o
=

o z o
K ] 18 ¢
— =0 E 9SS0 &
Q3 SE 258% :
) 5
N <0<O0S c=Sad 3

___}_ __

___}

ab’ 0 A-.

ab. ) e

NN




Attachment
Control

Unit
Manual and

ASCII
Device
Reference

0

N

O e [

i

ab’ an’ O av

i ibcal

Programming

o
() N
T S
= 5
& 3
(O]

o

/

;o

i




Federal Communications Commission (FCC) Statement

Warning: This equipment generates, uses, and can radiate radio frequency
energy and if not installed and used in accordance with the instruction
manual, may cause interference to radio communications. It has been
tested and found to comply with the limits for a Class A computing device
pursuant to Subpart J of Part 15 of FCC Rules, which are designed to
provide reasonable protection against such interference when operated in a
commercial environment. Operation of this equipment in a residential area
is likely to cause interference in which case the user at his own expense
will be required to take whatever measures may be required to correct the
interference.

First Edition (January 1986)

This edition, GA37-0021-0, is a major revision of GA24-4020-0, and applies to the 7171
ASCII Device Attachment Control Units shipped with EC A31860, and to all subsequent
releases of this product until otherwise indicated in new editions or Technical Newsletters.

Summary of Changes

Changes or additions to the text and illustrations are indicated by a vertical line to the left
of the change.

References in this publication to IBM products, programs, or services do not imply that
IBM intends to make these available in all countries in which IBM operates. Any refer-
ence to an IBM program product in this publication is not intended to state or imply that
only IBM’s program product may be used. Any functionally equivalent program may be
used instead.

Ordering Publications

Requests for IBM publications should be made to your IBM representative or to the IBM
branch office serving your locality. Publications are not stocked at the address given
below.

A form for readers’ comments is provided at the back of this publication. If the form has
been removed, comments may be addressed to IBM Corporation, Engineering/Scientific
Systems, Department X00, P.O. Box 6, Endicott, NY, U.S.A. 13760. IBM may use or
distribute whatever information you supply in any way it believes appropriate without
incurring any obligation to you.

© Copyright International Business Machines Corporation 1984, 1985, 1986



Preface

This publication describes the functional capabilities and the operation of the “IBM
7171 ASCII Device Attachment Control Unit,” referred to in this publication as
the “IBM 7171.” The publication is intended for system programmers and opera-
tion personnel, but also contains useful information for terminal users. The fol-
lowing is an overview of the contents of the publication:

Chapter 1. Introduction to the IBM 7171 - Gives general overview and uses of the
system.

Chapter 2. System Description and Operation - Defines the main components and
their functions. Describes the setup requirements and system opera-
tion.

Chapter 3. Using ASCII Terminals on the IBM 7171 - Describes the system func-
tions that are available for various terminal types.

Chapter 4. Customizing IBM 7171 Tables - Describes how to modify supplied Ter-
minal Definition Tables and generate new ones for new terminal types.
Explains how to modify the predefined configuration parameters for
each port address.

Chapter 5. IBM 7171 I/0 Interface to Terminals - Describes the Terminal Con-
troller I/O interface protocol to devices attached via RS-232-C lines.

Chapter 6. IBM 7171 1/0 Interface to the Host System - Describes the Channel
Controller interface protocol to the host computer channel.

Chapter 7. IBM 7171 Diagnostics - Describes the Diagnostics operation.

Chapter 8. Problem Determination - Explains how to handle problems that may
occur during operation.

Chapter 9. Special Maintenance Facility and System Messages - Explains how to use
the special Maintenance Facility. Defines all of the IBM 7171 system
messages. :

Appendix A. ASCII and EBCDIC Data Conversion Tables - Defines the data con-
version tables.

Appendix B. IBM 7171 Supplied Terminal Definition Tables - Defines the Terminal

Definition Tables supplied with the system and describes the functions
of specific terminals.
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Appendix C. IBM 7171 Support Utility for Modifying Terminal Tables - Describes
how to use a supplied utility that runs on the IBM Personal Computer
that may be used to modify Terminal Definition Tables.

Appendix D. Interface for User Supplied Table Modification Program - Describes
how to add a user supplied program for customizing the IBM 7171
Terminal Definition Tables.

Appendix E. ROM Data Base Organization - Describes the organization of Read-
Only Memory and the contents of the various tables.

The reader is expected to be familiar with either the IBM host VM or MVS con-
cepts and terminology. Helpful references are listed in ‘“Related Publications.”

Related Publications

IBM 7171 Publications

IBM 7171 ASCII Device Attachment Control Unit Description and Planning Guide,
GA24-4019.

VM/SP (Release 3) Publications
VM /SP Planning Guide and Reference, SC19-6201.
VM/SP Installation Guide, SC24-5237.
VM/SP CP Command Reference for General Users, SC19-6211.

VM /SP Remote Spooling Communications Subsystem Networking Program Refer-
ence and Operations Manual, SH24-5005.

VM/SP System Product Editor Command and Macro Reference, SC24-5221.
VM/SP CMS Command and Macro Reference, SC19-6209.

VM /SP Operator’s Guide, SC19-6202.

VM/SP Terminal User’s Guide, SC19-6206.

VM /SP System Programmer’s Guide, SC19-6203.

MYVS (Release 3.8) Publications
OS/VS2 System Programming Library System Generation Reference, GC26-3792.
0S/VS2 MVS Utilities, GC26-3902.

OS/VS2 TSO Terminal User’s Guide, GC28-0645.
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Other Publications

OS/VS2 TSO Command Language Reference, GC28-0646.
OS/VS2 Supervisor Services and Macro Instructions, GC28-0683.

OS/VS2 JCL, GC28-0692.

IBM 3101 Display Terminal Description, GA18-2033.
An Introduction to the IBM 3270 Information Display System, GA27-2739.

IBM 3270 Information Display System Data Stream Programmer’s Reference,
GA23-0059.

IBM 3270 Information Display System Reference Summary, GX20-1878.

IBM 3270 Information Display System 3274 Control Unit Description and Program-
mer’s Guide, GA23-0061.

IBM 3270 Information Display System Character Set Reference, GA27-2837.
IBM System/370 Principles of Operation, GA22-7000.

IBM Series/1 Yale ASCII Terminal Communication System II Program
Description/Operations Manual, SB30-1911.
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Chapter 1. Introduction to the IBM 7171

1.1 Overview

The IBM 7171 ASCII Device Attachment Control Unit (IBM 7171) provides the
ability to attach a variety of full duplex ASCII devices directly to IBM 43xx, 308x,
or 3090 host processors via a block multiplexer channel. Attachment of up to 64
ASCII devices is supported via the RS-232-C electrical interfaces at speeds of 50
to 19,200 bits per second. This baud rate is limited only by the facilities of the
communication link and the ASCII device. Automatic baud rate recognition
(autobaud) is available cn a per line basis for 300, 600, 1200, 1800, 2400, 3600,
4800, 9600 and 19200 baud.

These devices may be connected directly to the IBM 7171 without modems, or via
leased or switched lines using line drivers, modems or acoustic couplers.

The IBM 7171 also provides ASCII to IBM 3270 protocol conversion. The IBM
7171 appears to the host processor as one or two IBM 3274 model 1D control
units. The attached ASCII display terminals and printers appear to the host system
as IBM 3278 or 3277 terminals and IBM 3286 printers.

IBM 3270 emulation allows the IBM 7171 attached devices to communicate with
IBM interactive packages while utilizing existing 3270 programs with no host mod-
ification required.

IBM 3270 emulation extends the capabilities of the ASCII device by providing
3270 type functions. These functions include: program function keys, program
attention keys, light pen simulation, numeric-only input fields, highlighting, pro-
tected field skip, unformatted screens and editing functions such as, character
insert and delete, forward and backward field tabs, erase to end of field, clear
screen and cursor movements.

In addition to 3270 emulation, extended functions have also been included. These
functions include: type-ahead capability, enhanced null/blank handling,
XON/XOFF pacing, dynamically redefinable home position, special indentation
features, and forward and backward column tabbing.

The IBM 7171 is designed for easy customer installation, setup and maintenance. It

can be integrated into an established communication network or it can be the
keystone for a newly designed network.
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1.2 ASCII Device Support

The IBM 7171 allows attachment of a wide variety of ASCII devices. The
minimum criteria for device attachment are listed in section 2.6.2, “ASCII Display
Terminal Requirements” on page 2-11.

Device characteristics are contained in Terminal Definition Tables. Default tables
are shipped with the IBM 7171 to support several commonly used ASCII device
types, including the IBM 3101.

The customer may use existing tables to attach these common device types. He may
also modify existing tables or create new tables to support attachment of other
devices. This modification may be accomplished using the special Maintenance
Facility of the IBM 7171 or using a support utility. The supplied Support Utility
requires an IBM Personal Computer with the Personal Computer Disk Operating
System Version 2.00 (or equivalent) and an Asynchronous Communications
Adapter.

Color terminals can be defined to emulate IBM 3279 “basic color.” Basic color
means that four different colors are assigned to protected/unprotected and
highlighted/normal fields. Selection of color is table defined.

A special 3270 type order sequence provides for transparent input and output to
ASCII devices which cannot easily simulate a 3270 type device.

1-2 IBM 7171 Reference Manual and Programming Guide



| 1.3 New Features In This Release

The IBM 7171 has many new features. These include:

File Transfer Support is provided, including an improved Transparent
Write/Read algorithm and pacing implementation. There are however,
intrinsic performance limitations when files are transferred. If simultaneous
data transfers are attempted to or from ASCII devices which do NOT require
‘user reaction’ time (such as printers or Personal Computer file transfers), then
there may be a noticeable delay in processing. When an IBM 7171 installation
intends to include such devices, then the IBM 7171 should be tested by the
customer to determine if the performance will be satisfactory in the proposed
system configuration. To support file transfer, packet sizes of 256 bytes
(including packet header and trailer controls) will now be accepted from all
devices at rates up to 19,200 bps, regardless of pacing support. The packets
must be built by a suitable user-provided protocol between the host processor
and the ASCII device. Transparent mode operation has also changed. For
details on these changes, refer to 6.4.3, “Special Order Strings” on page 6-38.

Pacing - The IBM 7171 previously honored pacing characters sent to it by a
device only when the device input buffer became close to full. The IBM 7171
now supports sending pacing characters to the device when the IBM 7171
input buffers are close to full, if pacing is enabled and the Terminal Definition
Table (TDT) for the device contains the pacing characters. For more informa-
tion, see 5.8, “Pacing” on page 5-8.

Ignore Parity - The 7171 has added a feature to ignore input parity, and to gen-
erate any desired parity on output. This can be done on either a per port or
per control unit basis. For more information, see 4.4.1, ‘“Data Area 1 Layout”
on page 4-20 and 4.4.2, ‘“Ports Area Layout” on page 4-21.

3270 Alternate Screen Size Support has been added. To accomplish this, a new
Terminal Definition Table(TDT) format has been defined. The older version
TDT will still function in this release, and in fact all of the default tables within
the IBM 7171 are still of this format. However, if new tables are created from
the defaults using the supplied IBM 7171 Support Utility (Version 2.0 or later),
they will be defined in the new format.

Note:

Version 2.0 (or later) of the IBM 7171 Support Utility, should only be used
when EC A31860 is installed. It may be necessary to re-link the image file and
recreate port definitions as well.

For a description of how alternate screen sizes are supported on the IBM 7171,
see 3.1.1, “3270 Alternate Screen Size Support” on page 3-1. The new TDT
is completely defined in Chapter 4, “Customizing IBM 7171 Tables” on

page 4-1. For a description of how alternate screen sizes operate from a host
standpoint, refer to “Erase/Write Alternate Command” on page 6-7.

New Terminal Types - Support is provided for the IBM 3161 and 3163 ASCII

terminals in native mode using the IBM316X terminal type. The ROLM Cor-
poration desktop products Cypress, Cedar, and Juniper are also supported
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1-4

using the ROLM3270 terminal type. For more information, see
B.1, “Functions of Specific ASCII Terminals” on page B-1.

e 3286 Emulation - The default HARDCOPY terminal type has been changed to
make it possible to define an ASCII printer device as a 3286 printer. Most
applications that are written for a 3286 should now be able to use this defi-
nition with no changes. For more information, see 6.3, “IBM 7171 Printer
Support” on page 6-23 for details.

« Rubout, Mult keys - Two new input key sequences have been defined. The
Rubout key sequence functions as a destructive backspace. The Mult key
sequence allows any graphic character to be entered in the ASCII screen
image. For more information, see 4.5.2, “Function Name Table”” on
page 4-40.
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Chapter 2. System Description and Operation

2.1 Terminology

This chapter gives an overview of the functions of the IBM 7171. It describes the
setup requirements and system operation. This chapter is organized as follows:

o The IBM 7171 components and functions

« The ASCII devices supported, including display terminals, typewriter terminals,
printers, and plotters

« Differences between ASCII and IBM 3270 devices
o Customizing the IBM 7171

¢ Operating environment of the IBM 7171

« Setup requirements for the IBM 7171

« System start-up and operation.

Figure 2-1 shows a typical system configuration for the IBM 7171.

To simplify references to functions that are generated by various keys or key
sequences on different ASCII terminals, this publication generally refers to the
name of the function rather than the key or key sequence used to generate it. For
example, “pressing ENTER,” or “pressing the ENTER key,” should be understood
to mean pressing the key, or key sequence, that would generate the Enter function
on the specific terminal.

On most ASCII terminals the RETURN key is used to generate the Enter function,
but there are several other possibilities. For example, on the IBM 3101 the Enter
function is generated by the backspace key:
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On the IBM Personal Computer when running the IBM 3101 Emulation Program,
the following key is used:

<+—]

And on the TeleVideo Model 950, the user can generate the Enter function in
three ways: by pressing RETURN, ENTER or the sequence CTRL ‘m’. The
relationships between the keys on the various ASCII terminals and the functions
that they generate are explained in the tables contained in Appendix B, “IBM
7171 Supplied Terminal Definition Tables.”

Host
Processor

ASCI| Devices

Display
—»| Terminal

IBM 7171
—»| Printer

Appears to Host as

IBM S/370 BMPX
Channel

Host VM
or MvS
System

Operator
Console

one or two 3274-1D
control units

l—> Plotter

RS-232—
Interface |[—| Typewriter
Terminal

——| Display
Terminal

Auxiliary
Printer

\j
Up to 64 devices may
be attached to 64 ports

Figure

2-1. System Configuration for IBM 7171

2.2 The IBM 7171 ASCII Device Attachment Control Unit

The IBM 7171 ASCII Device Attachment Control Unit supports a variety of
ASCII terminals, printers and plotters. It provides a full duplex asynchronous
ASCII terminal interface, with electrical connection via EIA RS-232-C. Flexible
communications attachment options allow devices to be connected directly to the
IBM 7171 without modems, or via leased and switched lines using line drivers,
modems. or acoustic couplers. Data rates may be from 50 to 19,200 bits per second,
depending on the capabilities of the communication link and the terminal. Auto-
matic baud recognition (autobaud) is selectable on a per-line basis for 300, 600,
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1200, 1800, 2400, 3600, 4800, 9600 and 19200 baud upon receipt of a single car-
riage return (CR) character.

