3
SLD 12 19 | 181 241
13289 only

Set Line Density (SLD) - 3262: SLD sets the number of print lines per inch by
specifying the distance to be moved for single-line vertical spacing, as in LF or
NL. This function changes values that were previously set during printer
initialization or by pressing the CHANGE LPI key on the operator’s panel.

A 2-byte parameter follows the SL.D control code. The first byte, a count field,
may be either X‘01’ or X‘02’. The second byte, a line density parameter (Ipi),
specifies the distance to be moved for single-line vertical spacing. This value may
be X‘18’ (for 3 Ipi), X*12’ (for 4 Ipi), X‘0C’ (for 6 Ipi), or X‘09’ (for 8 Ipi).

A count field or X‘01’ with no following line density parameter byte sets the

default print line density to the current operator panel setting (either 6 or 8 Ipi).
A count field of X‘11’ (host system default) also sets line density to 6 Ipi.
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The following examples show how to use the SLD function:
2BC60218 = 3 Ipi
2BC60212 = 4 Ipi
2BC60209 = 8 Ipi
2BC6020C = 6 Ipi
2BC601 = default to op panel setting
If no SLD value is specified, the printer uses the operator-selected value.

Set Vertical Format (SVF): sets vertical format controls, including the maximum
presentation line (MPL), top margin (TM), bottom margin (BM), and vertical tab
stops. A 1-byte count field follows the SVF character to indicate the number of
bytes, including the count byte, in the SVF string.

The first three values following the count in an SVF string are the maximum
presentation line, the top margin, and the bottom margin, in that order. A zero
for any of these values results in the function assuming the default value. Vertical
tab stop values follow the bottom margin. All values are expressed as 1-byte
binary numbers.

The SVF sequence is:
(SVF)(cnt)(MPL)(TM)(BM)(T1)...(Tn)

MPL defines the page depth. All values between 0 and 102 (3287) and 0 and
127 (3289) are valid. A page depth defined by the SVF takes precedence over
the device default value. The MPL default value for the 3287 is 1; the MPL
default value for the 3289 is 1 or the contents of the Selector switch. If the
Selector switch is set to 00 and power is turned on, the MPL defaults to 1; if the
Selector switch is set to 00 and the Reset switch is pressed, the MPL remains
unchanged.

Programming Note: If the MPL is set to a value greater than the physical page
length, printing may occur on the form fold.

TM specifies the line value used as the top representation line on the page. The
top margin is also the first vertical tab stop. Valid TMs are equal to, or less than,
MPL. The default TM value is 1.

After the TM is initialized, the TM should not be changed because a TM change
requires operator intervention to align the physical page. The printer cannot
detect physical line 1; therefore, it is assumed the operator has aligned physical
line 1 to the printer’s logical line 1. If a printer must be used in an intermixed
SCS/non-SCS environment, the operator should always set the physical page line
1 at the first line to be printed and the TM should always be set to a value of 1.

BM specifies the line value that, if exceeded, causes an automatic skip to a new
page. BM must be greater than, or equal to, TM, and less than, or equal to, the
MPL. The default BM value is the MPL value.



Transparent (TRN): a data-definition character which provides for the
transmission of data in transparent mode. A 1-byte binary value follows the TRN
code which specifies the number of bytes of transparent data to follow. The
length does not include the length byte. Transparent data is user-defined and is
not scanned for SCS control. Valid graphics are printed. Invalid graphics are
printed as hyphens (-).

Vertical Channel Select (VCS): is a device control code that allows selection of
one of 12 vertical channels to control vertical format. The first character of the
code is the select code, followed by a function value which selects the appropriate
channel. When necessary, printers default the VCS code to an LF function. The
3287 always executes LF. The 3262 or 3289 skips to the channel, as specified by
VCS.

Vertical Tab (VT): a format control that moves the print position vertically down
to the next vertical tab stop setting. Vertical tab stops are set by using the Set
Vertical Format (SVF) function. If there are no vertical tab stops below the
current print position, the VT function results in an LF function.

Graphic Escape (GE): a character selection code that immediately precedes a
codepoint and is used to indicate that the character to be displayed or printed is to
be selected from the character set stored in ROS 1. (The base character set for
the machine is stored in ROS 0.)

Set Attribute (SA): an attribute defining code used to associate the color,
extended highlighting, and programmed symbols attribute types with a character
or string of characters. The SA code can also reset the attributes defined for a
character or string of characters to those of the field in which the character(s)
appear. (See Chapter 1.)

Program Attention (PA) and Cancel Print Switches

The PA1/PA2 and Cancel Print switches are provided when SCS is installed on
3262, 3287, and 3289 printers (SCS is always installed on the 3289) attached to
the 3274 via the type A adapter. These switches allow the operator to
communicate with the host system in SCS mode, and are used with the Hold
Print/Enable Print switch. Operator- or host-initiated operations can be
performed.

Cancel Print. The Cancel Print switch causes the printer to terminate the current
print operation. Portions of a chain that have not been passed to the printer are
purged by the control unit.

Cancel print is meaningful when the printer is printing SCS data or waiting for
the next data in a chaining operation. If the Cancel Print switch is pressed and
the printer is not processing SCS print data, an invalid switch operation is
indicated at the printer. The control unit is not made aware of this condition.

PA1/PA2. The PA1/PA2 switch causes an attention to be sent to the control
unit. The status indicator on the printer will indicate acceptance of the code, and
printing is resumed if it was in progress prior to the PA switch sequence. The
two-digit code is then cleared from the status indicator.

The operator may then initiate another PA switch selection if the previous

selection is overwritten. PA switch information is not stacked within the
subsystem.

Chapter 2. Terminals 2-29



Print Format Control

Local Copy Function

2-30

The control unit of an SCS printer transmits the PA switch codes to the PLU as
FM data, as follows (note that there is a blank between APAK and the PA switch
code digits): .

PA Switch Text String Transmitted
1 APAK 01

If the printer is not in SCS mode (for example, performing a local copy
operation), an invalid switch operation is indicated, and no PA switch sequence
can be initiated.

The format of the printed data is determined by the following parameters:
Maximum Presentation Position (MPP)
Maximum Presentation Line (MPL)
Lines per Inch (LPI)
Single/Doublespace
Mono/Dual Case

The 3262 and 3289 allow the operator to change the machine default values of
these parameters. They can be set by the host or control unit in SCS and
non-SCS print modes. See the 3289 or 3262 Component Description manuals for
detail.

When the 3287 is operating in SCS mode, the operator can change the machine
default of only Single/Doublespace. The default values are MPP = 132, MPL =
1, LPI = 6, and Mono/Dual Case = Dual.

In addition to processing the BSC Copy command in remote control units (3274
C units and 51C BSC), the 3274 units provide a local copy function which allows
direct data transfer from a display station to a printer(s) attached to the same
control unit. The local copy function is directed by the 3274 printer authorization
matrix. The printer authorization matrix must be loaded into the control unit.

The local copy function can be operator- or host-initiated. For operator-initiated
copy, the operator uses the Print key on a keyboard attached to a 3178, 3278, or
3279 to initiate a local copy request. The local copy request is serviced by a
printer selected under control of the print-control matrix.

In SNA models (3274 A and C units or 51C (SDLC)), host-initiated local copy
requests are initiated by issuing a write-type command with the WCC Print Bit set
to 1. Printer selection and servicing of the local copy request proceed in much the
same way as for operator-initiated local copy requests.

Do not attempt to copy graphics dependent on more than one character position
for their presentation. If the graphic data cannot be accessed by a single code
point, the printout will be inaccurate because of the differing block matrix sizes



and dot densities between display and printer. Also, attempting to copy to a
printer not featured for Programmed Symbol operation, or not containing a
matching symbol set (with the one in the display station), results in default to the
1/0 interface character set installed in the printer.

Screen Capture Function (3278 with IBM 3270 Personal Computer Attachment)

The objective of the screen capture function is to transfer the data visible on the
3278 screen to the IBM 3270 Personal Computer Attachment for printing on the
personal computer printer or for recording on the personal computer diskette.
Screen capture is effective only in host mode.

Screen capture is initiated by pressing of the Print key on the keyboard. The
printer ID must be defined as 99. 99 indicates that the selected printer is the
personal computer. If the printer ID is not 99, a normal local copy operation
occurs.

3274 Printer Authorization Matrix

The 3274 printer authorization matrix is either sent from the host per operator
request or specified during 3274 customizing. The matrix defines the operating
characteristics of the printers attached to the control unit. (For details on
specifying the matrix from a terminal, refer to the IBM 3270 Information Display
System: 3274 Control Unit Planning, Setup, and Customizing Guide,
GA27-2827.) In this regard, the matrix serves a threefold purpose:

1. Establish Printer Mode. A printer may be reserved for exclusive use of either
the host or the local copy function. A third mode allows a sharing between
these two functions.

2. Assign Print “Classes.”” A print “class’ is a way of grouping printers for use
by local copy. A local copy request directed to a “class” is then serviced by
one of the printers assigned to that group.

3. Define Source Device Lists. The source device list specifies which displays
may use any given printer for local copy. Note that all displays for a printer
must be attached to the same adapter type as the printer. For example, a
category A printer can have only category A displays in its source device list.

Printer Modes. A printer may be in one of three modes, specified in the printer
authorization matrix as local, system, or shared mode. Each printer on the 3274 is
defaulted to system mode until a matrix is loaded. Printers that are specified as
being in shared or local mode then become available for local copy use.

Local Mode. A printer in local mode may be used for local copy functions
regardless of host attachment or communication protocol. This means that
displays within the cluster may contend for use of printers but the host may not.
The printer is not available for direct print operations from the host.

A local copy operation involves the transfer of data from the display buffer to the
printer buffer and the subsequent printing of that data. A local copy may be
initiated by an operator using the Print key on a 3178, 3278, or 3279 attached to
a 3274 or by the host when the display is operating in SNA/SDLC. (The Start
Print bit in the WCC of a Write command to the source display initiates the host
copy operation.)
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The response to a Copy command or a direct print request(s) from the host to a
printer when in local mode is Intervention Required (IR). Also, a printer in local
mode cannot validly be specified as a “from” BSC device in a Copy command.
An I/0 operation addressed to a printer in local mode when attached to a
3274-1B or -1D results in Control Check (CC). Subsequent operations cause
Intervention Required. The control unit sends Device End (DE) when the printer
is returned to either shared or system mode.

In SNA/SDLC, an LU type 1 or 3 bind request to a printer is rejected with a
negative response of X‘0801’ (printer not assigned) when the printer has been put
into local mode.

System Mode. A printer in system mode is entirely under host (system) control.
This is the default mode each printer assumes when no matrix has been loaded.
The printer cannot be used for operator-initiated local copy requests. The printer
is likewise not available for host-initiated copy operations when using
SNA/SDLC. However, when operating with BSC discipline, the printer may
honor a BSC Copy command when it is in system mode. The BSC Copy
command, directed to the “to” device, specifies the “from” device as a command
parameter and does not use the printer authorization matrix. Host-directed
printing is described under “3274 Local Copy Operation.”

Shared Mode. In shared mode, both host-directed printing operations and local
copy operations are permitted on the same printer. When in system mode, the
printer is protected from local copies; in local mode, the printer is protected from
host-initiated operations. However, when in shared mode, the subsystem does not
guarantee this type of integrity. The user must assume the responsibility for
integrity of his printed data by “installation rules” and proper programming
practices when using a printer in shared mode. In BSC, an operator-initiated local
copy operation to a printer in shared mode is not executed if the printer has status
pending from a previous host-directed print operation. General or Specific polling
will clear the printer status and free the printer for local copy usage.

In SNA/SDLC, a printer designated as being in shared mode in the printer
authorization matrix may be used for local copy under the following conditions:

« When the printer is not in session with a primary logical unit (PLU) in the
host

« When Between Bracket Printer Sharing has been specified in the customizing
procedure (sequence number 213) and the printer is not in bracket state with
a PLU in the host.

Printer Class Structure. The printer authorization matrix provides the ability to
assign a printer to a class. The definition of a class of printers is made by the
customer, and may be based on type, character subset, type of forms mounted,
location, etc. For example, in a particular installation class, “72” may have been
defined as referring to all printers with yellow paper. Thus, an operator may
select an authorized printer on the basis of these characteristics rather than by
address. When multiple printers are assigned to a class, improved copy
throughput can be obtained.

The printer authorization matrix allows a maximum of 16 printer classes to be
defined in each subsystem. A display operator may select a printer by class by
using the IDENT key (ALT key depressed) and keying in a number ranging from



70 through 85 corresponding with one of the 16 classes. With this type of
operation, the control unit selects an authorized printer in the class to service the
copy. In any configuration, a single printer may be in one or several classes, or
not in a class. Several printers may be members of a single class.

Source Device Lists. Each printer may be restricted as to which displays it may
accept local copies from. Note that the control unit restricts local copy operations
to devices on the same adapter (type A or type B). Any given printer may be
permitted to process copies from some, all, or none of the displays on the same
adapter. Even if configured in the source device list, local copy from a type B
display to a type A printer (and vice versa) is not allowed.

When a local copy is directed to a print class, the printer selected will be one that
is attached to the same adapter and that is authorized to accept copies from the
requesting display. Not all printers assigned to a particular class may be
authorized for the same subset of display terminals.

Matrix Structure. The 3274 printer authorization matrix defines how display
stations (source devices) may use printers (destination devices) attached to the
same control unit for the purpose of printing a local copy request.

The printer authorization matrix is structured as a two-dimensional array with
each device in the cluster represented by a destination device descriptor with the
following format:

Printer Port Address Mode Class Source Device List

Printer Port Address is the first field of the descriptor. A decimal address from 01
to 31 for the 3274 allows printers to be attached to any port on the control unit,
except port 0. Addresses are sequential by adapter.

Mode defines the printer to be in local, system, or shared mode.

Class is the third field of the descriptor, and provides the ability to group printers
into classes. This field is bit-coded, one bit for each of 16 classes, so that a single
printer may be in more than one class. Valid classes are designated 70 through 85
inclusive. Coding a 1 under the appropriate class allows the printer to accept
copies from displays selecting that class, provided it is authorized by the source
device list.

Source Device List is a bit-coded field that specifies which displays (D) are
authorized and configured to use the printer (P) associated with this device
descriptor. Each bit position is associated with a port number on the cluster.
Coding a 1 under a given display port address allows the printer to service copies
from that display.

Note: The class and source device list must be changed from binary
representation to hexadecimal for entry during customizing.
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Consider an example in which ports O through 9 of a 3274 have terminals
attached as follows:

Port Number 0123 4567 89
Terminal DDPPDDPPDD

With the following matrix:

Printer
Attached
to Port Source Device List
with Class PortNo: 01 234567829
Address Mode | 7071 72 73... Terminal: DDPPDDPPDD
02 Local 0000 10XX00XX0O0..
03 Shared { O 1 0 O 01 XX10XX00..
06 Local 0100 01 XX10XX1T1..
07 System | O 0 0 O 00XX00XX00O0..

X = Reserved, set to 0.

In this example, the display at port O may copy only to the printer on port 2. This
printer is not addressable by class (class = all zeros). The displays on ports 1 and
4 are authorized to use either the printer on port 3 or the printer on port 6, while
the displays on ports 8 and 9 are authorized to use only the latter. The printer on
port 3 may also be used by the host. If selected by address, the addressed printer
is logically connected to the display for local copy operations. If addressed by
class, all printers in the class are logically connected to the display for local copy
operations. In a class environment, printers in the class are selected on a
most-available basis.

The display at port 5 is not authorized to use a printer as a local copy device.
Also, the printer at port 7 is in system mode and therefore reserved for exclusive
use by the system. It is not available to any displays for local copy operations,
even if there is an authorized display in the source device list. .

It is important to note that source devices are associated with destination devices,
not with classes. Thus several printers may be defined to be in class 75, but a
particular display may only be authorized for some subset, or even for none of the
printers in that class. When class identification is displayed in the indicator row
of the display, copying is performed only to authorized printers in that class.

Note: When defining the printer authorization matrix, it is desirable to match the
capabilities of the destination printers with those of the source display, especially
the capabilities for APL/Text handling and support of the Extended Highlighting,
Color, and Programnfed Symbols functions. If the print buffer is at least as large
as the display buffer, acopy request will be honored, but, if the other capabilities

do not match, a degradation ol 'the printout may result, depending upon the . '
contents of the display buffer when the cop

Loading the Matrix. The 3274 printer authorization matrix is required to perform
local copy operations between category A terminals. L.ocal copy operations are



not permitted between category B terminals attached to a 3274. However,
host-initiated copy may be performed by presetting a PF key on the category B
terminal. If no matrix is loaded, the default condition for the cluster is that all
printers are in System mode, and local copy operations are not possible except
with the BSC Copy command. The matrix is loaded by one of the following
procedures:

o The matrix may be defined during the customizing process. If so, the matrix
is automatically loaded whenever IML is performed on the system diskette.
See the IBM 3270 Information Display System: 3274 Control Unit Planning,
Setup, and Customizing Guide, GA27-2827.

« The operator initiates loading of a printer authorization matrix as follows:

1. The display operator initiates a transaction with a host program
responsible for defining, managing, and loading the printer authorization
matrix. This transaction may, through appropriate interaction with the
operator, define a new printer authorization matrix, retrieve a previously
defined matrix from host storage, or redefine an existing matrix.

2. The host program then transmits the matrix data to the display attached to
port 0 as normal application data in a data stream, causing it to be stored
in the display buffer as normal character data.

3. The operator holds down ALT and presses the Erase to End of Field key
(EOF), causing the buffer to be scanned one row at a time from top to
bottom. As each row is processed, the configuration data is stored in
internal form in the control unit.

If the control unit is a 3274-51C with the X.21 Switched Network Adapter
feature installed, buffer scanning is initiated by using the ALT key, the X.21
extension key, and the Host Load Matrix key as follows:

1. Simultaneously pressing the ALT and X.21 extension key
2. Then pressing the Host Load Matrix key

During the loading process, the Time symbol is displayed in the Operator
Information Area and the keyboard is locked. If the load is successful, the Time
symbol is turned off and the keyboard unlocks. The cursor appears in column 1
of the row containing the end-of-matrix attribute sequence. The operator can
then return to normal activity. Local printing can take place according to the
authorization established in the matrix. When the load process is completed,
configuration data cannot be retrieved from the control unit for presentation back
to the operator or the host.

If the loading process is unsuccessful, the Program Check symbol is displayed and
the keyboard remains locked. The cursor appears in column 1 of the row
containing the ‘error. The operator can reset the keyboard and resume operation.
Only those device descriptors that have been processed take effect. Recovery
procedures are the responsibility of the application program. It is a host program
responsibility to ensure that correct matrix data is loaded. If invalid data is
loaded, unexpected results may occur when the matrix is used by the subsystem.
Loading of the matrix will terminate abnormally only when there is a Program
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Check. A display must be operating in 80-column format to properly load a
matrix. If a matrix load is attempted, and the display is in 40-column mode, a
Program Check will occur.

Screen Format. When the operator initiates the load operation from the keybeard,
the printer authorization matrix must appear in the buffer as shown below:

Rows 1,2 -— Reserved

3 — Header

4-4N — Destination Device Descriptors
N+1 — Trailer

The first two lines of the display are reserved for the host program to display
descriptive information to the display operator. These positions are not scanned
during the load process.

Header. There must be a sequential string of four attribute characters, beginning
at the first character position on the third row of the display, as follows:

Hex

EBCDIC ASCII| Graphic Definition

60 2D —_— Protected

C1 41 A Unprotected, MDT = 1

D4 4D M Unprotected, Numeric, Detectable
60 2D — Protected

This 4-byte sequence uniquely identifies the buffer data that follows as print
authorization data. If the sequence does not appear exactly as shown, a Program
Check occurs and the loading process is terminated. The remainder of the third
row is not scanned.

Device Descriptors. Subsequent rows of the display contain the destination device
descriptors. One descriptor is contained in a row. The format of each descriptor
is as follows:

Col 1 Cols 2,3 Col 4 Cols 5—20| Cols 21—52
Protected Address Printer Print Source Device
Attribute - of Printer - | Mode - Class - List - 32

1 byte 2 bytes 1 byte 16 bytes bytes

The protected attribute (EBCDIC X‘60’ or ASCII X‘2D’) defines the next 51
bytes as a destination device descriptor. If it does not appear in the first column
of the row, a Program Check occurs and the loading process is terminated at this
point. ,

The 2 bytes immediately following the attribute character provide the
character-coded decimal address of the printer being described. For example, the
printer at port 03 is identified by the character data “03”’, X‘FOF3’. Addresses



are validated at the time the matrix is loaded to.ensure that addresses are within
the range of the number of devices configured on the control unit. A Program
Check is indicated if an invalid device address is specified.

Printer mode is expressed as follows, as a 1-character field:

Hex
Mode EBCDIC| ASCII Graphic
Local D3 4C L
System E2 53 S
Shared D1 4A J

Any other coding of this byte results in the printer being defined to be in system
mode. There is no validation of this byte during loading of the matrix. If there is
a conflict between the mode definition and the coding of the source device list,
the mode byte takes precedence.

The next 16 characters define the printer classes that are applicable to the device.
By appropriate coding of this field, a device can be defined for multiple classes.
Each character in this field is defined to be a character-coded digit, representing
one entry in the class field of the device descriptor:

Display
Column:| 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20

Class: 70 71 72 73 74 75 76 77 78 79 80 81 82 83 84 85

The character 1, X‘F1’, in one of these character positions defines the device
being described as a member of the class associated with the corresponding
position in the class field of the device descriptor. The character 0, X‘F(Q’, or any
other character in this position, means that the device is not in the associated
class.

The source device list is a 32-byte field. Source devices authorized for printers
are character-coded. The character “1”’, X‘F1’, in any character location,
specifies the associated device as an authorized source device for the destination
device being defined. The character 0, X‘F(Q’, or any other value in this location,
indicates that the associated device is not a valid source device:

Display Column: | 212223242526272829303132. ... 52

Device Address: 000102030405060708091011. ... 31

Each descriptor takes 52 bytes, including the attribute byte; thus, each row
contains 52 bytes of significant information. Other data on the row is not
scanned during the load process. The first descnptor begins at row 4 column 2,
the second at row 5 column 1, etc.
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Trailer. The end of the matrix is signaled by the following sequence of four
attribute bytes, beginning in the first column of the row following the last valid
destination device descriptor:

Hex

EBCDIC ASCIH| Graphic Definition

60 2D — Protected

Cs5 45 E Unprotected, MDT = 1, Detectable

D5 4E N Unprotected, Numeric, MDT = 1, Detectable
C4 44 D Unprotected, Detectable

Scanning of the buffer terminates at this point; the configuration data and each
device descriptor are stored in the control unit. If a descriptor has been previously
loaded for a particular destination device, it is replaced by the one being loaded.
An existing descriptor, not replaced, is in effect for local copy operations. There
is no global reset other than power off on the control unit. Only a Program Check
causes termination of the load process prior to completion. If the configuration
data is not valid, for example, if a display is selected as a destination device, there
is no notification of this condition to either the operator or the application
program. However, when a local copy operation is attempted, it will not be
performed.

Programming Note: If a printer authorization matrix is constructed using multiple
Write commands, the WCC bit setting must not specify reset MDT bit 7 = 1.

Mode Transitions. When a new printer authorization matrix is loaded into the
3274, unsatisfied print requests may still be queued. These print requests may
have been made using destination device descriptors which were modified by the
loading process. When new device descriptors are loaded into the subsystem,
outstanding print requests are satisfied (if possible) based on the new
configuration matrix. If the print requests cannot be satisfied, they are purged
from the queue.

If a destination device changes from local to system mode, a bind to the printer
LU is allowed, and any local copy requests queued for the printer are purged from
the queue. When initiated by an operator using the Print key, the Busy symbol on
the requesting display changes to Operator Unauthorized. When initiated by the
host using the Start Print bit in the WCC, a negative response of X‘0801’, printer
not available, is sent to the PLU. Any printing actually in process is completed.

If a device changes from system to local mode, subsequent transmissions to the
SLU are responded to with X‘0801’, printer not available. If the printer is not in
session, the transition to local mode is immediate. When changed from shared to
system mode, the transition is immediate if the printer is in session with a host
PLU. If the printer LU is not in session when the change is made, a session may
be bound to the printer LU. However, any outstanding print requests are purged
from the print queue. When initiated by the operator with the Print key, the Busy
symbol is replaced with the Operator Unauthorized symbol. (Refer to Appendix
B for symbol descriptions.) When initiated by the host with the Start Print bit in
the WCC, a negative response of X‘0801’ is generated to the host request. When
changing from local to shared mode, and from system to shared mode, the
transition is immediate.



3274 Printer Status Symbols. The following conditions determine which printer
status symbols appear in the Operator Information Area when the printer
authorization matrix is loaded from the host:

1. After the matrix is updated, the Printer Assignment symbol is checked on
each display station. If the current assignment symbol is still valid, i.e., the
printer or printer class is authorized for use by the display operator, the
symbol is not changed. If the assignment is not valid, but the display operator
is authorized to use other printers, the Printer Assignment symbol is changed
to What Printer symbol. If there are no printers in the system authorized for
use by the display station, the Printer Assignment symbol does not appear.

2. If the Printer Assignment symbol is not displayed when the matrix is loaded,
and there are printers authorized for the display station, the Printer
Assignment symbol then appears. The nn value is assigned as the first (lowest
address) printer authorized for the display station. If there are no authorized
printers for the display station, the symbol will not appear.

3. The priority of the printer status symbols, from lowest to highest, is as
follows:

®

No display

b. =77 What Printer

c¢. o—onn Printer Assignment
d. ®=__ Assign Printer

€. ©—"nn Printer Printing

f. o—mnn Printer Failure

Thus, if Printer Assignment or Printer Failure is displayed while the matrix is
loaded, the symbol will not change until the condition causing the current
indication is cleared, as for example, when the printing operation is
completed. The new printer status symbol is then displayed.

4. Writing the What Printer symbol to a display, or removing the Printer
Assignment symbol, will terminate the print ID sequence if the operator has
been entering a print ID during the load process. The cursor will be visible,
and there will be no inhibit conditions.

5. If operator-initiated print requests are queued and a new matrix is loaded, the
symbols will change (as previously described). If there is no change in
assignment, the queued requests will be processed normally. However, if the
Printer Assignment symbol is not displayed or is changed to the What Printer
symbol by the load process, the Operator Unauthorized symbol is displayed,
the print request is removed from the queue, and the keyboard is locked.
Pressing the RESET key will unlock the keyboard. If the queued request was
host-initiated, the keyboard remains locked, the Time symbol is displayed, the
request is removed from the queue, and a negative response of X‘0801°,
printer not assigned, is sent to the PLU.
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6. If the Print key is pressed while the What Printer symbol is displayed or while
no Printer Assignment symbol is displayed, the Operator Unauthorized
symbol will be displayed and the keyboard will be locked. RESET will unlock
the keyboard.