The host processor may be an IBM 43xx, 308x, or 3090 running a VM/SP or MVS
operating system. The IBM 7171 attaches to the host via a block multiplexer
channel and communicates with the host processor channel program.

The IBM 7171 provides support for ASCII terminals, such as the IBM 3101, for
use with interactive host applications running under VM/SP or MVS. It emulates a
locally attached 3274-1D control unit with IBM 3270 terminals attached. It allows
users of ASCII terminals to communicate with standard IBM host interactive pack-
ages and editors operating under VM/SP or MVS. This emulation of 3270 termi-
nals gives ASCII terminal users access to a wide range of host application programs
with no host modifications required.

In addition to full screen ASCII terminal support, a transparent interface is pro-
vided which allows connection of devices that are not full screen by nature, such as
printers and plotters.

2.2.1 Hardware Components

The main functional components of the IBM 7171 are the CPU board, the channel
controller board, the channel adapter board and up to eight terminal controller
boards. Figure 2-2 shows the interfaces between the hardware components. The
channel adapter board interfaces with the host processor channel. Each terminal
controller controls up to eight ASCII terminals.

When the IBM 7171 power is turned on, microcoded diagnostics verify that the
hardware system is operational. A description of the Diagnostics may be found in
Chapter 7, “IBM 7171 Diagnostics.”

Channel Terminal 8
Controller |—— CPU —_— Controller |——/—>
[ TC 0
—_ Up to
Channel —_ 64 terminals
Adapter
Terminal 8
L | Controller [|——r/——
TC 7
To Host
Channel

Figure 2-2. Functional Hardware Components within the IBM 7171 -

=
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2.2.2 Terminal Management

Terminal management within the IBM 7171 for the emulated 3270 terminals is
organized around a full screen image buffer, a ring buffer for keyboard input, a
buffer for output to the terminal, and Terminal Definition Tables (TDT’s) main-
tained in IBM 7171 main memory for each ASCII terminal managed by the IBM
7171 Control Microcode.

The keyboard input routine interprets characters received from each ASCII ter-
minal according to its associated Terminal Definition Table, and separates them
into text, local editing function and “attention’ functions.

Text characters received from the terminal are entered directly into the screen
buffer unless they would alter a protected field. In that case, the terminal’s audible
alarm sounds and the character is ignored. Local editing functions alter the screen
buffer and/or cursor position buffer as appropriate. “Attention” generating func-
tions are passed to the host and do not alter the screen buffer.

The output process is invoked whenever changes are made to a terminal’s screen
image in IBM 7171 main memory by keyboard input or by output from a user’s
host application. The terminal screen is updated to match the screen image in IBM
7171 main memory.

2.2.3 Memory Organization of the CPU Board

2-4

The main memory of the CPU board contains the Control Microcode and the sup-
plied Terminal Definition Tables in Read-Only Memory (ROM). A part of
memory in Non-Volatile RAM, referred to in this document as NV-RAM, is
reserved for the user to add his own Terminal Definition Tables. The integrity of
the contents of Non-Volatile RAM is maintained when the IBM 7171 power is off.
The memory of the CPU board, which consists of ROM, NV-RAM, and RAM, is
organized as shown below.

ROM

« IBM 7171 Control Microcode

» Diagnostics

o Supplied Terminal Definition Tables for several ASCII device types
« EBCDIC/ASCII translation tables.

Non-Volatile RAM (NV-RAM)

« Pointers to Terminal Definition Tables (in ROM and NV-RAM)
¢ Area reserved for user generated Terminal Definition Tables

RAM

« Screen images for up to 64 active terminals
e Work area for IBM 7171 Control Microcode
o Host and terminal input/output buffers.
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2.2.4 Asynchronous Operation

2.2.5 Error Recovery

The terminal input, host input/output, and terminal output processes are coordi-
nated, but operate asynchronously. Also, the user or the host application can gen-
erate new screen images more quickly than the terminal is able to display them (for
example, by rapid, consecutive page forward requests). The changes occur almost
immediately in the screen buffer, but the output process is paced by the terminal
line speed. Thus the user may see only the last version of the screen buffer and
may not have to wait for all intermediate screens to be displayed.

Recovery sequences are automatically initiated whenever a transmission or data
error is detected. If a transmission error is detected on input data (incorrect parity,
framing error or overrun), or when the input ring buffer is full, the terminal is
marked in an input-error state. Once marked, every character received is ignored
and the ASCII BEL character is sent to the terminal causing a ‘“‘beep” that informs
the terminal user of the error state. The terminal user can exit from this error situ-
ation by typing in an appropriate reset key sequence. This error recovery sequence
occurs transparently to the host application program.

Should connection with the terminal be lost due to modem or phone line errors, the
line is disabled and re-enabled to permit the user to dial back in and logon again.
Error situations that a terminal user may encounter at his terminal are described in
more detail in section 3.2, “Error Situations” on page 3-11.

2.3 ASCII Devices Supported

ASCII devices supported by the IBM 7171 include:
ASCII terminals

e display terminals
e typewriter terminals.

ASCII Output-only devices

e printers and plotters running in transparent mode

o printers emulating IBM 3286 printers

» hardcopy devices connected to the auxiliary port of a display terminal.
Display terminals with graphic capabilities can be supported by host applications.
For each IBM 7171 communication line, characteristic data including the line speed

(or autobaud detection), parity selection, number of stop bits, type of connection
and terminal type must be defined. (Terminal type and certain line speeds may be

~ left undefined thereby invoking autobaud and terminal type prompting.) For a

complete definition and the default settings as delivered, refer to section

4.4.2, “Ports Area Layout” on page 4-21. The procedure for changing these pre-
defined parameters for each communication line is explained in

Chapter 4, “Customizing IBM 7171 Tables.” '
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2.3.1 ASCII Terminals

ASCII Display Terminals

Both IBM and non-IBM ASCII display terminals can be attached. All terminal
dependent information is contained in Terminal Definition Tables, which can be
customized by the user. Tables for the following terminals, or their equivalents, are
provided:

« IBM 3101 (Models 1 or 2 in character mode)

« IBM Personal Computer !

o Datamedia 1520/1521/3045 2

« DEC VTI1003

« LSIADM3A/31+4

« TeleVideo 912/920/950 5

« IBM 3161 and IBM 3163

« ROLM Cypress, Cedar, and Juniper Desktop Products 6.

Hardcopy output of the current screen contents of terminals with local print capa-
bility can be obtained on printers attached to an auxiliary device port.

Basically, the attached ASCII display terminals appear to the host system as
upper/lower case IBM 3278 or 3277 terminals attached to one or two IBM
3274-1D control units. ASCII APL terminals are emulated as either a 3277 APL
display station with the Data Analysis feature or a 3278 APL display station with
the APL/Text feature. Refer to section 2.6.2, “ASCII Display Terminal
Requirements” on page 2-11 for the minimum requirements for attached ASCII
terminals.

3270 Emulation: The IBM 7171 provides support for ASCII display terminals
when used with interactive host applications running under VM/SP or MVS. As
long as existing IBM access methods are used within VM/SP or MVS, the user
need not be concerned with the details of the program interfaces to the IBM 7171.
Figure 2-3 lists the 3270 features that the IBM 7171 emulates.

Many host applications, such as VM/SP CMS, have formatted screens with spe-
cific data entry areas. The screen image that the user sees on a 3270 is almost
exactly what he would see on, for example, an IBM 3101 connected via the IBM
7171. The operations that can be performed on the 3270 can also be performed on
an ASCII terminal.

1 The IBM Personal Computer when running the IBM 3101 Emulation Program uses the
standard IBM3101 Terminal Definition Table.

2 A product of Datamedia Corporation.

3 A product of Digital Equipment Corporation.

4 A product of Lear Siegler, Incorporated.

5 A product of TeleVideo Systems, Incorporated.

6 Products of the ROLM Corporation.
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For the terminal user, the difference in using an emulated 3270 is minor, and will
be noted where it is relevant.

Extended Functions: The additional functions provided in the IBM 7171 make work
easier for the ASCII terminal user and are described in detail in section 3.1, “IBM
3270 Emulated and Extended Functions” on page 3-1 and in section

6.4.3, “Special Order Strings” on page 6-38.

Because of these extended functions, it is sometimes necessary to make explicit ref-
erences to the differences between the IBM 7171 support and the real 3270. If the
user is not already familiar with a 3270 terminal, he may refer to the IBM publica-
tions VM/SP Terminal User’s Guide, or OS/VS2 TSO Terminal User’s Guide,
which are listed under “Related Publications” on page iv.

KEYBOARD ENTER
ERASE EOF
ERASE INPUT
INS

DEL

RESET

DUP

FM

PA 1-3
CURSR SEL
PFK 1-36
TEST REQ
CLEAR

COMMANDS WRITE

ERASE WRITE
ERASE/WRITE ALTERNATE
READ BUFFER

READ MODIFIED

ERASE ALL UNPROTECTED
SELECT

SENSE

NOP

WRITE CONTROL Define Printer Format
CHARACTER (WCC) Start Printer

Sound Alarm
Keyboard Restore
Reset MDT

ORDERS SF
SBA
IC
PT
RA
EUA
GE

Figure 2-3 (Part 1 of 2). 3270 Features Emulated by the IBM 7171
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ATTRIBUTES PROTECTED

NUMERIC

INTENSITY (terminal dependent)
LIGHT PEN DETECTABLE (CUR
SEL key)

NON-DISPLAY

MDT

Figure 2-3 (Part 2 of 2). 3270 Features Emulated by the IBM 7171

ASCII Typewriter Terminals

Terminal Definition Tables

The TYPETERM device type provides limited support of ASCII typewriter termi-
nals. Application programs that write one line at a time to the screen from top to
bottom before pausing for input will approximate “roll screen” mode on a type-
writer terminal. However, if more than a screen of data is sent, the standard
“MORE ...” message will not appear. In this case the typewriter will wait for the
user to press an attention key (Enter, PA1, PA2) before typing the next screen, or
until the host eventually advances to the next screen. When the terminal type is
TYPETERM the last line that would appear on a display screen is not printed.

Note: Application programs using the terminal type TYPETERM with the full for-
matted screen and writing to random locations on the screen, will appear to the ter-
minal user very awkward and difficult to follow.

A wide range of ASCII terminals can be handled with the mapping of terminal keys
(for example, editing functions and PF keys) specified in Terminal Definition
Tables.

These tables allow any explicit sequence of one or more keystrokes to be assigned
to each of the editing, “attention,” and extended functions. If, for example, the
terminal has transmitting cursor movement keys, the codes they generate can be
assigned to the cursor movement functions of the system. If the terminal has no PF
keys, the “Escape” key sequence and a number key may be assigned to generate
the functions. Variations in key placement and hardware capabilities can be used
or ignored, depending on installation options. Two similar terminals can be made
to function differently, and dissimilar terminals can be made to appear similar,
depending on the tables that are used.

All such terminal dependent information is contained in user definable tables. The
system as delivered contains Terminal Definition Tables for all ASCII terminals
listed in “ASCII Display Terminals” on page 2-6. If, however, the user has other
brands of terminals, or he wants to re-define the mapping of terminal keys, he can
define new terminal tables as described in Chapter 4, “Customizing IBM 7171
Tables.”

During terminal initialization, if the system prompt to enter the terminal type
appears, press ENTER and a list of the supported terminal types is displayed. This
display of supported terminal types also appears if an invalid terminal type is
entered.
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| 3286 Printer Emulation

2.3.2 ASCII Output-Only Devices

Output-only devices such as printers and plotters may be used in various ways.
Host applications can mix normal 3270 order strings with transparent mode output
to the same display terminal for graphic output or attached (auxiliary) devices.

Output-Only Devices and User-Written Output Programs

The user can write his own host application program to output data to an ASCII
output device using transparent mode. The host application can also mix normal
3270 order strings and transparent mode output to the same terminal to drive CRT
terminals with graphic capabilities.

Transparent Mode Interface with Host Channel

Auxiliary Printers

A special 3270 order sequence is defined to support transparent output (ASCII
data from the host to the device) to hardcopy ASCII devices such as printers and
plotters. This is described in section 6.4.3, ‘““Special Order Strings” on page 6-38.

An ASCII printer attached to the IBM 7171 may be used to emulate a 3286 printer
as described in section 6.3, “IBM 7171 Printer Support” on page 6-23. The host
processor sysgen should assign the line as a 3286 printer. Within the IBM 7171,
the HARDCOPY terminal type should be used for 3286 emulation. Only the 3270
Data Stream format of printer control is supported. For further information on the
3270 Data Stream format of printer control, refer to IBM 3270 Information
Display System 3274 Control Unit Description and Programmer’s Guide, listed in
“Related Publications” on page iv.

Some ASCII display terminals allow an ASCII hardcopy device to be connected to
the auxiliary printer port of the display terminal. This includes the IBM 3101 and
the IBM Personal Computer running the IBM 3101 Emulation Program. Local
printing is invoked by a key sequence issued from the terminal keyboard, which
results in the contents of the screen being printed on the hardcopy device.

Similar functions may be available with non-IBM display terminals or personal
computers.

2.4 Differences Between ASCII and IBM 3270 Devices

Note the following differences between ASCII printers and display terminals and
IBM 3270 devices (EBCDIC):

« ASCII Display Terminals - ASCII display terminals, when used with the IBM
7171, are subject to the following restrictions:

1. The character in the lower right hand corner of the screen is normally not
displayed. On most ASCII terminals, any attempt to write a character in
this position causes the screen to scroll up one line. Everything displayed
on the screen therefore appears one line higher than the IBM 7171 internal
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buffer indicates it is displayed, and the results of input are difficult to
predict.

It is sometimes possible to suppress this scrolling, which is done on the
IBM 3101 terminal with a Customer Setup Switch. When this is done on
all terminals of this type, the Terminal Definition Table for the terminal
type can be changed to set the X'0040' flag bit to enable display of this
last character position on the screen. (See the FLAGS keyword in the TDT
in Chapter 4, “Customizing IBM 7171 Tables™).

2. The handling of nulls (X'00"' characters) is somewhat different. On a
standard 3270 terminal, the null character is suppressed for input from the
terminal from a Read Modified command. The null character appears on
the screen as a blank and may separate “two words” as the data is viewed
by the user. If the null is suppressed on input the host reads “twowords”
and the result is typically an error. The IBM 7171 reduces the possibility of
error by translating imbedded nulls between words to blanks while contin-
uing to suppress trailing nulls at the end of the field. This reduces the
amount of data the host must process. To maintain consistency, the Delete
key operates across lines in a multi-line field (where there is no attribute
byte in either column 80 or column 1 of the next line). Applications which
write multi-line fields with nulls and then read them back with Read Buffer
would find that the arrangement of lines on the screen had been damaged
by multi-line Delete. Correct operation of such applications can be
restored by use of Zones Mode as described under 3.1.6, “Setup
Functions” on page 3-3. The improved null processing function of the
IBM 7171 is an option that may be deactivated by the user.

3. The IBM 7171 supports features of the 3270 family as described in IBM
programming and hardware manuals. It does not claim to emulate acci-
dental hardware characteristics when a particular 3270 model is sent an
incorrect data stream. In particular, it may be more restrictive than the real
hardware in checking the validity of characters used to form buffer
addresses, attribute bytes, or other control functions.

4. All terminals must communicate in full-duplex character mode. The IBM
7171 cannot support hardware features which are not available in this
mode, such as highlighting on a 3101 Model 2x (in block mode). For more
details on this subject, refer to Chapter 3, “Using ASCII Terminals on the
IBM 7171.”

o ASCII Printers - The results of including arbitrary bit combinations in files
printed on ASCII printers cannot be predicted, since certain bit combinations
may be interpreted as control characters. Thus, certain bit combinations can
result in errors, especially in files containing machine programs of the VM/SP
‘TEXT’ file type. Printing of these files should therefore be avoided.
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2.5 Customizing the IBM 7171

The IBM 7171 is ready to operate, provided its configuration fits the requirements
of the user’s installation. The following types of customization changes can be
made:

1. Changing Communication Lines - For each IBM 7171 port address the line
speed (or autobaud detection), parity selection, number of stop bits, terminal
type, valid types list, and other parameters are predefined but may be changed.
For a complete definition and the default settings as delivered, refer to section
4.4.2, “Ports Area Layout” on page 4-21. The procedure for changing these
predefined parameters for each communication line is explained in
Chapter 4, “Customizing IBM 7171 Tables.”

2. Generating Terminal Definition Tables - Existing tables can be modified (cus-
tomized) and new ones created for new terminal types. Detailed information
on how to do this is contained in Chapter 4, ‘“Customizing IBM 7171
Tables.”

2.6 Operating Environment of the IBM 7171

The IBM 7171 requires the following system configuration and programming
support:

2.6.1 System Configuration

Host Processor: The IBM 7171 will support IBM 43xx, 308x, or 3090 processors
running VM/SP Release 3 or MVS Release 3.8. The IBM 7171 must be attached
to the host via a block multiplexer (BMPX) channel. Several IBM 7171’s can be
attached to a single BMPX channel at the same time. However, this could affect
the performance of the IBM 7171 depending on what other I/O devices are
attached to the same channel. It is recommended that the IBM 7171 not be put on
the same channel as tape drives for performance reasons.

Up to 64 ASCII devices may be attached to a single IBM 7171. When more than
32 devices are attached, the IBM 7171 appears as two 3274-1D control units.

2.6.2 ASCII Display Terminal Requirements

To be attached to the IBM 7171, ASCII display terminals must meet the following
minimum functional requirements. The ASCII display terminal must be capable of
full duplex character mode operation, must be connected point to point, must use
the Start/Stop control protocol, and must use 7 bit ASCII code. The terminal must
perform the following functions upon receiving an appropriate character sequence
from the control unit:

¢ Clear screen or clear to end-of-screen.

e Absolute cursor positioning.

e A character written to the screen should replace, not overstrike, the previous
character in that position. APL mode is an exception, when overstrike charac-
ters must be formed.
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In addition, the following display terminal features are desirable, and can be used if
they are present:

Transmitting cursor movement keys

Transmitting program function keys

Audible alarm (“beep”)

Controllable indicator to signal “insert” mode
Erase to end-of-line (required for APL terminals).

2.7 Setup Requirements for the IBM 7171

For planning and installation information refer to the IBM 7171 ASCII Device
Attachment Control Unit Description and Planning Guide listed in “Related
Publications” on page iv. This reference gives site preparation and installation
information including, connecting the host channel cables, setting the channel
address of the IBM 7171, selecting the correct type of ASCII terminal cables,
powering-up the IBM 7171, and trouble-shooting when the Ready indicator fails to
light.

Once the system has been installed, it can be adapted to the needs of the installa-
tion as described earlier in section 2.5, ‘“Customizing the IBM 7171” on
page 2-11.

Defining IBM 7171 and ASCII Terminals to the Host

Each IBM 7171 must be defined to the host system as one or two 3274-1D control
units. An IBM 7171 with support for 32 or less ports will appear as one 3274-1D.
One with more than 32 ports will appear as two 3274-1D control units.

The attached ASCII display terminals and printers appear to the host system as

IBM 3278 or 3277 terminals and 3286 printers. Each IBM 7171 must define its
attached display terminals as the same type, either IBM 3278 or 3277.

2-12 IBM 7171 Reference Manual and Programming Guide



2.7.1 Preparing the VM/SP System

An example of the necessary host entries for two IBM 7171’s attached to the same
| host channel is shown in Figure 2-4. The first IBM 7171 has 64 ASCII devices
| attached and therefore requires entries to appear as two 3274 entries (two shared
| Unit Control Words). The second IBM 7171 has 32 ASCII devices attached and
needs only one 3274 entry.

sk 3 3k 3k e sk 3 3k 3k ok sk sk sk ok ok ok ok ok 2k 3k 3k 3k ke ok 3k 2k sk sk ok ok 3k sk % sk ok sde sk ok 3k ok 3k ok sk 3k ok ok sk ok k

* IBM 7171 SYSTEM 1 WITH 64 ASCII DEVICES
RDEVICE ADDRESS=(c00,31) ,DEVIYPE=3278,MODEL=2
RDEVICE ADDRESS=(c1F,01) ,DEVTYPE=3286

RDEVICE ADDRESS=(c¢20,31) ,DEVTIYPE=3278,MODEL=2

RDEVICE ADDRESS=(c3F,01) ,DEVTYPE=3286
*

o8 sk ok ok sk sk ok sk ok ok ok o ok sk ok ok ok ok ok 3k ok o ok ok ok ok ok ok ok ok sk ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok sk ok ok ok
* IBM 7171 SYSTEM 2 WITH 32 ASCII DEVICES

RDEVICE ADDRESS=(c40,32) ,DEVIYPE=3278,MODEL=2
*

3k 3k 3k 2k ok ok 3k ok e sk sfe sk 3k ol ok sk sk 3k 3k 3k sk sk ok ok ok 3k sk ok ok sk 3k sk ok 3k 3k 3K 3k ok 3k 3k 3k ok 3k 3k ok kK Kk kK

* IBM 7171 SYSTEM 1 CONTROL UNIT

RCTLUNIT ADDRESS=c00,CUTYPE=3274,FEATURE=32-DEVICE
RCTLUNIT ADDRESS=c20,CUTYPE=3274,FEATURE=32-DEVICE
*

* IBM 7171 SYSTEM 2 CONTROL UNIT

RCTLUNIT ADDRESS=c40,CUTYPE=3274,FEATURE=32-DEVICE
*

sk ok sk ok 3 o ok sk sk ok ok sk ok sk ok ke ok sk ok ok ok ok sk ke ok ok ok ke ok ok ok ok ok sk ok ok sk ke ok ok ok ok ok ok ok o sk ke ok ok
* IBM 7171 SYSTEM 1 AND 2 CHANNEL

RCHANNEL ADDRESS=c, CHTYPE=BLKMPXR
*

3k 3 3k 3% ok 3k s 3k sk ok e ok ok sk sk sk sk ke sl sk s 3k ok 3k 3k 3k sk sk sk sk 2k ol ok ok 3k ke ok 3k ok ok 3k %k sk sk ok ok ok Kk ok

Figure 2-4. VM/SP System Generation Information

| where ‘¢’ defines the channel address on the IBM 7171 host channel. For a

| detailed description of setting up channel addresses and Unit Control Word

| (UCW) definitions, refer to the IBM 7171 ASCII Device Attachment Control Unit
Description and Planning Guide .
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2.7.2 Preparing the MVS System

An example of the device entries for one IBM 7171 attached to a host channel is
shown in Figure 2-5.

3k 3k %k 3 ok sk ok ok 3k 3k ok 2k 3k ok % ok ok 2k 3k ok ok sk 3k sk sk ok s 3k 3k K ok sk sk 3 ok k dk sk ok %k 3k %k ok ok 3K %k %k k kK

* IBM 7171 SYSTEM WITH 32 ASCII DEVICES

*

IODEVICE ADDRESS=(cA0,4),UNIT=3278,MODEL=2,
FEATURE= (AUDALRM, SELPEN, DOCHAR, EBKY3277)

IODEVICE ADDRESS=(cA4,2),UNIT=3286,MODEL=2

IODEVICE ADDRESS=(cA6,26),UNIT=3278,MODEL=2,

FEATURE= (AUDALRM, SELPEN, DOCHAR, EBKY3277)
*

ok 3k 3k sk 3k sk 3k ok sk sk ok 3k 3k 3k ok ok ok 3k 3k sk sk sk sk ok 3k sk ok ok sk e sk sk sk ok ok sk 3k ok ok ok 3k ok 3k ok ok ke ke dk sk k

Figure 2-5. MYVS System Generation Information

where ‘¢’ is a block multiplexer channel and the devices are thirty 3278 model 2
terminals with AUDALRM, SELPEN, DOCHAR, and EBKY3277 features, and
two 3286 model 2 printers.

Note: Preparing the MVS system also involves setting up a host disconnect
method. Refer to section ““Setting Host Disconnect Methods™ on page 4-65 for
details.

2.8 System Start-up and Operation

Complete the installation procedures in the publication IBM 7171 ASCII Device
Attachment Control Unit Description and Planning Guide to establish connection
between the ASCII terminals and the IBM 7171.

2.8.1 Operating IBM 7171 Terminals

2-14

1.

Insure that the terminal is ready. (Set up a valid baud rate, the correct number
of stop bits, the correct parity, etc.)

Activate the IBM 7171 power ON switch and wait about 10 seconds for the
Diagnostics to complete. The Ready indicator light should come on.

Set the IBM 7171 ON LINE/OFF LINE mode switch to ON LINE.
Activate the power ON switch at the connected ASCII terminal.

Since autobaud is the default on port definitions as delivered, the host oper-
ating system logon display will not appear on the screen of the ASCII terminal
when it is turned on. (However, if the default was changed to a fixed baud
rate (autobaud off) and if the ASCII terminal type was predefined, the host
logo would appear immediately.)
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6. Press the key on the terminal (usually the RETURN key) that generates the
carriage return (CR) character’.

7. The following message will be displayed:

ENTER TERMINAL TYPE:

8. Enter the terminal type, for example, IBM3101. If an invalid terminal type is
entered, and the Terminal Definition Tables delivered with the IBM 7171 are
being used, the following display of valid terminal types will appear:

VALID TYPES ARE:

IBM31018 IBM316X
TVIO912 TVIQ920 TVI950 TVI950R

ADM31 ADM3A

vT100

DM1520 DM1521 DM3045
TYPETERM

ROLM3270

ENTER TERMINAL TYPE:

9. After entering the correct terminal type, press ENTER.

10. The connected terminal should display the ‘“logo” of the host operating system.

11. Logon to the host in the normal way.
Note: If a valid terminal type is entered other than the type of terminal at
which the message appears, the terminal may become inoperable. To correct
this situation, execute the procedure described in “Terminal Type Specification
Errors” on page 8-4.

12. If the host logon screen still does not appear, try hitting the CLEAR key. If the

logon does not appear, the host system operator probably has not enabled the
terminal line. Ask him to do this at the host system operator console.

7 For the IBM 3101 press the key with an arrow that points down and to the left. For
the IBM PC running the IBM 3101 Emulation Program, press the key with an arrow
pointing to the left. In general, the key, or key sequence must be pressed that gener-
ates the ASCII “CR” (X '0D"') code character.

8 For an IBM PC running the IBM 3101 Emulation Program, IBM3101 must be used as
the terminal type.
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Chapter 3. Using ASCII Terminals on the IBM 7171

This chapter is for ASCII terminal users. It explains how the IBM 7171 emulates
3270 terminal functions for ASCII display terminals. It assumes that the user is
familiar with the functions of a 3270 terminal. If this is not the case, the full com-
plement of IBM 3270 Information Display System products is identified in the
introductory publication An Introduction to the IBM 3270 Information Display
System, GA27-2739. For more detailed 3270 information refer to the IBM 3270
Information Display System Data Stream Programmer’s Reference, GA23-0059.

3.1 IBM 3270 Emulated and Extended Functions

The IBM 7171 not only emulates a 3270 terminal for its attached ASCII terminals,
in some cases it extends these functions to make interactive text and program
editing more effective.

| 3.1.1 3270 Alternate Screen Size Support

| 3270 Alternate Screen Size Support has been added. The IBM 7171 now requires

| screen size information for both the logical screen sizes (the 3278 model sup-

| ported) and the physical screen sizes (the sizes the ASCII terminal is capable of

| supporting). If the terminal physical size is too small to view the entire logical

| 3270 size, there are two new input sequences defined to ‘“Page Up” and “Page

| Down.” Thus, an ASCII display that only supports a 24x80 screen can be defined

| to support a 3278 Model Group 4 (which has a 43x80 screen) and it can view the

| entire 43x80 logical screen by scrolling the 24x80 physical screen. The 3278

| Model Group 5 can also be supported by an ASCII device, as long as that device is
| capable of displaying 132 columns of output, such as the DEC VT100. In the case
| of the VT100, which can display a 24x132 screen, the Page Up and Page Down

| functions can be used to display the missing lines that a 27x132 3278 Model 5

| would display.

3.1.2 Different Character Representation

There are two important EBCDIC characters which are not defined in ASCII and
therefore usually cannot be found on the keyboard of an ASCII terminal:

- the "cent" symbol (¢) and
- the "not" symbol (=)

Since these symbols can be important in certain programming languages and
editors, the IBM 7171 represents them with two less important ASCII characters:
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- the "backslash" (\) is used for the "cent" (¢)
- the "circumflex accent”" () is used for the "not" ()

The “backslash” (\) key and the “circumflex accent” (*) key on an ASCII terminal
with the IBM 7171 are to be used in place of the “cent” (¢) and the “not”
symbol(~). Note that the “cent” (¢) and the “not” symbol(~) appear on an
ASCII terminal screen as “backslash” (\) and “circumflex accent” (), respec-
tively. The hexadecimal notation of what appears as ‘“‘backslash” (\) is X '4A",
which is the EBCDIC code for the “cent” (¢), and of what appears as “circumflex
accent” () is X' SF"', which is the EBCDIC code for the “not” (=). The usage of
these characters may be changed by altering the translate tables, or by introducing
a multiple key input sequence. See item 1 on page 4-64 for an example and

4.5.2, “Function Name Table” on page 4-40.

3.1.3 Type-Ahead Capability

The 3270 hardware has a ‘keyboard lock” function which prevents the user from
entering data before the application program is ready to receive it. In contrast, the
IBM 7171 normally does not lock the keyboard of an ASCII terminal. It knows
when the keyboard of a real 3270 would be locked and does not process user input
until it receives a keyboard unlock from the host. This occurs because ASCII termi-
nals are connected through full-duplex asynchronous interface hardware, whereas
3270 terminals operate in half-duplex mode.