7. Tf the IDENT key is pressed while the What Printer symbol is displayed, the
Printer Assignment symbol will appear. The first (lowest number) print class
of the first (lowest address) printer authorized for use by the display is
indicated by nn.

8. If the IDENT key is pressed while no Printer Assignment symbol is displayed,
the Operator Unauthorized symbol is displayed and the keyboard is locked.
RESET will unlock the keyboard.

9. If power is removed from a display station after the matrix is loaded, and
there are printers authorized for use by the display station, the Printer

Assignment symbol will be displayed as described previously in condition 2.

Changes that can occur to the printer status symbols are summarized as follows:

If the Current Printer And the New Matrix Then the New

Status Symbol is: Specifies: Symbol Is:
o—mnn nn is still authorized. =—enn
—o—mnn
o—onn nn is no longer
c—ann authorized, but there o7 7
=-—-nn are authorized printers ‘

for the display station.

=—ann nn is no longer

C—mnn authorized, and there

=—ann are no authorized blank
printers for the
display station.

An authorized printer
a7 ? exists for this =—a??
display station.

Authorized printers

blank exist for the display o—onn
station.
o7 7 No authorized printers
, exist for the display blank
or blank station.
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3274 Local Copy Operation

Print and IDENT key operations are summarized as follows:

If the Current Printer And the Following Key
Status Symbol Is: Is Operated: Then:
o—a?? Print Operator Unauthorized
is displayed, and the
or blank keyboard is locked.
o077 IDENT The control unit will
make assignment and
display o—cnn .
IDENT Operator Unauthorized
blank is displayed, and the
keyboard is locked.
o—onn Print Print request is processed
as described under
“Operator-Initiated
Copy.”
o—onn IDENT o—— s displayed
and print ID mode
is entered.

The operator initiates a local copy function using the Print key on the keyboard of
a 3178, 3278, or 3279 attached to a 3274, or, in SNA/SDLC, the PLU initiates a
local copy operation by sending a write-type command to the display, with the
Start Print bit turned on in the WCC. The host-initiated local copy function may
be initiated with the BSC Copy command directed to the “to” device (as
described under “Copy Command” in Chapter 1).

The responses to local print requests are discussed in the following paragraphs.
These responses depend upon the availability of printers within a selected print
class. When a selected print class contains two or more printers, and no printers
are immediately available, the system response to the print request is based on the
most available printer(s) in the selected print class. Categories of unavailability,
in order from most to least available, are:

1. Busy executing a display printout for another SLU.

2. An Intervention Required condition exists.

3. Allocated as LU1 or L.U3, in session with a PLU.

4. A permanent error situation.

Printer Selection. With the exception of the BSC Copy command, the printer

authorization matrix is used to direct local copy data from a display to an
associated printer (as described previously).
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Consider the following example of printer selection:

Printer

Attached

to Port Source Device List

with Class Port 01234567
Address Mode 7071 72 73... Terminal: DD PPDDPD
02 Lo 0100 11XX00XO0
03 Lo 0010 11XX00XO0
06 Lo 0010 00XX11XO0

The displays at ports 0 and 1 can copy to the printer at ports 2 and 3. The
displays at ports 4 and 5 can copy only to the printer at port 6, and the display at
port 7 cannot copy to any printer.

The class connections are shown in the Operator Information Area of each
display. In this example, the indicators are:

Displays at ports 0 and 1—71
Displays at ports 4 and 5—72
No connection is shown in the Operator Information Area of display 7.

If the printer at port 2 is not a member of class 71 or any other class, the symbols
on the display at ports 0 and 1 show the destination address 02, even though these
displays are also authorized for using the printer at port 3 with membership in
class 72. In other words, a display is always connected to the authorized printer
at the port with the lowest address. The display symbol shows the class number
(lowest) if the printer has membership in one or more classes, or the destination
address if the printer is not a member of any class.

When a display is connected to a class, as shown on its symbol, the most available
printer with lowest destination address is selected if there is more than one
most-available printer with membership in that class.

When the display symbol shows a printer port address, only one printer is
connected. The print request is executed on that printer when it is, or becomes,
available. The display terminal operator may connect to another authorized
printer by using the IDENT key.

If an application program requires a certain printer for copy output, the
application program may begin a session by prompting the operator to select a
certain printer class by transmitting a message, such as:

“Select Print Class 79”
The operator can then make the appropriate selection.
Local print data from a display station is always directed to an authorized printer

in the “connected” printer class whether the copy is initiated by the operator or
by the PLU. With the IDENT key on a 3178, 3278, or 3279 attached to a 3274,



the display operator may alter this defined connection from the display keyboard.
A new print class may be selected by pressing the IDENT key and keying in a
two-digit identification number (ID) between 70 and 85. The class selected by
the operator then appears in the Operator Information Area of the display. The
print class ID, keyed in using the IDENT key, selects a valid print class by
comparisons with the class fields in the authorized device descriptors of the
printer authorization matrix. At least one destination device in the class must
have the source display in its source list for the class ID to be valid because copy
operations are performed only on printers that have the source display in their
source device list. The display operator may also select an authorized printer by
pressing IDENT and keying in the port address of the desired printer.

If the specified print ID is not authorized, that is, the matrix does not permit the
display to copy to the selected device or members of a selected class, then the
Input Inhibited Operator Unauthorized symbol is displayed. If the selected print
ID is not in the matrix, the Input Inhibited What Number symbol is displayed. In
both cases, the print ID routine is exited, and the keyboard is locked. The
operator may press RESET and retry the print ID sequence. The display
connection indicator reflects the connection prior to the initiation of the print ID
sequence. If the selected print class or printer is authorized and valid for this
display, the connection indicator changes to indicate the new connection, and
print ID mode is exited.

When in print ID mode, the following rules apply:

1. The RESET key and other keys that cause a reset operate normally and cause
the print ID mode to be terminated.

2. The ATTN key, DEV CNCL key, security keylock, and unsolicited host write
operate normally; however, a 3274 print ID mode is terminated.

3. Other keys that normally function during a keyboard inhibit condition
function while in print ID mode without causing an exit.

4. All other keys that are not honored during a keyboard inhibit condition cause
the Input Inhibited What symbol to be displayed and print ID mode to be
terminated.

5. The unlock condition of the IDENT Kkey is governed by the same rules as a
normal data key.

Operator-Initiated Copy. With the printer authorization matrix loaded in the
3274, the operator may initiate a local copy operation by pressing the Print key on
the display keyboard. The Print key is active in an SNA environment under the
following conditions:

1. No session has been established (prior to receipt of ACTLU, or after receipt
of DACTLU).

Session owner is “Unowned.”
The terminal is in Test mode, and the keyboard is unlocked.

Session owner is the SSCP, and the keyboard is unlocked.

A

Session owner is the PLU, the keyboard is unlocked, and the SLU is not in
receive state.

The Print key is active in a BSC environment whenever the Time symbol is not
displayed.
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If the specified print class or printer address is valid but the printer or all printers
in the print class are busy doing local copy operations for other displays, the Input
Inhibited Printer Busy (short term) symbol is displayed. If the printer or all
printers in the class are busy because they are “in brackets” (SNA) or “have
status pending” (BSC) with a host application, which is only possible when the
printer is.in shared mode, the Printer Very Busy (long term) symbol is displayed.
In either case, the request is then queued, and the keyboard is locked until the
copy can be performed or the operator cancels the print request. Note that the
Printer Busy (short term) symbol is displayed if the operator presses Print while
the Printer Printing symbol is being displayed, even if other printers in the
assigned print class are available. The operator can wait until a printer becomes
available to perform the copy function. The RESET key has no effect while a
print request is on the queue; however, the operator can cancel the local copy
request by pressing the DEV CNCL key (while the request is on the queue). This
turns off the Input Inhibited symbol, unlocks the keyboard, and dequeues the

print request. The operator is then free to perform another task.

If the print class or printer address is valid but the printer or all printers in the
selected class are not functional, then the Input Inhibited Printer Not Working
symbol is displayed and the keyboard is locked. The operator must depress the
DEV CNCL key to continue. This action turns off the Input Inhibited symbol
and unlocks the keyboard. The print request is not queued. The operator may
then choose an alternate action. When the Printer Not Working symbol has been
turned on as a result of an operator-initiated copy request, this symbol, and an
associated Printer Failure symbol, if displayed, will be turned off by receipt of any
outbound FM data request.

If the operator attempts to print again, and the selected print class is still not
operational, the Input Inhibited Printer Not Working symbol reappears. Some
operator action, for example, loading paper in the printer, may be required to
clear a not-functional condition. If no valid print class or printer is defined for
this display (no connection indicator) and the Print key is depressed, the Input
Inhibited Operator Unauthorized symbol is displayed and the keyboard is locked.
The indicators remain on until the operator presses the RESET key.

When a valid printer is selected, and the display-to-printer buffer transfer begins,
the display keyboard is locked and the Printer Busy symbol remains displayed.
This symbol remains on and the keyboard remains locked until the buffer transfer
is completed successfully. When this occurs, the keyboard unlocks, and the
Printer Printing symbol replaces the connection symbol during the print operation.
The Printer Printing symbol always indicates the actual device address of the
selected printer. Once the actual printing operation is complete, the Printer
Printing symbol is replaced by the original printer assignment symbol.

If the printer stops during a local copy operation (out of paper, paper jam, etc; a
data check on the printer does not fall in this category), the Printer Malfunction
symbol replaces the Printer Printing symbol and the print is terminated. The
keyboard locks and the Printer Not Working symbol is also displayed, calling the
operator’s attention to the failure. The Printer Failure symbol always specifies the
failing printer, not the print class. In this state, the DEV CNCL key will remove
both of the symbols from the display.

Operator-Unauthorized Condition. If the display cannot perform the copy
operation because thg most-available printer gges not have a large enough buffer,
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\(,\\\ the operator will be alerted by an inhibit condition with the Operator
\\\\&' Unauthorized symbol. This may occur, for example, when the operator attempts
’ £°°py to a 1920-character BWféf'i?fﬁﬂ@r,,from a 3440-character display. .
The Operator Unauthorized symbol is also displayed if the indicated selection
turns out to be a display rather than a printer. This may occur when an invalid
device descriptor gets loaded in the matrix.

Host Interference with Operator Copy (SNA). Once the display operator has
initiated a local copy operation, any outbound FM data request will be rejected
with a busy indication, X‘082D’, during the time that the operator request is
queued or the buffer is being transferred, and an outbound FM data request is
received for display. Once the buffer transfer has been completed, the display is
free to receive outbound FM data requests. If a negative response has been sent
because of this condition, an LUSTAT of X‘0001 D000’ will be sent at the
completion of the buffer transfer to notify the host that the busy condition no
longer exists. FM data may be written into the display buffer as soon as the
buffer transfer is complete.

If the host is in session with the printer, the local copy operation will not change
the selected size of the printer buffer as set by the host session.

Host-Initiated Local Copy Using SNA/SDLC

The host application program may initiate a local copy function in an SNA
environment by sending to the display station a write-type command with the
Start Print bit in the WCC turned on. (The copy function under SNA ignores
WCC bits 2 and 3.) The control unit performs the local copy function as
required, using the print class or printer assigned to the display and displayed in
the Operator Information Area. When a write-type command is sent to the
display with the Start Print bit on, the display first interprets the orders and data
in the write data stream and updates the display buffer. During this time, the
Input Inhibited Time symbol is displayed. Once the buffer write is completed, the
control unit attempts to use the printer(s) it assigned to the display. The Time
symbol remains on while the copy operation takes place. Once the buffer transfer
is completed, the Printer Printing symbol replaces the Printer Assignment symbol.
The Printer Printing symbol always shows the specific terminal address of the
printer actually doing the print operation.

The keyboard remains locked, regardless of keyboard Restore, until the print
operation is completed. When the print operation is completed, the keyboard
unlocks according to the keyboard Restore in the WCC. The Time symbol is
removed, and the Assignment symbol replaces the Printer Printing symbol.

To perform the host-initiated local copy described above, the host program must
send a write-type command with the Start Print bit turned on in the WCC as an
RQD chain or an RQE, CD, EB chain. Otherwise, the synchronization may be
lost or the request rejected with response X‘0843’.

Printer Busy Condition. If, after performing the display buffer update operation,
the control unit finds that the connected printer or all printers in the selected print
class are busy with other local copy operations, the print request will be queued;
the Time symbol remains on; the Printer Busy symbol is not displayed. The DEV
CNCL key will not function on queued host-initiated requests.
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On a 3274 configured for between bracket printer sharing, if the selected printer
or all printers in the selected class are found to be “in” brackets with the PLU, the
copy operation is refused. After the write operation is complete, the control unit
will respond negatively to the print request with X‘0807’, printer busy. When
between bracket printer sharing, the 3274 will not hold the printer if a release
condition occurs after the 0807 or 082F response and before the LUSTAT is sent.

Once a print request has been refused with “printer busy,” the SLU sends an
LUSTAT of ‘0001B000’ to the PLU when a printer becomes available. (Only
one LUSTAT is returned per SLU, regardless of the number of times the PL.U
may have requested a local print operation.)

The PLU may choose not to wait for the LUSTAT but to continue with other
display work. Even though the SL.U is taken out of the ERP.1 state by the PLU,
it is still bound to send in the LUSTAT at the first opportunity when the printer
becomes available.

The 3274 will not hold the printer after sending an ‘0001B000’ LUSTAT when
configured for between session printer sharing. If between bracket printer
sharing is selected, the 3274 will broadcast LUSTATS for all displays it can
service. The printer is then held until each of those displays has provided a
release by one of the following:

« Receiving an FM data request. If start print is specified, it is processed prior
to releasing the printer.

« Display powers off or a permanent error is detected on the display.
¢ Clear, Unbind, DACTLU, or ACTLU is received.
« DACTPU/ACTPU is received.

Printer Not Assigned Condition. If a printer is not assigned to the SLU at the time
it is selected, the control unit responds to the write type command with negative
response (0801) “printer not assigned.”

On a 3274 configured for between session printer sharing, if the selected printer
or all printers in the selected class are busy because they are “in” session with a
host application, the print request is refused. After the write operation is
completed, the control unit will respond negatively to the print request with
X‘0801°, printer not assigned.

“Printer not assigned” will also be sent to the PLU when a copy request is made
and the selected printer cannot perform the copy because of a feature mismatch
between the display device and the printer.

In all cases mentioned above, once the negative response has been sent to the
host, the 3274 enters the ERP.1 state.

Printer Not Functional Cendition. If the most-available printer is not functional at
the time the printer is selected, the Printer Not Working symbol replaces the Time
symbol. The Write command is responded to with negative response (082E)
intervention required or negative response (082F) permanent printer error. The
display LU goes into the ERP.1 state as defined for printer busy. When
intervention-required is returned, recovery may require operator action, e.g.,



loading forms. When the intervention-required condition has been cleared, the
control unit will generate an LUSTAT 0001B00O0 to the PLU in session with the
display. After receiving the LUSTAT, the PLU may reinitiate the copy request by
sending a Write command with the Start Print bit in the WCC and with no data.

If the operator operates the DEV CNCL key while the Printer Not Working
symbol is being displayed, the Printer Not Working symbol is replaced by the
Time symbol.

If the PLU transmits any FM data request to the display and the Printer Not
Working symbol has not been cleared, the FM data request will remove the
Printer Not Working symbol and, if displayed, an associated Printer Failure
symbol, and may take the SLU out of the ERP.1 state.

No LUSTAT is required when 082F (permanent error) is sent as a response to the
Write command.

If the printer malfunctions during the print operation, both the Printer Not
Working and the Printer Failure symbols are displayed. The print operation
terminates, and the Write command is responded to with negative response
(082E) or negative response (082F). The keyboard remains locked and the
system waits for some recovery action as defined above. If another device is
available in the same printer class, the 3274 may generate the LUSTAT
immediately.

Note that any FM data requests from the PLU will clear a Printer Not Working
symbol. This requires careful planning by an installation in the use of host- and
operator-initiated printing.

Local Copy Performed without SNA Protocol

In a BSC environment, host-initiated local copy is initiated through use of the
Copy command (remote only). The description of operator indicators under
“Host-Initiated Local Copy using SNA/SDILC” does not apply to the Copy
command. Operator-initiated copy in a non-SNA subsystem is the same as
defined under “Operator-Initiated Copy.”

When a printer or class of printers is in shared mode, the contention between host
and local copy use of the printers is resolved according to the following
procedure:

1. If, during processing of an operator-initiated copy operation, the host sends a
selection addressing sequence to the printer, the control unit will respond with
an RVI and set Intervention Required. When the local copy queue no longer
exists and the printer becomes available, Device End (DE) is sent in response
to a poll (remote) or as asynchronous sense/status (local) to signal that the
printer is available.

2. To provide security in systems that operate in a non-SNA environment, the
printer buffer is cleared after successful operator-initiated local copy
operations are completed. A read buffer or read modified operation will not
return the contents of a printer buffer just used in a local copy operation by
another display operator.

3. A host program may use several messages to load a buffer with data to be
printed or for temporary data storage. Once the program initiates loading of
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Mono/Dual Case Control

the buffer, operator-initiated local copy operations cannot be performed until
print operation is completed, or until there is a permanent error.- An
operator-initiated print request via the Print key during this period is queued,
and the Device Very Busy symbol is displayed. The host system should issue
an Erase/Write command with the Start Print bit “on” to release the printer
for local print operations.

4. The host application program can use the printer when there are no
operator-initiated local copy requests outstanding. If it is required that the
host have sole ownership of the printer for data integrity or performance
considerations, the printer should be designated as a system mode printer in
the printer authorization matrix.

5. If the printer authorization matrix is changed during normal operation, the
transitions are made as described under “Mode Transitions.”

6. If a host transmission to the display is received while an operator-initiated
copy request is queued, the host transmission will be accepted and written to
the display. No change will be made to the status of the operator-initiated
copy. If the copy is queued and buffer transfer has not taken place, the new
screen will be copied. If buffer transfer has started before arrival of the host
transmission to the display, the transfer will be completed before writing to”
the display. In this case, the old screen will be copied.

7. Each time the local copy queue is completed, a Device End will be transmitted
to the CPU by the 3274, thereby signaling that the printer is available. The
printer buffer is set to the default size after each copy queue is completed.

When power is applied, the 3262 and the 3289 are automatically activated to
print the dual-case character set; the 3287 is activated to print mono case.

In dual-case operation, the alphabetic character codes sent by the host determine
whether uppercase or lowercase characters are printed, provided that the print
belt has the dual-case character set. In mono-case operation, the lowercase
alphabetic character codes print equivalent uppercase characters.

The Change Case switch can be pressed to change the print case on the 3262,
3287, and 3289. However, when operating with LU1 printers in SNA, the data
character codes and the print belt character set determine whether mono- or
dual-case characters are printed, regardless of the Change Case switch setting.

In a BSC environment, when using the Copy command to transfer data from a
display to a printer, the setting of the Change Case switch on the “from” display
determines mono or dual case in the “to” printer. When the Copy command
transfers data from a display or a printer to a display, the Change Case switch on
the “to” display determines whether mono or dual case is displayed.

Format Control during Shared Printer Operations
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When shared printers respond to uncoordinated print requests, control of the
horizontal and vertical print position format is governed by the operating mode(s)
and the format selected.



In BSC or 3274 B or D unit printer operations, sharing occurs on a buffer load
basis, between local copy requests and host-initiated printer output, by means of
write-type or Copy commands. When using SNA protocol, local copy requests for
display buffer data originating from an LU2 session may share a printer with
either LU3 or LLU1 host output. Sharing of LU2 and 1.U3 devices is comparable
to BSC or 3274 B or D unit operation.

In BSC, 3274 B or D unit, and SNA printer operations when performing local
copy, the entire buffer contents, including nulls, attribute, and buffer control
characters of a “from” display or a “from” printer (non-SNA only), can be
transferred to a printer buffer.

During formatted print operations, the data is scanned a line at a time. If a line
contains one or more data characters (including Space, NL, EM, and CR) in a
display/print field, the line is printed and a line feed is performed. To produce a
blank line, at least one Space character must be present.

A valid FF character is executed regardless of the attribute of the field, except for
the 3262 and 3289-1 and -2. These printers do not execute or print any
characters in a nonprint field, including the FF character. If the FF character is
invalid, it is not executed and prints as a blank in a field that is not defined as
nondisplay/nonprint.

If a line contains only nulls, attribute characters, or alphameric characters
(including Space, NL, EM, FF, or CR) in a nonprint/nondisplay field, no line is
printed and no line feed is performed. A screen facsimile can be obtained only by
inserting at least one space character in the blank lines.

In BSC, 3274 B or D unit, and SNA LU3 printer operations when directly
printing from the host, the identical procedure is followed as described above once
data has been loaded in the buffer and the print operation is started. Thus, when
a print operation is completed, a line feed will have been automatically performed
after printing of the last line (blank or not). Therefore, the next buffer load of
data, regardless of the source, starts printing on the next line, ignores the previous
horizontal position, and is contiguous with the previous output except for blank
lines as provided in either or both buffer data.

A valid FF control character in the data at either the beginning or end of a form
(one or more buffer loads) ensures synchronization of the forms with the data.
Interleaving of a local copy operation within a host output print operation using
VFC will usually cause local copy to be printed on part of a completed form or
cause at least one form to be misprinted. This may best be avoided by configuring
the printer in system mode, thus excluding its use for local copy.

In BSC, and 3274 B or D unit unformatted print operations, the completed print
operation terminates at a new line position. Thus, the next print operation is also
contiguous with the previous output except for possible blank lines as specified in
the data. (SNA LU type 1 devices do not perform unformatted printouts.)

When operating as an SNA LU type 1 device, an automatic LF, NL, etc., is not
sent at the end of a bracket or a session. Therefore, the print position may be one
position to the right of the last printed character. The first printed line resulting
from a local copy operation performed with an LLU2 device is printed on the line
that is currently available. Overprinting may occur if the first line is not specified
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as a blank line. When the local copy operation is completed, the L.U1 session
resumes with a new bracket at the horizontal print established by the preceding
LU1 bracket.

Four error conditions may be encountered at the printers. In each of the
following cases, when an error is detected, the program is notified.

Not Ready. A printer is defined as not ready when it is out of paper, its cover is
open, or it is mechanically disabled (unable to advance to its proper position),
When a 3284 or 3286 printer mechanism experiences a “printer hang”’ condition
(see Glossary) during a printout, the printer will stay busy with an Equipment
Check (EC) present. For 15 seconds, the mechanism will automatically attempt
to recover. If the recovery attempt is successful, the printer will return to the
ready condition. If the recovery attempt is not successful after 15 seconds, the
printer will become not ready, as indicated by Intervention Required (IR) status.

A 3262 displays an error code in the status indicator. The operator may be able
to clear the error condition and continue printing.

If a printer (not the 3289) is not ready at the start of a printout, or if it becomes
not ready during a printout operation, the print operation terminates. Error status
is sent to the channel once when the condition occurs during a printout and, then,
again each time a printout is initiated.

- When the 3287 detects other than parity errors, the Check indicator lights, and

the associated error code is displayed in the two-digit Status indicator. The
operator may be able to correct the error and continue operation.

Character Generator or Sync Check Errors. The characters printed are a function
of the character generator or character belt installed. When an incorrectly formed
character is printed during a printout (not the 3287 or 3289), no attempt is made
to substitute or alter the character. When the printout operation is completed, a
new line function is executed and an X is printed (feature-dependent). A sync
check error occurs when a character belt hammer is out of sync.

Parity Error. If a parity error is detected on a character about to be printed, the
graphic X (3284, 3286, 3288) or an error graphic (prx10T,L) (3287) is printed in
place of the character with incorrect parity. The buffer continues printing until all
printable characters have been printed. The printer prints a graphic X. The
isolated X character (specify feature on the 3287 and 3288) serves to indicate the
detection of the parity error.

An ¥ (an X overprinted with an O) prints in place of an incorrect character on a
3262. An X also prints in the left margin of the next line.

Command~-Chaining. In local operations, if any command is chained to a command
that initiates a print operation, an error condition occurs: no printout is
performed, the command is aborted, and the system channel is notified of the
error. In remote operations, if command chaining is attempted, error status is sent
to the system channel but the printout is completed.



Unit and Model-Dependent Differences (Printers)

Buffer Size

Following are the model-dependent differences between printer units that affect
printer operations. (Refer also to the 3262, 3287, and 3289 Component
Description publications.)

The buffer size of the 3284, 3286, and 3288 is model-dependent. Model 1 units
contain 480 characters, and Model 2 units contain 1920 characters.

The basic 3287 (all models) contains a lI_(_—character buffer, which can be
expanded to 4K charagters. The 3289 (all models) contains a 4K-character
buffer. However, the number of characters that can be effectively accessed
corresponds to the buffer size specified for the printer.

The 3287 and 3289 buffer size is specified as 960, 1920, 2560, 3440, or 3564
bytes. Additional space remaining in the buffer is available for SCS operation, if
required. The 3262 has 8K bytes of buffer storage.

During an erase/write operation to a 3284, 3286, or 3288, the full 480- or
1920-character buffer is erased. When an Erase/Write command is sent to the
3287 or 3289, the buffer is erased up to the specified default size (480 or 1920
characters). The Set Buffer Address (SBA) order, when sent to the 3274?i~s_\aﬁd
if the address specified is less than the effective buffer size.

A data or attribute wrap operation to buffer position zero occurs when data
characters are addressed beyond the effective end of the buffer. The last
effective position in the buffer is the default buffer size when operating in
SNA/SDLC protocol.

Uppercase and Lowercase Printouts

The 3284, 3286, and 3288 print uppercase alphabetic characters unless the
Extended Character Set feature is installed (which provides additional characters,
including lowercase).

Printouts in either uppercase or lowercase characters may be obtained from the
3287 and 3289 printers, depending upon the setting of the 3287 and 3289
Change Case switch, and the command or print operation in process. During
execution of an Erase/Write or Erase/Write Alternate command, the printer
switch setting determines the character case, and the previous request is erased.
During a2 Copy command or local print operation, the character case is determined
by the setting of the Mono/Dual switch on the “from” display.

- Note: For 3289, the 94-character belt is the only belt that has lowercase

characters. On the 3262, only the 96-character band (US EBCDIC) has
lowercase characters.

While performing a Write command or buffer reprint operation, the previous print
case request is honored. Change Case switch settings are ineffective during
transmission of the SCS data stream to a 3262, 3287, or 3289 (SCS is always dual
case). The proper character code points must be used to ensure that the correct
printout occurs.
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New Line (NL) and End of Message (EM) Orders

NL and EM orders are printed as 5 and 9 respectively on 3284, 3286, and 3288
printers and are printed as space characters on 3262, 3287, and 3289 printers
when attached to 3274 control units.

New Line (NL) at Maximum Print Position plus One Character

When the 3289 printer encounters an NL character one character position past
the line length (maximum print position), it performs a single new-line function.
The 3284, 3286, 3287, and 3288 printers perform two new-line functions.

i

Duplicate (DUP) and Field Mark (FM) Character

DUP and FM characters are printed as ; and * respectively on 3284, 3286, 3287,
3288, and 3289 printers.

Split Vertical Bar ( | ) Character

The Split Vertical Bar ( : ) character, hex 6A, is available on the 3262
(96-character set band), 3287, 3288, and 3289 printers (and also 3178, 3278,
and 3279 displays).

2-52



Chapter 3. Local Operations (3274 B and D Units)

The 3274 non-SNA locally attached control units are the 3274 Models 1B, 1D,
21B, 21D, 31D, and 41D. (The 3274 Models 1A, 21A, 31A, and 41A operate
with SNA protocol and are discussed in Chapter 5.)

See An Introduction to the IBM 3270 Information Display System, GA27-2739,
for the host-system, control-unit, attached-device combinations that support local
operations.

Non-SNA Local Operations

3274/3290 Operations

The 3274 B and D units can attach to a selector channel, to a byte multiplexer
channel, or to a block multiplexer channel, each through the I/O interface. When
the units are attached to a byte multiplexer channel, operations can be in
forced-burst mode or in single-byte-multiplex mode. The channel, in turn, is
attached to main storage and to the central processing unit (CPU).

Note: In the following text, the term “control unit” refers to the 3274 B and D
units unless otherwise indicated.

The channel program controls all control unit operations by transmitting
information across the I/0 interface. This information consists of (1) an address
byte, which selects one control unit and one device (display or printer) attached
to the control unit; (2) command bytes, which specify the type of operation to be
performed by the control unit for that device; (3) data bytes, which either are
stored in the control unit buffer for ultimate use by the selected device as display
or printout data or are decoded as orders and used by the control unit for
formatting the buffer; and (4) various control signals. Status bytes, which are
automatically generated by the control unit, inform the channel program (1) of
the general condition of the control unit and selected device at various stages of
command operations and (2) of unique conditions of the control unit and any
attached device when command operations are not in progress.

The 3274 D control units and the 3290 Information Panel Display Station interact
in a different manner than the 3274 control units and other Category A displays.
Because the 3290 is capable of interpreting the 3270 data stream, the 3274 D
units basically “pass through” the outbound data stream (host to 3290) for 3290
processing. Likewise, the 3290 prepares the inbound data stream and then
notifies the 3274 and requests that it perform an inbound transmission.

Interface Operations (3274/Channel)

Local interface operations are summarized in the following paragraphs and are
described in detail in the IBM System/370 Principles of Operations manual,
GA22-7000. The CPU program initiates control unit operations with a Start I/O
instruction. This instruction identifies the I/O control unit and device (in this
case, the control unit and a display or printer) and causes the channel to fetch a
channel address word (CAW) from a fixed location in main storage. The CAW
designates the storage protection key and the location in main storage from which
the channel subsequently fetches the first channel command word (CCW). The
CCW specifies the command to be executed and the number and address, in main
storage, of any bytes to be transmitted.
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Selection

Command Initiation

3-2

The channel attempts to select the control unit and an attached device by sending
a unique address byte to the control unit (and to all other control units attached to
the same channel or subchannel). When a control unit has 16 or fewer devices
attached, the first four bits of the address byte specify the control unit address
and the last four bits of the address byte specify the device address (Figure 3-1).
Up to 32 devices can attach to control units that have even-numbered addresses;
these addresses are coded as shown in Figure 3-2. Note that no more than 16
devices can be attached to a control unit that has an odd-numbered address.
Device address must always be assigned sequentially, starting with address O.
However, no priority is given to particular device address.

When a control unit recognizes both addresses, it logically connects to the
channel and responds to the selection by returning the address byte to the
channel.

8-bit Local Device 4567
Address Byte No. {(XXXX)
Control
Unit Device 0 0000
Control 1 0001
Unit No. 0123 4567 2 0010
3 0011
0 0000 | XXXX 4 0100
1 0001 | XXXX 5 0101
2 0010 | XXXX 6 0110
3 0011 XXXX 7 0111
4 0100 | XXXX 8 1000
5 0101 ] XXXX 9 1001
6 0110 XXXX 10 1010
7 0111 ] XXXX 11 1011
8 1000 | XXXX 12 1100
9 1001 XXXX 13 1101
10 1010 XXXX 14 1110
11 1011 XX XX 15 1111
12 17100 | XXXX -
13 1101 XX XX
14 1110 | XXXX
15 1111 XXXX

=

Figure 3-1. 3274 B and D Unit Device Addressing,
16 or Fewer Devices per Control Unit

Command operations by the control unit start when the control unit and a device
are successfully selected. When a command is to be executed by the control unit
(not by the channel alone), the channel sends the command code (CCW bits 0 —
7) to the control unit.

When execution of the command involves a transfer of data (such as Write or
Read Modified), the control unit responds to the command with a status byte
(called “initial” status) indicating whether it can execute the command. If the
command can be executed, the channel is set up to respond automatically to
service requests from the control unit, and the control unit assumes further control
of the operation. Command operation can be terminated by the control unit or



8-bit Local
Address Byte
Control
Unit Device
Contro!
Unit No. 012 34567
0 000 XXXXX
2 001 XXXXX
4 010 XXXXX
6 011 XXXXX
8 100 XXXXX
10 101 XXXXX
12 110 XXXX X
14 111 XXXXX
S —

Device 34567 Device 34567
No. (XXXXX) No. (XXXXX)
0 00000 16 10000
1 00001 17 10001
2 00010 18 10010
3 00011 19 10011
4 00100 20 10100
5 00101 21 10101
6 00110 22 10110
7 00111 23 10111
8 01000 24 11000
9 01001 25 11001
10 01010 26 11010
11 01011 27 11011
12 01100 28 11100
13 01101 29 11101
14 01110 30 11110
15 01111 31 11111
—— T —

Note: Control Unit Nos. 1,3,5, 7,9, 11, 13, and 15 cannot be assigned when attached devices are
assigned Device No. 16 or greater.

Figure 3-2.3274 B and D Unit Device Addressing, 17 or More Devices per Control Unit

Chaining

when the channel byte count reaches 0. At this time, the control unit sends the
channel a second status byte (called “ending” status) which indicates whether the
command operation was successfully performed.

When the function of the 3270 command does not involve the transfer of data
(such as EAU), it is called an “immediate” command. The resulting control unit
operation depends on the particular command, as follows. If the command is No
Operation, ending status and initial status are combined to indicate to the channel
that the control unit has completed execution of the.command. If the command is
Select or Erase All Unprotected, which initiates certain control unit and device
operations, the initial status from the control unit is such that block and byte
multiplexer channels are released to perform other operations (selector channels
remain logically connected to the control unit). When command execution is
completed by the control unit and selected device (and regains selection if
attached to a block or byte multiplexer channel), the control unit sends ending
status to the channel, indicating whether the command was successfully
performed.

When the channel has completed the operations specified by a CCW, it can
continue the activity initiated by the Start I/O by fetching a new CCW, thereby
starting execution of another command. The fetching of this new CCW is called
“command chaining”, and the CCWs belonging to such a sequence are said to be
chained. All CCWs in a chain apply to the control unit and device specified by
the Start I/O instruction.

Either of two types of chaining can be specified by the*current CCW (bits 32 and

33): data chaining or command chaining. During data chaining (current CCW
bit 32=1), the new CCW fetched by the channel defines a new main storage area

Chapter 3. Local Operations (3274 B and D Units)® 3-3



Status

(data address) for the current command. During command chaining (current
CCW bit 33=1), the new CCW specifies a new command and a data address for
that new command.

Thus, when command chaining is used, the control unit is selected following the
Start I/O instruction when the channel receives the first CCW in the chain that
involves operations with the control unit. The control unit is dedicated to one
CCW string until final Channel End time or until operations are abnormally
terminated. Programming restrictions that must be observed when command
chaining is used are described in Chapter 1.

The control unit generates a status byte to inform the channel of certain control
unit and device conditions. This status byte can be generated synchronously

(while the control unit is selected and performing a command operation with the

channel) or asynchronously (while the control unit is not selected).

Synchronous status is passed to the channel as both both “initial” and “ending”
status to a command. Initial status reflects the condition of the selected device
and/or control unit upon receipt of a command, and indicates to the channel
whether the command can be executed. Ending status reflects the condition of
the control unit and selected device after all channel/3270 interface operations of
a nonimmediate command are completed. Asynchronous status reflects (1)
ending status for an immediate command other than No Operation, (2) a second
ending status for a Write, Erase/ Write, Erase/Write Alternate command,
indicating that the control-unit-to-device buffer transfer is completed, or (3) an
equipment condition or operator action not associated with command execution
(an attention).

Figure 3-3 describes each bit of the status byte. Status is reset by the control unit
once it has been accepted by the channel.

Figures 3-4, 3-5, and 3-6 list the initial, ending, and asynchronous status and
sense bit combinations, respectively. The abbreviations used in these figures are
as follows:

e Status Bits

B - Busy

CE - Channel End
DE - Device End
SM - Status Modifier
UE - Unit Exception
UC - Unit Check

« Sense Bits

BOC - Bus Out Check

CC - Control Check

CR - Command Reject
DC --Data Check

EC - Equipment Check

IR - Intervention Required
OC - Operation Check

US - Unit Specify



Bit Name Condition
0 Attention Indicates a request for service from an attached display device. Program should respond
(A) by issuing a Read Modified command {chained from a Select command if block or byte
multiplexer channel) to the display device requesting attention. Attention bit is also set with
Unit Check bit as result of asynchronously detected equipment malfunction; in this case,
program should respond by issuing a Sense command.
1 Status Is set, with Busy bit, in initial status byte to indicate that there is pending status for a
Modifier device other than the one selected.
(SM)

2 Control Is set following a busy condition, after pending status is cleared or when control unit is no
Unit End longer busy, to indicate that contro! unit is now not busy and is free to accept a new
(CUE) command or pass a transmission to the 3290.

3 Busy (B) Is set alone in initial status byte when addressed device is busy because it is performing a
print operation or an Erase All Unprotected command. Set with SM when addressed
control unit is busy. When the channel addresses a device other than the one that is busy
and control unit is not busy, addressed device becomes selected and the command is
honored. Busy bit is also set with pending status if addressed device has such status; if
pending status is for a device other than the one addressed. Busy with Status Modifier is set.

4 Channel Indicates channel data transfer operations are completed. Is set alone {1) in initial status

End (CE) for Select or Erase All Unprotected command, or (2) as ending status for Write, Erase/
Write, or Erase/Write Alternate command; in all cases, Device End status is sent
asychronously when device operations {command execution, control-unit-to-device-
buffer transfer, or 3290 command execution) are completed.

Is set with Device End, to indicate that control unit and device operations (except
printing) are completed (1) in initial status for No Operation command, (2) in ending
status for Read Buffer, Read Modified, or Sense command, or (3) asynchronously if only
Channel End status was pending and the device operation is completed before the channe!
accepts status.

Is set with Device End and Unit Exception in initial status for Read or Write command if
addressed device is busy executing another command.

5 Device End Indicates that control unit and device have completed all command operations and are

(DE) free to execute another command. Is set (1) in initial status for No Operation command,
(2) in ending status for Read Buffer, Read Modified, or Sense command, and (3} in
asynchronous status for Write, Erase/Write, Erase/Write Alternate, Select, or Erase All
Unprotected command, or a 3290 powering on.

6 Unit Check Is set when an irregular program or equipment condition is detected by control unit or

(uc) the device. Program should always respond to Unit Check status by issuing a Sense
command for further definition of condition,

7 Unit Is set in ending status {synchromous or asynchronous} when control unit has attempted to

Exception execute a command but has found, after initial status was returned, that addressed

(UE) device was busy.

Figure 3-3. Status Byte Bit Assignments for 3274 B and D Units

Initial Status

Initial status is generated by the control unit in response to initial selection, by the
channel, of the control unit and an attached device. During the initial selection
sequence, the status byte is sent to the channel after the control unit receives a
command.

Figure 3-4 shows the possible initial status bit configurations. An all-zero status
byte is sent when a nonimmediate command is accepted for execution by the
control unit; it is also sent in response to Test I/O if other status is not pending.
The Unit Check bit is set if the command is not accepted by the control unit,
because of a program or equipment exror.
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Status’ Sense Error Recovery

{Hex) (Hex) Display Printer Procedure Condition

All Zeros X Normal status for any command

(00) other than No Operation, Select, or
Erase All Unprotected.

CE X Normal status for a Select or Erase

(08) All Unprotected command.

CE, DE X Normal status for a No Operation

(oC) command.

ucC BOC X 1 A parity check was detected on the

(02) (20) command byte.

uC IR X 2 A command other than Sense was

(02) (40) addressed to a device that the con-
trol unit has recorded as ‘‘unavailable’’
or “‘not ready"’.

uc CR X 3 An invalid command was issued to

(02) (80) control unit.

B X ) Response to a command addressed to

(10) a device which is being serviced by
the control unit or which is com-
pleting a previously issued command.

B, SM X Response to a command addressed to

(50) a device other than device whose

status is pending or device being ser-
viced by the control unit,

1 . . s .
If an SIOF is executed by the channel, unchained initial status becomes ending status.

Figure 3-4. Inmitial Status and Sense Conditions for 3274 B and D Units

3-6

Initial status to immediate commands is as follows. For No Operation, Channel
End and Device End are both set to indicate completion of the command. For
Select and Erase All Unprotected, which do not involve data transfer between the
channel and the control unit, Channel End is set. This frees a block or byte
multiplexer channel for other operations while the command is being executed.
When command execution is completed, ending status is presented
asynchronously.

If a Start I/O Fast Release (SIOF) is executed by the channel, then unchained
initial status becomes ending status. (See System/370 Principles of Operation,
GA22-7000.)

When status is pending (a previous status byte is awaiting transfer to the
channel), the pending status byte, with the Busy bit set, is sent to the channel in
response to any command (not to a Test I/O instruction), and that command is
not accepted by the control unit. For Test I/O, the pending status byte is
presented without the Busy bit set. If the pending status is for a device other than
the one selected during the initial command sequence, only Busy, Status Modifier
(B, SM) is presented to the channel and the pending status is retained at the
control unit.



Ending Status

Asynchronous Status

When the control unit completes channel operations for a nonimmediate
command, it sends an ending status byte to the channel, freeing the channel for
other operations. This status byte always relates to the command operation that
has been executed. The normal ending status byte for a Read Buffer, Read
Modified, or Sense command will have only the Channel End and Device End bits
set, indicating that the command has been executed. Normal ending status for a
Write, Erase /Write, or Erase/Write Alternate command is Channel End alone.
When the control-unit-to-device buffer transfer is completed, ending the
command operation, Device End status is sent to the channel as asynchronous
status. Any error condition associated with the operation just executed will cause
additional status bits to be set. Figure 3-5 shows the possible ending status bit
configurations. Ending status causes an I/O interruption unless chaining is
specified.

When the control unit has pending status, it attempts to gain selection of the
channel asynchronously to pass this status. It is passed to the channel either when
selection is accomplished or as initial status for the next command (with the Busy
bit set), whichever occurs first.

Asynchronous status reflects: (1) the ending status of an “immediate” command
other than No Operation; (2) the second ending status for a Write, Erase /Write,
or Erase/Write Alternate command, indicating that all command-initiated
operations are compieted; (3) an action by the device operator that requires
program intervention (attention status); or (4) a control unit or attached device
equipment malfunction. Figure 3-6 shows the possible asynchronous status bit
configurations.

When an asynchronous status condition occurs, the control unit attempts to gain
selection by the channel (this is a hardware function), and passes this status to the
channel when selection is accomplished. This status is called “pending” status
until selection is accomplished. If the channel issues a command before retrieving
this pending status, the pending status is returned, with the Busy bit set, in place
of initial status for the command; in this case, the command is not executed,
unless it is a Test I/ O instruction.

When an asynchronous condition occurs at a device while the control unit is
performing command operations with another device, the asynchronous status
remains pending until the control unit completes the current command operation,
returns ending status to the channel, and becomes not busy. The control unit then
retrieves the pending status from the device and attempts to present it to the
channel in the same manner as other asynchronous statuses.

Some other conditions of multiple status that can occur are not covered here.

These conditions can be caused by multiple error conditions occurring
simultaneously.
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Status
{Hex)

Sense
{Hex)

Display

Printer

Error Recovery
Procedure

Condition

ce!
(08)

cE, DE'?
(OC)

CE, DE, uC®
(OE)

CE, DE, uc'?
(OE)

CE, DE, uc'
(OE)

ce, DE, uc'?
(OE}

CE, DE, uc!?
(OE)

CE, DE, UC?
(0E)

CE, DE, UE' #
(0D)

BOC
(20)

DC, Us
(OC)

DC
(08)

DC
(08)

cC
(02)

ocC
(01)

X

X

10

10

10

Sent at end of data stream on Write, Write Struc-
tured Field, Erase/Write, or Erase/Write Alternate
command.

Sent at end of data stream on a Read Buffer, Read
Modified, or Sense command or when channel byte
count goes to zero on a Read Modified or Read
Buffer command.

The control unit detected a parity error on a char-
acter in data stream of a Write, Write Structured
Field, Erase/Write, or Erase/Write Alternate com-
mand.

Addressed device detected to parity or cursor check
during a Write, Write Structured Field, Read Buffer,
or Read Modified command. Also, the contro! unit
may disable the device because of error. (UC, IR is
reported on the retry since the device requires a
Power On Reset to be reenabled.)

The controt unit detected a cursor or parity check
during receipt of data stream on a Write, Write
Structured Field, Erase/Write Alternate, or Erase/
Write command.

The control unit detected a cursor or parity check
during transmission of data stream on a Read Buffer
or Read Modified command.

Addressed device failed to respond in a specified
period of time to an .Erase/Write, or Erase/Write alt-
ernate command, or an unchained Read Buffer,
Read Modified, Write, or Write Structured Field
command, or the device security key was in the off
position. When attached to a 3274 B unit, the ad-
dressed device was found to be in test mode or as-
signed as a local copy device. (UC, IR will be re-
ported on a subsequent operation. The addressed
3290 is not available, or is doing local copy.

The 3274 B unit received an invalid buffer address

in data stream of a Write, Erase/Write, or Erase/Write
Alternate command, or data stream ended before
providing all characters required for an SBA, RA, SF,
or EUA order on a Write, Erase/Write, or Erase/
Write Alternate command. Also, when receiving a
write type command with a WCC = X'88'.

3274 D Units Only: An incorrect Select command
chain sequence was received,

The control unit attempted to perform a Read
Buffer, Read Modified, Write, Write Structured Field,
Erase/Write, or Erase/Write Alternate command but
found, after returning initial status, that the address-
ed device was “busy’’.

1 Occurs if a Start 10 Fast Release (SIOF) is executed by the channel for Select, Erase All Unprotected, or No Operation.

2 If this status is stacked by the channel, CUE could be generated and combined with it before the stacked status is accepted by the channel.

3A 3274 D unit updates the device buffer as it processes the data stream. A 3274 B unit does not change the device buffer until after the

total data stream has been processed.

Figure 3-5. Ending Status and Sense Conditions for 3274 B and D Units
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1

Status Sense Error Recovery

(Hex) (Hex) Display Printer Procedure Condition

A X An attention-generating action (e.g., program access key

(80) has been pressed) was performed by the operator, or an
inbound data stream has been prepared by the 3290
and is ready for transmission.

DE X X The control unit-to-device buffer transfer is completed

(04) on a Write, Write Structured Field, Erase/Write, or
Erase/Write Alternate command which did not start a
printer, or the 3290 has completed processing a Write-
type command.

The device becomes ““not busy’’ after completing an
Erase All Unprotected command or the printer becomes
‘not busy’’ after completing a printout,

The device-to-controt unit buffer transfer is
completed on a Select command, or the 3290 has
completed preparation of a Read Modified (RM) data
stream in response to a Select command.-

An attention-generating action (for example, a pro-
gram access key was pressed) was performed by the
operator after a Unit Exception, or Busy, condition
had been reported to the host.

A device changes from ‘“not available’’ to “‘available’’
or from ““not ready’’ to ‘‘ready’’.

A device becomes ‘‘not busy’’ after having previously
sent Unit Exception when the control unit attempted to
execute a command with the device when it was “‘busy’’.

Powering-on the 3274 causes each active 3290 logical
terminal to present DE to the channel.

Powering-on the 3290 or exiting from Test or Setup
mode while the 3274 is on causes each active logical
terminal to present DE to the channel.

A, DE X An attention-generating action was performed by the

(84) operator after a Unit Exception status (that is, a busy
condition) had been reported to the host.

A, UC DC, US X X 1 An idle device detected a parity check or cursor check

(82) (oC) “in its buffer, or an idle device on a 3274 has been dis-
abled because of control-unit-detected errors. (UC, IR
may be reported on the next retry since the device
requires a Power On Reset.)

A, DE, UC IR X 6 The addressed printer became Not Ready (out of paper

(86) (40) . or cover open) before completion of a print operation.

DE, UC IR X 6 A command attempting to start a printer found it Not

(06) (40) Ready.

A, DE, UC IR, EC, US X 6 A printer became mechanically disabled during a

(86) (54) printout and an automatic recovery was not successful,
the printer CARRIAGE MOTOR POWER switch was
off, or the switch fuse was blown.

DE, UC IR, EC, US X 6 A command attempted to start a print operation, but

(06) (54) the printer CARRIAGE MOTOR POWER switch was
off.

A, DE, UC EC, US X 7 A printer character generator or'sync check error

(86) (14) occurred, or the printer became mechanically disabled

during printout, but restored itself.

Figure 3-6 (Part 1 of 2). Asynchronous Status and Sense Conditions for 3274 B and D Units
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Statusl
(Hex)

Sense
(Hex)

Display

Printer

Error Recovery
Procedure

.Condition

DE, UC
(06)

DE, UC
(06)

DE, UC
(06)

DE, UC
(06)

DE, UC
(08)

DE, UE
(05)

CUE
(20)

DC
(08)

DC
(08)

DC, Us
(oc)

ocC

(01)?

CcC
(02)

X

X

10

10

During a Select, Erase/Write, or Erase/Write Alternate
command the control unit (1) detected a parity or
cursor error, or (2) detected a parity check on data
received from the addressed device in response to an
internal poll during a command.

During a Write or Write Structured Field command,
the control unit (1) detected a parity or cursor error,
or (2) detected a parity check on data received from
the addressed device in response to an internal poll
during a command.

The addressed device detected a parity or cursor check
while executing a Select, Write, Write Structured Field,
Erase/Write, Erase/Write Alternate, or Erase All Unpro-
tected command. Also, the control unit may disable
the device because of error. {UC, IR is reported on the
retry since the device requires a Power On Reset to be
reenabled.)

A Write, Erase/Write, Write Structured Field, or
Erase/Write Alternate command containing a WCC with
a Start Print bit is chained to a subsequent command,
or a WSF command was chained to a subseguent
command.

The 3274 D unit or 3290 received an invalid buffer
address in data stream of Write-type command, or data
stream ended before providing all characters required
for an SBA, RA, SF, or EUA order on a Write-type
command. A portion of the device buffer may have
been changed.3

The 3274 D unit or 3290 received an incorrect
Select command chain sequence.

The addressed device failed to respond in a specified
period of time to a Select, Write, Erase/Write,
Erase/Write Alternate, or Erase All Unprotected
command, a display was in test mode, the device’'s
security key was in the off position, or a printer was
assigned as a local copy device. (UC, IR will be
reported on a subsequent operation.) The addressed
3290 was not available for a control-type command
or was performing a local copy operation.

The control unit attempted to perform a Select or
Erase All Unprotected command, but found, after
returning initial status, that the addressed device was
busy.

The controf unit had been addressed while busy, but
is now not busy and is free to accept a new command.

1 If this asynchronous status is attacked by the channel, an asynchronous CUE could be generated and combined with it before the stacked

status is accepted by the channel.

2The 3274 B units set OC upon receipt of a WCC = X'88’; the 3274 D units do not set OC upon receipt of a WCC = X‘88".

3p 3274 D unit updates the device buffer as it processes the data stream. A 3274 B unit does not change the device buffer until the total

data stream has been processed.

Figure 3-6 (Part 2 of 2). Asynchronous Status and Sense Conditions for 3274 B and D Units
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Error-Recovery Procedures

3274 B and D Unit Device-Detected Errors

Error conditions detected by the control unit or by an attached device are
indicated to the program by Unit Check status. The program must respond to this
status by using a Sense command for further definition of the condition. If a
Sense command is not performed and the sense conditions still exist, the control
unit will not honor any other interrupts from the devices. Subsequent recovery
operations are then determined by the combined configurations of Unit Check
status bits and associated sense bits.

Referenced Error-Recovery Procedures

The recovery procedures referenced in the Error Recovery Procedure column of
Figures 3-4, 3-5, and 3-6 are as follows:

1.

Reconstruct the entire buffer image and retry the failing chain of commands.
The sequence of commands used to reconstruct this image should start with
an Brase/Write command (or Erase/Write Alternate on a 3274). However,
if the failing command is a Write Structured Field command, do not issue
Erase/Write, just retry the Write Structured Field command. If, after two
retries, the problem is not corrected, follow procedure 4.

The error indicates the device is “unavailable.” Request and wait for operator
intervention to “ready’ the device; then, upon receipt of DE status, retry the
chain of commands.

A nonrecoverable program error has occurred. Examine the data stream to
locate the problem.

Request maintenance for the device that is giving trouble. After the repair,
reconstruct the buffer image, starting with an Erase/Write command (or
Erase/Write Alternate).

Record the error for future reference, and continue with the program. This
error occurred while the control unit was “idle” and is not indicative of a data
error.

The error indicates the printer is out of paper, has the cover open, or has a
disabled print mechanism. Request operator intervention to “ready” the
printer; then, upon receipt of DE status, retry the print operation by issuing a
Write command with the proper WCC and no data stream. (There is no data
error; the data is still intact in the device buffer and can be reused.) If this
procedure is unsuccessful, follow procedure 1.

The error occurred during a printout and indicates either a character
generator or sync check error or a disabled print mechanism. There is no
buffer data error. The proper error recovery procedure is
application-dependent, since the user may or may not want a new printout.
Because the buffer contents are still good, procedure 6 may be followed.

A data error occurred at the device during a printout. This indicates a data
error at the device; procedure 1 should be followed.
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Channel-Detected Errors
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9. A device is busy, but the control unit was not informed of this in time to
respond with Busy status in the initial-status byte. A DE status will be
generated asynchronously when the device becomes not busy. After the DE
is received, retry the chain of commands that was being executed when the
Unit Exception (UE) status was received.

10. Retry the failing chain of commands. If, after two retries, the problem is not
corrected, follow procedure 1. A Write command to a 3274 D unit can be
retried 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.

Errors detected by the channel are indicated to the program by the channel status
byte in the channel status word (CSW). If the channel status byte indicates a
Channel Control Check, an Interface Control Check, or a Channel Data Check,
the recommended error-recovery procedure is to retry the chain of commands. If
the problem is not corrected after three retries, request maintenance for the
channel that is giving trouble.