To indicate that the keyboard is logically locked, the cursor is moved to the lower
right corner of the screen. In this mode, up to 340 characters of user input are held
by the IBM 7171 in a “type-ahead” buffer. The characters that are typed do not
appear on the screen because it has not yet been determined where they are to be
placed. Since it is possible to type-ahead with any key, including, for example,
ENTER and PFKs, it is quite possible that information is being typed which is log-
ically associated with a screen image that the host computer has not yet written.
When the host unlocks the keyboard, all the typed-ahead data appears on the
screen where designated by the host. The resulting effect is identical if the user
had simply waited for the host to unlock the keyboard and only then typed in the
same information.

It is often useful to type-ahead multiple ENTER and PFKs, but each such key
when processed by the IBM 7171 logically re-locks the keyboard and requires
another host reaction and another unlock request before the data following it is
processed.

3.1.4 Highlighted Fields

Highlighted fields are supported on terminals that allow individual characters to be
highlighted, but which have no true attribute bytes. An example is the DEC
VT-100 terminal, which supports the ANSI X3.64 standard for Set Graphic Rendi-
tion with parameter “1.” The IBM 7171 supplied Terminal Definition Table for
the DEC VT-100 provides this capability.

Highlighting is also supported on terminals that accept attribute bytes which govern
the display of characters following them up to the next attribute byte. Terminals
which accept attribute bytes, but which revert to some default display mode at the
end of a line are not supported.
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3.1.5 Color Terminals

3.1.6 Setup Functions

Some terminals (e.g. TeleVideo 950) can handle both the former (“mode”) and the
latter (““attribute’”) highlighting. The two methods cannot be mixed within the same
Terminal Definition Table.

Color terminals which operate in ANSI or similar modes can be defined to emulate
IBM 3279 “basic color.” “Basic color’” mode means that four different colors are
assigned to the unprotected unhighlighted, unprotected highlighted, protected
unhighlighted and protected highlighted fields. Selection of colors is table-driven
and must be coded in the Terminal Definition Table of the terminal type. A key-
board sequence allows switching between alternate color selections, or between
simple intensity highlighting and basic color modes. See ‘Alternate Display of
Attributes” on page 3-9. In this way, colors need only be used when they are
helpful.

Most of the extended functions provided by the IBM 7171 can be initialized by the
ASCII terminal user through Setup Functions. The setup function can be executed
from the user terminal by a predefined key sequence. Refer to the Setup Functions
table for a specific terminal type in Appendix B, “IBM 7171 Supplied Terminal
Definition Tables” on page B-1.

Normally, the setup functions are defined in pairs; one setup function initiates the
function and the other resets it to the previous or default definition. The setup
function may represent a standard 3270 function, a function defined within the
IBM 7171, or one determined by the user.

The function initiated by a setup function normally remains in effect until the cor-
responding reset setup function is issued. Some setup functions are executed by
control keys defined for this purpose. Powering off the IBM 7171 resets the setup
functions to the default states.

The following setup functions are available:

Set Column Tab

Delete Column Tab

Set Left Margin

Set Home Line

Delete all Column Tabs, and reset Home Line and Left Margin
Improved Null Processing

3270 Null Processing

e«  Zones Mode on

e  Zones Mode off

+ Reverse Enter/Newline Keys

e Restore Enter/Newline Keys

« Reverse Column and Field Tab Keys
« Restore Column and Field Tab Keys
e  Alpha in Numeric-Only Field

e 3270 Numeric-only Fields

e 3278 Insert Mode

e 3277 Insert Mode

« APL Mode on
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Set Column Tab

Delete Column Tab

Set Left Margin

Automatic Indentation

e APL Mode off

«  ASCII Input in APL Mode

e Alternate Display of Attributes

«  Primary Display of Attributes

e  Suppress Pacing

+ Restore Pacing

« Keyboard initiated Line Drop

o Return to ENTER TERMINAL TYPE Message
o Alternate Keyboard Arrangement

o Primary Keyboard Arrangement

In the following description the setup functions themselves appear in bold type,
whereas the control keys are shown in CAPITAL letters.

The setup function Set Column Tab allows a column tab stop to be set at any
column position on the screen. This provides a typewriter-style, column-oriented
tabs (“column tabs”’) function (the regular 3270 field tabs function is also pro-
vided). Setup functions can be used to erase the single tab stop where the cursor is
currently positioned (Delete Column Tab), or to delete all tab stops that have been
defined previously (Delete all Column Tabs, and reset Home Line and Left Margin)

After setting of the column tab stops, the COLUMN TAB key can be used to move
the cursor from its current position right to the next column tab stop, and the
COLUMN BACKTAB key can be used to move the cursor to the previous column
tab stop.

The setup function Delete Column Tab is used to erase the single tab stop where
the cursor is currently positioned.

The setup function Set Left Margin sets the left margin to the current cursor
column position. The column need not be a column tab stop. Any later use of the
NEWLINE key functions the same way as described under ‘“Automatic
Indentation.” The setup function Delete All Column Tabs, and Reset Home Line and
Left Margin resets the left margin to the leftmost position on the screen.

This special feature, although not a setup function, is related to setting up column
tabs and the left margin. The NEWLINE key normally moves the cursor to the
first unprotected character on the next line. The IBM 7171 allows a generalization
of the “newline function” in that it allows the cursor to be moved left to some
other column in the next line on the screen. That means that the “left margin” is
not fixed at the physical left end of the screen, but can be changed. After some
column tab stops are defined on the screen, the INDENT and UNDENT keys are
used.

The INDENT key is used to move the cursor to the next tab stop to the right of its
current position, exactly as the COLUMN TAB key does. In addition, however,
this key will set that column to be the left margin for the newline function. If the
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Set Home Line

INDENT key is pressed and there are no more column tab stops to the right of the
current cursor location, the terminal will respond with an audible alarm (‘“beep”).
Whenever the cursor is in a column to the right of the left margin and the
NEWLINE key is pressed, the cursor will move to the left margin on the next line
that has unprotected characters. If the next line has a protected character at the
left margin, the cursor will move to the first unprotected character to the right of
the newline left margin. If the cursor was already in that column, it will just move
down one line. If, however, the cursor was positioned in any column to the left of
the newline left margin, it will be moved to the first unprotected character of the
next line that has unprotected characters.

The UNDENT key is used to move the cursor and the left margin to the next
column tab stop on the left of the current cursor position. If the UNDENT key is
pressed and there are no more column tab stops on the left of the current cursor
location, the cursor will be moved to the physical beginning of the current line.

The setup function Set Home Line can be used to redefine the location of the home
position (‘“home line”) of the cursor. The line that the cursor is currently on
becomes the home line. Pressing the HOME key will then move the cursor to the
first unprotected position on that line. The setup function Delete All Column Tabs,
and Reset Home Line and Left Margin resets this redefined home position.

Delete All Column Tabs, and Reset Home Line and Left Margin

Improved Null Processing

The setup function Delete All Column Tabs, and Reset Home Line and Left Margin
clears all column tab stops, resets the home line to the first line with unprotected
characters, and resets the left margin to the leftmost position on the screen.

Both the null (X'00') and the blank (X'20') character appear on the terminal
screen as a blank space. However, a real 3270 terminal has its own way of treating
nulls and blanks, which can lead to confusion, since the user cannot tell by looking
at the screen which spaces are nulls and which are blanks. Improved Null Processing
treats nulls and blanks in a consistent way, thus producing a ‘“What you see is what
you get” effect and relieving the user of the need to distinguish between these two
characters.

1. On areal 3270, when fields which have been modified by keyboard entry are
read by the application, nulls are not transmitted to the host, even when they
are imbedded among visible characters in the field. Thus, the host may “see”
the field differently than the user, as in the following example where nulls
occupy the space between “..BUF”’ and “A NEW....”

Appearance on screen: GET INDCB,BUF A NEW RECORD
Sent to host: " GET INDCB,BUFA NEW RECORD

Using the setup function Improved Null Processing, which is the default, the
IBM 7171 translates nulls between characters into blanks when reading from
the screen. The above input line would thus produce the result normally

. expected:

Sent to host: . GET INDCB,BUF A NEW RECORD
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3270 Null Processing

Zones Mode On

Trailing nulls on the line are still suppressed, because they are not significant,
and removing them reduces the number of characters which the IBM 7171
must process.

2. Onareal 3270, insert mode operates only in fields padded with nulls. In the
following example, the symbol ¢ | ’ represents the physical location of the attri-
bute byte which ends the previous field and begins a new field (on the screen,
the attribute byte displays as a blank).

| The terminal shold do what you expect it to do.
/

In the above line, the missing “u” could only be inserted before the character
above the slash if the characters at the end of the line were nulls. If the char-
acters between the period ending the sentence and the physical end of field
were all blanks, an attempt to insert on a real 3270 will produce an error condi-
tion, which locks the keyboard and must be cleared with the RESET key.

Since nulls appear as blanks, the user cannot tell if insertion is legal until he
tries to insert a character.

The IBM 7171 will allow either blanks or nulls to be pushed off the end of a
field.

The setup function 3270 Null Processing allows regular 3270 type null processing to
be used. When in insert mode, imbedded nulls between characters will be com-
pressed out before blanks or nulls are pushed off the end of the field.

In the 3270 mode of operation, attribute bytes define tab stops (“field tabs”)
which not only delimit fields, but also delimit the scope of the INSERT and
DELETE functions. Since column tabs provide an alternate tabbing mechanism
without the use of attribute bytes, a similar mode of operation has been introduced
which is called “zones mode.” A “zone” is a part of a line on the screen which is
delimited by two column tab stops. If there is no column tab stop on either the first
or last physical position on the line, the area between the beginning of the line and
the first column tab stop, or between the last column tab stop and the end of the
line, also represents a zone. When the user is in “zones mode’” and presses the
INSERT key, the character to be inserted is placed at the current cursor position.
The original character which was at the current cursor position and subsequent
characters are “‘rippled”” one position to the right. The “ripple” of characters for
INSERT in zones mode will stop at any column tab stop which is preceded by three
or more blanks (or nulls). When the user presses the DELETE key in zones mode,
the character at the current cursor position is deleted and subsequent characters are
“rippled” one position to the left . The “ripple” of characters for DELETE in
zones mode will stop at any column tab stop which is preceded by two blanks (or
nulls).

The setup function Zones Mode On allows the user to select this mode of opera-
tion.
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Zones Mode Off

The default setting Zones Mode Off causes the zones mode operation, previously
selected by the setup function Zones Mode On, to be terminated. The standard
3270 field tab oriented mode of operation is re-invoked.

Reverse ENTER/NEWLINE Keys

The setup function Reverse ENTER/NEWLINE Keys allows the user to reverse
(exchange) the ENTER and NEWLINE keys. The ENTER and NEWLINE keys
for the supported terminal types are defined in Appendix B, “IBM 7171 Supplied
Terminal Definition Tables.” In Appendix B refer to the table ‘“Control and Cursor
Movement Keys” for the specific terminal type. To reverse these keys, type in the
key sequence as shown in the table “Setup Functions” in Appendix B for the spe-
cific terminal type.

Restore ENTER/NEWLINE Keys
The setup function Restore ENTER/NEWLINE Keys enables the user to restore
the previous setting of the ENTER and NEWLINE keys before the setup function
“Reverse ENTER/NEWLINE Keys” was issued.

Reverse Column and Field Tab Keys
The setup function Reverse Column and Field Tab Keys allows the user to reverse

(exchange) the COLUMN TAB with the FIELD TAB key, and the COLUMN
BACKTAB with the FIELD BACKTAB key.

Restore Column and Field Tab Keys
The setup function Restore Column and Field Tab Keys is used to restore the pre-
vious setting of the COLUMN TAB, FIELD TAB, COLUMN BACKTAB and
FIELD BACKTAB keys before the setup function Reverse Column and Field Tab
Keys was issued.

Alphanumeric in Numeric-Only Field

The setup function Alphanumeric in Numeric-Only Field allows the entry of any
character (including non-numeric characters) into numeric fields.

3270 Numeric-only Fields

The setup function 3270 Numeric-only Fields is used to restore the original
numeric-only restriction to numeric fields.

3278 Insert Mode
The setup function 3278 Insert Mode provides the 3278 approach of terminating

insert mode when an attention-generating key (“ENTER,” “PF” or “PA”) is
pressed.
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3277 Insert Mode

The setup function 3277 Insert Mode provides the 3277 approach of terminating
insert mode, where only the insert toggle key (In Appendix B see “Toggle Insert
Mode” in the table “Control and Cursor Movement Keys” for the specific terminal
type) ends insert mode.

APL Character Set - General Information

APL Mode On

APL Mode Off

When using APL, the special APL character set must be displayed on the screen.
Some terminals can display both the normal (ASCII) character set and the APL
character set at the same time. Some terminals can only display one set at a time.
The IBM 7171 will allow the use of either kind of terminal. When an APL char-
acter is sent to a terminal which is not in APL display mode, or an ASCII character
is sent to a terminal which is currently only able to display APL, the character is
displayed as a special invalid token character (normally a blot or a colon).

The keys on the keyboard of an APL terminal usually include both sets of charac-
ters. The keys always send the same code to the computer whether the terminal is
in APL mode or. not. If the terminal is able to display both APL and non-APL
characters at the same time, some keys are needed which mean ‘“‘now treat every-
thing typed as APL characters” and “now treat everything as normal (lowercase)
letters and symbols.” With such a facility, it is possible to edit lowercase characters
into APL variables or to edit APL examples into a SCRIPT data set.

Certain APL characters are compounds that are formed by overtyping one APL
symbol with another. The terminal support must be able to form such compound
characters from the keyboard and to display them on the screen. Composite char-
acters are formed by overstriking. The rule is: if two simple (non-composite) char-
acters are overstruck, and if both together form a valid composite, then the
composite is formed and displayed on the screen. If the two characters do not form
a valid composite, or if the screen position already has a composite character, then
the keyboard input replaces the previous character.

Much of the APL processing is automatic. However, there are three special setup
functions which are defined to enter and exit APL mode:

The setup function APL Mode On turns APL on and treats all subsequent input
from the terminal as APL characters. If the terminal is only able to display one
kind of character set at a time, receipt of this signal will also cause the screen to be
rewritten with lowercase interpreted as uppercase and non-APL symbols changed
to the APL illegal character token. When both character sets can be displayed at
the same time, the screen is not automatically refreshed by this key.

The setup function APL Mode Off turns APL mode off and treats all subsequent
input from the terminal as normal ASCII characters. If the terminal is only able to
display one character set at a time, activating this function causes the screen to be
redisplayed in upper case and with APL special characters converted to the normal
ASCII illegal character token.
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ASCII Input in APL Mode

The setup function ASCII Input in APL Mode can be used when the terminal is in
APL mode. It leaves the display in APL mode but treats subsequent input from the
keyboard as ASCIL. It is used to enter lowercase letters into APL variables or when
editing mixtures of APL and text. This key is normally available only on terminals
which can display both APL and ASCII at the same time. It differs from APL
MODE Off in that the APL characters on the screen continue to be displayed cor-
rectly (if APL. MODE Off is selected and APL characters are moved by the host or
by insert mode or DEL, then they are converted to the illegal token). The key-
board can be shifted back to APL by typing in the key sequence for the setup func-
tion APL Mode On again.