Programming Note: System/370 Models 155 and 158 may also present a
machine check interrupt prior to the CSW store. When an IBM operating system
is used, this machine check interrupt (HIR) is not seen by the I/O Supervisor
(IOS) or by the device-dependent error-recovery procedures.



Chapter 4. Remote Operations—BSC

Introduction

Code Structures

Channel Program Concepts

Text Blocking

When using Binary Synchronous Communications (BSC) operating mode, the
3274 C units communicate with the host program via an IBM 2701, 2703, 3704,
3705, or an equivalent Integrated Communications Adapter (hereafter called
“TCU”) and with appropriate data sets as specified for the control unit.
(Hereafter, the term “3274” encompasses the 3274 C units in BSC mode.)

The 3274 uses BSC procedures over duplex or half-duplex facilities (nonswitched
or privately owned); these communications use the Multipoint Data Link mode of
operation only.

Each 3274 can operate with one of two code structures: EBCDIC or ASCII. The
choice of code depends on the application, but, for system compatibility, must be
the same for all units on a particular communications line.

In remote configurations, the TCU becomes the intermediary between the 3274
and the channel program. As such, the TCU, not the 3274, executes channel
commands and initiates I/O interrupts. At the start of each I/O operation
involving the TCU, the Start I/O instruction addresses the TCU and a
communications line attached to that TCU,; it does not address an individual
remote control unit on that line. Subsequent CCWs in the channel program
initiate TCU operations; they specify TCU commands, not 3274 commands.

Selection of a 3274 and all subsequent command operations are specified by
character sequences in TCU Write CCW data streams. Write CCW data to the
TCU communications line selected by Start I/O can contain: (1) address bytes to
select a control unit on that line; (2) the code of a command (such as Erase/Write
or Write) to initiate a control unit operation; or (3) orders and/or display/print
data for the control unit buffer. In addition, this write data will contain the
appropriate data-link control characters. Thus, all characters sent by the TCU to
a 3274, with the exception of SYN, pad, and BCC characters, originate from the
data stream of a Write CCW addressed to the TCU.

Programming Note: All Write commands should be set for CCW chaining to a
Read command when a response is expected. (This prevents a loss of data
received by the TCU in response to Write command operations.) An exception to
this requirement is when the Write command is used to issue EOT to the 3274.

The 3274 performs inbound text blocking. Each block of data can contain a
maximum of 256 text characters. Of that total, each block contains the STX and
ETB (or ETX) data-link control characters. Two address bytes (CU poll address
and device address) precede the read heading in the first block only and are
included in the 256-character total. The last block of a message is terminated
with ETX, which is also included in the 256-character total.
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Related Publications

Programming Note: If the automatic polling facility (Auto Poll) is used by the
TCU, the Auto Poll index byte adds 1 byte to the text block created by the 3274.

Block check characters (BCCs) are transmitted as the last characters of a data
stream. (See ‘“‘Redundancy Checking,” later in this chapter.) BCC is not counted
as text, because it follows the ETX and ETB data link characters. Upon
successful comparison of the received BCC with the accumulated BCC, the
program should respond with ACK to read the next block of text; each
subsequent block is preceded by STX to initiate BCC accumulation by the TCU.

Text blocking does not disjein the three-byte SBA order sequence (SBA code and
two-byte field address) generated during execution of a Read Modified command.
Therefore, the last characters of a block ending with an SBA sequence would be
... SBA, Address, Address, ETB (or ETX).

Readers who are unfamiliar with the binary synchronous method of
communications should review the following publications, as applicable:

o General Information—Binary Synchronous Communications, GA27-3004

e« IBM 2701 Data Adapter Unit Component Description, GA22-6864 (especially
the section that describes Synchronous Data Adapter—Type II)

o IBM 2703 Transmission Control Components Description, GA27-2703
(especially the section on BSC capabilities)

o Introduction to the IBM 3704 and 3705 Communications Controller,
GA27-3051

Multipoint (Nonswitched Line) Data Link Control

4-2

Each 3274 can operate on a nonswitched communications line with multiple
stations. Time-sharing of the line is accomplished by interleaving transmissions
between the TCU and all units on the line. A 3274 operates multidropped on the
same line with other properly featured units, such as other 3270 units, IBM 2770s,
and IBM 2780s.

The TCU is the control station of the multipoint, centralized network. All units
attached by communications lines to the TCU are called tributary stations. The
control station is the focal point of the network and maintains, under program
control, an orderly flow of network traffic by initiating all data transfers. The
control station is either the transmitter or receiver of every communication.



3274 Modes of Operation

Control Mode

Text Mode

Transparent-Monitor Mode

In a multipoint environment, the 3274 is always in one of four modes of
operation: control mode, text mode, transparent-monitor mode, or transparent
mode.

The 3274 enters control mode whenever it transmits or receives a valid EOT
sequence. While in control mode, the unselected 3274 monitors the
communications line for the following:

« A valid selection or poll addressing sequence, by which the 3274 will become
selected for entry into text mode.

+« A DLE-STX sequence, placing the 3274 in transparent-monitor mode.

Once a 3274 is successfully selected, it enters text mode. In text mode, the 3274
is either a master station or a slave station, as is the TCU. This status depends on
the operation being performed. The station that is transmitting a message is
called the master station; the station that is receiving and acknowledging the
message is called the slave station.

The 3274 becomes the master station (and the TCU the slave station) once it
sends STX to the TCU while executing a Read command or a poll operation. As
the master station, it can (1) transmit text messages and (2) transmit ENQ to
request a reply or retransmission from the TCU. After transmission of the
message is completed, the 3274 returns to control mode.

The 3274 becomes the slave station (and the TCU the master station) when
executing a write-type command. As a slave station, it responds appropriately to
master-station (TCU) transmissions.

Transparent-monitor mode is provided with EBCDIC 3274s only. It permits the
transmission of data in any of the 256 possible EBCDIC bit patterns between the
TCU and another unit on the same communications line with the 3274. This data
may be independent of the selected transmission code (EBCDIC). Examples of
such format-independent data are packed-decimal data, programs (both source
and object), core images, and other binary data. Thus, link control characters
within this data will not inadvertently initiate a 3274 operation.

When an EBCDIC 3274 decodes a DLE STX sequence while in control mode, it
enters transparent-monitor mode. While in this mode, the 3274 disregards all
data configurations that may appear on the communications line except for (1) a
transparent text sync sequence (DLE SYN) or (2) a transparent text-terminating
sequence (DLE ITB, DLE ETX, DLE ETB, or DLE ENQ). The 3274 leaves
transparent-monitor mode and returns to control mode (1) if a transparent text
sync sequence is not received within any 3-second period or (2) if a transparent
text-terminating sequence is decoded.
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Transparent Mode
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The 3274 provides transparent-mode transmission support (inbound and
outbound) for the displays and printers that use the Extended Highlighting, Color,
or Programmed Symbols function. Any data link control characters transmitted
while the control unit is in transparent mode must be preceded by a DLE to be
recognized as control functions. The control functions used are:

L]

DLE STX—Initiates transparent mode for the following text.

+ DLE ETB—Terminates a block of transparent text, returns the link to normal
mode, and calls for a reply.

« DLE ETX—Terminates the transparent text, returns the link to normal mode,
and calls for a reply.

« DLE SYN—Used to maintain synchronization, or as a time-fill sequence for
transparent mode.

« DLE ENQ—Indicates “disregard this block of transparent data’ and returns
the link to normal mode.

o DLE DLE—Used to transmit DLE as data when a bit pattern equivalent to
DLE appears in the transparent text. One DLE is disregarded; the other is
treated as data.

« DLE ITB—Terminates an intermediate block of transparent text, returns the
data link to normal mode, and does not call for a reply. The BCC character
follows DLE ITB.

The boundaries of transparent data are determined by the DLE STX and by the
DLE ITB, DLE ETB, or DLE ETX control functions, which initiate and
terminate the transparent mode of operation. The controller and the displays or
printers that support the Extended Highlighting, Color, and Programmed Symbols
functions can accept data in transparent mode at any time; acceptance is not
related to the use of the Extended Highlighting, Color, or Programmed Symbols
functions.

For outbound transparent text transmissions:
e Order splitting is permitted with a DLE ETB, meaning that the next block is a

continuation of the text.

« DLE ETX processing is the same as in nontransparent mode; each block must
start with a command sequence.

« On a teleprocessing line error, after a return of NAK by the 3274, either a
retransmission of the block or an EOT is expected from the sender.

« When a program error is found in the data, or a device error occurs during the
processing of a block, the 3274 returns an EOT.

« NAK is returned by the 3274 when a transmission has DLE ETX or DLE
ETB missing.

Note: Block size is to be limited to 3,000 bytes in a Write Structured Field (WSF)
transmission containing the LPS structured field. In addition, the maximum



number of LPS structured fields that can safely fit in the 3274 buffer space is 90.
This applies to displays and printers. Exceeding this limit may cause the 3274 to
overflow its checkpoint buffers. When this overflow is detected by the control
unit, an op-check results.

In a WSF transmission to a 3278 Display Station/IBM 3270 Personal Computer
Attachment terminal, the total length of one transmission should be held to 2,048
bytes or less.

Inbound Transparent Transmissions: The 3274 C units transmit inbound data in
transparent mode only if:

« The inbound reply mode is extended field
e The inbound reply mode is character
o The inbound data stream includes structured fields.

Transparent Text Blocking (Outbound): The following example illustrates the
sequence expected during outbound blocking.

TCU Device

EOT
(PAD and SYN characters)
3270 CU address
3270 CU address
Device address
Device address
ENO

ACKO

DLE STX

ESC

WRITE COMMAND
TEXT 1

DLE ETB (BCC)

ACK1

DLE STX
TEXT 2
DLE ETB (BCC)

ACKO

DLE STX
TEXT 3
DLE ETX (BCC)

-ACK1

EOT
Order sequences may be split in the blocking process. For example, one block
may end with:

SBA
DLE ETB (BCC)

and the next block continue with:
DLE STX

ADDRESS
ADDRESS
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Redundancy Checking
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Outside of transparent mode, ETB is treated as an ETX function. If the
transmission for TEXT 2 in the example had omitted the DLE prefix, ETB would
have been treated as ETX and the transmission acknowledged, but the
transmission for TEXT 3—not beginning with a command—would have been
treated as an error.

If the outbound blocked transmission contains a read command, the ETB is
treated as ETX. The read data stream is transmitted.

If a text block other than the first in the transmission contains a command, the
second command sequence (ESC, CMMD) is treated as data. The device is in
transparent mode, expecting a text block, and is not checking for a command
sequence in the incoming transmission.

When a text block is expected, and another BSC control sequence, such as RVI or
WACK, is received, the device ignores it. The effect is a timeout at the TCU.

A redundancy check is performed on the following communications line data:

1. 3274 command-sequence characters (including the write data of a Write,
Erase/Write, or Erase/Write Alternate command).

2. Data transmitted to the TCU in response to a read-type command or to a
polling sequence.

A block check character (BCC) is accumulated for each block of data at both the
TCU and the 3274. If EBCDIC code is used, a 2-byte BCC is generated (cyclic
redundancy check accumulation); if ASCII code is used, a 1-byte BCC is
generated (longitudinal redundancy check accumulation).

BCC accumulation is initiated by, but does not include, the first STX or SOH
framing character. All characters following this STX or SOH, up to and including
the end-of-block character (ETB or ETX), are part of the accumulation.
Following the ETB or ETX character, the transmitting unit transmits its BCC
character(s). The receiving unit then compares this character(s) with the BCC it
has accumulated. If the redundancy accumulations are different, a transmission
error has occurred.

When the 3274 is the receiving unit and detects a BCC error, it responds to the
transmission by sending NAK to the TCU. When the TCU is the receiving unit, it
will set Unit Check in the ending status for the TCU command being executed
when the BCC error was detected; also, it will set Data Check in the sense byte.

Note: BCC characters are removed from the data stream when received for
comparison by the TCU or by the 3274; they are not stored in main storage or in
the 3274 buffer.

In both EBCDIC and ASCII, transmission formats (data link controls) are rigidly
screened so that communication is orderly and accurate. Improper transmissions
are ignored or rejected to avoid the acceptance of faulty messages. Received or
transmitted data blocks are counted odd-even-odd-even, etc., by both the
transmitter and receiver (by means of ACK (’s and ACK 1’s), and their counts
must agree at each block-check point.



Data-Link Control Characters

Pad

SYN (Synchronous Idle)

Two types of characters are transmitted between the TCU and the 3274: CU
data-link control characters and 3274 message data. Data-link control characters
are used for such purposes as message framing, acknowledgment that received
message data was valid or invalid, and identification of the start- or end-of-text
transmission. Data-link control characters are used (singly or in sequences) by
the TCU (under program control) and by the 3274 to establish and control all
data link operations in an orderly fashion. The 3274 message data consists of all
address, command, order, and display/print characters sent to the 3274 and of all
buffer data, AID bytes, and status/sense bytes read from the 3274. Data-link
control characters are described individually in the following paragraphs and are
described with 3274 message data later in this chapter (under “Operational
Sequences’).

The data-link control characters, with their EBCDIC or ASCII codes, are as
follows:

Data-Link

Control Character EBCDIC (Hex) ASCII (Hex)
ACK 0 (2 bytes) 1070 ' 1030
ACK 1 (2 bytes) 1061 1031
DLE 10 10
ENQ 2D 05
EQT 37 o4
ESC 27 1B
ETB 26 17
ETX 03 03
ITB 1F 1F
NAK 3D 15
RVI (2 bytes) 107C 103C
SOH 01 01
STX 02 02
SYN 32 16
TTD 022D 0205
WACK 106B 103B

All control characters transmitted by the TCU (except pad and SYN) are issued
by the channel program as part of a TCU Write CCW data stream. All control
characters transmitted to the TCU are generated by the control unit; a Read
command to the TCU is used to store these characters (except pad and SYN) into
main storage for subsequent analysis by the access method.

Pad characters, leading and trailing, are generated by TCU or 3274 hardware to
ensure complete transmission or reception of the first and last significant
character of each transmission.

Two consecutive SYN characters are generated by TCU or 3274 hardware to
establish character synchronization. The TCU can also embed SYN characters in
text for time-~fill to maintain synchronization; the 3274 discards these SYN
characters (does not store them in the buffer).

Chapter 4. Remote Operations—BSC  4-7



DLE (Data Link Escape)

ACK 0 (Even Acknowledge)

ACK 1 (Odd Acknowledge)

DLE is always the first byte in the following 2-byte control characters: ACK 0,
ACK 1, WACK, and RVI. DLE is also used.as the first character in several
2-character sequences that are used in transparent-monitor mode (described
earlier in this chapter under ‘“Transparent Monitor Mode”’).

ACK 0 is a 2-byte character, as follows:

» EBCDIC: 1070 (hex)

» ASCII: 1030 (hex)

ACK 0 is transmitted by the 3274 after a successful selection addressing (not
poll) sequence to indicate to the TCU that the 3274 is ready to accept

transmission. ACK 0 is also transmitted by the 3274 or by the TCU upon receipt
and validation of an even-numbered (second, fourth, etc.) text block.

ACK 1 is a 2-byte character, as follows:

« EBCDIC: 1061 (hex)
e ASCII: 1031 (hex)

ACK 1 is transmitted by the 3274 or TCU upon receipt and validation of an
odd-numbered (first, third, etc.) text block.

NAK (Negative Acknowledgment)

ENQ (Enquiry)

4-8

NAK is transmitted by the 3274 in response to a TCU text transmission that (1)
terminates with ENQ, (2) has ENQ embedded in text, (3) has invalid BCC, (4)
contains a TTD sequence (STX ENQ), or (5) has ETX missing.

When NAK is received by the 3274 in response to a text transmission, the 3274
retransmits the last block of text.

Programming Note: The TCU should be programmed to respond with NAK to an
ENQ (that ends a text block) from the 3274; this NAK causes the 3274 to send
EOT and retain the status for error recovery.

The 3274 transmits ENQ (1) to request a reply from the TCU following a
3-second timeout, (2) to request retransmission of the previous reply from the
TCU, or (3) as the last character of a text message in which a data check was
detected by the 3274. (See “Programming Note” above.)

When the 3274 receives ENQ in response to a transmission, the last 3274
transmission to the TCU is repeated. The 3274 responds with NAK when ENQ is
received (1) as the last character of a TCU-aborted text transmission, (2)
embedded in text, or (3) as part of a TTD sequence (STX ENQ).

To be addressed successfully, the 3274 must receive ENQ as the last character of
a polling or selection addressing sequence.



WACK (Wait before Transmit)

WACK is a 2-byte character, as follows:

« EBCDIC: 106B (hex)
e ASCII: 103B (hex)

WACK is generated by the 3274 (1) in response to a selection addressing (not
poll) sequence when a printer or a 3277 attached to the 3274 is busy, and (2) in
response to a Write or Copy command text transmission when the Start Printer bit
is set in the WCC or CCC. The 3274 responds with ENQ to a WACK from the
TCU.

RVI (Reverse Interrupt)

RVIis a 2-byte character as follows:

« EBCDIC: 107C (hex)
« ASCI: 103C (hex)

RVI is generated by the 3274 in response to an attempted selection (not poll) by
the TCU when the 3274 has a status and sense message to be transmitted.
Whenever the 3274 accepts RVI from the TCU, the 3274 responds with EOT and
resets all pending status and sense information. The 3274 accepts RVI in place of
ACK 0 or ACK 1 and then only when they would have been valid. If RVIis
received at the 3274 in response to RVI, a timeout occurs at the 3274.

STX (Start of Text)

The 3274 receives STX as the first character of a command or TTD sequence.
The STX causes the 3274 to clear its BCC and start accumulating a new BCC
(STX is not included in the accumulation). Subsequent STX (and SOH)
characters are included in the BCC accumulation. STX is transmitted by the
3274 to the TCU as the first character of a read-data text block except in a status
or test-request message; this STX causes the TCU to start accumulating a new
BCC (STX is not included in the accumulation).

The first character in status and test-request messages is SOH, with STX
following two header characters. With a message of this type, the TCU starts
BCC accumulation upon receipt of the first SOH, the subsequent STX character
is included in the BCC accumulation.

SOH (Start of Heading)

The 3274 generates SOH in a 3-character heading sequence that identifies the
accompanying data as a status message (SOH, %, R, STX, ---) oras a
test-request message (SOH, %, /, STX, data ---). The TCU starts BCC
accumulation upon receipt of SOH (SOH is not included in the accumulation).

ETB (End of Transmission Block)

During a message transfer operation, ETB informs the receiving unit that BCC
follows. The 3274 treats ETB as though it were ETX by checking BCC and then
generating the appropriate response; the 3274 does not accept conventionally
blocked outbound text.
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ETX (End of Text)

EOT (End of Transmission)

During a message transfer operation, ETX informs the receiving unit that BCC
follows. The 3274 transmits ETX at the end of the last (or only) block of a text
message. Then, upon successful comparison of the received BCC with the
accumulated BCC, the program should respond with ACK to the 3274. If the
BCC comparison is unsuccessful, the TCU interrupts the program (Channel End,
Device End, and Unit Check status, with Data Check set in the sense byte); the
program should respond with NAK to the 3274. Receipt of ETX by the 3274
initiates a BCC comparison, causes a line turnaround, and causes generation of an
appropriate response to the TCU.,

EOT is transmitted by the 3274 (1) when the 3274 is a slave station and is unable
to perform an operation requested by the TCU; (2) when the 3274 is a master
station, as normal termination of a read operation; (3) when the 3274 has
completed General Poll operations with each attached device; or (4) as an answer
to RVI sent by the TCU. Line synchronization is dropped, and the 3274 is
returned to control mode. Note that the program can also issue EOT to the 3274
in order to drop line synchronization and return the 3274 to control mode. EOT
does not reset status and sense in the 3274; therefore, it should not be sent as a
response to a status message.

Following receipt of a valid selection addressing sequence, if an error occurs
during buffer transfer, the 3274 will provide a positive response to the selection
sequence and internally set DC and US status. EOT is sent in response to the
following 3270 command or poll.

ITB (End of Intermediate Transmission Block)

ESC (Escape)

TTD (Temporary Text Delay)
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The 3274 does not accept conventionally blocked text. However, to coexist on a
BSC multipoint line on which ITB may be used, the 3274 includes the ITB and
associated BCC in its own BCC accumulation but then removes them from the
data stream so that they are not stored in the buffer. The 3274 does not perform
a BCC comparison at that time, but continues the receive operations until ETB or
ETX is decoded.

ESC must precede the command code in each command-sequence data stream
transmitted to the 3274, as follows: STX, ESC, CMD, ---. The 3274 does not
generate ESC.

TTD is a two-character sequence: STX ENQ. The 3274 responds to TTD by
transmitting NAK to the TCU. The 3274 does not generate TTD. TTD may also
be used by the master station to terminate an operation (that is, initiate a forward
abort). The 3274 (slave station) will always respond with a NAK, expecting the
master station to transmit EOT. In this case, the slave station interprets this
sequence as a controlled forward abort rather than an end of transmission.



Operational Sequences (Nonswitched Line)

The following paragraphs describe the various data and control sequences that
can be performed with the 3274 operating on a nonswitched line. These
sequences are divided into four categories:

1. Specific and General Poll

2. Selection addressing

3. Write and control type commands
4, Read-type commands

The description of each category is associated with a Sequence/Response
Diagram, which shows (1) all 3274 responses to program-generated transmissions
by the TCU and (2) normal program-handling of 3274 transmissions. These
diagrams show the I/O supervisor/access method as examining each 3274
response to determine which operation to initiate next; however, for specific
applications, additional use of command chaining in the channel programs may be
desirable.

A selection addressing sequence selects a 3274 and an attached device for
subsequent command operations. Polling sequences are selection sequences used
specifically to obtain pending status at a device. Either a Specific Poll sequence
requesting status from a particular device or a General Poll sequence sent to all
devices may be executed.

Remote Chaining of 3270 Commands

For remote operations, 3270 command codes are included in the data stream of a
Write CCW to the TCU. Remote chaining of 3270 commands is defined as the
transmission of more than one command sequence to a 3274 following a single
selection addressing or poll sequence. This chaining normally is accomplished
with separate Write CCWs in the channel program. For example, the channel
program could (1) write selection addressing sequence and read the response for
evaluation by the I/O supervisor/ access method, (2) write a 3270 Write
command and text block and read the 3274 response for evaluation, and then (3)
write a 3270 Write command followed by a second text block and read the 3274
response for evaluation.

The program may chain 3270 commands following a selection addressing
sequence provided that the BSC rules governing limited conversational mode are
observed. (Refer to General Information Binary Synchronous Communications,
GA27-3004.) The 3274 permits any valid command to be chained following a
poll sequence; however, Read Buffer or Read Modified should not be chained
because the BSC rules for limited conversational mode (a maximum of two
consecutive data transfers without an intervening ACK) will be violated.

Any 3270 command (except Erase All Unprotected) may be chained from a
Write, Erase/Write, Erase/Write Alternate, or Copy command. However, if the
Write, Erase/Write, Erase/Write Alternate, or Copy command has started a print
operation, the 3274 will abort the subsequent chained command (the print
operation is completed normally).
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General and Specific Poll Sequences
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When a General or Specific Poll sequence is issued (Figure 4-1), one of three
possible results occurs: '

1. If status and sense information is pending with or without an AID present, a
status and sense message is generated.

2. If status and sense information is not pending and an AID is present, a Read
Modified command is executed.

3. If there is no status or sense information or no AID pending, an EOT
response is generated.

Figure 4-9 lists the conditions under which status and sense messages are
transmitted.

Control unit and device address bytes transmitted for the General and Specific
Poll sequences are as follows:

1. ~General Poll Address byte sequence:
3274 Poll Address
3274 Poll Address (See Figure 4-2.)
7F (EBCDIC) or 22 (ASCII) Used in place of the two
7F (EBCDIC) or 22 (ASCII) device—-address bytes.

2. Specific Poll address byte sequence:
3274 Poll Address
3274 Poll Address (See Figure 4-2.)
Device Address
Device Address

The selected 3274 remains selected at the completion of a poll operation so that
the program can issue a Write, Erase/Write, Erase/ Write Alternate, Copy, or
EAU command without reselecting the 3274 and the device; command operations
will be with (1) the device that was selected by Specific Poll or (2) the device
from which a response was last received during the General Poll operation.
Selection is dropped when the 3274 transmits EOT; the 3274 transmits EOT
when the 3274 has no pending status or messages, or after it receives NAK from
the TCU in response to a message that ends with ENQ.

Specific Poll addresses the 3274 and one device to determine if status and sense
information or a manually entered message is awaiting transfer to the TCU. The
pending status and sense information or message is transferred automatically by
the 3274 upon receipt of the Specific Poll addressing sequence.

When a General Poll addresses the 3274, each attached device is examined in the
order in which the ENTER key was pressed. If a message is present, it is
transferred to the TCU. Each message is accompanied by the address of the
device from which it originated.

Upon completion of this transfer, an ACK response from the program causes the
3274 to continue the General Poll operation, either by transferring another block
of a text message or by examining other attached devices for pending messages.
The program could issue a command rather than ACK to the device from which
the message was just received only after inbound blocks that end with ETX. The
3274 will ignore any commands that are sent in response to a block of data that
ends with ETB. Once the 3274 has examined all attached devices and has



successfully transferred all pending messages, it generates EOT and returns to

control mode. If the program wishes to terminate the General Poll, an RVI may
be issued to the 3274, forcing an EOT response. A command issued rather than
the ACK (after blocks that end with ETX) will also terminate the General Poll.

Figure 4-3 shows the message formats. Note that a device address is not provided
in the heading of a Test Request message. An address must be manually entered
by the operator as part of the text; this is because the operator may specify the
address of another device for test operations with the program.

The status and sense bits are described later in this chapter under “Status and
Sense (S/S) Bytes.”

Selection Addressing Sequence

The selection addressing sequence (Figure 4-4) specifies a 3274 and an attached
device in preparation for write-, control-, or read-type command sequences.. It is
similar in format to a Specific Poll sequence in that a 3274 address is sent,
followed by a device address, but different I/O characters and hex codes are used
to represent the 3274 address bytes. Column 1 in Figure 4-2 lists the characters
and hex codes used to complete the selection addressing sequence. Comparative
examples of 3274 and device address codes for General Poll, Specific Poll, and
selection addressing sequences are shown at the bottom of Figure 4-2.

For the 3274, the selection addressing sequence performs a function similar to a
local Select command in that it causes a device-to-control unit buffer transfer.
The 3274 provides a positive response to a selection sequence before transfer of a
device buffer to the 3274. If an error occurs during buffer transfer, following
receipt of a valid selection addressing sequence, a positive response to the
selection sequence is provided by the 3274, and DC and US status are internally
set. EOT is sent in response to the following command.
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/0 Supervisor/ cow TCU Write Data TCU Read Data
Access Method (From Channel Program) . (Generated by 3274)

Start {/0 sassshesss Write (CC) w— {Leading Pad and SYN Chars*)
EOT Control Unit
(Trailing Pad and SYN Chars*) Generated

Write (CC) 3274 Address (Poll)

ﬂ 3274 Address (Poll).

Device or Gen Poll Address

Device or Gen Poll Address

ENQ

See Figure 4-3

Read

I Response

1]
I
(Interrupt: CE + DE + UC)—l

_— e ————_——_— —_— . e | — e ———— — — —— — —

|
|
I
|
I
|
|
I
|
|
|
|
~—t
|
|
I
l
|
|
|
|
|
I
|
|
!
!

I 10 :
. ' Command Sequence
Write (CC) (Write-or-Control-

Read l Type)
Write (CC) b AC K 1 or 0
L |

. (TCU Sense Bits: Timeout) | r 1
- {Operation Completed) {Interrupt: CE t+ DE + UE) { l I
| T |
| 3274 l
| | Response
I |
| l ETX or ETB |
| BCC
l l suB I
| Text n
I ena |
I (Interrupt: CE + DE)—:[—-—J l
Start 1/0 I === -
L Write (CC) NAK |
| |
Read | (Interrupt: CE + DE; |
Ialso + UC if BCC error) |
Start 1/0 Ejmr) (TCU Sense Bit. Data Check)
| Write (CC) NAK B t
|
| Read I I
| Write I EOT R |
| |
|

|EOT Next text Continue
Read ] block General. Poll
Write (CC) ; RvI @3 -ﬁl
) IEOT
| Read | | 15]

Figure 4-1 (Part 1 of 2). General Poll and Specific Poll, Sequence/Response Diagram
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Notes:
n The 3274 will fail to respond to the addressing or polling sequence, causing a TCU timeout, for any of the following reasons::
o The 3274 is “unavailable’ (has power off, is ‘“offline’’, or is not attached).
e Any character in the polling sequence is invalid.
® The characters in the polling sequence are out of order.
e The polling sequence is incomplete (less than seven characters).
e The 3274 address is incorrect in the write data stream.
e The addressed 3274 was left selected from the previous transmission.
There is no 1/0 pending nor pending status. For General Poll, the CU sends EOT only after polling all devices.

n The device response is a function of the kind of device and its status. Types of responses include: Text, Status, and Test Request
messages. (Refer to Figure 4-3.)

For General Poll, the search for a response starts at some random device address and continues sequentially (as long as ACKs
are received in response to text transmissions) until all devices are given the opportunity to respond.

n Upon detection of an internal parity check or a cursor check, the 3274 (1) substitutes the SUB character for the character in error,
(2) records Data Check status, and (3) transmits an ENQ in place of ETX {or ETB) and BCC at the end of the text block. The General
Poll process is stopped.

Mandatory program response to a text block terminated in ENQ.

Terminates the operation. The nature of the error (parity or cursor check) does not warrant a retry. This response indicates that status
and sense information is stored. The status retrieval information included in Figure 4-6, Note 2, applies.

ETB is used to frame each block of a blocked text message, except the last block. ET X is used to frame the last block of a blocked text
message.
n BCC error has been detected. The program issues NAK to cause the 3274 to repeat its last transmission.

e

Response issued by the program to terminate the operation if the TCU is unsuccessful in receiving a valid BCC following "'n’’ attempts
by the 3274 to transmit the message. This response does not cause the 3274 to reset its sense/status information. Therefore, the
same status message will be transmitted if a Specific Poll is immediately issued to the same device.

This transmission must be a write or control-type command sequence (described in Figure 4-5). A read-type command would violate
BSC standards on limited conversational mode.

For General Poll, this transmission stops the poiling operation. The General Poll must be reinitiated to ensure
receipt of all pending device messages.

Positive acknowiedgment. The text block has been successfuily received by the TCU. The program issues ACK 1 in response to the first
and all odd-numbered text blocks and issues ACK O in response to the second and all even-numbered text blocks.

Normal termination of a Specific or General Poll
The second and all succeeding text blocks are framed as the first except they do not include the 3274 /device address sequence.

m RV to terminate polling sequence.
Termination of polling sequence on receipt of RVI.

LEGEND: .
(CC) = Chain Command (CC) Flag in CCW is set to 1.
(Interrupt) = TCU-generated interrupt (CE = Channel End, DE = Device End, UE = Unit E xception, UC = Unit Check).

*Only the critical framing characters (sync pattern and pad) are shown. All other framing characters are also hardware-generated as required.
See SL General Information - Binary Synchronous Communications, GA27-3004, for a complete description.

Figure 4-1 (Part 2 of 2). General Poll and Specific Poll, Sequence/Response Diagram
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Column 1 Column 2
Use this column for: Use this column for:
® Device Selection, ® 3274 Selection Addresses.
@ Specific Poll, e Test Requests
e General Poll, and
o Fixed Return Addresses
CU or EBCDIC EBCDIC ASCI EBCDIC EBCDIC ASCII
Device /0 Hex J[e] ASCII CuU 1/0 Hex 1/0 ASCII
Number Char. (Note 1) Char. Hex Number Char. (Note 1) Char. Hex
0 SP 40 SP 20 (o] - 60 - 20
1 A c1 A 41 1 / 61 / 2F
2 B c2 B 42 2 S E2 S 53
3 c c3 [ 43 3 T E3 T 54
4 D C4 D 44 4 (¢] E4 8] 55
5 E C5 E 45 5 \ ES v 56
6 F cé F 46 6 w E6 w 57
7 G Cc7 G 47 7 X E7 X 58
8 H cs8 H 48 8 Y E8 Y 59
9 i Cc9 ! 49 9 z E9 z 5A
10 ¢ aa [ 58 10 ; 6A | 7c
1 . 4B . 2E 1" , 68 B 2C
12 < 4C < 3C 12 % 6C % 25
13 { 4D ( 28 13 — 6D - 5F
14 + 4E + pi:] 14 > 6E > 3E
15 lort 4F ! 21 15 ? 6F ? 3F
16 & 50 & 26 16 0 FO 0 30
17 J D1 J 4A 17 1 F1 1 31
18 K D2 K 4B 18 2 F2 2 32
19 L D3 L 4aC 19 3 F3 3 33
20 M D4 M 4D 20 4 Fa4 4 34
21 N D5 N 4E 21 5 F5 5 35
22 [s} D6 o 4F 22 6 Fé 6 36
23 P D7 P 50 23 7 F7 7 37
24 Q D8 Q 51 24 8 F8 8 38
25 R D9 R 62 25 9 F9 9 39
26 ! 5A ] SD 26 : 7A : 3A
27 $ 58 $ 24 27 # 78 # 23
28 * 5C . 2A 28 @ 7C @ 40
29 ) 5D ) 29 29 ' 7D ‘ 27
30 ; SE H 38 30 = 7€ = 3D
31 =or A 5F A 5E 31 “ (Note 2) 7F " 22
Examples:

- 3274 Addressing

EBCDIC ASCII

General Poll CUS cu C5 45
Address C5 45
Device { 7€ 22
Address 7F 22
Specific Poll Device 4 on CUS CcuU 13 45
Address { C5 45
Device { Cc4 44
Address Cca 44
Select Device 4 on CUS cu { ES5 56
Address ES 56
Device { ca 44
Address Cc4 44

Notes:

1. Graphic characters for the United States i/O interface codes are shown. Graphic characters for EBCDIC 4A, 5A, 5B, 7B,
7C, and 7F might differ for particular World Trade 1/O interface codes. Refer to /BM 3270 Information Display System:
Character Set Reference, GA27-2837, for possible graphic differences when these codes are used.

2. 1/O character address ("'} is used as the device address to specify a General Poll operation.

Figure 4-2. Remote Control Unit and Device Addressing
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(Note: This figure is referenced in Figures 4-1 and 4-6.)

L

TCU Write Data TCU Read Data
(From Channel Program) (Generated by 3274)
(Poll Sequence) I Status Test Request Read Modified or Read Partition
Message Short Read Message (Query)

I Message*

SOH SOH STX DLE
% % 3274 Poll Address? STX
R / . 3] '3274 Poll Address
Device Address Devi
evice Address
STX STX
3274 Poll Add [ Text @ Text @
Dovics Addrass _ Text ———= ETX or ETB DLE
evice ress ETX or ETB BCC EZE(
BCC
s/s1 }Il

BCC

|
|
|
| I
| I
| |
| |
| I
| I
| | S/s o0
| I
' |
| |
|
| I
|
I |

I- (Interrupt)
|
'-1— (Interrupt)

I
| (NAK) ——m}-
| [

—— s e

* Response to General Poll or Specific Poll only (not program-generated Read Modified command)

Notes:

A status message response is issued to a General or Specific Poll if (1) the 3274 has pending status (General Poll ignores Device Busy
and device "‘unavailable’’ and, if the 3274 continues polling of next device), or (2) if error status develops during execution of
the poll. Status and sense bit assignments are described in Figure 4-7.

A Test Request Message response is issued to a General or Specific Poll if a TEST REQ key is pressed at the keyboard of a polled 3277,
orif a SYS REQ key is pressed at a 3178, 3278, or 3279 attached to a 3274.

This address is included only in the first block of a blocked text message.

n The text portion of this message is the result of either a Read Modified or Short Read operation by the 3274. Figure 4-5 lists each
operator action and the resulting read operation that will be performed.

The text portion of this message is the result of a Read Partition {Query) structured field function,

LEGEND:
(Interrupt) = TCU-generated interrupt.

Figure 4-3. 3274 Message Response to Polling or Read Modified Command
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1/0O Supervisor/ TCU Write Data TCU Read Data

Access Method ccw (From Channel Program) (Generated by 3274).

| EOT
I (Trailing Pad and SYN Chars*)
Write (CC) 3274 Address, Generated
3274 Address
Device Address
Device Address
ENQ

Start |/O umspussms Write (CC) smusjummn (Leading Pad and SYN Chars*)
> Hardware

No RVI WACK ACKO
Response (4]
|

(Interrupt: CE + DE + UC) _~_"|

(TCU Sense Bit: Timeout)

Read

A

(tnterrupt: CE + DE)

_———-ﬂ-_————-——-——-——_——-——-—— — — C— S— Si—
IR S N Y

|

|

I |
Start 1/0 |
L Write EOT I

! (Interrupt: CE + DE) :
Start /0O I
L Write Eo1 @ |

|

(Interrupt: CE + DE)

|
Start |/O sempmm—m Write (cc) + Command Sequence
| |

|

| I
Read |

| |

— — — — — — —

*Only the critical framing characters (sync pattern and pad) are shown. All other framing characters
are also hardware-generated as required. See SL General Information — Binary Synchronous
Communications, GA27-3004, for a complete description,

Figure 4-4 (Part 1 of 2). Selection Addressing, Sequence/Response Diagram
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Notes:
n The 3274 will fail to respond to the addressing or polling sequence causing a TCU timeout, for any of the following reasons:
e The 3274 is ‘‘unavailable” (has power off, is “offline’’, or is not attached).
& Any character in the polling sequence is invalid.
e The characters in the polling sequence are out of order.
® The polling sequence is incomplete (less than seven characters).
® The 3274 address is incorrect in the write data stream.
e The addressed 3274 was left selected from the previous transmission.
B 3274: The addressed device has pending status {excluding Device Busy or Device End).
The addressed 3274 is busy. No S/S information is stored. An RVI response takes precedence over a WACK response.
u The address has been successfully received, no status is pending.

Termination of attempted addressing sequence: Availability of valid status and sense information cannot be ensured uniess a Specific
Poll is issued to the responding device as the next addressing sequence issued to this 3274.

n Termination of attempted addressing sequence.
Refer to Figure 4-5 or 4-6 for the desired command sequence.

LEGEND:
(CC) = Chain Command (CC) Flag in CCW is set to 1.
(Interrupt) = TCU-Generated interrupt (CE = Channel End, DE = Device End, and UC = Unit Check)

Figure 4-4 (Part 2 of 2). Selection Addressing, Sequence/Response Diagram

Write-Type and Control-Type Command Sequences

The program initiates a Write, Brase/Write, Erase/Write Alternate, Copy, or
EAU operation (Figure 4-5) by first writing a command and, except for EAU, a
data sequence to the selected 3274 and then reading the response. All write-type
commands and Copy commands must be followed by a minimum of one data byte
(the WCC or CCC byte). If the program reads a positive response (ACK) from
the 3274, it can terminate the operation or continue with another command. The
program can write blocks of text to the 3274 by initiating, after receipt of each
ACK, a Write command sequence for each block to be written.

Write data is blocked to devices attached to a 3274 as follows: Each time the
3274 receives a selection addressing sequence, it begins to transfer the device
buffer contents to the control unit buffer. As the Write command data is received
by the control unit, updating occurs, and the result is asynchronously transferred
to the buffer of the addressed device. The device buffer conteunts not affected by
the write data stream remain unaltered in the device buffer. If the transmission of
a block of data to the control unit is successful (ACK reply), a
device-to-control-unit-buffer transfer is begun. If the transmission of a block of
write data to the control unit is unsuccessful (e.g., NAK reply), the buffer
contents previously stored in the control unit buffer are immediately transferred
to the device buffer before another Write command is received. These contents
include any previous text blocks that were written successfully. Thus, the 3274
can receive retransmission of the block that was unsuccessfully received.
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1/Q Supervisor/ cow TCU Write Data TCU Read Data
Access Method (From Channel Program) (Generated by 3274)

(Selection or Poll | |
Seq or Previous i |
Command Op) [

I |
— Start 1/O + Write (CC) wesmmmm ST X

| I Esc
I Command Code
I | Text B
I | ETX c | Uni
| ontrol Unit
| | (BCC) Generated
Read |
! l I No EOT [ACK1orO
I I | Response 9]
| | |
- }—(interrupt: CE + DE + vo—  nak WACK
I l {TCU Sense Bit: Timeout) | a
- ! i {tnterrupt: CE + DE) !
Start 1/0 | | |
L t Write $ eoT B |
| l :
r + } (Interrupt: CE + DE + UE) |
Start 1/0 | | l
L t Write (CC) —-'— Specific Poll Sequence]
I ' to Receive S/S Bytes l
I Read |
r t ! (Interrupt: CE + DE) }
Start 1/0 | I |
} Write I eoT B |
|

Write* EOT B

Start 1/0

(Terminate)

(Continue)
Write (CC) mmsmmmm| Command Sequence

such as Write
Command Code and

I
I
I
I
I
l
I ! |
| Read i next block of text :
(Continue) ~ I . I
| Write l o l ~ ~
| STX |
l ENQ |
| ! T g
i >
I 1
Start 10 | l Command Sequence |
u
LiContinue) i Write l such as Write I - B
| | Command Code and | J
| | next block of text I
M | 1
I | !
Start 1’0 | I
: l {Terminate) i Write ! EOT | D,

Figure 4-5 (Part 1 of 2). Write-Type and Control-Type Commands, Sequence/Response Diagram
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Notes:
n No text is transmitted on an EAU command transmission.
B Command transmission was not successfully received because of invalid framing (STX missing). Causes a timeout at TCU.
The 3274 is unable to perform the operation indicated in the command transmission because of a busy/unavailable/not ready device.

n |f a transmission problem causes both a 3274 detected check condition and a BCC error, the BCC error takes precedence over all other
check conditions, and a NAK is transmitted to the TCU.
B BCC error or missing ETX has been detected. The NAK response requests the program to repeat its last transmission.

“

B Response issued by the program to terminate the operation if the 3274 is unsuccessful in receiving a valid BCC following “n” attempts
by the program to transmit the message.

If the Start Printer bit is set in the WCC or CCC, a WACK response indicates that the text transmission was successfully received but
that the printer is now busy and an additional chained command cannot be accepted.

B Normal termination of the operation by the program.
n Command execution has been successfully completed.
m Repeat the operatior shown in this figure or in Figure 4-6 for the next command sequence.
Example of a Temporary Text Delay (TTD) sequence.

m Example of terminating an operation using TTD (a forward abort sequence).

LEGEND:
(CC) = Chain Command (CC) Flag in CCW is set to 1.
(Interrupt) = TCU-generated interruption (CE = Channel End, DE = Device End, UE = Unit Exception, UC = Unit Check).

Figure 4-5 (Part 2 of 2). Write-Type and Control-Type Commands, Sequence/Response Diagram

Read-Type Command Sequences

Programming Note: Read Buffer is used primarily for diagnostic purposes, and
Poll (General and Specific) is normally used in place of Read Modified for remote
read operations.

The program initiates a read operation (Figure 4-6) by first writing a command
sequence to the selected 3274 and then reading the response. If the 3274
responds with text followed by ETB, and if BCC comparison at the TCU is
successful, the program should write ACK to retrieve the next block. This should
continue until an error is detected or until a text block is followed by ETX. After
ETX is received, the program should write ACK to the 3274 and then read the
EOT reply. The three types of Read Modified message responses are shown in
Figure 4-3.

The 3274 will retransmit text up to 15 times when NAK or an incorrect ACK is
received or when ENQ is received in response to a conversational text reply to a
Read command. The 3274 supports limited-conversational-text mode. If the host
transmits a text block following receipt of a text transmission which ends in ETB,
a timeout occurs at the 3274 and ENQ is sent to the host.
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1/0 Supervisor/
Access Method

ccw

TCU Write Data
(From Channel Program)

TCU Read Data
(Generated by 3274)

(Selection Sequence or

Previous Command Op) | I
| I I
— Start |/0 wessspmms Write (CC) summiummmm ST X I
| : ESC |
| l Command Code |
I I ETX Hard |
araware
: Read I (BCC) Generated |
| |
| l If command is
| | | Resﬁ"“se Rd Mod,
Figure 4-3.
- } (Interrupt: CE + DE + UC)_.L_I NAK see Tgure
[ | (TCU Sense Bit: Timeout) I
|< : } (Interrupt: CE + DE)——I-————J
Startli/O l . | |
Write 1 EOT n '
| | Yy — 1
I } r—(Interrupt: CE + DE + UE) : _}
Start 1/0 | | r———=
L T Write (CC) ———-I—— Specific Poll Sequence l | 327483-); Ad
| to Receive S/S Bytes | | | o r
| Read | | | Device Adr
' I | l Text
I ' | | sus ETXor ETB @
| Text ) U BCC
| | :
r : : (Interrupt: CE + DE) '—:—-—J
Start 1/0 [ -
I
L : wm-ie (cC) ————— naxk B I
I Read I :

Start 1/O

(BCC Error)

Wumgnupt; CE + DE;
| also+ UC if BCC error)

Write (CC) =———d———nNAK [[J

(TCU Sense Bit: Data Check)

Ll

!
| |
Read | |
| |
Write T eoT i} |
| l
Write (CC) smpumms ACK 1 or 0 [}
| | Next text
Read block EOT

Figure 4-6 (Part 1 of 2). Read-Type Command, Sequence/Response Diagram
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Notes:
n Command transmission was not successfully received because of invalid framing (STX missing). Causes timeout at TCU.

The 3274 is unable to perform the operation indicated in the command transmission because of a busy/unavailable/not ready device
or a 3274 detected check condition (receipt of an illegal command/order sequence, failure to decode a valid command, or an 1/0
interface “‘overrun’’). The EOT response to a command transmission indicates that status information is stored in the 3274. To
ensure retrieval of valid status, a Specific Poll must be issued to the device-responding EOT as the next addressing sequence issued to
this 3274.

a If a transmission problem causes both a 3274-detected check condition and a BCC error, the BCC error takes precedence over all other
check conditions, and a NAK is transmitted to the TCU.

n Response issued by the program to terminate the operation if the 3274 is unsuccessful in receiving a valid BCC following ““n'’ attempts
by the program to transmit the message.

B This address sequence is included only in the first block of a blocked text message.

ﬂ ETB is used to frame each block of a blocked text message, except for the last block. ETC is used to frame the last block of a blocked
text message.

Upon detection of an internal parity check, the 3274 automatically substitutes the SUB character for the character in error. If a parity
or cursor check is detected, ENQ is transmitted in place of ETX {(or ETB) and BCC at the end of the text block and appropriate status
and sense information is stored. This is also used by the 3274 if, after transmitting the first block, the transmission cannot be completed
due to power being off at the terminal.

B Mandatory program response to a text block terminated in ENQ.

ﬂ Response to terminate the operation. The nature of the error {parity or cursor check) does not warrant a retry. This response indicates
that appropriate status and sense information is stored. The status retrieval information included in Note 2 applies.

BCC error has been detected. The program issues NAK to cause the 3274 to repeat its last transmission.

Positive acknowledgment. The text block has been successfully received by the TCU. The program issues ACK 1 in response to the first
and all odd-numbered text blocks and issues ACK 0 in response to the second and all even-numbered text blocks. This response to a text
block terminated in ETX turns on the device SYSTEM AVAILABLE indicator.

The second and all succeeding text blocks are framed as the first except that they do not include the 3274/device address sequence.

Normal termination of the operation following transmission of the last text block.

LEGEND:
(CC) = Chain Command (CC) Flag in CCW is set to 1.
{Interrupt) = TCU-generated interrupt (CE = Channel End, DE = Device End, UE = Unit Exception, UC = Unit Check)

Figure 4-6 (Part 2 of 2). Read-Type Command, Sequence/Response Diagram

Status and Sense (S/S)Bytes

All remote status and sense conditions are combined into 2 bytes. These 2 bytes
are always sent in a status message. In EBCDIC code, the bits are transmitted as
indicated in Figure 4-7. If the sense bytes are transmitted in ASCII code, the
EBCDIC code defined below is translated to ASCII before transmission.

Status and sense conditions are recorded by the 3274 for each device. These
conditions may include busy or ready status or detected errors. Figure 4-8 shows
how these status and sense conditions are interpreted for each error response
transmitted by the 3274 in response to a poll sequence from the TCU.

Error Recovery Procedures

Errors detected at the 3274 are indicated to the system processor by the following
responses: RVI, NAK, EOT, or sense/status information. The meaning of the
responses depends upon their sequences, as defined in Figures 4-1 and 4-3
through 4-6.

An error in the 3178, 3278, or 3279 is reported once to a General Poll. The 3274
allows parts of messages to be transmitted to the host before all data is transferred
from the 3178, 3278, or 3279 to the 3274. If a terminating condition prevents
completion of data transfer from the 3178, 3278, or 3279 to the 3274 after
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Bit
| No.

Bit Definition

HOWN

S/S Byte 0:

Dependent upon setting of bits 2-7.
Alwaysa 1.

Reserved.

Reserved.

Device Busy (DB) — This bit indicates that the addressed device (except the 3278 or 3279) is busy executing an operation or that
a busy detection was previously made by a command or Specific Poll. The device is busy when it is executing an Erase All
Unprotected command or a print operation, accepting data from the operator identification card reader, or performing various
keyboard operations (ERASE INPUT, Backtab, and CLEAR).

This bit is set with Operation Check when a Copy command is received which specifies a "busy’’ device with its “‘from’’
address.

This bit is set with Unit Specify when a command is addressed to a busy device. This can occur by chaining a command to a
Write, Erase/Write, Erase/Write Alternate, or Copy command which started a printer or by chaining a command to a Specific Poll
addressed to a busy device.

Note: DB is not returned for the 3278 or 3279 when executing an Erase All Unprotected command, accepting data from the MSR
or MHS, or performing ERASE INPUT, Backtab, or CLEAR keyboard operations.

Unit Specify (US) — This bit is set if any S/S bit is set as a result of a device-detected error or if a command is addressed to a busy
device.

Device End (DE) — This bit indicates that the addressed device has changed from unavailable to available and not ready to ready,
or busy to not busy. This bit is included during a Specific or General Poll but is not considered pending status by a selection-
addressing sequence.

If a selection-addressing sequence detects that the addressed device has pending status and also detects one of the above status
changes that warrants a Device End, then the Device End bit is set and preserved along with the other pending status, and an RVI
response is made.

Reserved.

S/S Byte 1:

Dependent upon setting of bits 2-7.

Always a 1.

Command Reject (CR) — This bit is set upon receipt of an invalid 3270 command.

Intervention Required (IR} — This bit is set if:

e A Copy command contains a ““from’’ address in its data stream which specifies an unavailable device.
e A command attemped to start a printer but found it not ready. The printout is suppressed.

e The 3274 receives a selection-addressing sequence or a Specific Poll sequence for a device which is unavailable or which became
not ready during a printout. A General Poll sequence does not respond to the unavailable/not ready indication and proceeds to
determine the state of the next device.

o The 3274 receives a command for a device which has been logged as unavailable or not ready.

Equipment Check (EC) — This bit indicates a printer character generator or sync check error occurred, the printer became
mechanically disabled, or a 3274 detected bad parity from the device.

Data Check (DC) — This bit indicates a 3274 operation to a device was unsuccessful (i.e., the device was disabled with DC returned
to the host; IR will be returned on subsequent retry by the host).

Reserved.
Operation Check {OC) — This bit, when set alone, indicates one of the following:

® Receipt of an illegal buffer address or of an incomplete order sequence on a Write, Erase/Write, or Erase/Write Alternate
command.

o The device did not receive a CCC or a ““from’’ address on a Copy command.
o Receipt of an invalid command sequence. {ESC is not received in the second data character position of the sequence.)

e The internal buffering capability is exceeded on a 3274.
This bit is set with Unit Specify to indicate that the *’from’’ address on a Copy command specified a device with a “locked"’
buffer (the device data is secure).

Figure 4-7. Remote Status and Sense By te Definitions — BSC
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Device
Response Command S/S Explanation

RVI Selection Qutstanding Status — Pending information from a previous operation with the same device. {If the
addressed device is busy, WACK is sent to the TCU instead of RVI, and no S/S bit is set.) Note: A
selection-addressing sequence does not recognize a Device End as pending status. If there is no other
pending status, it resets this bit and proceeds with the selection. If the addressed device has other
pending status, Device End remains set with it, and the RV response is made as usual.

IR — The addressed device is unavailable.

DE, EC, US — A character generator or syn check error has occurred, or the printer was mechanically
disabled but the condition has been corrected. DE, EC, US is not sent by the 3287 or 3289.

DE, IR — The addressed printer is out of paper, its power has been turned off, or its cover is open.
DE, IR, EC, US — The addressed printer is mechanically disabled and canrnot recover.
DE, DC, US — A parity error is detected at the printer.

DC, US — A parity check or cursor check is detected by the addressed device on the data it is sending
to the controf unit. For a 3274, an operation to a terminal was unsuccessful. The terminal was
disabled and DC US returned to the host. On subsequent retry by the host, IR will be returned to the
host.

EOT Read CR — Invalid 3274 command is received.

Commands OC — Invalid command sequence (ESC is not in the second data character position), or data follows

the command in the data stream received at the device.

DB, US — The addressed device is busy. The command was chained to a Write, Erase/Write, Erase/
Write Alternate, or Copy command which started a print, or it was chained to a Specific Poll.

IR — A command is addressed to an unavailable device.