Alternate Display of Attributes

The setup function Alternate Display of Attributes selects an alternate display mode,
if one is defined. There are two setup functions which select primary or alternate
display of attributes. On terminals with highlighting or color, there can be two
alternate methods of displaying highlighted/normal and protected/unprotected
fields.

Primary Display of Attributes

Suppress Pacing

Restore Pacing

The setup function Primary Display of Attributes restores the primary mode of
display, which is the default.

The setup function Suppress Pacing controls whether pacing of characters is
defined for the terminal being used. If the appropriate key sequence for Suppress
Pacing is typed in, the local reset and control functions “Pacing Start” and “Pacing
Stop” (normally XON/XOFF) will be disabled and the defined pacing characters
will be treated as normal control characters.

The setup function Restore Pacing allows the pacing characters to be used to
control output from the IBM 7171; e.g., the local reset and control functions
“Pacing Start” and “Pacing Stop”’ will be enabled again. See section 3.1.7, ‘“Local
Reset and Control Facilities.”

Keyboard Initiated Line Drop

The setup function Keyboard Initiated Line Drop performs a keyboard initiated dis-
connect. The IBM 7171 transmits a disconnect string to reset the terminal to an
appropriate state and if appropriate, then drops the phone line.
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Return to ‘ENTER TERMINAL TYPE:’ Message

The setup function Return to ENTER TERMINAL TYPE Message returns the ter-
minal to the “ENTER TERMINAL TYPE:” prompt to allow selection of an alter-
nate table for this terminal. The communications link is not dropped. If a host
session is in progress it is disconnected.

Alternate Keyboard Arrangement

The setup function Alternate Keyboard Arrangement logically rearranges the key-
board to match the Dvorak keyboard arrangement. The Dvorak keyboard arrange-
ment is a keyboard layout designed to optimize letter placement so that faster
typing is possible. Figure 3-1 gives an example of this arrangement for the IBM
3101. The default keyboard setting is restored by the setup function ‘“Primary
Keyboard Arrangement.”

lower: 1234567890-= upper: °1a#$F-6*()_+
/,.pyfgerl¢ ?<>PYFGCRL] |
aceuidhtns' AOEUIDHTNS"
;qjkxbmwvz : QJKXBMWVZ

Figure 3-1. Example of Dvorak Keyboard Arrangement for IBM 3101

Primary Keyboard Arrangement

The setup function Primary Keyboard Arrangement restores the use of the normal
QWERTY keyboard arrangement.

3.1.7 Local Reset and Control Facilities

3-10

In the IBM 7171 there are six Local Reset and Control Functions, which are
requests that are routed directly to the IBM 7171. They are not passed to the host
but provide control over the transmission and clearing of data to and from the ter-
minal. The functions are:

« MASTER RESET clears all pending character or transmission error indicators,
purges all typed ahead characters, re-transmits the terminal initialization
sequence, rewrites the screen image from the screen image buffer and exits
from insert mode. This function solves most user problems and is a convenient
“panic button.”

¢ CHARACTER ERROR RESET clears the error condition detected indicator
after a parity, framing, break interrupt, or overrun error from the terminal and
makes further terminal input possible.

« KEYBOARD UNLOCK clears the logical keyboard lock and allows further
input to be processed. If input has been typed ahead, it will be processed
immediately. Otherwise, input will be received from the terminal. This is
similar to RESET on a real IBM 3278.
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« TYPE-AHEAD PURGE flushes the contents of the type-ahead buffer. This
gives the user the ability to correct errors which have been typed in but not yet
processed, and it is recommended if the user changes his mind or needs to
perform some other function immediately.

o PACING START is normally XON. When this character is received and pacing
is enabled (the setup function Restore Pacing is in effect), transmission to the
terminal will be resumed. If transmission is not currently halted by PACING
STOP, but pacing is enabled, the audible alarm (“beep”) is sent to the terminal
and this character is ignored. Pacing may be disabled by the setup function
Suppress Pacing (see “Suppress Pacing”) and reenabled again by the setup
function Restore Pacing.

« PACING STOP is normally XOFF. When this character is received, and if
pacing is enabled (the setup function Restore Pacing is in effect), transmission
to the terminal will stop until the PACING START character (see above) is
received. If transmission is already halted and pacing is enabled, this character
is ignored. Pacing may be disabled by the setup function Suppress Pacing (see
“Suppress Pacing’”) and reenabled again by the setup function Restore Pacing.

3.2 Error Situations

The following gives a description of some more important error situations which a
user may encounter when operating an ASCII terminal.

3.2.1 Errors on Communication Lines

Errors can occur in data transmitted between the ASCII terminal and the IBM
7171. When the connection is made using normal phone lines, the error can be
caused by background noise produced by the telephone equipment. For locally
connected terminals such errors are less common, but may still be caused by elec-
trical interference.

When a transmission error is detected on input data (bad parity, framing error, or
overrun) the terminal is marked in an input error state. Every subsequent character
received is ignored and a BEL character is echoed back to the terminal causing an
audible alarm (“beep’’) to inform the user of the error state. The terminal user
must explicitly acknowledge the error by entering the Character Error Reset func-
tion (see 3.1.7, “Local Reset and Control Facilities” on page 3-10). After
receiving the key sequence for this function, the IBM 7171 clears the error indi-
cation for the terminal and normal input can continue.

The BREAK key on the keyboard transmits a sequence which the IBM 7171 will
regard as a character transmission error. Therefore, if a terminal user accidentally
hits the BREAK key, he must correct the error by typing in the key sequence of the
Character Error Reset function. Should connection with the terminal be lost due to
modem or phone line errors, the line will be disabled and reenabled to permit the
user to dial back in and logon.
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3.2.2 Trying to Change Protected Data

There are certain parts of the screen into which the user cannot type data. For
example, in a full-screen editor there are usually sections in the top line of the
screen which contain status information which cannot be modified. There are also
field separators called “attribute bytes’ that separate the various fields of each
screen line, and the user cannot modify or delete these field separator locations.
Finally, when the terminal is in insert mode, and the cursor is positioned in a field
which is full (the last character in the field is neither ‘null’ nor ‘blank’), then no
additional characters can be added to the field.

In all three cases, the IBM 7171 responds to an illegal attempt to change protected
data, or to add to a full field, with an audible alarm (“beep”’) and by leaving the
screen unchanged. :

Once the problem is corrected by moving the cursor out of the protected field, the
IBM 7171 will continue normal operation. It is not necessary to explicitly press a
“reset” key in any of these circumstances as would be required on a “real” 3270.
Note, however, that the IBM 3101 Model 2x terminals will generate their own
Lock/Reset condition when one of the block-mode-only keys is pressed.

3.2.3 Pressing the Wrong Key

If any control request is entered out of context, the request will be ignored and the
ASCII terminal will respond with an audible alarm (‘“‘beep’’). For example, a Char-
acter Error Reset function issued when there is no error situation present, or a
Keyboard Unlock function issued when the keyboard is already unlocked will gen-
erate a “beep.” Similarly, any attempt to use an undefined CTRL key (ALT key on
the IBM 3101), ESC or PFK sequence will also generate a “beep.”

Once the problem is corrected by pressing the correct key, the IBM 7171 will con-
tinue normal operation. It is not necessary to explicitly press a “reset” key as
would be true on a “real”” 3270. Note, however, that the IBM 3101 Model 2x ter-
minals will generate their own Lock/Reset condition when one of the block-mode-
only keys is pressed. '

3.2.4 Errors on Output Data Stream

3-12

Errors may also be introduced into the output data stream transmitted from the
host to the ASCII terminal. These errors appear as “garbage” characters some-
where on the screen. When the user suspects that the contents of the screen is in
error, he can request that the screen image be retransmitted. The ‘Redisplay”
control function (see “Control and Cursor Movement Keys” for the specific ter-
minal) is used to request such retransmission. Note, however, that this function
will not take effect until the keyboard is unlocked.
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3.2.5 Full Type-Ahead Buffer

Within the IBM 7171 each ASCII terminal has a 340 character buffer for
typeahead. When this buffer is filled and additional characters are typed, then the
IBM 7171 has no place to store them and responds with an audible alarm
(“beep”). Since some data has been lost there is no automatic way to continue
normal processing. The user could simply wait for the entire contents of the
typeahead buffer to be processed. When the cursor moves out of the lower right
corner, then the buffer is empty and the user can see which characters were
received and which were lost. Then the Character Error Reset function (see

3.1.7, “Local Reset and Control Facilities” on page 3-10) will reset the error state
and the user can enter additional data.

3.2.6 Manually Unlocking the Keyboard

3.2.7 Master Reset

There are times when the keyboard is logically locked, but the terminal user wants
to manually unlock it. This is the case, for example, when he wants to interrupt an
executing program with a program attention. On a 3270 this function is performed
by the RESET key. For an ASCII terminal on the IBM 7171, there exists a Key-
board Unlock function, which can be found under “Local Reset and Control Func-
tions” in this chapter. If there are any characters in the type-ahead buffer when
the Keyboard Unlock function is entered, they will immediately be processed and
may appear on the screen in the current cursor position. Should an attention gener-
ating key (ENTER or a PFK) be present in the type-ahead buffer it will cause the
keyboard to lock again. For example, if while the keyboard is locked the user has
typed

abc<ENTER>def

and now a Keyboard Unlock function is typed, the letters “abc” will appear on the
screen and an ENTER notification will be sent to the host. The keyboard is log-
ically locked by this ENTER and the “def” will remain in the type-ahead buffer. A
second Keyboard Unlock function can be entered to unlock the keyboard again.

For simplicity reasons, a Master Reset function has been defined, which combines
all the possible reset services in a single function. When issued, it purges the type-
ahead buffer, clears error indicators, ends insert mode and rewrites the screen. The
Master Reset function is much easier to remember than the group of other reset
functions which it can replace. When a Master Reset is done, any problem in the
terminal communications should have been cleared up. If subsequent data con-
tinues to generate an audible alarm (“beep”’), the cursor is probably in a protected
field (refer to 3.2.2, “Trying to Change Protected Data” on page 3-12). See
“Local Reset and Control Functions” for the specific terminal in

Appendix B, “IBM 7171 Supplied Terminal Definition Tables” for the key
sequence to be issued to generate a Master Reset.
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3.2.8 Other Errors

For more information describing IBM 7171 error conditions refer to

Chapter 5, “IBM 7171 I/O Interface to Terminals” for terminal errors,

Chapter 6, “IBM 7171 I/O Interface to the Host System” for channel errors and
Chapter 8, ‘“Problem Determination” for general system errors.

3.3 Functions of Specific ASCII Terminals

Appendix B, “IBM 7171 Supplied Terminal Definition Tables” shows how ASCII
code character sequences are related to the IBM 7171 and host processor func-
tions. Most of this information is given in tables, which contain the key sequences
for the following ASCII display terminals:

IBM 3101 (Model 1 and 2 in character mode)

IBM Personal Computer running in 3101 Emulation Mode
TeleVideo TVI 912, 920, 950

Lear Siegler ADM 3A, 31

o Digital Equipment VT 100

+ Datamedia DM 1520, 1521, 3045

« IBM 3161,IBM 3163

« ROLM Cypress, Cedar, and Juniper.

L]
L]
L]
.

In addition, there are tables which describe basic functions of a typical ASCII type-
writer terminal without specifying any brand or model. See section
B.17, “TYPETERM Typewriter Terminal’’ on page B-65 for more information.
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Chapter 4. Customizing IBM 7171 Tables

4.1 Brief Overview

In order for the IBM 7171 to communicate with attached ASCII devices, the char-
acteristics of each individual device and of each communication line must be speci-
fied. If the device type is not currently supported or the user wishes to change the
communication line characteristics, the information must be supplied by the user.

Within the IBM 7171, terminal information is organized into two main functional
areas. These are:

1. Terminal Definition Tables

2. Ports Configuration Data

4.1.1 Terminal Definition Table
A Terminal Definition Table (TDT) is a list of control character sequences that
determine how ASCII terminals are to function. Each functionally different type of

terminal must have its own TDT.

The IBM 7171 contains resident TDTs for 16 different terminal types. These are:

IBM3101 For the IBM 3101 terminal (Also used by the IBM PC in 3101
emulation mode)

TVI912 For the Televideo 912

TVI920 For the Televideo 920

TVI950 For the Televideo 950

TVI9S0R For the Televideo 950 in modified display mode

ADM31 For the Lear Siegler ADM 31

ADM3A For the Lear Siegler ADM 3A

VT] 00 For the Digital Equipment Corporation VT 100 family
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DM1520 For the Datamedia 1520

DM1521 For the Datamedia 1521

DM3045 For the Datamedia 3000 family

TYPETERM For generic typewriter terminals

HARDCOPY For 3286 printer emulation

PLOTTER For output type devices in Transparent mode

IBM316X For the IBM 3161 and IBM 3163

ROLM3270 For the ROLM Corporation Cypress, Cedar, and Juniper.

All of the TDTs for these terminals are stored in Read Only Memory (ROM).
Additional TDTs may be added and stored in Non-Volatile RAM (NV-RAM).
This information will not be erased when the control unit is powered down.

Also stored in ROM is a list of addresses to the standard strings, TDTs, and trans-
late tables. The user is advised to use the addresses found in this list for all inter-

action. The list is found in section 4.5.4, “ROM Pointers to Internal Information”
on page 4-44 and in Appendix E, “ROM Data Base Organization.”
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4.2 How to Specify Terminal Information.

There are two ways for a user to specify terminal information. They are:

Via an automated program
Via the Maintenance Facility.

Automated Program

An interface exists for a user created program to automatically access and store
data into memory. For details, refer to Appendix D, “Interface for User Sup-
plied Table Modification Program.”

An implementation of this interface is supplied with the IBM 7171 and is
described in Appendix C, “IBM 7171 Support Utility for Modifying Terminal
Tables.”

Manual Table Entry

The second way to enter terminal information is by using the Maintenance
Facility. The Maintenance Facility allows the user to directly modify RAM and
NV-RAM. For instructions on use of the Maintenance Facility, refer to
Chapter 9, “Special Maintenance Facility and System Messages.” The user
should read and understand this chapter fully before entering the terminal
information.

Note: Anyone choosing to create a table generating program, or planning to man-
ually create or modify any existing terminal table MUST have working knowledge
of the following concepts which apply to IBM 7171 memory:

1.

Memory addresses are given as a SEGMENT and an OFFSET. For the
NV-RAM, the segment will always be X' DCO00'. When an offset is given by
itself, a segment value of X'DCO00' can be assumed.

Addresses and word values are stored byte reversed in memory. If an address
or word X' 1234"' is known to exist at memory location X'5678"', the two
bytes will be reversed. That is, the byte at address X'5678' will be X'34'
and the byte at X'5679' will be X'12".

Table addressing in the 7171 frequently uses pointers. For a definition of the

implementation of these pointers, refer to 4.4.2, “Ports Area Layout’ on
page 4-21.
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4.3 Terminal Definition Table Information

4.3.1 Terminal Name

The following information is necessary for describing a terminal type:

¢ Terminal Name
e Terminal Header Information
« Keyboard Input Sequences
— Non-immediate (Input Parse Table)
— Immediate (Reset Character String)
« Terminal Output
— Control Sequence Strings
— Graphic Rendition Strings
o Translate Tables

This section describes the terminal data required. Section 4.4, “Organization of
Non-Volatile RAM” on page 4-19 describes the detailed layout of this data in
7171 storage.