DC — The 3274 is unable to complete a Read command operation after the first block has been sent
to the host, because either there was an error in the terminal or the terminal was powered off after
the first block was sent. A SUB character and an ENQ character are placed in the buffer. When the
TCU responds NAK, the 3274 responds EOT.

DC, US — A parity check or cursor check is detected by the addressed device on the data it is sending
to the control unit. An operation to a terminal was unsuccessful. The terminal was disabled and DC
US returned to the host. On subsequent retry by the host, IR will be returned to the host.

EOT Write CR — An Invalid or illegal 3274 command is received.

Commands OC — An invalid command sequence {(ESC is not in the second data position), an illegal buffer address

or an incomplete order sequence is received, or a data byte was sent to the device during the Write
command before the operation required by the previous data byte was completed.

DC, US — The device detects a parity or cursor check on its buffer during the command operation.
For a 3274, an operation to a terminal was unsuccessful. The terminal was disabled and DC US
returned to the host. On subsequent retry by the host, IR will be returned to the host.

DB, US — The addressed device is busy. The message is accepted but not stored in the 3274
buffer. The command is aborted.

EOT Copy DB, OC — The “from’’ device is busy. (The device is busy executing an operation, a printout, reading
Command data from the operator identification card reader, or performing a keyboard operation.) The Copy
command is aborted.

IR, OC — The ““from’’ device is not available.
0C, US — The “from’’ device has a locked buffer.

OC — The data stream contains other than 2 bytes (the CCC and the “from’’ address). The command
is aborted.

OC — The ““from” device buffer is larger than the “to’’ device buffer.

OC — The buffer of the “from’’ device (has APL/Text feature) contains APL/Text characters (entered
since an Erase/Write or Erase/Write Alternate command or a CLEAR key operation) and the “to”
device does not have the APL/Text feature.

Figure 4-8 (Part 1 of 2). Remote Error Status and Sense Responses — BSC
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Device

Response Command S/S Explanation
- EOT Copy DC, OC, US — Set when ““from’’ device detects an internal parity or cursor check. For a 3274, an
Command operation to a terminal was unsuccessful. The terminai was disabled and DC US returned to the host.
(cont) On subsequent retry by the host, |R will be returned to the host.
DB, US — The addressed '‘to’’ device is busy.
DB, US, OC, DE — The addressed device becomes not busy before a Specific Poll is issued to retrieve
the DB, US, OC status (described above).
EOT Write, IR — Addressed device is not available, or addressed printer is not ready.
Erase/Write,
Erase/Write
Alternate,
Copy
Commands
EOT Erase All OC — One or more data bytes followed the command (buffer overrun).
Unprotected
Command
Specific DE, IR, EC, US — An unrecoverable mechanical failure is detected at the printer.
an | DE, EC, US — A character generator or sync check error or a mechanical failure is detected at a 3284/
P el?era 3286/3288 printer but then recovered from.
o
DC, US - A parity check or cursor check is detected by the addressed device on the data it is sending
to the control unit. For a 3274, an operation to a terminal was unsuccessful. The terminal was dis-
abled and DC US returned to the host. On subsequent retry by the host, IR will be returned to the host.
DC — The 3274 is unable to complete a Read command operation after the first biock has been sent to
the host, because either there was an error in the terminal or the terminal was powered off after the
first block was sent. A SUB character and an ENQ character are placed in the buffer. When the TCU
responds NAK, the 3274 responds EQT.
DE — The poll finds a device (1), previously recorded as busy, now not busy or, {2}, previously
recorded as unavailable or not ready, now available and ready.
IR, DE — The poll finds a device, previously recorded as ready, available, and busy, now not ready and
not busy, or the printer went not ready during a printout.
DC, US, DE — A parity error is detected at printer.
Specific DB — The addressed device is busy.
Poll
NAK Read and NAK is transmitted by the 3274, when it detects a block check character {(BCC) error on the TCU
Write transmission. A BCC error has priority over all other detectable error conditions. If, for example,
Commands a BCC error and a parity error are detected during the same command transmission, the parity error

condition is reset, and a NAK response is set by the 3274.

Figure 4-8 (Part 2 of 2). Remote Error Status and Sense Responses — BSC
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inbound link transmission has started, the 3274 sends STX......SUB ENQ. The
3274 responds to a Specific Poll with DC status. Following a selection addressing
sequence, a write-type command is accepted but a read-type command is rejected
and DC status is returned by the 3274.

When the host selects the 3274 and issues a Read Modified command, the 3274
transmits a single block of text followed by ETX. If the host makes an error by
starting a new command sequence with STX, the 3274 responds with ENQ. If
more than one text block is transmitted to the host, with ACK received from the
host after each ETB, the host may respond to ETX on the last block, with a new
command sequence beginning with STX, ESC.




Figure 4-9 lists the various error combinations of sense/status bits (with the
exception of Device Busy (DB), which is not an error) and the recommended
error recovery procedure for each combination. Supplementary procedures are
also recommended. Although there are 256 possible combinations of status and
sense bits, only a portion of this total is normally used. Combinations other than
those listed may occur. For example, an unpredictable catastrophic hardware
failure could induce an undefined combination of status and sense bits. Errors
that occur at the “from” device during a Copy command are identified by an
Operation Check (OC) sense bit in addition to the sense bit representing the
detected error.

Transmitted Error
in Response Recovery
Detected during 3274 Operation to: Procedure

Sense/ Hex Selection Specific General
Status Addressing | Poll Poll A 3270 Specific | General
Bits EBCDIC | ASCH Sequence Sequence Sequence Command Poli Poll 3274
CR 40 60 20 2D D, P D, P 6
ocC 40 C1 20 41 D,P D, P 6
OC, Us ca C1 4 41 D, P D,P 13
IR 40 50 20 26 D, P D,P D,P D,P 4
IR, OC 40 D1 20 4A D, P D, P 5
DC 40 C4 20 44 D,P D,P D,P D,P D,P D,P 1
DC, US C4 C4 44 44 D, P D,P D, P D, P D, P D, P 2
DC, OC, Us C4 C5 44 45 D,P D,P 3
DC, US, DE Cé Ca 46 44 P P P P 8
IR, DE C2 50 42 26 P P P P 4
EC, US, DE C6 C8 46 48 P P P P 7**
IR, EC, US, DE Cé6 D8 | 46 51 P P P P 7
DB C8 40 48 20 D,P D, P D,P 9
DB, US* 4C 40 3C 20 D, P D, P 10
OcC, bB* c8 Ci1 48 41 D, P D, P 1M
DE C2 40 42 20 D, P D,P D, P D,P None

Note: The attached device errors that are detected asynchonously do not cause a sense bit to set until the device is polled for status
during a selection-addressing, Specific Poll, or General Poll sequence. Those error S/S bit combinations that contain DE were
detected during a printout.

*The DB, US, and OC S/S bits will be combined if a Copy command is addressed to a busy ‘"to’’ device and the command also
specifies the ““from’’ device the same as the ‘‘to’’ device.
**Qccurs only if 3284, 3286, 3288 printers are attached.

LEGEND:
D — Display (3277, 3178, 3278, 3279)
P — Printer

Figure 4-9. Remote 3270 BSC Status and Sense Conditions

The error-recovery procedures recommended in Figure 4-9 are as follows:

1. Execute a new address selection addressing sequence and retransmit the
message, starting with the command sequence that was being executed when
the error occurred. If, after two retries, the operation is not successful, this
should be considered as a nonrecoverable error. Follow supplementary
procedure B after two retries.

2. Reconstruct the entire device buffer, if possible, and retry the failing chain of
commands (within the BSC sequence of operations). The sequence of
commands used to reconstruct the buffer should start with an Erase/Wrtite or
Erase/Write Alternate command. If the information in the screen buffer is
such that it cannot, or need not, be reconstructed, the operation may still be
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retried. If an unrecoverable 3178, 3278, or 3279 buffer error is detected, the
entire buffer is cleared and the host system is informed of the error by
receiving DC, US status but is not informed of the clear operation. If, after
three retries, the operation is not successful, this should be considered as a
nonrecoverable error. Follow supplementary procedure A.

Programming Nete: A cursor check in the 3284 is indistinguishable from a
second selection to a 3277 with a cursor check. A selection addressing
sequence or poll sequence to another device on the same control unit should
be attempted before flagging the control unit as inoperative. A successful
sequence indicates that the CU is probably satisfactory, and the device
requires manual intervention to reset it (for example, a 3277 with a
nonrecoverable data check). An unsuccessful sequence indicates that the CU
may be at fault and requires manual intervention to reset it.

The error occurred during execution of a Copy command. Execute procedure
2, except that it is the buffer of the “from” device specified by the Copy
command that should be reconstructed. After three retries, follow
supplementary procedure B.

The error indicates that the printer is out of paper, has its cover open, or has a
disabled print mechanism; or it indicates that the device is unavailable.
Request (or wait for) either the display or system operator to ready the
device. Then, retry the printout by issuing a Write command with the proper
WCC and no data stream. (There is no data error, and the data is still intact
in the device buffer and can be reused.) Or, follow procedure 2.

The error indicates that the “from” device specified by a Copy command is
unavailable. Note that the device address associated with the error status and
sense information does not indicate the device that actually required
“readying.” The device that requires the corrective action is the device
specified by the “from” address in the Copy command. When the device is
determined and made “ready,” follow procedure 1.

The operation should be tried up to six times. Continued failure implies an
application programming problem, which can be detected by analyzing the
failing write data stream.

The error occurred during a printout operation and indicates either a
character-generator error or a disabled print mechanism. There is no data
error. The proper error recovery procedure is application-dependent since the
user may or may not want a new printout. If a new printout is required,
follow procedure 4.

A data error occurred in the device buffer during a printout, and procedure 2
should be followed.

A Specific Poll detected that the addressed device is busy. Periodically issue a
Specific Poll to pick up the Device End sense/status bit sent by the device
when it becomes not-ready (unless this status change is detected on a
selection addressing sequence).



Supplementary Procedures

EOT to a Text Block

10.

11.

12.

Indicates that a command was erroneously addressed to a busy device.
Periodically issue a General or Specific Poll to pick up the Device End
sense/status bit sent by the device when it becomes not busy. Then follow
procedure 1.

Indicates that, in attempting to execute a Copy command, the “from” device
was found to be busy. Follow procedure 1 when the “from’” device becomes
not busy. Note that the device address associated with the status and sense
message is the address of the “to” device and not that of the busy “from”
device. The “from” device will transmit Device End via a Specific or General
Poll when it becomes not busy.

An attempt was made to execute a Copy command, but access to the “from”
device data was not authorized. The device address associated with the error
sense/status bits is that of the copy “to” device.

a. Request maintenance for the device that is giving trouble. After repair,
reconstruct the screen buffer image. The sequence of commands used to
reconstruct this image should start with an Erase/Write command. Retry
the failing chain of commands according to the procedure that referred
you to this supplementary procedure.

b. The “from” device specified by the Copy command in the failing chain of
commands (CCWs) is malfunctioning. The “from” device should be
determined from the data-stream information, and maintenance should be
requested for the device. After the repair, reconstruct the buffer image.
The sequence of commands used to reconstruct this image should start
with an Erase/Write command. Retry the failing chain of commands
according to the procedure that referred you to this supplementary
procedure.

c. Same as procedure 1, except a new selection addressing sequence is not
performed, and this message is transmitted as part of the present device
selection.

d. Same as procedure 1, except retransmit the entire failing chain of
commands.

The recommended recovery procedure depends upon the type of detected error.
A Specific Poll must be issued immediately following the EOT to obtain the error
sense/status information. Then the recovery procedures referenced in Figure 4-9
should be executed.

Errors Detected During a Specific or General Poll Sequence

Any errors that result from execution of the poll sequence itself are contained in
Figure 4-9, and those recovery procedures apply. The detected error bits are
transmitted to the TCU in a Status Message during the poll sequence.

RVI to Selection Addressing Sequence

A Specific Poll must be issued immediately following the RVI to a selection
addressing sequence to obtain the error sense/status information. Then the
recovery procedures defined in Figure 4-9 should be followed.
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Chapter 5. SNA/SDLC Communication

Transmission Formats

This chapter provides information to aid the system analyst and the system
programmer in establishing the host-to-3274 communication, using Systems
Network Architecture (SNA) protocols. A knowledge of the Network Control
Program (NCP) and IBM access methods is assumed. The IBM access methods
supporting SNA are VITAM, TCAM, and EXTM.
Additional information on SNA can be found in the Systems Network Architecture
Format and Protocol Reference Manual: Architecture Logic, SC30-3112.
Information to assist the host programmer in planning the use of SNA commands
and access method macros can be found in the following publications:
VTAM:

ACF/VTAM Programming, SC27-0449

ACF/VTAM General Information, GC27-0608
TCAM:

TCAM Concepts and Application 0S/VS, GC30-2049

TCAM Programmer’s Guide OS/VS1, GC30-2054

TCAM Programmer’s Guide OS/VS2, GC30-0241
EXTM Option of CICS/DOS/VS:

EXTM Version 1.0 General Information, GH20-1597

EXTM Version 2.0/3.0 General Information, GH20-1702
3790 Communication System:

Introduction to the IBM 3790 Communication System, GA27-2807
Network Control Program:

IBM 3704 and 3705 Communications Controller Network Control

Program/VS Generation and Activities Guide and Reference Manual,
GC30-3008

The host program and the 3274 communicate using half-duplex, flip-flop,
send-receive protocols. When the host program or the 3274 is transmitting data,
it assumes the role of the sending Logical Unit (LU). The LU to which the
transmission is directed is the receiving LU. An LU is the logical entity that
communicates on behalf of an end user (such as a terminal or application
program). The term outbound refers to transmissions from the host to the 3274.
The term inbound refers to transmissions from the 3274 to-the host.
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Session Components

SNA Sessions

5-2

The portions of a transmission between the host and the 3274 that are discussed
in this chapter are:

Request/Response Header (RH). This header describes the type of message
being transmitted and contains indicators that control SNA protocols.

Request/Response Unit (RU). This contains the data or commands that flow
in the transmission. (Note that occasional reference is made to a Null RU,
that is, an RU that contains no data.)

Transmission Header (TH). This header contains format identification,
mapping fields, and an expedited flow indicator.

The 3274 can communicate with the host system by means of a teleprocessing
network that uses the synchronous data link control (SDLC) transmission format.
The 3274 may also communicate using channel attachment to a host system. A
description of SDL.C transmission format is found in IBM Synchronous Data Link
Control General Information, GA27-3093.

Within SNA, communication takes place between LUs. For 3274 operation, the
host always contains the Primary Logical Unit (PLU), and the 3274 contains the
Secondary Logical Unit (SLU). The 3274 can have from 1 to 32 SLUs
(addresses 2 through 33).

A set of logical connections, called sessions, is required to control the exchange of
data and control information between the host program and a 3274 SLU. At the
host system, the access method provides the System Services Control Point
(SSCP) function for all sessions that are established with the 3274. The SSCP
maintains information that allows a PLU to establish and maintain an LU-LU
session with a specific 3274 LU.

The sessions that must exist between the host system and the 3274, for an access
method application program and the 3274 to exchange information, are as
follows:

SSCP-PU (access method—3274 Physical Unit (PU))

SSCP-PLU (access method—host program)

SSCP-SLU (access method—3274 SL.U)

PLU-SLU (host program—3274 SLU) (referred to as LU-LU)
The following topics discuss the sessions individually and identify how they are
established and terminated. The SNA commands that establish and terminate the

sessions are identified. SNA commands are discussed in detail under “SNA
Commands.”



SSCP-PU Session

Before establishing the SSCP-PU (access method—3274 control unit) session, the
physical transmission or channel connection to the host must be established. In
locally attached systems, the Online/Offline switch must be placed in the Online
position before communication can be established between the 3274 Model 1A
and the host.

The SSCP-PU session must be established before establishing the SSCP-SLU or
LU-LU sessions. When the access method network operator activates a specific
3274, the access method issues the Activate Physical Unit (ACTPU) command to
the control unit. A predefined start procedure for the access method may also
request the activation of specific 3274 control units. The SSCP-PU session is the
first session established between the host system and the 3274.

The SSCP-PU session is terminated when the access method network operator
deactivates the 3274. When all SSCP-LU sessions for the control unit have been
terminated, the access method issues the Deactivate Physical Unit (DACTPU)
command. When the 3274 returns a positive response to the DACTPU
command, the SSCP-PU session is terminated.

In locally attached systems, the Online/Offline switch may be placed in the
Offline position when the host communication function is terminated.

SSCP-Secondary LU Session

LU-LU Session

Initiating an LU-LU Session

When the SSCP-PU session is established, an activate command may be issued to
the access method to establish the SSCP-SLU session. The access method will
issue an Activate Logical Unit (ACTLU) for the appropriate SL.U or SL.Us in the
3274. The SSCP-SLU session must be established before establishing the LU-LU
session.

The SSCP-SLU session is terminated when the access method sends a Deactivate
Logical Unit (DACTLU) command to the specified SLU. When the control unit
returns a positive response to the DACTLU command, the SSCP-SLU session is
terminated.

Three types of LU-LU sessions are supported by the 3274. Further description of
these sessions is provided later in this section. The LU-LU session types are:

Type 1 — The device attached to the 3274 SLU is a printer, and the data
stream is the SNA character string (SCS).

Type 2 — The device attached to the 3274 SLU is a keyboard/display, and
the data stream is in the 3270 data stream compatibility (DSC)
mode format.

Type 3 — The device attached to the 3274 SLU is a printér, and the data
stream is in the 3270 DSC mode format.

The SNA Bind command is used to differentiate these types of sessions.
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The command flow sequence required to establish a session is summarized in
Figure 5-1. The command flow nomenclature is generalized, and access method
specific macro names are not used. The example assumes that no sessions are
active between the host and the 3274. The access method sends the ACTPU
command to establish the SSCP-PU session [l ACTLU commands Bl are then
sent to establish SSCP-PLU and SSCP-SLU sessions. The SSCP-PLU session
can be established by the host application any time prior to logon. The network is
now ready for LU-LU sessions to be established.

Host System 3274
SSCP
Host AC ACTPU (SSCP-PU)
Application (Access n Physical Unit
Program Method)
ACTLU
ACTLU (SSCP-SLU) isplz
(SSCP-PLU) i ™1 Logical Unit Sr'sp v
|
| 2 Printer
|
Logon Exit I T R, L Display
SRCLLEN] 4 ! Logon B Logical Unit " A o
B Open Sessicn B : Bind > 3 Printer
> +Res
' m
- 7
: Display
A b Logical Unit or
I 4 Printer
|
l ‘
| L A
| a9 ™~
I
|
|
1
|
|
|
|
|
] Display
. — Logical Unit or
n Printer

*The highest LU number for a 3274 is 33. (Note that LU1 is reserved.)
Figure 5-1. Establishing a Session with a 3274

An LU-LU session is started by the host application program when it issues the
Bind request. The LU-LU session may be initiated by the host application
program (for example, acquiring the terminal or by a simulated logon) or by the
display terminal operator I (a character-coded logon). If a character coded
logon is received by the access method, the access method translates the logon
request and schedules a logon exit Il for the PLU. After the PLU receives
control at the logon exit, or when the PLU acquires a terminal, the PLU passes an
open session request to the access method Bl which results in an SNA Bind
being passed to the SLU. The 3274 LU examines the session parameters of the
Bind and, if they are acceptable, allows the session to be established by sending a
positive response Kl to the Bind command. If the session parameters are not



Terminating an LU-LU Session

Transmission Header

acceptable, the 3274 LU rejects the Bind command by returning a negative
response, indicating that the session parameters are invalid (sense code X‘0821").
Also, if power is not on at the device, a negative sense code X‘080A’ or X‘0845’
is returned to the Bind. Bind is discussed later in this chapter.

After the Bind command has been accepted with a positive response, the host
program can issue the Start Data Traffic command to allow data traffic to flow for
the session.

The manner in which an LU-LU session may be initiated depends on the type of
session being started. A type 1 or type 3 session must be initiated by the PLU. A
type 2 session may be initiated by either the PLLU or SLU.

The PLU can terminate an LU-LU session by requesting that the SSCP close the
session. The SSCP then sends the Unbind command to the secondary LU, and
the LU-LU session is terminated.

Type 2 sessions can also be terminated by the display operator in either of two
ways. The first method is to notify the PLU (where supported), on the LU-LU
session, that termination is desired; the PL.U then terminates the session. In the
second method, the display operator changes from an LU-LU session to an
SSCP-SLU session by using the System Request key (SYS REQ) and enters a
logoff message. The SSCP then passes the logoff request to the PLU, if the logoff
message is conditional, or issues the Unbind for the PLU if the logoff message is
unconditional.

A PLU may close the session in an orderly fashion by issuing a Shutdown
command. When the host program issues the Shutdown command, the 3274
returns the Shutdown Complete command after completing any outstanding
operation and entering the between bracket state. Note that the PLU must close
a bracket with end bracket before the Shutdown command is effective.

The 3274 terminals support FID2 transmission headers (TH). The transmission
header consists of 6 bytes:

THO: FID (Bits 0—~3) Format Identification
MPF (Bits 4—5)  Mapping Field
RES (Bit 6) Reserved
EFI (Bit 7) Expedited Flow Indicator
THI1: RES (Bits 0-7) Reserved
TH2: DAF’ (Bits 0—7) Destination Address Field (See Figure 5-2
and “Device Addressing” in Chapter 1)
TH3: OAF’ (Bits 0—7)  Origin Address Field
THA4,5: Sequence Number on Normal, ID Number on
expedited flow requests and responses

The 3274 handles transmission headers received on outbound requests as follows:
1. All reserved parameters are ignored on requests.

2. MPF—The 3274 supports outbound segmenting for FM data.

3

EFI—The expedited flow indicator identifies normal (0) or expedited (1)
flow requests.
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Device Device Address Field

Number Bitst 0 1 2 34 5 6 7
PU 00 0O0GO0COO OGO
** 00 0O0OGCO1
o] 0 000O0O0T1 0
1 00 0O0O0O0 11
2 0O 00O0OO1TO0O
3 00000 1T 01
4 00000110
5 00000 1T 11
6 0 0001 0O0O0
7 00001001
8 00001010
9 0009101 1
10 0 00O01T1O00O0
B! 00 O0O0 1T 1 01
12 00001110
13 0000 1T 1T 11
14 0001 0O0O0OO
15 000100 01
16 0001 0O0T11TO
17 00010011
18 00010100
19 00010101
20 0O00O01TO0T1T 1O
21 000101 11
22 00011 000
23 00011 001
24 00011010
25 00011011
26 00011100
27 0001 1 1 01
28 00011110
29 0Oo0O01T 1111
30 001 0O0O0O0DO0
31 0 cC1 00001

** Address reserved.

Figure 5-2. Device Addressing for SNA Terminals

The 3274 supports the following requests as outbound expedited flow requests:

RU Category
SC

NC
DFC
FMD

Request

ACTPU, DACTPU, ACTLU, DACTLU,,
BIND, UNBIND, CLEAR, SDT

Not supported

SIGNAL, SHUTDOWN

Not supported

When the 3274 receives any requests listed above with correct categories and
EFI=1, they will be passed through for further processing.



EFI=0

The 3274 supports the following requests as outbound normal flow requests:

RU Category Normal Request

SC Not supported

NC Not supported

DFC Cancel, Bid, Chase, RTR
FMD on PLU-SLU Any request

FMD on SSCP-SLU Any in SCS format
FMD on SSCP-SPU REQMS

When the 3274 receives any of the requests listed above associated with the
correct categories and EF1=0, they will be passed through for further processing.

SNA Commands
SNA commands define a set of controls to establish and terminate sessions, and to
assist in the management of host-t0-3274 data flow and sessions.
Three types of SNA commands are discussed in the following topics:
+ Session Control (SC) commands—These commands establish and terminate
sessions in the network.
« Data Flow Control (DFC) commands—These commands control the flow of
data in an LU-LU session.
« Function Management Data (FMD) command—This command is used to
transfer data in the LU-LU session.
Commands Supported
The SNA commands supported by the 3274 are listed in Figure 5-3.
Command Description

Activate Physical Unit (ACTPU)

The ACTPU command is sent by the access method to establish the SSCP-PU
session with a 3274 control unit. The SSCP-PU session is established when the
3274 returns a positive response to the ACTPU command.

The ACTPU command can be transmitted when the SSCP-SLU and LU-LU
sessions are active; for example, when an NCP restart procedure occurs. When
the 3274 receives the ACTPU command, all active sessions are terminated
immediately (unless ACTPU ERP is specified). The 3274 returns a positive
response to the ACTPU command, and the SSCP-PU session is reestablished.

Deactivate Physical Unit (DACTPU)

When the 3274 receives the DACTPU command, all LU-LU and SSCP-SLU
sessions and the SSCP-PU session are terminated. If a command other than
ACTPU is received after a positive response has been returned for the DACTPU
command, the 3274 returns a negative response with sense data indicating PU not
active (sense code X‘8008°).
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SNA Command

Name Type SSCP PU SSCP SLU PLU SLU
ACTPU SC X

DACTFU SC X

ACTLU SC X

DACTLU SC X

Bind SC X

Unbind SC X

SDT SC X

Ciear SC X

Cancel DFC X X
Chase DFC X

LUSTAT DFC X
SHUTD DFC X

SHUTC DFC X
RTR DFC x!
Bid DFC X

Signal DFC X x?
Data FMD X

REQMS FMD X

RECFMS FMD X

Notify FMD X

Alert - X

RTM — X

1
Only SLU types 1 and 3 (3274 configured for
‘between-bracket printer sharing).

2

Only SLU types 1 and 2.

Figure 5-3. SNA Commands Supported by the 3274

Activate Logical Unit (ACTLU)

The ACTLU command is sent by the access method to establish the SSCP-SLU
session with each 3274 control unit LU. The SSCP-SLU session is established
when the 3274 returns a positive response to the ACTLU command. The
SSCP-PU session must be established prior to the receipt of ACTLU to allow the
3274 to return a positive response to this command. If the 3274 receives a
command other than ACTPU, ACTLU, DACTPU, or DACTLU before the
SSCP-LU session is established, a negative response is returned with sense data
indicating LU not active (sense code X‘8009’). Note that the SL.U is in the 3274
and that the session can be activated without a display or printer being powered
on or attached. -

When an SSCP-SLU session has been previously established and the 3274
receives an ACTLU command for that LU, any active session between that LU
and a host program is terminated (unless ACTPU specifies ERP). The 3274
returns a positive response to the ACTLU command, and the SSCP-L.U session is
reestablished.

Deactivate Logical Unit (DACTLU)

5-8

Receipt of this command terminates the SSCP-SLU session. If an LU-LU session
is established when the DACTLU command is received, the session is terminated.
When the 3274 receives a command other than DACTPU, ACTPU, or ACTLU



Notify

after a positive response has been returned for the DACTLU command, a
negative response is returned with sense data indicating SLU not active (sense

code X‘8009’).

The 3274 supports the Notify command, when it flows from the secondary LU in
the 3274 to the SSCP, for purposes of advising the SSCP of power on or off
conditions at the device. The Notify command uses the same protocols and state
changes, including keyboard control if device ownership is SSCP-SLU, as the
character-coded requests. An inbound Notify may be sent while the device
screen is in the unowned state; it does not cause a transition to the SSCP-SLU

owned state.

The request is sent as follows:

THO: xXe2c (Secondary-->Primary, normal)
TH1: X‘00’
DAF’: X000
OAF’: Address of
LU sending
Notify
SNF: X‘0000’
RHO: X‘0B’ (Request FMD, formatted, OC)
RH1: X80’ (DR1)
RH2: X000
RUO: X‘81° Network Services
RU1: X‘06’ Session Service
RU2: X220 Notify
RU3: X‘oC’ Vector key
RU4: X‘06’ Length
RUS5: b‘0000 00x1’
RU6-7: X‘0000° LU-LU session limit
RU8-9: X‘0000’ LU-LU session count
RU10: X000 Reserved

X = 0 Secondary LU is not enabled, power off.
X = 1 Secondary LU is enabled, power on.

The vector X‘0C’ is contained in the ACTLU positive response to notify the
SSCP of device power on or off status at ACTLU time. While the SSCP-SLU
session exists (that is, the ACTLU sequence has been processed, but a following
DACTLU sequence has not, and an LU-LU session is not bound), any detected
power on or off change by the device causes Notify to be sent to the SSCP. While
an LU-LU session is bound, power on or off change notification is sent to the
PLU by negative response and LUSTAT as already implemented. However,
when an Unbind is received, the SLU checks the device power on or off status. If
the status is power off, a Notify is sent to the SSCP at that time. Also, if an
Unbind is generated by the 3274, a NOTIFY is sent to the SSCP.

The 3274 will also support a negative response of X‘0845’ to a BIND because of
device power off. X‘0845’ will be the sense code in operation following IML for
the control unit.

The 3274 will use the Positive/Negative response to Notify to determine whether
the host can support queued initiates. If Notify receives a negative response, the
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3274 will assume the SSCP does not support Notify and will set the sense code to
X‘080A’ for a negative response to Bind for all LUs in the control unit. The
negative response X‘080A’ will remain in effect until the control unit is powered
off or re-IML.ed or until a new ACTPU is received. Following the ACTPU for
any of these conditions, the default response code of X‘0845’ is in effect.

For unformatted data flow on the SSCP-SLU session, a negative response from
the SSCP will leave the SL.U in receive state. This will cause a hang condition if a
negative response (Notify) leaves the SLU in receive state. Therefore, the SLU
will return to contention state irrespective of the value of the response.

This command is sent by the access method to request an LU-L.U session between
an application program and a 3274 SL.U. The 3274 returns a positive response to
establish the L.U-LU session. When the session cannot be established, the 3274
returns a negative response with sense data that describes the reason the session
was rejected.

The 3274 examines session parameters that are received with the Bind command.
The values required depend on the type of session established. Figure 5-4
provides a detailed description of the session parameters that are sent with the
Bind command.

When the SSCP-SLU session is established and the 3274 receives a command that
flows in the LU-LU session other than the Bind, a negative response is returned
with sense data indicating no session established (sense code X‘8005°).

If the device attached does not have power on or is physically detached from the
3274 cable port, a negative response is returned with sense data indicating power
off (sense code X‘080A’).

When a LLU-LU session exists, that is, one Bind has been accepted, and the 3274
receives a subsequent Bind command for the LU, a negative response is returned
with sense data indicating session already exists (sense code X‘0815”) if the Bind
sender address is the same as the session already found. A negative response
indicating function active (sense code X‘0805’) is returned if the Bind sender
address differs from the session already found.

Session parameters included in the Bind command RU define the protocols that
govern the session. Figure 5-4 describes the contents of a Bind command RU
that are supported by the 3274 and explains how the session parameters are used.
A generalized setting for the access method logmode table is listed under “Bind
Default” later in this chapter. Also listed (under “Bind Check™) are the checks
that the 3274 makes when the Bind command is received. Specific customer
optimization or device features may require changes for each installation.

Also listed later in this chapter (under “Logical Unit Status”) are the checks made
by the 3274 for each logical unit type. Failure to properly specify the required
session parameters results in rejection of the Bind command by the control unit
because the session parameters are invalid (sense code X‘0821°).



Hex
Byte Value

0 31
1 01
2 03
3 03
4
5

Bit

XX L

XX

Setting

00..

00 .

Meaning

Identifies this RU as a Bind command.

Bind type and format.
The only Bind type supported is Hex 01.

Function management (FM) profile.

Specifies that the data flow control commands and the
request/response protocols that are to be used for this session
conform to FM Profile 3.

Transmission services (TS) profile.

Specifies that the 3274 conforms to TS Profile 3; that

is, pacing and sequence numbers are used with normal flow
transmission and that data traffic is controlied by the Clear and
Start Data Traffic commands.

Primary LU Protocols.

Chaining use:

0 The PLU can send only single-element chains.

1  The PLU can send single- or multiple-element chains.
Request mode selection:

0 Immediate request mode is used.
Only one definite response can be outstanding at a time. That
response must be received before the PLU can send another
RU.

Chaining responses:

01 The PLU can only request exception-only responses.
10 The PLU can only request definite responses.

11 The PLU can request definite or exception-only responses.
Reserved.

Compression indicator:

0 Must be 0.

Send End Bracket Indi¢ator (EB):

1 The PLU can send the EB.

Secondary LU Protocols.

Chaining Use:

0 The 3274 can send only single-element chains.

1  The 3274 can send single- or multiple-element chains.

Note: Oor 7 for LU type 1 or 3.
1 for LU type 2.

Request mode selection:

0 Immediate request mode is used.
The 3274 can issue a request for a single definite
response. No further transmissions are sent until the
3274 receives the requested response.

Chaining responses:
01 The 3274 can only request exception-only responses.
10 The 3274 can only request definite responses.

11 The 3274 can request either definite or exception-only
responses.

Reserved.

Figure 5-4 (Part 1 of 3). Bind Command Session Parameters
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Hex Bit
Byte Value Setting

Meaning

. X.
. X
6
0..
XL
. X,
X
X..
. 000
7
XX. .
. X.
X
000 .
. X
8 00xXx XXXX
9 00xx XxxXx
10 XX

Compression indicator:

0 The 3274 cannot send compressed data.

Send End Bracket indicator (EB):

0 The 3274 cannot send the EB.

Common Protocols.

Reserved.

Function management (FM} header usage:

0 The PLU and the 3274 cannot exchange FM headers.
1 The PLU and the 3274 can exchange FM headers.
Brackets usage:

1 Bracketed session is used. Both the PLU and the 3274
must use bracket protocols.
Bracket termination protocol:

1 Bracket termination rule 1 is used (refer to ‘‘Bracket
Protocol” for a description of bracket termination rule 1).

Aiternate Code selection:
0 Both the PLU and the 3274 must use EBCDIC.

1 Both the host program and the 3274 can use an alternate
code. An example of an alternate code is ASCII.

Reserved.

Common Protocols.

Normal Flow Send/Receive mode (selection):

10 This session uses half-duplex, flip-flop (HDX FF) trans-
missions. Refer to “Session Processing States.”

Recovery responsibility:

0 The PLU is responsible for error recovery.

Brackets first speaker:

0 The 3274 is always the first speaker.

Reserved.

Contention resolution:

0 Contention (simultaneous transmissions from the host
program and the 3274) is resolved in favor of the 3274.

Secondary-to-primary LU pacing count. If set to zeros,
pacing is not used.

The primary-to-secondary pacing value defines the number

of RUs that may be received by the 3274 before a pacing
response must be returned to indicate readiness for another
block of RUs. If set to zeros, pacing is not used. See ‘‘Pacing”
for recommendations of pacing values.

Maximum RU size sent by the secondary LU. This value
represents the largest RU that can be sent by the 3274.

It is expressed as a mantissa (8 through F) and an exponent
value of 2 by which the mantissa is multiplied. For example,
when the mantissa is specified as 8 and the exponent of 2is 5
(hex 85), the RU size represented is 256 bytes. Examples of
mantissa and exponent values used by the 3274 are shown
below with the RU size they represent:

85=256 86=512 C6=768 87=1024
A7=1280 C7-1536 E7=1792 88=2048

Figure 5-4 (Part 2 of 3). Bind Command Session Parameters



Unbind

Clear

Hex Bit

Byte Value Setting
11 XX

12,13

For SLU Type 1:

14 01

15-16 00

17

18 Et

19 00

20-24

For SLU Types 2 and 3:
14 02

14 03

15 80 X...
16-19 00

20-24 XX

For all SLU Types:
25-K
K+

Meaning

See “RU Lengths Supported’” for detailed information about

values supported by the 3274,

Maximum RU size sent by the primary LU. This value represents
the largest RU that can be sent by the PLU and is specified in
the same format as for the secondary LU {byte 10). See “RU

Lengths Supported”’ for detailed information about values
supported by the 3274,

Ignored by 3274.

Type 1 print function using SCS data stream.

Reserved.

If set to b’1’ the Read Partition-Query and Query Reply
structured fields are supported by the secondary logical
unit. Not checked by 3274, but will be accepted.

Sent but not checked by the 3274 for LU type 1.
Reserved.

Not supported for LU type 1.

Type 2 3270 data stream compatibility mode.
Type 2 3270 print function using 3270 data stream.

If set to b’1’ the Read Partition-Query and Query Reply
structured fields are supported by the secondary logical
unit. Not checked by 3274, but will be accepted.

Reserved.

Refer to Figure 1-13 for LU type 2.
Refer to Figure 1-14 for LU type 3.

Cryptography Options (Encrypt/Decrypt)

lgnored

Figure 5-4 (Part 3 of 3). Bind Command Session Parameters

Receipt of this command directs the 3274 to terminate the LU-LU session
between a host program and a 3274 SL.U. The LU-L.U session is terminated
when the 3274 returns a positive response to the Unbind command.

Receipt of the Clear command causes the 3274 to enforce the data-traffic-reset
state upon the LU-LU session. Clear also causes the 3274 to initialize all inbound
and outbound transmission buffers. When data-traffic-reset state is activated for
an LU-LU session, only the following commands are valid for that session: Clear,
Unbind, and Start Data Traffic (SDT).

Chapter 5. SNA/SDLC Communication
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Start Data Traffic (SDT)

Cancel

Chase

5-14

This command allows data traffic to flow during an LU-LU session. The SDT
command must be issued after a Bind command has established the LU-LU

~ session. It is also sent after Clear to complete a session resynchronization

sequence with the 3274. SDT is valid only when the data-traffic-reset state is
active for an LU-LU session.

To complete a session resynchronization sequence, the host program must request
transmission of the SDT command from the access method.

When received, normal SNA use of this command directs the receiver to discard
all elements of the chained transmission being received. However, the 3274
processes data RUs to the display or printer as they are received without waiting
until end-of-chain. Therefore, the Cancel command serves to provide a proper
termination for an otherwise incomplete chain. A Cancel command received
between chains only affects the 3274 state controlled by the change direction
(CD) and end bracket (EB) bit settings carried in the RH with the Cancel
command. Processing of a chained transmission is terminated when the Cancel
command is received. EB or CD may be sent with the command.

When a chained transmission is in progress and the 3274 returns a negative
response to an element of that chain, the PLU should terminate that chained
transmission and issue the Cancel command if the last chain element has not
already been sent to the 3274.

When sent by the 3274 type 2 SLU, the Cancel command directs the PLU to stop
processing a chained transmission and to discard all elements of the chain that are
currently being received. The Cancel command is substituted for the end of the
chain if a 3178, 3278, or 3279 failure or operator action prevents transfer of all
data from the display to the 3274.

When the PLU returns a negative response for an element of a chain, the
following will happen:

o For a 3274 when inbound pacing is not used, the entire chain will be
transmitted before the PLU response is examined. Cancel will not be sent.

o For a 3274 when inbound pacing is used, the negative response from the PLU
will be examined only if the 3274 must look for a pacing response. If the
negative response is examined, the 3274 will send Cancel and will not
transmit the remaining elements in the chain. If the negative response is not
examined, the entire chain will be transmitted and Cancel will not be sent.

In either case, the PL.U should discard all elements of a chained transmission after
sending a negative response.

Chase is used to confirm that all preceding requests have passed through the
network and have been processed. When this command is received, the 3274
returns a positive response to the P1.U, indicating all previous chains have been
processed.



Bid

Signal

The PLU should complete or cancel the current chained transmission before
issuing the Chase command. When a chained transmission is sent with
exception-only responses requested, the Chase command can be used to verify
that all responses for that chain have been received. The EB or CD indicators can
be issued with the Chase command.

The Bid command is sent by the PLU to a 3274 SLU to request permission to
begin a bracket. The use of Bid avoids long chains of data using transmission time
and then being discarded because the SLU won bracket contention. If the Bid is
accepted by the SL.U, a positive response is returned and the SLU goes to
begin-bracket-pending state and waits for the request containing BB.

A 3274 SLU that is configured for between-bracket printer sharing can reject a
Bid command by winning bracket contention for the following reasons:

1. LU Type 2

« The 3274 is already in Bracket (INB), and a PLU protocol error exists.
The sense code returned is X‘0813’.

o The operator has initiated an inbound data stream carrying Begin Bracket
(BB). The sense code returned is X‘0813°.

e An operator has started to enter data on the screen but has not initiated
an inbound data stream. The sense code returned is X‘081B°.

2. LUTypelor3

+ The SLU is already INB, and a host program protocol error exists. The
sense code is X‘0813’.

« A printer attached to the 3274 is busy doing a local copy operation. The
sense code returned is X‘0814°. The 3274 will send the Ready to Receive
(RTR) command to the host program when the printer becomes not-busy
and a BB can be accepted by the secondary LU. This applies to the 3274
only when configured for between-bracket printer sharing.

The PLU can send the Signal command to the 3274 SI.U to request the Change
Direction (CD) indicator. The SLU will complete any chained transmissions in
progress and send the CD to the PLU. A request with CD but no data (a
Null-RU) will be sent if the SLU is in send state but has not started transmitting.
If the SLU is already in receive state, BETB, or ERP1 state (see “Session
States”), the Signal is positively responded to but no SLU action is taken.

The 3274 will send the Signal command (X‘00010000’) when the terminal
operator presses the keyboard ATTN key or, for an LU type 1, either of the
printer PA switches. The command is expedited and has no effect on SLU states.
Once Signal has been sent by an SLU, pressing the ATTN or PA keys will not
cause a second Signal until the 3274 has received a response to the first Signal.
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LU Status (LUSTAT)

Ready to Receive (RTR)

REQMS

RECFMS

5-16

The 3274 SLU sends the LUSTAT command to notify the PLU that a processing
error has been detected or that a change in the operational status of a device has
occurred. A 4-byte status code is sent by the 3274 SLU to describe the error
condition or the device status change.

For LUSTAT codes and conditions that determine which LUSTAT is sent, refer
to “Logical Unit Status” later in this chapter.

A 3274 type 1 or 3 SLU sends this command to indicate when a previously
rejected bracket (with sense code X‘0814”) can be initiated by the host program.
The RTR command is allowed only when the session is ready to receive a new
bracket. This applies to the 3274 only when configured for between-bracket
printer sharing.

When the RTR command is sent and a positive response is received from the host
program, the printer LU enters begin-bracket-pending state and expects the host
program to begin a bracket.

The Request Maintenance Statistics (REQMS) command is sent by the SSCP to a
3274 when the Network Determination Aid Processor (NDAP) requests PU
performance statistics. Four types of requests can be made:

« Type 1l Link Test Statistics

« Type2 Summary Counters

« Type3 Communication Adapter Data Error Counts
e Type5 3274 Configuration Information

The state of the RESET/NO-RESET indicator in the REQMS request determines
whether the log area where the transmitted maintenance statistics are stored is
cleared.

An REQMS request that cannot be executed by the 3274 is rejected with a
negative response; an accepted REQMS request receives a positive response and
the requested statistics (formatted as RECFMS) as an inbound message.

Record Formatted Maintenance Statistics (RECFMS) is sent by the 3274 to the
SSCP in response to an REQMS command (the 3274 will not send unsolicited
RECFMS requests to the host). The RECFMS maintenance statistics are
recorded at the host by the Network Communications Control Facility (NCCF).

When the 3274 accepts an REQMS request, it transmits the maintenance
statistics requested. If the REQMS specified “RESET,” the error log area
referenced by the REQMS is reset by the 3274 after the RECFMS is transmitted,
otherwise, the error log area is not reset.

For descriptions of the RECFMS responses, refer to Appendix G.



Shutdown

Shutdown Complete

FM Data

The PLU sends the Shutdown command. Receipt of this command directs the
3274 SL.U to prepare for a session termination sequence. The 3274 returns a
positive response to the PLU, but data-transfer sequences are not inhibited.

The Shutdown command causes the session to enter shutdown-complete-pending
state. The pending state is maintained until the SLLU completes normal flow
processing and goes between bracket (BETB). The SLU then sends the
Shutdown Complete command to the PLU.

This command is sent by the 3274 after the Shutdown command has been
received from the host program and an End Bracket has caused the SLU to go to
BETB state. '

When the Shutdown Complete command is sent to the PLU, the session enters
shutdown state. When shutdown state is active, no data transmissions can be sent
to the PLU; the PLU, however, may continue to send data to the 3274.

The PLU may either terminate the session using Unbind when the Shutdown
Complete command is received from the 3274, or use Shutdown as a means of
quiescing traffic. Exit from Shutdown Complete requires a Clear and SDT if the
command is used as a quiesce function.

This command is used to transfer data in the LU-LU or SSCP-LU session. It may
only be sent in LU-LU session when data traffic is allowed (SDT has been issued
and received a positive response).

When communicating with a 3274 SLU, the following FM data protocols are
used:

Bracket: Bracket Protocol is used to delimit a series of related inbound and
outbound FM data request units (RUs); for example, all the RUs required to
complete a transaction.

Chaining: Chaining logically connects one or more RUs from a single LU; for
example, all RUs required to complete a display image.

Change Direction: Change direction informs the receiving LU that the
sending LU has completed transmission and expects the next transmission to
be from the receiving LU; for example, the PLU has transmitted a complete
form image and expects the next transmission to be from the display operator
when the blank fields in the form image are filled in.

Bracket Protocol. The 3274 provides a bracket protocol to delimit a series of
related inbound and outbound requests. A bracket may consist of one input and
one output, many sets of inputs and outputs, or a series of requests flowing in a
single direction. The Begin Bracket (BB) and End Bracket (EB) indicators are
used to delimit a bracket. References are made to bracket states (BETB and
INB); these states are described under “Bracket States.”

A bracket is initiated when the Begin Bracket indicator (BB) is accepted by the
primary or secondary LU. The bracket is usually ended when the End Bracket
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indicator (EB) is received by the secondary LLU. The specific conditions that end
a bracket are defined by SNA bracket termination rule 1 (see below). Two
commands, Bid and Ready to Receive (RTR), are implemented to further define
the initiation of a bracketed session. These commands are described under “SNA
Commands.”

The following protocols apply for 3274 bracket processing.

For sessions with type 2 SLUSs, the SL.U may begin a bracket any time the session
is between brackets. The PLU may request permission to begin a bracket using
Bid. If the SLU returns a positive response, the PLU may begin a bracket. If the
SLU returns a negative response, the PLLU must wait for the next BB from the
SLU.

For type 1 and 3 sessions, the PLU may begin a bracket any time the session is
between brackets (the only time the SLU will begin a bracket is when the
operator presses the PA key). The PLU may start a bracket by sending a
transmission that contains BB or by sending Bid, waiting for a positive response,
and then sending a transmission that contains BB.

The PLU may attempt to initiate a bracket by simply sending a transmission with
BB. If a contention situation exists (the SLU begins a bracket before receiving
BB from the P1.U), the SLU returns a negative response to the PLU’s
transmission and then discards all portions of the chain from the PLU. The SLU
assumes that its transmission will be accepted by the PLU.

If a Bid or BB from the PL.U is rejected, the 3274 will do the following:

o For a session with a type 2 SLU, the SL.U sends BB when it next has data to
send. The PLU may return its data when it receives Change Direction (CD).

« For atype 1 or 3 session with a 3274 configured for between-session printer
sharing, the SL.U will not reject the PLU’s Bid or BB unless a protocol error is
detected. The PLU should restart the transaction.

o Foratype 1 or 3 session with a 3274 configured for between-bracket printer
sharing, the SLU will only reject the PLU’s Bid or BB if the printer is
performing a local print function or when a protocol error is detected. When
the local print is completed, the SL.U will send RTR.

The host program can end a bracket. The 3274 cannot end a bracket. Bracket
protocol establishes the following restrictions on beginning and ending brackets:

1. BB and EB cannot be sent with response RUs.

2. The EB cannot be sent with the Bid or RTR command. All other normal flow
DFC commands can end the bracket.

3. All outbound chains that begin a bracket but do not carry EB must be sent
with definite response requested.



The 3274 supports bracket termination rule 1 as follows:

1. When EB is received and the last element of a chain requires definite
response, the 3274 will enter between-bracket state (BETB) from in-bracket
state (INB) after +RSP to the chain or stay INB after -RSP.

2. When EB is received and the last element of a chain requires exception
response, the 3274 will enter BETB from INB immediately.

The 3274 ignores the BB bit on all outbound requests except FM data, and
ignores EB on all outbound requests except FM data and DFC commands Cancel
and Chase.

Chaining Protocol Definition. A data chain is a complete unit of data that
originates at a single LU. Data RU chaining provides a method of logically
defining a complete unit of data regardless of whether the data is transmitted as a
single RU or as a series of consecutive RUs. Each RU is associated with only one
chain. An individual RU may be the beginning, middle, ending, or only (both
beginning and ending) RU in the chain; the chaining indicators, Begin Chain
(BC) and End Chain (EC), are contained in the request header. The following
are definitions of each type of RU in a chain:

First in Chain (FIC) Identifies an RU that begins a chained
transmission (RH=BCI EC).

Middle in Chain (MIC) Is transmitted with all RUs following the BC
transmission, with the exception of the last
RU in that chain (RH=[" BCITEC).

Last in Chain (LIC) Identifies the RU that completes a chained
transmission (RH=EC[ BC).

Only in Chain (OIC) Both the BC and EC indicators are included
to indicate a transmission that consists of a
single RU. That RU is termed a
single-element chain (RH=BCEC).

A chain is correct if the RUs consist of:

1. FIC,LIC; or

2. FIC,MIC.,..., LIC; or

3. OIC.

Any other sequence of chaining indicators will cause a chaining error.

Chaining Operations. When the 3274 receives a chain with chaining indicators in
an improper sequence (for example, FIC, MIC, FIC), a negative response, with
sense data indicating a chaining error (sense code X‘2002’), is returned to the
host program. The 3274 purges the chain, ignoring subsequent elements of that
chain until a data RU with the LIC or a Cancel command is received. Receipt of
an OIC data RU terminates the purging of a chain; the OIC message is also

purged. Sending RUs having chaining indicators in the sequence FIC, MIC, OIC
is a violation of chaining protocol. In this case, when the 3274 receives the OIC
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transmission, the chaining error is detected, the OIC transmission is purged,
purging of chain elements is stopped, and a negative response is sent for the OIC
transmission. The 3274 is now ready to normally process the next chain.

Change Direction. The 3274 uses a half-duplex, flip-flop (HDX-FF) mode to
transfer normal flow data. Only one of the two LUs in the session may send at a
given time. The flip-flop protocol demands that, when one LU is sending, the
other must be prepared to receive. Therefore, the two states of send and receive
{RCV) exist on each end of the session.

A bit in the request header, called the Change Direction (CD) indicator, is used to
keep the two end-point LUs in synchronization. Each time an LU accepts this
CD in a request, it means it is that LU’s turn to send. Each time an LU sends the
CD in a request, that .U must then be prepared to receive. The 3274 always
sends CD with LIC or OIC in an FMD RH. Exceptions may occur following
negative responses. See “ERP1” state.

Inbound and Outbound pacing is supported by the 3274. Pacing is used as a
tuning parameter for the system. Usage comments are included here; however,
control is under the user’s discretion at NCP or equivalent definition time.

The pacing count (N) determines the number of normal flow request RUs that
can flow before a pacing response is required to allow the next group of N RUs to
continue. A special response designated as Isolated Pacing Response (IPR) is
used to return the pacing response if a response to the outbound request is not
required at the time the pacing response is required. The 3274 will indicate
readiness with a pacing response as soon as printer buffers become available after
receiving the pacing request. Thus, the number of normal flow RUs allowed in
the network due to pacing is up to 2N-1. RUs may vary in length as specified in
the Bind parameter.

For the 3274, device dependencies exist because the printer is slower than the
displays. Care must be exercised in the use of pacing and/or definite response
protocol so that waiting RUs and/or chains are not stacked in the 3274 link
buffers.

Within a chain, the 3274 transfers RUs from the link buffer pool to the printer
buffer as they are received. The pacing parameter is then used to ensure that
there is adequate printer buffer space so that the link buffer pool does not fill and

restrict data flow to the keyboard displays or other printers.

During the transmission of multiple chains, interaction occurs between pacing and
the type of response requested. When a definite response is requested, a response
for a chain must be received by the PLLU before it can send the next chain. When
exception response is requested, the PLU may send any number of consecutive
chains without waiting for a response. Therefore, a definite response enforces a
type of pacing.

When OIC RUs are used that are less than, or equal to, 256 bytes, it is redundant
to specify both pacing and definite response; unnecessary network traffic will
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occur if both are specified. The 3274 will not accept a pacing count of zero.
When chains with multiple RUs are used, pacing is necessary even though definite
response is requested.

During the transmission of multiple chains, the 3274 uses printer buffers as an
extension of the link buffer pool. Pacing is based on the total buffer capacity.

If the 3274 SLU type 1 receives more normal flow requests than it is guaranteed
by using the outbound pacing mechanism, and the printer buffer does not have
enough space left to store the outbound data, a RSP using sense code X‘0801’
will be returned. The 3274 will respond to the chain in process of being printed
and clear any remaining unprocessed chains from the printer, including the chain
causing the error. A chain SNF error is likely to occur if additional chains are
sent prior to a CLEAR for the 3274.

For LU type 2, the 3274 will generally operate faster than the link, and pacing is
not required for the controllers.

For LU type 3, the definite response required when the WCC Start Print bit is set
is an effective alternative to pacing.

In telecommunication networks where RUs are processed through more than one
communication controller (for example, a 3704 and a 3790 or two 3705s),
outbound pacing may be required for type 2 and 3 LUs to prevent data traffic
congestion in these controllers.

Inbound pacing is supported by the 3274. Usage in a tree-structured network
may not be required. Usage in large telecommunication networks may require
inbound pacing to prevent congestion at communication controllers in the
network.