Each terminal must be given a name which consists of up to eight characters. The
name is associated with a pointer to a terminal header.

4.3.2 Terminal Header Information

The terminal header consists of terminal specific information and pointers to tables
which contain terminal specific information. The terminal specific information
defines the cursor base, APL support, highlighting capabilities, transmission delays
and the pointers associating the terminal with the following:

e Input Parse Table

+ Reset Characters

e Output Strings

« Graphic Rendition Strings

« Translate Tables

o Terminal And 3270 Screen Size Definitions

4.3.3 Keyboard Input Sequences

The IBM 7171 performs various functions or commands in response to keyboard
entries. These keyboard entries can be categorized as immediate or non-
immediate. Immediate keyboard entries (functions) are always processed as they
occur. These are called Reset Character Keyboard Sequences and are described in
section “Reset Character Keyboard Sequences” on page 4-9.

Non-immediate keyboard entries are normally processed as they occur. However,
some of these functions cause the host to inhibit input from the keyboard (i.e. key-
board is locked) until command processing has been completed. If the keyboard is
locked, non-immediate commands are inserted into a typeahead buffer. The com-
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mands are executed from the typeahead buffer in sequential order.
“Non-Immediate Keyboard Functions” on page 4-5 describes these functions.

Non-Immediate Keyboard Functions

Non-immediate keyboard entries are either graphic display characters or ASCII
control sequences which perform terminal commands. Normal graphic characters
have ASCII codes that lie between X'20' and X'7E"' inclusive. When these char-
acters are sent from a terminal, the character is placed into the screen buffer at the
current cursor position and is also echoed back to the terminal. Host interaction is
not involved. Figure 4-1 lists the terminal commands supported. Details of each
command are described in the following sections.

CURSOR
MOVEMENT
KEYS

CURSOR RIGHT
CURSOR LEFT
CURSOR UP
CURSOR DOWN
FIELD TAB

COLUMN TAB

NEWLINE
HOME
UNDENT
INDENT

FUNCTIONS SUPPORTED by the IBM 7171

FIELD BACKTAB

COLUMN BACKTAB

NON-IMMEDIATE FUNCTIONS

FULL SCREEN HOST OTHER
EDITING ATTENTION KEY
COMMANDS KEYS COMMANDS
INSERT TOGGLE CLEAR REDISPLAY
DELETE CHARACTER ENTER LOCAL PRINT
ERASE EOF TEST REQUEST DUP
ERASE INPUT CURSOR SELECT FM
RUBOUT (See Setup
Functions)
PAGE UP
PAGE DOWN
PA KEYS
PF KEYS

Figure 4-1. Functions Supported by the IBM 7171

Cursor Movement Keys: The cursor can be moved to other screen positions with the
cursor movement keys (usually marked with arrows). Each depression of a cursor
movement key moves the cursor one position in the direction indicated. Cursor
movement wraps. If the cursor is moved off the right side of the screen, it reap-
pears at the left side of the screen, one line down and vice-versa. If it is moved off
the top of the screen, it reappears at the bottom and vice-versa. Each of the cursor
movement keys is described below:

Move Cursor Right

The Cursor Right command indicates one depression of the cursor right key(s)
and will cause the IBM 7171 to transmit to the terminal a cursor reposition
command to the new cursor position with screen wrap considered.
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Move Cursor Left
The Cursor Left command indicates one depression of the cursor left key(s)
and will cause the IBM 7171 to transmit to the terminal a cursor reposition
command to the new cursor position with screen wrap considered.

Move Cursor Up
The Cursor Up command indicates one depression of the cursor up key(s) and
will cause the IBM 7171 to transmit to the terminal a cursor reposition
command to the new cursor position with screen wrap considered.

Move Cursor Down
The Cursor Down command indicates one depression of the cursor down _
key(s) and will cause the IBM 7171 to transmit to the terminal a cursor reposi-
tion command to the new cursor position with screen wrap considered.

Field Tab Key

The Field Tab sequence causes the IBM 7171 to send to the terminal a cursor
reposition command. The cursor is repositioned at the first character position
of the next unprotected field on the screen. The search for a field begins at the
current cursor position, scans left to right on a line, then wraps to the beginning
of the next line and continues. If there is not a new field before the end of the
screen, the search wraps to the top of the screen and continues. If there are no
unprotected fields on the screen, the cursor is not repositioned.

Field Backtab Key
The Field Backtab Key causes the IBM 7171 to reposition the cursor at the
beginning of the current unprotected field on the screen unless the cursor is
already there. If the cursor is at the beginning of an unprotected field, then the
cursor is repositioned to the beginning of the previous unprotected field. The
method of scanning the screen is opposite that of the field tab.

Home Key
The Home sequence moves the cursor to the first unprotected character posi-
tion on the display screen.

Newline Key
The Newline sequence moves the cursor to the first unprotected position of the
next line with unprotected data.

Indent Key
The Indent sequence repositions the cursor one tab stop to the right of its
current position and sets the Newline left margin to the new cursor position. If
you press the Indent key and there are no more column tab stops to the right of

the current cursor position, the terminal will respond with an audible alarm
(“beep”).

Operation of the Newline key is now dependent on the position of the cursor
and whether there are protected or unprotected characters on the lines below
the cursor. If the cursor is to the left of the newline left margin, pressing the
Newline key will move the cursor to the first unprotected character of the next
line that has unprotected characters. If the cursor is to the right of the newline
left margin, pressing the Newline key will move the cursor to the newline left
margin on the next line which has unprotected characters or if there are pro-
tected characters on the next line (occupying the newline left margin) the
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cursor will be moved to the first unprotected character to the right of the
newline left margin.

Undent Key
The Undent sequence repositions the cursor one tab stop to the left of its
current position and sets the Newline left margin to the new cursor position. If
the Undent key is pressed and there is no column tab stop to the left of the
current location, the cursor will be moved to the physical beginning of the
current line.

Column Tab key
The Column Tab sequence repositions the cursor at the next tab stop to the
right, without regard for protected fields. The tab stops may be set by the
application program or by the terminal user.

Column Backtab key
The Column Backtab sequence repositions the cursor at the next tab stop to the
left, without regard for protected fields. The tab stops may be set by the appli-
cation program or by the terminal user.

Editing Keys

Enter/Exit Insert Mode Toggle
The Insert Mode sequence puts the terminal into insert mode. Repeating the
Insert Mode sequence releases the terminal from insert mode. All characters
entered into unprotected fields overtype data already in those particular screen
buffer positions.

Delete Character
The Delete sequence indicates that the character in the current cursor position
is to be deleted and everything else in that field moves one character to the left.
If the field wraps from the end of the current line to the beginning of the next,
the leftward movement of characters also wraps.

Erase to End of Field
The Erase to End of Field sequence causes the erasure of all unprotected data
at and beyond the current cursor position up until the next field attribute.
There is no cursor repositioning as a result of this sequence.

Erase Input
The Erase Input sequence causes commands to be sent to the terminal which
changes all unprotected data areas in the screen buffer to nulls and repositions
the cursor to the first unprotected character location on the screen.

Rubout
The Rubout sequence functions as a destructive backspace. Only unprotected
fields can be affected by this function. If the Rubout function is invoked and
the cursor can move left and remain in an unprotected field, then the character
at that position will be deleted.

Host Attention Keys: All of the keys listed in this section signal the host CPU via an
Attention that input has been completed and that the device requires service from
the host. The host should respond with a Read Modified command to pick up the
Attention Identifier (AID) byte as well as the input generated at the device.

Chapter 4. Customizing IBM 7171 Tables 4-7



Clear
When the IBM 7171 receives the Clear sequence from a terminal, it sends the
Clear Screen CSS to the device. The host application may redisplay the screen
contents or may display a new screen.

Enter
Enter is used to signal the end of a normal request from the device.

Test Request
When the Test Request sequence is sent, the Read Modified that the host sends
in response to the Attention receives the Test Request Header (SOH % /
STX) preceding the input data.

Cursor Select
The Cursor Select sequence tells the IBM 7171 that the selector pen detection
function was performed on the keyboard. A Cursor Select AID will be gener-
ated for the next Read Modified command.

Program Attention Keys
When any one of the three PA key sequences is transmitted, the next Read
Modified command from the host will receive only the AID for the PA key
pressed.

Program Function Keys
When any one of the 36 PF key sequences is transmitted, the host will receive
the proper AID for the PF key pressed in the next Read Modified command.

Other Key Commands

Redisplay
Receipt of the Redisplay sequence causes the display to be cleared and the
screen image to be redisplayed.

Local Print
Receipt of the Local Print sequence causes an image of the screen to be printed
to a hardcopy device connected to the auxiliary printer port of the terminal, if
the terminal supports such a device.

DUPlicate
The DUP sequence sends a command to the terminal that puts the DUP char-
acter on the screen and repositions the cursor to the beginning of the input
area. When this screen is eventually sent to the host application program, the
DUP character signals the application program that a ‘duplicate’ operation is
intended for the rest of the field in which it is located.

Field Mark
The Field Mark sequence causes a special character to be placed in the screen
buffer. When this screen is eventually transferred to the host application
program, the special character in the buffer indicates the location of the end of
a field on an unformatted screen or the end of a subfield on a formatted screen.

Page Up - Page Down
These functions can be defined when the physical screen size of a terminal is
incapable of handling the full 3270 logical screen size. They allow the physical
screen to act as a moveable window on the larger logical screen. If the physical
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screen is already at the greatest extent it can move (i.e., a page up is executed
and the top of the logical screen is already showing), then the audible alarm
(“beep”) sounds at the terminal. Also, if the 3270 cursor position is not on the
screen being viewed, the ASCII display cursor will be placed at the upper left
hand corner of the screen. Any graphic character typed at this point will return
the physical screen to the portion of the logical screen containing the 3270
cursor position.

Reset Character Keyboard Sequences: There are 7 special keyboard functions which
are handled immediately by the IBM 7171 as they are received. They are exempt
from the “keyboard lock” pacing provided for other keyboard input. For a detailed
description of these functions refer to Chapter 3, “Using ASCII Terminals on the
IBM 7171” on page 3-1. These sequences are stored in a string which consists of
a series of eight characters followed by a terminating X'FF' The data is posi-
tional, and the IBM 7171 expects each one to be identified. The order of the bytes
is as follows:

Reset Introducer (X'FF' if not used)
Master Reset

Character Error Reset

Keyboard Unlock (3270 Reset”)
Typeahead Purge

Pacing Start

Pacing Stop

Maintenance Facility Console Toggle.

e A o e

The pacing control must be provided by single control characters. On all common
devices this function is provided by DC1 (XON) and DC3 (XOFF). The other
functions can be invoked by either single control characters or by two character
sequences, beginning with a common introducer key.

This optional Reset Introducer can be coded as the first parameter in the Reset
Character Keyboard Sequence. Suppose the user wants to assign some of the reset
functions to keys on the terminal which generate ESC sequences. Define the first
RCHRS character to be ESC, after which the other entries in the remainder of the
string (except for “Pacing Start” and ‘“Pacing Stop”’) define the second character of
a two character ESC sequence. The introducer need not be exclusively used in the
RCHR strings. When the special introducer character is detected, a flag is set. If
the next character is found in the remainder of the RCHR string (except ‘“Pacing
Start/Stop’’), then the special function is invoked. If the second character is not
matched in this list, then both the introducer and the second character are placed
into the input buffer where they will be processed at normal priority following the
usual keyboard lock protocol. Thus having ESC X as master reset does not pre-
clude the definition of ESC A as cursor movement.

The character at position 8 of the RCHR string is used as the Maintenance Facility
Console Toggle. See Chapter 9, “Special Maintenance Facility and System
Messages” on page 9-1 for details.

If the terminal uses the default Reset Character Keyboard Sequences, the following
seven ASCII control characters are reserved for these special functions:

X'07' Master Reset, CTRL-G

X'12' Character Error Reset, CTRL-R
X'14' Keyboard Unlock (3270 Reset), CTRL-T
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X'18' Typeahead Purge, CTRL-X

X'11' Pacing Start (XON), CTRL-Q

X'13' Pacing Stop (XOFF), CTRL-S

X'17' Maintenance Facility Console Toggle, CTRL-W.

Keyboard Assignment Considerations

4-10

There are over 60 unique keyboard functions supported. Since most terminals do
not have 60 function keys, special techniques must be used to define any additional
keys. One approach is to use a ““shift” key (one that is held down while pressing
another key). Such a key is the CTRL key (marked ALT on the IBM 3101), which
typically permits the generation of all 33 ASCII control characters from the key-
board. On the IBM 3101 with the ALT key depressed and pressing graphic char-
acter “A” produces the ASCII control character SOH. Another approach is to use
a special “‘introducer” function key which sends a two character sequence. In the
case of the IBM 3101, eight Program Function (PF) keys provide such a capability.
Finally, some terminals have a special function shift key which embeds the char-
acter generated by the next normal graphic key pressed in the middle of a special
three character sequence (e.g. SOH char CR is sent).

The first task is to segregate the useable keys. Some keys have alternate functions
(shifted and unshifted, for example). It is important to distinguish the codes which
can easily be generated (unshifted) from those which require two fingers. For
example, on the IBM 3101, the best keys are Backspace, Return, and Tab (because
they are large and are closest to the center of the keyboard). Backtab and SEND
would be very good, but they do not transmit anything. The next best keys are the
cursor movement keys and DEL (they are on the right side and most people are
right-handed). Then come ERASE EOF, ERASE EOS, and ESC. Finally, we have
the ALT key (which requires that one hand be used to hold down ALT while the
other presses the key), HOME, CLEAR, ERASE INPUT, and the PF keys. All
other keys on the IBM 3101 do not transmit. Some terminals have a pad of twelve
or more keys arranged in a 3x4 layout similar to a real 3270. Often it is tempting
to use this pad for 12 PF keys, no matter how they are named, because much of the
IBM documentation and assignment of meaning to PF keys is based on a particular
layout of the PF keypad.

The next step is to evaluate the relative importance of the various functions avail-
able in the application environment under consideration. Usually ENTER, ERASE
EOF, NEWLINE, TAB, DELETE, INSERT, cursor movement, and the first 12 PF
keys are most important. Sometimes CLEAR is critical (as in CMS). Often
ERASE INPUT is a dangerous key to have. In the distributed tables there is no
ERASE INPUT key assignment for most terminal types. Specific applications may
have a need for CURSOR SELECT or TEST REQUEST while most systems do
not use them. The user must balance the keys available on a specific terminal with
the needs of the application.

It is usually a good idea to select keyboard assignments based on the name of the
key itself, but key location can be important. If “ERASE EOL” is written on a key
it may be a good idea to make it emulate the ERASE EOF function because this
simplifies the documentation problem and reduces the amount a user must
remember. These are not the only considerations. Also to be considered are key
size, right-handedness, the proximity of “bad” keys (like a Master Microcode Reset
key), and typamatic behavior to consider. Typamatic is critical for cursor move-
ment, useful for TAB, and useless for ERASE EOF.
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Keyboard extension techniques depend on the manufacturer’s assignment of
control sequences to the supplied edit function keys. On the IBM 3101, where all
function keys transmit sequences beginning with ESC, the ESC key itself is ambig-
uous and should therefore be avoided as a manual sequence introducer. Therefore,
the ERASE EOS key is recommended as the first key of two key sequences. Other
terminals assign control characters to the edit function keys (BS for Cursor Left,
LF for Cursor Down, etc.). On such terminals the use of ESC is recommended as a
function introducer key.

Once the function introducer is chosen, there are some recommended guidelines for
selecting the second key of the two stroke sequence for keyboard extension. One
consideration is placement on the keyboard. The top row of the keyboard is com-
monly used, in conjunction with the function introducer, to represent the first 12
PF keys. This was chosen because some models of real 327x terminals have PF
keys in this location. It is also useful to assign the second twelve PF key values to
the task of function introducer followed by the second row of the keyboard
(QWERTYUIOP). But this is not always possible since these characters may be
used in escape sequences generated by other keys on the terminal. For example,
some terminals have a BACKTAB key which sends ESC-I. If ESC is the function
introducer, the user must choose between using the BACKTAB key for its natural
meaning and using ESC-I as PF 20. In some environments it may be possible to
take advantage of the case (ESC-I is BACKTAB, ESC-i is PF 20), but this would
be risky.

When followed by a keyboard function key, the function introducer is sometimes
used to mean “more” (DELETE means Delete Character, Function-DELETE
means ERASE EOF), or “opposite” (Function-TAB means BACKTAB), or
“looks like” (Function-Semicolon is Field Mark because FM prints as a semicolon
on most 327x models). But, in the final analysis many choices are a matter of per-
sonal preference.

4.3.4 Terminal Output

Control Sequence Strings and Pointers

Each terminal must perform certain hardware functions upon receiving a character
sequence. Normally we think these functions occur when the associated key is
pressed on the keyboard. However, on a full duplex terminal, the function is per-
formed only after a string has been transmitted from the keyboard to the IBM
7171, and another string has been sent back to the terminal.

The IBM 7171 is not required to send back the same string that the keyboard
transmitted. For example, it is convenient to simply associate keys with the func-
tions printed on them. Thus if there already is a key marked HOME it is natural to
use it to emulate the 327x HOME function. In a full screen application, however,
the 327x HOME key requests that the cursor be positioned at the first unprotected
position on the screen. When the user presses the HOME key on an IBM 3101, a
two character sequence “ESC H” is sent to the IBM 7171. If the 7171 simply
echoed back these two characters, the cursor would be positioned by the IBM 3101
at the upper left corner of the screen. Instead, a four character sequence “ESC Y
row col,” which positions the cursor at the screen address associated with the first
logically unprotected character position, is sent. This mapping of input string to
different output strings is performed by IBM 7171.
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These output strings are called Control Sequence Strings (CSS). They are specific
to each terminal and must be found in the terminal manufacturer’s specification
manual. There are 19 defined Control Sequence Strings, but CSSs 7 and 8 are not
used.

Following is a list of each of the CSSs and their meanings:

1. Reposition is required to generate the terminal specific control character
sequence to position the cursor. When it is received by the terminal, the cursor
is positioned according to the data sent in the string. As such some characters
or character strings in this control string are variable and must be dynamically
generated using the current cursor position. The dynamic generation of cursor
position is performed by the routines shown in the following figure:

X'FE' BINX Binary column value

X'FC' BINY Binary row value

X'FA' CHARX Character column value
X'F8' CHARY Character row value

X'F6' USERX User generated column value
X'F4' USERY User generated row value

X'FO' HARDCOPY Hardcopy terminal positioning

Figure 4-2. Cursor Positioning Routine Names

a. The two routines BINX and BINY each form a one byte binary position by
adding the cursor base value to the column or row number. This is the
most common cursor positioning method. The following table gives the
hex values generated by BINX and BINY for different possible cursor base
values.

row/column Base = X'0020' Base = X'0000' Base = X'0001'

(decimal) HEX ANST HEX ANSI HEX ANSI
0 20 2/0 00 0/0 01 0/1

1 21 2/1 01 0/1 02 0/2

2 22 2/2 02 0/2 03 0/3

16 30 3/0 10 1/0 11 1/1

23 37 377 17 17 18 1/8
33 a1 4y 21 2/1 22 2/2
79 6F  6/15 4F 4715 50 5,0

b. The ANSI X3.64 standard for terminal control sequences defines instead
the use of character text strings for numeric values. In this scheme, column
20 would be represented in the proper control string context by the ASCII
character string “20” (X'3230'). The two routines CHARX and
CHARY will produce such numeric character parameters for terminals that
conform to this convention. When this form of addressing is used, the
cursor base should be specified as the number (not the character) zero or
one. The following table gives the hex values generated by CHARX and
CHARY for different possible cursor base values.
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row/column Base = X'0000' Base = X'0001'

(decimal) HEX ANSI  CHAR HEX ANSI  CHAR
0 30 3/0 0 31 3/1 1
1 31 3/ 1 32 372 2
2 32 3/2 2 33 3/3 3
16 3136 3/1 3/6 16 3137 371 3/7 17
23 3233 3/2 3/3 23 3234 3/2 3/4 24
33 3333 3/3 3/3 33 3334 3/3 3/4 34
79 3739 3/7 3/9 79 3830 3/8 3/0 80

USERX and USERY invoke user supplied cursor positioning routines. The
user may add a new cursor positioning algorithm to support a non-standard
terminal. These routines must be entered as executable INTEL 80186
object code. A new Terminal Definition Table must be created in
NV-RAM with a modified cursor positioning CSS string. When the cursor
positioning control string contains X'F6"', the IBM 7171 will call a user
supplied cursor x-positioning routine located in NV-RAM. The column
value (zero base, e.g. the first column = X'0000") is passed to a special
USERX routine via the AX register. Similarly, if the control string con-
tains X 'F4', a call to a user supplied cursor y-positioning routine occurs
and the row value (zero base, e.g. the first row = X'0000') is passed to a
USERY routine via the AX register. The user routines must return the con-
verted x or y data to be sent to the terminal in the AX and DX registers.
On return the user must load the CX register with a count of the number
of bytes (0 to 4) to be sent to the terminal and issue a return instruction.
The byte contained in AL will be sent first, followed by AH, DL, and DH,
until the count contained in CX is exhausted. For example, to position the
cursor to the third line on a display, the IBM 7171 loads X' 0002" into the
AX register and calls the user supplied y-positioning routine. If the ter-
minal requires a X'22"' to perform this movement, the routine would
return X'22' in AL and a byte count of X'0001"' in CX. In this case
data returned in registers AH, DL, and DH are ignored. All registers are
saved before the call to the user routine and restored after the return.

The user may enter his routines using the “Store to CPU Board Memory”
command of the Maintenance Facility. The interface to these customized
cursor positioning routines is defined below.

segment:offset contents description
(byte reversed)
DC00:02F6 BA71 USERX offset address
DC00:02F8 00DC USERX segment address
DCO00:02FA BA71 USERY offset address
DCO00:02FC 00DC USERY segment address

The user must modify the offset addresses to point to his routines which
must be located in an unused part of NV-RAM. The segment addresses do
not need to be changed. The offset addresses as delivered point to a
dummy routine in ROM at X'DC00:71BA"* which sets the byte count in
register CX to zero and does a return. For example, to add a USERX
routine at X' DC00:400' and a USERY routine at X' DC00:420"' enter
the following Store commands using the Maintenance Facility:

s DCO00:2F6 0004
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10.

11.

12.

13.

s DC00:2FA 2004
s DC00:400 <object code for USERX, X' CB' return>
s DC00:420 <object code for USERY, X'CB' return>

d. HARDCOPY invokes a routine which attempts to provide a useful approx-
imation to cursor positioning on a hardcopy terminal, which is assumed to
respond in the usual way to ASCII CR and LF. Cursor left and right are
both used as defined in CSS 5 and 6 and any change of row causes move-
ment down the page.

Erase to End of Line is the terminal defined control sequence to generate the
standard erase to end of line function.

Local Print is sent to terminals which can print an image of the screen to a
hardcopy device connected to an auxiliary printer port of the terminal. It will
invoke the local print function on this type of terminal when the appropriate
input sequence has been recognized.

Tone is the control sequence string that generates an audible alarm (“beep”’).

Cursor Left is the control sequence string to move the cursor on the screen one
character position to the left.

Cursor Right is the control sequence string to move the cursor on the screen
one character position to the right.

-- not used --

- --not used --

Signal Insert Mode is a string which is sent to the terminal when the user has
entered insert mode. 327x terminals have insert mode indicators. Transmitting
the terminal defined ““Signal Insert Mode” CSS to an ASCII terminal should
generate an equivalent indication for the insert status on that terminal. Some
terminals have one or more lights or indicators which can be turned on or off
under program control. On other terminals, the cursor might be set to blink
when in insert mode but not to blink normally.

Signal End Insert Mode is a string which should turn off the insert mode indi-
cator when the terminal user leaves insert mode.

Disconnect is a string sent to the terminal on a host initiated or keyboard initi-
ated line drop.

Clear Screen is the control sequence that clears the display screen and selects
the default screen size.

Terminal Initialize is a string which is sent to the terminal at initial connection
(dial up, or power on) after the terminal type has been determined, or on
receipt of a Master Reset sequence from the terminal. For example, on a ter-
minal conforming to ANSI X3.64 it might be appropriate to send the RIS
(Reset to Initial State) control function to clear any inappropriate protected
fields, partial screens, insert or other modes, and other logical states left over
from a previous session with another computer system.
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14. Megal ASCII Character is a character or string which is written to the terminal

15.

16.

17.

18.

19.

to represent an unprintable character. The TDTs supplied with the distributed
system use a colon (:) for this purpose. However, on certain terminals it may
be desirable to choose a less ambiguous character. For instance, if the user has
only Model 2x versions of the IBM 3101 terminal, a suitable alternate choice
might be:

ESC,E (X'1B45"')

which writes an unusual graphic character (normally called the “SEND
MARK?”) that produces a unique display. On the other hand, on the IBM
3101 Model 1x it is possible to display a square blot on the screen with the
more complicated

DLE,STX,DEL,DLE,ETX (X'10027F1003')

Although this string contains five control characters, it produces the required
result to be the illegal character token: it displays something unusual in the
screen position, occupies only one space on the screen, has no effect on the
characters which follow or precede it, and when done it has advanced the
cursor one position to the right. Screen wrap at end of line is also handled
properly.

Illegal APL Character is a special string for displaying illegal characters in APL
mode. The normal setting for this string is:

n,BS,z (X'6E087A')

The lower case here is misleading. The control sequence strings are never
translated by the APL mode setting, so lower case prints as upper case. ‘“N”
overstruck with “Z’ produces a fairly solid blot on most APL terminals.

APL ON provides a string which may exist on terminals to turn APL mode on
to permit display of both APL and normal ASCII characters on the same
screen image.

APL OFF turns APL mode off again.

APL ON/OFF provides two strings which may exist on terminals to turn APL
mode on and off dynamically to permit display of both APL and normal ASCII
characters on the same screen image. On most terminals with dynamic APL
capability, the control character SO (Shift Out) turns APL mode on and SI
(Shift In) turns it off. However, it is possible that some other terminals would
use another control sequence for this purpose.

Display Mode is a string that the IBM 7171 uses to support highlighting and
basic color (see “Graphic Rendition Strings” on page 4-16 for details).

Alternate Clear Screen is the control sequence that clears the display screen and
selects the alternate screen size.
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Graphic Rendition Strings

SGR stands for Set Graphic Rendition and is borrowed from the ANSI X3.64
standard document where it is the name given to the control string which performs
the highlight/color function. For this string to be invoked, the X'0800' FLAGS
bit must be set ON in the terminal header of the given terminal type (see ‘“‘Terminal
Header Information” on page 4-28). The SGR string in conjunction with the
eighteenth Control Sequence String defines the display modes highlighting and/or
basic color.

Special routines (BINFLLD and CHARFLD) are called from the eighteenth CSS.
Each routine operates in conjunction with the SGR string for this terminal type and
the attributes of the current field to perform the highlight/color function.

On an IBM 3277 or 3278 the only form of alternate display available is highlighting,
and therefore only the highlight attribute is important. On the 3279, however,
there is a mode of operation called basic color in which four different colors are
assigned to the unprotected unhighlighted, unprotected highlighted, protected
unhighlighted, and protected highlighted fields. The IBM 7171 can support this
philosophy of display, but requires more flexibility than the 3279 hardware pro-
vides.

For one thing, while every color CRT has 6 colors plus black and white, there are
substantial differences between the brightness of different choices. On most
screens, blue is too dark to be read against a black background. Red is better, but
is still uncomfortable to read. Yellow may be difficult to distinguish from green,
and white is difficult to distinguish from cyan. Thus, selecting a usable set of four
distinguishable colors can result in different choices for different devices. Further-
more, there are alternate modes of display, such as reverse video, blink, or under-
score, which may be used even on a monochrome terminal to achieve four
distinguishable field display modes. Finally, different applications may require dif-
ferent choices of the four display options.

To accommodate these requirements, each terminal type is associated with an SGR
string which supplies a primary and an alternate graphic rendition of the four pos-
sible combinations of protect and highlight field attributes. A fifth parameter is
supplied for nondisplay fields.

The field attribute of the current display field is used to index into the first
(primary) or second (alternate) half of the SGR string to find the parameter which
sets the terminal to the right mode. The index values are:

0 Nondisplay

1 Normal intensity unprotected
2 High intensity unprotected

3 Normal intensity protected

4 High intensity protected

The selection of the first or second half of the SGR string is made by the setup
functions “Primary/Alternate Display of Attributes” in 3.1.6, ““‘Setup Functions”
on page 3-3. -

The value of the byte selected in the SGR string can be used in the eighteenth CSS
in one of two ways. If BINFLD (X'EE') is specified in the string, the contents of
the byte are substituted into that position in-the string directly as an ASCII char-
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4.3.5 Translate Tables

acter value. If CHARFLD (X'EC"') is specified, the byte selected is assumed to
contain two four bit fields representing a packed integer which should be turned
into its ASCII character representation and substituted into the current position.

For example, the ADM31 family of terminals (including the TVI950) has a normal
intensity mode which is triggered by ESC followed by left parenthesis (X'28') and
a half intensity mode which is triggered by ESC followed by right parenthesis
(X'29'). Unfortunately, the half intensity is usually too dim to be acceptable in a
normally lighted room. Even so, half intensity may, in some cases, serve as an
alternative. Thus, the SGR string (5 bytes of primary followed by 5 bytes of alter-
nate) is:

X'2828282828',X'2829282928"
and the corresponding eighteenth control sequence string is:
ESC,(BINFLD) or X' 1BEE'

In primary display mode, a X'28"' will always be substituted after ESC in the
output string, and all fields will be written in normal intensity. In alternate display
mode, a X'29' will follow escape in normal intensity fields (whether protected or
not) and they will be displayed in half intensity.