The RH contains indicators that describe the type of response given: Definite
Response 1 (DR1) or Definite Response 2 (DR2). The RH also contains an
Exception Response (EX) indication that is used when describing the response
protocol. Definite response protocol (DR1 EX or DR2 EX) specifies that a
response, either positive or negative, must be given. Exception response protocol
(DR1 EX or DR2 EX) specifies that only a negative response may, or need be,
returned.

The only definite response type requested by the 3274 is Definite Response 1
(DR1). The response protocol requested by the 3274 (definite response and/or
exception response) is defined in the Bind.

The 3274 will respond to message from the host with any requested response type
(DR1, DR2, or both). The 3274 supports definite response or exception response
protocols.

No distinction is made (within this chapter) between the specific response types.
The term “positive response’ indicates successful receipt of a command or data
RU. The term “negative response” indicates that the receiving LU detected an
error, which is reported to the sending 1.U.
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Summary of SNA Commands

Figure 5-5 summarizes the validity of SNA commands received by the 3274
relative to the sessions (SSCP-PU, SSCP-LU, and LU-LU) to two LU-LU session

processing states (data traffic reset and in brackets). Figure 5-6 shows the same
for SNA commands sent by the 3274.

LU-LU Session
Processing States

SNA
Command
Received

SSCP-PU
Session
Active

SSCP-LU
Session
Active

LU-LU
Session
Active

Data
Traffic
Reset

In
Bracket

On Off

On Off

ACTLU

R

E

ACTPU

E

DACTLUY

R

T
T
DACTPU R, T T
Bind
Unbind
Cancel
Chase
Clear
SDT
Signal
Shutdown
FM Data

x
x

-l

o{DiD|D|D|D|D|DPA|A|HH
o

T|T DX

REQMS R

Legend:

R — Required state for this command to be valid.

| — Command invalid if in this processing state.

E — Command establishes this session.

T — Command terminates this session.

X — Command sets the processing state to the indicated status.

Figure 5-5. Summary of SNA Commands Received

LU-LU Session
Processing States
Data
Traffic In
SNA SSCP-PU l SSCP-LU LU-LU Reset Bracket
Command Session Session Session
Sent Active Active Active On Off On Off
LUSTAT R R
Signal &l R
Cancel R R R
Ready
to REC R R R
Shutdown
Complete R R R
FM Data R R R
RECFMS R R
Notify R
Legend-
R — Required state for this command to be valid.

Figure 5-6. Summary of SNA Commands Sent
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Sample SNA Command Sequences

Figures 5-7 through 5-13 illustrate the use of SNA commands. Responses to
commands are not shown unless the response is a necessary part of the example.

3274
HOST SLU Type 2
FIC BB o
MIC
LIC cD
oic co
FiC
LiC mco
oic EB a

n Initial conditions: Session established and both ends in contention-between-bracket state.
SLU type 2 initiates a bracket and sends a chain as a result, for example, of Enter key depression.

ﬂ After the required exchange of chains is completed, the host ends the ‘unit of work’ by sending
EB (an LU type 2 cannot send EB). The EB chain may contain data: for example, a write to the
screen; or it may be a Null RU chain, that is, only RHs.

Figure 5-7. Bracket/Chain—LU Type 2 Initiated (without Contention)

Session Processing States

The 3274 controls the processing of SNA commands, responses, and user data
transmissions with a set of session states. Some of these states are defined by
SNA and others are unique 3274 definitions that cause SNA state transitions.
When the 3274 receives the Clear or Bind command, all 3274 session states are
reset.

This section describes the processing states used by the 3274. When several states
relate to a common processing function such as bracket or chain processing, they
are described under a common heading. The remaining processing states are
described individually.

Data Traffic (Reset/Active) State

Reset of all SNA LU-LU states in the 3274 is assured by entering
data-traffic-reset state. This state is entered when a Bind or Clear command is
received from the PLU. When data-traffic-reset state is turned off by SDT, the
state is referred to as data traffic active.
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3274
HOST SLU Type 2

Bid n
+RSP
FIC BB
.
MIC
LIC CD
olIC
< -
oIc CD
o]]e} EB

n Initial conditions: Session established and both ends in contention between bracker state.
Host sends Bid to indicate intention to begin a bracket.

ﬂ The +RSP was SLU type 2, go ahead to the host. The host initiated the ‘unit of work’ with
BB. Note: The host has the option of going directly to W4 , that is, skipping the Bid,
However, there is a possibility of Bid rejection (Figure 5-9), which would result in
resending the data associated with 4 .

Figure 5-8. Bracket/Chain — Host Initiated (without Contention)

When in data-traffic-reset state for any LU-LU session, the 3274 SLU cannot
transmit data or commands to the host program. The host can send only
session-recovery and session-termination commands when in this state. The 3274
accepts only data RUs for an LU-LU session during data-traffic-active state.

When in data-traffic-reset state and a data RU or a command other than SDT or
Unbind is received from the host program, the 3274 returns a negative response
with system sense data indicating that data traffic is inactive (sense code
X‘2005’). No other state, except contention, can exist when the SLU is in
data-traffic-reset state.

The contention state on the LU-LU session exists only between brackets. In this
state, the LU resources are not allocated. All associated I/0 devices are enabled
and the SLU can accept data from either the terminal or the host, whichever
occurs first. The first arrival triggers a change to send or receive state.

For the SSCP-SLU session, contention state exists between the successful
completion of all chains.

The send state is common to both contention and HDX FF modes of operation.

In send state, the 3274 LU resources are allocated for inbound (to the primary)
operations. Internally, there are two subdivisions of the send state. These are
referred to as send --.xmit (send-not-transmit) and send-xmit (send-transmit).



3274

HOST
SLU Type 2
X Operator starts
Bid ‘_—.n entering data.
-RSP 0818 E
FIC BB Operator initiates
* f— B enter operation
(presses Enter).
LIC CD
oic EB
Operator starts
< n entering data.
FiC BB S
- Operator initiates
- n enter operation,
BiD
-RSP 0813
LiC CcD
olIc EB

n Initiai conditions: Session established and both ends are in between-bracket state.
The first operator keystroke puts the type 2 SLU in the send (but not transmitting) state.
The type 2 SLU remains in BETB stste. -

B The type 2 SLU will reject a Bid (or BB) with 081B. Receiver in transmit mode.

The operator initiates an enter operation; for example, he presses the ENTER key. The
type 2 SLU begins a bracket and transmits the operator-entered data.

When the operator presses the ENTER key, type 2 SLU goes to in-bracket (INB) state.
Type 2 SLU begins a bracket and starts sending data. The host end has sent a Bid {(or BB)
before the type 2 SLU first chain element was received. The type 2 SLU rejects the Bid
(or BB) with 0813. The sense code differs from 8 because the bracket check is

made before the HDX state check. |

n B , the bracket check was good.

Figure 5-9. Bracket/Chain — Host/SLU Contention

Send --.xmit exists while the control unit is entering data from a keyboard, MSR,
or selector light pen into the device buffers. The state is entered from contention
by the first keystroke capable of changing data on the display, or by initial input
from the type 2 SLU MSR or selector light pen or the type 1 SLU PA key. The
state is maintained until exited to send-xmit by an action causing the data to be
sent inbound, generally the ENTER key. The transition from send --.xmit to
send-xmit also causes the transition to in-bracket (INB) state when leaving
contention. The transition always causes the keyboard to be locked and the Input
Inhibit (3178, 3277, 3278, and 3279) and Wait (3178, 3278, 3279) indicators to
be turned on. When in-bracket, send --.xmit is entered from receive state or
ERP1 state after successfully processing an outbound chain carrying CD but not
EB.
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HOST 3274
SLU Type 2

FIC

MiC

Signal n

+RSP

.

MiC

[ ]

LIC cD

Signal
igna > B

+RSP

NULL RU CcD

< Py

nThe SLU type 2 receives Signa! while sending. The +RSP is returned to acknowledge receipt
of Signal. The Signal is effectively treated as a NO-OP, and the SLU completes sending of the
chain. The SLU type 2 always sends CD with the end of a data chain.

2 CD allows the SLU to send. The operator starts keying in data.

Before the operator initiates sending of data, for example, presses the ENTER key, the host
sends Signal. The SLU sends +RSP to Signal, locks the keyboard, and sends CD.

Figure 5-10. Signal from Host

The type 2 SLU keyboard does not automatically unlock when the send state is
entered from either receive state or ERP1 state. The keyboard is unlocked only
if:

« A previous WCC specified keyboard restore, or
+ The SLU is in send state and the terminal operator presses the RESET key.

After going from contention to send --.xmit state, any normal outbound requests
received on that session will be discarded and a negative response ‘“Receiver in
Transmit Mode” with sense code X‘081B’ will be sent. Once INB, any normal
outbound requests received on that session (FMD with BB or Bid) while in send
state will be discarded and a negative response ‘Bracket Bid Reject’ with sense
code X‘0813’ will be sent. Neither of these responses causes any state change in
the 3274 or 3276 SLU. If INB and in send state, a request received that does not
carry BB will be rejected by the 3274 with sense code X2004°.

During send-xmit state, the data is being transferred from the device buffer to the
PLU. Except for a possible LUSTAT, all normal flow chains on the LU-LU
session will carry the CD. The transition out of send-xmit depends upon the
response type carried with the inbound request. If a definite response is



Receive (RCV) State

HOST 3274
SLU Type 2

FiC

MiC

SHUTD

+RSP )

MiC

A
<

A

LIC CD

oic EB

.

N

SHUTC
. A
. Unbind B

n The SLU type 2 is alerted that the host wants to shut down. However, a synchronizing EB
must be received before effecting shutdown,

B The SLU goes into shutdown; that is, inbound normai flow (including Signal) is inhibited.
a The host terminates the session. (Note: The host could clear the condition and continue by
sending Clear, SDT instead of terminating the session.)

Figure 5-11. Shutdown/Shutdown Complete

requested, the transition from send-xmit to receive takes place after the response
to the inbound request is returned to the 3274. If an exception response is
requested, the transition from send to receive takes place as soon as the
end-of-chain has been successfully transferred to the transmission link.

The SSCP-SLU session operates in definite-response mode only. Therefore, the
transition is from send-xmit to contention upon the receipt of a positive response,
or send-xmit to receive if a negative response is returned.

The receive state is common to both contention and HDX-FF modes of
operation. In this state, the 3274 LU resources are allocated for outbound (from
the PLU) operations.

When RCYV state is active, inbound normal flow requests cannot be sent.

Responses, as requested, and control commands of the expedited flow can be sent
inbound.
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HOST 3274
SLU Type 2

FIC

‘MIC

-RSP - n
Cancel
< . A

n The type 2 SLU receives -RSP to a chain element. Note: Normally, the 3274 will not examine
any response until the entire chain has been sent and will therefore not send Cancel as the
result of receiving a -RSP. However, when inbound pacing is in effect, responses are examined
when the SLU must receive a pacing response before continuing transmission. A -RSP will
then be detected and cause Cancel to be sent.

4

The type 2 SLU sends Cancel to direct the host to discard the chain elements already received.
The SLU goes to receive state, waiting for host recovery action.

Figure 5-12. Cancel, SLU Type 2 Sending

Input devices may be activated by a WCC character that specifies Keyboard
Restore. However, an attempt to send data to the PLU by an operator, by using
the selector light pen or MSR, or by pressing the ENTER, PA, or CURSR SEL
key will not be allowed.

Normal flow traffic from the P1.U is passed to the device when it is in receive
state. This is allowed to halt local device operations by causing the keyboard to
be locked and the Input Inhibited and Wait indicators to be turned on. A request
with a WCC containing the Keyboard Restore bit set to zero is treated as a
NO-OP for the keyboard states; that is, if the keyboard was unlocked before the
write, it will remain unlocked after a successful write. If the keyboard was locked
before the write, it will remain locked after the write.

For the LU-LU session, receive state is entered from contention state if an
outbound normal flow message is accepted for processing. It is entered from
send-xmit after receiving a response from an inbound request carrying CD and
definite response, or after successfully transferring the chain to the data link when
the request carries CD and exception response. For the SSCP-LU session, receive
state is entered from contention if an outbound normal flow message is accepted
for processing. It is entered from send-xmit if a negative response is received for
an inbound request.

For the LU-LU session, receive state is changed to send --.xmit after successfully
processing a last-of-chain carrying the CD. Receive state is changed to
contention state after successfully processing and responding to a chain carrying
EB, or after receiving a chain carrying EB which carries exception response
requested. Receive state is changed to ERP1 state if any negative response
except X‘0813°, X‘0814°, or X‘081PB’ is returned to the outbound request.

For the SSCP-SLU session, receive state is changed to contention after returning
the response to the outbound request.



HOST

3274
Type 10r3

FIC BB

4

-RSP 0814

RTR

[ )

.

FIC BB

The printer associated with the SLU type 1 or 3 is not available because a 1ocal copy is being
done. Consequently, the SLU type 1 or 3 cannot honor the host BB (or Bid).

The SLU type 1 or 3 rejects BB (or Bid) with -RSP X'0814’ (Bracket Reject, RTR to follow).

ﬂ The printer becomes available, and SLU type 1 or 3 send RTR to indicate to the host that a

bracket may be started.

Figure 5-13. RTR—LU Type 1 or LU Type 3 Send

ERP1 State

Bracket States

ERP1 is a special state created to alilow for error recovery protocols. The PLU is
always responsible for error recovery; therefore, the SLU state structure generally
is awaiting an outbound request to correct the error condition. However, there
are times when the SLU must first recover and notify the PLU of its recovery by
vse of LUSTAT command before the PLU can take action. Thus, the SLU ERP1
state allows a form of contention mode within brackets. This state has the
characteristic of being able to receive any request, but only sending LUSTATS.

When an LUSTAT flows inbound, the SLU remains in ERP1 state. This allows
successive LUSTATS to flow without requiring the general exchange of CD
between each LUSTAT. LUSTAT does not request change direction when sent
while in ERP1 state.

ERP1 state is entered by an SLU after responding with any negative response
except X‘0813°, X‘0814’, and X‘081B’. If the negative response does not change
the state to between- brackets (BETB), the transition to ERP1 takes place at
end-of-chain.

ERP1 state is changed by accepting an outbound chain carrying CD. Following
processing of the CD bit, the transition is made to Send state.

When in ERP1 state, the keyboard is locked, except for the SYS REQ, ATTN,
and TEST REQ keys.

The 3274 has three major states associated with bracket protocols: between
bracket (BETB), in bracket (INB), and pending begin bracket (PEND.BB).
These states are used to ensure synchronization of traffic between the PLU and
the SLU. Transitions between these states are controlled by the BB and EB bits
and by the Bid command.
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Between Bracket (BETB) State

BETB state exists when the PLU and SLU are in contention to begin a-bracket.
This is the state entered after the SDT command is accepted. When the Bid or BB
is accepted from the PLU or sent by the SLLU, BETB state ends. If the host
program cancels the chain containing the Begin Bracket, or if the SL.U sends
negative response for the chain containing the Bid or BB, the 3274 returns to
BETB state. BETB state is normally assumed when an EB has been processed
successfully.

When a chain carrying both BB and EB is being processed, BETB state is not
changed.

The 3274 sets BB on the first RU transmitted when the control unit enters INB
from BETB.

BETB is terminated and INB is entered when the first (or only) element of a
chain with BB bit on is ready to be transmitted; that is, an ENTER, PA, PF, or
other attention key is pressed.

Pending Begin Bracket (PEND.BB) State

In Bracket (INB) State

3274 Bracket State Errors

RU Lengths

Outbound to the 3274

5-30

In the PEND.BB state, the 3274 is waiting for a bracket to be begun by the host
system. The 3274 has either returned a positive response to a Bid command or
has received a positive response to a Ready to Receive command. When the host
program attempts to begin a bracket and the 3274 is in PEND.BB state, the 3274
will not reject the bracket with sense code X‘0813” or X‘0814°.

INB state is entered when the 3274 receives a BB without the EB or when the
3274 begins a bracket. INB state is maintained by the 3274 until the positive
definite response to the EB chain is returned to the host or until the 3274 receives
the last element of the EB chain when exception response is requested.

Error codes generated for bracket error conditions are as follows. The bracket
state conditions remain unchanged after sending the error code.

Command | Chase | Chase Cancel | Cancel | FMD | FMD
State &EB | &-EB | Bid &EB &-EB | &BB | &-BB
BETB 2003 | — —_ 2003 —_ — 2003
INB —_— —_ 0813 | — — 0813
PEND.BB 2003 | — —_ 2003 — —_ 2003

The maximum RU length that a PLU is permitted to send is defined in byte 11 of
Bind. The 3274 accepts a maximum RU size within the following constraints,
Note that - where multiple constraints apply, the maximum RU size is limited to the
smallest size calculated by applying each constraint.



Inbound from the 3274

Segmenting Description

For 3274 channel attachment: The maximum RU size received must be less than
or equal to 1536 bytes. Byte 11 of Bind (PLU max send size) is not checked. A
negative response with sense code X‘1002’ (RU length error) will occur if the
PLU transmits an FM data RU greater than 1536 bytes.

For a type 1 SLU in a 3274: The following formula applies:

BUFF—336
MRU| — -11

PC
where:

MRU is the smallest multiple of 256, more than or equal to the maximum RU
size specified in byte 11 of the Bind.

PC is the pacing count specified in byte 9 of the Bind.
BUFF is the device buffer size.

A Bind reject with sense code X‘0821’ will occur if the Bind specifications do not
meet these limits.

For type 2 and 3 SLUs in a teleprocessing-attached 3274: There are no 3274
restrictions.

The 3274 accepts only a ‘Multiple Element Chains’ Bind for inbound operation.
The maximum RU size can be controlled by the PLU through byte 10 of the Bind
request. For the 3274, the RU size transmitted inbound is limited by the lesser of
two values: the value in byte 10 or 1024. If the value of byte 10 is greater than
the 3274 capabilities, the Bind will be accepted, but the actual RU size will be
limited to device capabilities.

The minimum value that may be specified by byte 10 of the Bind request is 64
bytes for the 3274. If lesser values are specified, the Bind will be rejected with a
negative response, sense code X‘0821°.

RUs sent to network terminals are often larger than acceptable for optimum
transfer of data by the link connecting the terminal to the network. Therefore, a
Basic Information Unit (BIU) consisting of RH and RU may be divided into
smaller elements, called segments, that are transmitted over the link. The 3274
supports inbound and outbound segmenting on the LU-LU session except when
attached to a local channel.

The segment elements are defined as follows. The First in Segment (FIS) element
is equated to Begin-BIU, not End-BIU. The Last in Segment (LIS) element
equates to End-BIU, not Begin BIU. The Middle in Segment (MIS) equates to
not Begin-BIU, not End-BIU. An Only in Segment (OIS) contains the entire
BIU.
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Segmenting Inbound
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Sequencing of segments is in the correct order if the sequence consists of:
1. FIS, LIS
2. FIS,MIS, ..., LIS

3. OIS

Errors due to improper sequencing of the segment elements will cause the 3274 to
enter normal disconnect mode. This action does not permit sending a negative
response to the PLU. The 3274 will also deactivate the Physical Unit and all
Logical Units and turn on the Communication Check indicator on all 3278s and
3279s. See Appendix B.

The 3274 passes segment elements through for processing and immediate display
or printing when the terminal is attached using a Terminal Adapter Type A (for
example, a 3278). The segments are collected and processed in the 3274 on an
RU basis when the terminal is attached using a Terminal Adapter Type B (for
example, a 3277).

The maximum size for segment elements (the NCP MAX DATA SIZE
parameter) delivered to the 3274 must not exceed 256 bytes of data plus 6
Transmission Header (TH) bytes and 3 Request/Response Header (RH) bytes
for the FIS or OIS. The maximum size for MIS or LIS must not exceed 256 bytes
of data plus 6 bytes of TH. If the segment elements exceed 256 bytes, a 3274
featured with the high-performance communications adapter will reject the
segment element by not incrementing the link count and discarding the frame
information. Continuous rejection of a segment element that is too long is
expected to cause a retry failure in the communication controller, and results in a
station inoperative disconnect by that node. A 3274 featured with the common
communications adapter will return a Frame Reject for this condition.

The Communication Check indicator showing buffer overflow is turned on for all
operational 3178, 3278, or 3279 displays connected to the 3274 when the control
unit detects buffer overflow.

When the 3274 is connected to NCP, it is recommended that the NCP buffer size
be set for one of the following byte sizes:

Optimuom: 64, 128, or 256 bytes.

Second Choice: 84, 124, 248, or 252 bytes.

Segmenting inbound is supported by the 3274 on the LU-LU session under the
following conditions:

1. When maximum RU size is specified as 256 or less and accepted at Bind time,
no segmenting is used by the 3274.

2. When maximum RU size is specified as greater than 256, the RUs are
segmented into segment elements containing 256 data bytes each for FIS or
MIS, provided sufficient data is transmitted to cause segmenting.



3274 Errors

Data Link

Note: For the 3274 A units, inbound segmenting is determined by Bind, byte
10, and buffer size established at connection time.

When the Bind maximum RU size is greater than 256 bytes, considerations other
than maximum RU size and amount of data to be transmitted may determine the
actual RU length (< Max RU size) that is sent. The 3274 will never send an RU
having more than 1024 bytes.

Programming Nete: The 3274 may interleave a response between the inbound
segment element of an RU.

For data link control, action is as discussed in IBM Synchronous Data Link
Control General Information, GA27-3093. Unique action is that the Set Normal
Response Mode command causes the 3274 to reset from an Activated Physical
Unit to a Deactivated Physical Unit. All sessions must be restarted by the
sequence starting with ACTPU.

A segmenting error will not be reported by an SNA negative response, but will
cause the 3274 to go to normal-disconnect mode and do an internal DACTPU.

LU-LU Session Error Reporting

A protocol has been established for the reporting of transmission and processing
errors during sessions. When the host program or the 3274 SLU is the receiving
LU, errors are reported by turning a negative response to the sending LU, with
descriptive sense data included.

The format of the 4-byte sense data RU, sent with a negative response, is as
follows:

0 1 2and 3

System Sense User
Major Code Modifier Sense

Byte O of the sense data RU is bit-encoded to reflect one of six transmission error
categories, as follows:

Byte 0 in Hex = Major Code

‘80 Path Error

‘40’ RH Error

20 State Error

‘10 Request Error

‘08’ Request Reject

‘00’ User-Defined Error
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Byte 1 of the sense data RU is a binary modifier that further defines the error
condition. The modifier encoding is unique to each major code.

Bytes 2 and 3 are zeros for all negative responses sent by the 3274. The section
“SNA Sense Codes” later in this chapter defines the modifier encoding for each
major code of system sense data that is issued by the 3274.

Note that the 3274 will not examine the sense data in a negative response from
the host. All negative responses on the LU-LU session cause the 3274 to enter
RCYV state and await further action by the host.

Three sessions exist for the 3274 when operating with SNA protocols. These
sessions are: SSCP-PU, SSCP-SLU, and LU-LU (PLU-SLU). The three sessions
can exist simultaneously. The SSCP-SLU and LU-LU sessions may wish to use
the display simultaneously.

An interactive protocol is used with the 3274, in which, at any given time, only
one of the sessions is defined as the device (display screen, keyboard, and data
buffer) owner. During ownership, any attempts by the nonowner session to send
FM data is rejected.

The state diagram (Figure 5-14) shows the transfer of device ownership between
the SSCP-SLU and the LLU-L.U session. Prior to ACTLU, or following
DACTLU, no session can own a device. Local operations initiated by the TEST
key are not defined as sessions.

Device ownership is indicated to the operator by symbols in column 3 of the
Operator Information Area. (Refer to Appendix B for a detailed explanation of
Operator Information Area symbols.) Prior to ACTLU or following DACTLU,
this column is blank. ACTLU causes the Unowned symbol to appear.

After ACTLU is received, the SYS REQ key (or equivalent 3277 function) may
be used by the operator to control which session owns the device. When the
LU-LU session is not bound and the Unowned symbol appears in column 3, the
SYS REQ key, or an RU from the SSCP, transfers device ownership to the
SSCP-SLU session. At this time the System Operator symbol appears in column
3. The operator can then communicate with the SSCP.

If the attached device is a printer or a display without a keyboard, an FM data
request to the SLU from the SSCP while in the unowned state will be rejected
with category not supported sense code X‘1007°,

When a Bind command is received and positively responded to, ownership is
transferred immediately from the SSCP-SLU session, or the unowned state, to the
LU-LU session, and the My Job symbol appears in column 3. Note that Bind
commands may be PLU-initiated without operator logon.

The SYS REQ key is also used to transfer ownership from the LU-LU session to
the SSCP-SL.U session. This transfer of ownership interrupts communications
taking place during the I.U-LU session without waiting for completion of
outbound chains. Inbound chains will complete unless a test is made for a pacing
response. As long as the LU-LU session remains bound, another depression of



Ownership:  _LU-LU

UNOWNED SSCP-SLU _TEST _

Symbol: l (My Job) @ {System Operator) TE=T
ACTLU +RSP
(Except from TEST ownership)
TEST Key
SYS REQ Key or RU from SSCP hd -
SYS REQ Key and No LU-LU Session
< .
S (Bind + RSP)
R (Unbind)
- p-d
S (Bind + RSP) or SYS REQ Key and LU-LU Session
SYS REQ
>
TEST Key
TEST Key
< TEST Key
e _ Check <—__‘
_ {Ownership

Figure 5-14. State Diagram for Session Ownership of Device

Setting the Screen Size

the SYS REQ key will cause ownership transfer back to the LU-LU session. Note
that if the LU-LU session is not bound, the SYS REQ key will cause ownership
transfer to the unowned state.

Pressing the TEST key causes the device to go into or leave the test ownership
state. This state removes the device from the SLU and makes it unavailable to
either the SSCP or PLU. If the PLU sends an FM request, the SLU sends RSP
X‘082D’. If the SSCP sends an FM request, the SLU sends RSP X‘081B’. These
responses assume that all other requirements for an active session have been met.
When leaving the test state, a check is made for SSCP or PLU device ownership.
Return will be to the session whose ownership is indicated by the check or to the
unowned state if neither the PLU nor SSCP is the owner.

When ownership changes, the screen size may change. When changing from the
unowned state to SSCP-SLU ownership, the screen size is set to the maximum
physical size. When the screen enters the unowned or test state, the initial screen
size is the size set by the previous owner; pressing the CLEAR key will set the
screen to the maximum physical size. Operation and control of the screen size
when the owner is the LU-LU session is discussed under “Erase/Write Alternate
command” in Chapter 1.
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Pressing the SYS REQ key causes the screen to be cleared. The screen also is
cleared by the transfer of ownership from unowned to SSCP-owned when this
state transfer is caused by an outbound RU from the SSCP.

Operation in SSCP-SLU Session

The following paragraphs describe the operational characteristics of the 3274
when exchanging display data on the SSCP-SLU session.

SSCP-SLU Contention Operation

Nonerror Operation

Error Operation

The 3274 supports FM profile 0. Immediate control and immediate response are
followed, a