An increasing number of terminals conform to the new ANSI X3.64 standard, and
many color terminals support the ISO extensions to this standard. There is a phi-
losophy in this standard that parameters should be expressed as the ASCII char-
acter form of numbers embedded between an introducer of ESC, LBRACK and an
alphabetic terminator. For display attributes, the terminator is lower case m.
Under these standards the parameter for a normal field would be zero and a high-
lighted field would be one. Under the ISO extensions, the colors are standardized
as two digit parameters in the range 30 to 37.

The SGR string for such a standard terminal which has a monochrome primary
display mode and an IBM basic color selection as the alternate display would be:

X '0000010001, X'3737333631"
with a corresponding eighteenth control sequence string of:
ESC,LBRACK,(CHARFLD),LCM or X' 1B5BEC6D'

The CHARFLD routine will substitute the one byte ASCII characters “0” or “1”
in normal display, and the two byte character strings “37,” “33,” “36,” or “31” in
alternate mode.

Different terminal types may be assigned to different host and terminal character
translation tables. The supplied default tables are suitable for normal ASCII to
EBCDIC and APL support. However, on devices with specialized character sets,
or in countries with different national character assignments, the user may wish to
construct his own specialized translate tables for specific terminals or applications.
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The function of the host translate tables is to provide a means of changing char-
acter sets between the EBCDIC based host and the ASCII based representation of
the terminal screen image in the IBM 7171. The internal screen image buffer con-
tains an extended ASCII character set. For more information refer to

Appendix A, “ASCII and EBCDIC Data Conversion Tables.” Similarly, the func-
tion of the terminal translation tables is to provide a means of changing character
sets between the extended ASCII code used in the representation of the terminal
screen image and the ASCII terminal.

4.3.6 Steps in providing User-Generated TDTs

4-18

In order to provide new IBM 7171 terminal types, technical information must be
obtained for the terminal type to be generated. The required technical information-
is available in the manufacturer’s technical reference manual.

The following is a suggested approach to building a Terminal Definition Table:

1. Define a fninimal set of input sequences sufficient to logon and logoff. At
minimum include: ENTER, PF1 ... PFn, Left, Right, Up, Down, HOME, and
CLEAR.

2. Define Reset Characters for pacing on and off only.

3. Define Control Sequence Strings for Cursor Position, Erase to End of Line,
and both Clear and Alternate Clear. Do not set the flag for highlighting.

4. Logon and test cursor positioning and host Attention generating keys. Modify
those sequences until screen output is correct.

5. Add terminal initialize and highlighting output sequences. Turn on the high-
light flag and define a Graphic Rendition string. Test and modify those
sequences until screen output is correct.

6. Add Insert On/Off, APL, etc. Test and modify those sequences until screen
output is correct.

If terminal screen output is correct, the input sequences will be technically easy to
do. If the terminal screen output is NOT correct either the device cannot be
defined to look like a 3270 terminal or technical assistance is required.

Some terminal keys do not transmit, thereby producing undesired effects (e.g.
CLEAR key clears screen and does not transmit a sequence to the 7171). Such
keys are unusable. If Cursor keys do not transmit, an alternate sequence MUST be
defined (Ctrl-R, L, U, and D is one solution).

Remember that Reset Characters have priority over input sequences. Reset char-
acter conflicts are probably the second most common problem in terminal defi-
nitions (the most common is wrong parity/baud rate in the port definition).

It is recommended that new terminal tables should be tested prior to putting a new
table into operation. :
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4.4 Organization of Non-Volatile RAM

NV-RAM is divided into 4 basic areas:

1. Data Area 1

2. Port Configuration Data

3. Data Area 2

4, Terminal Definition Table (TDT) Area.

The organization of NV-RAM is as follows:

DCO0O:

DCOO:

DCO0O:

DCO0O:
DCO0O:

DCOO:

DCO0O:

Figure

IMPORTANT - All of NV-RAM is located in memory on the CPU board starting

0000

0010

0210

02A8
O02EE

0300

1FFD

4-3.

Data Area 1

Ports Area

Data Area 2

Terminal Type Messages

Reserved

Terminal Names
Information

TDT's

BErZHRXoEa

Z20HAHAHZHAEUO

HEewwy A

> m o

IBM 7171 NV-RAM layout

at segment X' DCO00".

Following is a brief description of the data contained in each area:

Data area 1

This data area contains statistical information about NV-RAM as well as 7171

system control information.

Port Configuration Data
This area contains the information necessary to configure the 64 communi-
cations ports. The values contained in each port definition are used to bind

information about the port to any device that connects to that port. This block

contains the following information:

Address used to associate a valid terminal types list.

Baud rate of device connected

Parity, number of data and stop bits for device connected

Address of default terminal type.

Chapter 4. Customizing IBM 7171 Tables

4-19




Data Area 2
This data area contains error message information for the Maintenance Facility.
Error messages are stored in NV-RAM so that they are not erased when the
system is powered down.

TDT Area
This area contains the following information:

bl M

4.4.1 Data Area 1 Layout
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The ‘ENTER TERMINAL TYPE:’ message

The ‘VALID TYPES ARE:’ message

The complete list of terminal types (including those in ROM)
All user supplied TDTs.

Following is a list of the data stored in Data Area 1 of NV-RAM.:

Address Data Meaning

0000

0002

0004

0006

0008

Length of NV-RAM. Defaulted to X'2000' (8K bytes).
Address of the first unused location in NV-RAM.

Number of bytes to be allocated to the 3270 data stream buffer.
Defaulted to X'2E80' (11.6K bytes). '

Erase/Write Optimization buffer size. Zero implies no optimization.
Defaulted to X'0BAO' (2976 bytes).

Note: This is not large enough to support Erase/Write Optimization on
a terminal emulating a 3278 Model 4 or 5. It must be increased if
Erase/Write Optimization is desired for these devices. The IBM 7171
must be powered off then on for the change to take effect.

System Control Flags. Defaulted to X' 0000

Flag
Bit Meaning
8000 Suppress initial Device End on line initialization.
4000 Type of terminal emulated.
On or 1 = 3277 Emulation
Off or 0 = 3278 Emulation
2000 Ignore first host initiated line drop request after line initialization.
1000 Disable XOFF as a termination condition for Transparent
Write /Read.
0800 3270 CLEAR key option.
On or 1 = Don’t change to default screen size on CLEAR
Off or 0 = Change to default screen size on CLEAR (normal
3270)
0400 Ending Status for one byte write (WCC only) in Transparent
Mode.
On or 1 = Send only Device End
Off or 0 = Send Device End, Attention
0080 Ignore high order bit of input from terminal.
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000A

000C
000D
000E

000F

4.4.2 Ports Area Layout

0020 Stick bit for output parity generation when high bit of input is
ignored.
On or 1 = High order bit is generated as Mark or Space parity
Off or 0 = High order bit is generated as Even or Odd parity
0010 Parity bit for output parity generation when high bit of input is
ignored.
On or 1 = Even or Space parity
Off or 0 = Odd or Mark parity

Note: The preceding three bits are intended to be used when parity
is to be ignored on input. The port should be configured with
eight data bits, parity disabled.

This configuration option can be done on a per port basis, or

at a system level. The above system level configuration
option supersedes any port specific settings.

Address of logoff message which is sent to the host when using the Send
Predefined Message to Host Disconnect Method. See ““Setting Up the
Send Predefined Message to Host Method” on page 4-65 for an
example.

Sense information for synchronous host disconnect.

Status information for synchronous host disconnect.

Sense information for asynchronous method of host disconnect.

Status information for asynchronous method of host disconnect.

Each of the 64 port addresses uses eight bytes for configuration. This ports config-
uration area starts at X' DC00:0010' where the configuration for port zero is
stored. The eight bytes are defined as follows: ‘

Byte # Meaning

0-1

A terminal header pointer (valid values are identical to those for bytes
6-7).

The terminal names list (see “Terminal Names Information” on

page 4-26) can consist of a number of sublists. This word is used to iden-
tify the sublist from which the Valid Terminal Types for this port are
found.

If this area contains a non-zero value, then this field is used to match with
a terminal name, and the sublist that contains this terminal name is used.

If this area is zero, or contains a value that cannot be matched to a name,
then the sublist beginning at DC00:300 is used.
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4-5

Baud Rate. If the baud rate is left null (the default setting) or is invalid,
the terminal will enter autobaud detect mode. When a terminal is in
autobaud detect mode, the terminal user must press the carriage return
key. The IBM 7171 will then automatically determine what baud rate the
terminal is set at. The following baud rates are autobaud detectable: 300,
600, 1200, 1800, 2400, 3600, 4800, 9600 and 19200 baud. The fol-
lowing baud rates are supported, but are not autobaud detectable: 50, 75,
110, 134, 150, 2000, and 7200 baud.

Terminal Flags.

Byte 4 Flags

Bits Meaning
20 Stick bit.
Off or 0 = Parity bit is interpreted as Even or Odd
On or 1 = Parity bit is interpreted as Mark or Space
10 Parity - depends on the current setting of the Stick bit.
Off or 0 = Odd or Mark parity
On or 1 = Even or Space parity
08 Parity enable.
Off or 0 = Parity disabled
On or 1 = Parity enabled
04 Number of stop bits.
Off or 0 = 1 stop bit
, On or 1 = 2 stop bits
02-01 Number of data bits.
00 = 5 data bits
01 = 6 data bits
10 = 7 data bits
11 = 8 data bits

Byte 5 Flags

Bits Meaning
0080 Ignore high order bit of input from terminal.
0020 Stick bit for output parity generation when high bit of input is
ignored.
On or 1 = High order bit is generated as Mark or Space
parity
Off or 0 = High order bit is generated as Even or Odd
parity
0010 Parity bit for output parity generation when high bit of input is
ignored.
On or 1 = Even or Space parity
Off or 0 = Odd or Mark parity

Note: The preceding three bits are intended to be used when
parity is to be ignored on input. The port should be con-
figured with eight data bits, parity disabled.

This configuration option can be done on a per port
basis, or at a system level. The above port level config-
uration option is only effective if the system level has not
been specified.
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02-01 Type of connection.
00 = Let 7171 determine type of connection
01 = Switched Network (telephone line)
10 = Leased Line
11 = Direct Connection

6-7 Terminal Header Pointer. This word can have one of three values:

. Null
¢ The address of a TDT
« A ROM index to an address list which contains the address of a TDT.

If this word is left null, the terminal user will be prompted with the
‘ENTER TERMINAL TYPE? message. If the value is filled in, the ter-
minal type will be automatically selected when the terminal connects.

Addresses are offsets relative to segment X' DC00"', and are stored byte
reversed. Addresses can point to either NV-RAM or ROM.

Table addressing in the 7171 frequently uses pointers. In this context the
term ‘‘pointer’” has a unique definition:

If bit 15 (the MSB) =0

THEN

The contents of the pointer are a relative

(to segment X'DC00') address (maximum of 32k).
ELSE

The contents of the pointer are an index that

is converted into a displacement into the

beginning of IBM 7171 ROM (relative address X'4000').

Bits 6-0 of byte 6 are the ROM index and allow

addressing of the 256 entries (512 bytes).

Thus pointer (index) X'8000' will address the

ROM location the address of which is at X'4000°'.

See Figure 4-9 on page 4-44 for indices and corresponding

ROM addresses.
The location in ROM contains the relative address of
the named table or character string.

As an example, consider the following 8 bytes:

F0 03 00 4B 1A 03 00 00

~ This port is configured to use the Valid Types List of the TDT pointed to by

DCO00:3F0, a baud rate of 19200, even parity, parity enabled, 1 stop bit, 7 data
bits, direct connect. Since no terminal type is assigned, the Valid Types List
described above will be displayed if the first ‘ENTER TERMINAL TYPE:’ prompt
is not satisfied. Here is another example:

00 00 00 00 OA 00 00 80
This port is configured to use the Valid Types List starting at X'DC00:300",

autobaud detect, odd parity, parity enabled, 1 stop bit, 7 data bits, default con-
nection, and will automatically connect as an IBM3101 (X'8000' is the ROM

‘index value for the IBM3101 TDT).
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4.4.3 Data Area 2 Layout
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Following is a list of the data stored in Data Area 2 of NV-RAM:

Address

0210

0212

0214

Data Meaning
Address of the first error message in the queue.
Address of the last error message in the queue.

Start of the error message area.

Each error message consists of 10 bytes. Error messages are stored sequentially,
starting with message 0. Following is a description of the 10 bytes:

Byte Meaning
0 Device number.
1 Message number identifying the error that occurred.

2-3 Date of occurrence.

4-9 Passed parameters.

Other words of consequence stored in this area are described below:

Address

0290

0292

0294

0296

Data Meaning

Maximum time in milliseconds Data Set Ready (DSR) can drop while the
line is still considered to be connected. Default value is 100 milliseconds.

Mazximum time in milliseconds Receive Line Signal Detect (RLSD) can
drop while the line is still considered to be connected. Default value is
500 milliseconds.

Erase Write Optimization Baud Rate

Erase/Write Optimization can be enabled as a function of the baud rate.
This word specifies the baud rate above which no optimization will be
performed. The default is 7200:

Keyboard Unlock Delay

Not all IBM operating system software was designed with typeahead in
mind. For example, in VM when an application program is invoked from
the command line, there are a series of host write commands sent to
update the screen before the application program gets control. These
writes logically unlock the keyboard. If there is typeahead input when
this occurs, that input will not be processed by the application, but by
VM. To help minimize this effect, the IBM 7171 provides an optional
timed delay of the keyboard unlock by a host write command. The word
value at this location is a hex number representing the number of 32
millisecond time intervals between the time a keyboard unlock command
is received from the host and the time the keyboard is actually unlocked.
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The default value is zero which means that there is no time delay. In
most cases this will let typeahead input be processed by the program for
which it was intended. For those cases where this is not true the system
operator can chose a value for his installation which his users find satis-
factory.

4.4.4 TDT Area Layout

The TDT area starts at address X'DC00:02A8'', and is divided into the following
parts (See Figure 4-3 on page 4-19):

Terminal Type Message Area
This area contains the ‘ENTER TERMINAL TYPE:’ message, the ‘“VALID
TYPES ARE:’ message, and message area information.

Reserved
This area must remain intact to maintain the integrity of NV-RAM.

Terminal Names Information Area
This area contains the list of valid terminals.

Terminal Definition Tables
This area contains user defined TDTs.

Terminal Type Message Area

Reserved Area

This area is broken up as follows:
Address Definition of Stored Data
02A8 The length of the ‘ENTER TERMINAL TYPE: message is stored here.

02AA  The ‘ENTER TERMINAL TYPE:” message is stored here. Any message
may be put in its place.

02CC  The length of the ‘VALID TYPES ARE:’ message is stored here.

02CE The ‘VALID TYPES ARE? message is stored starting at this location.
Any message may be put in its place.

Extra space is left at the end of each of the messages. This is so the message can
be changed without changing all of NV-RAM.

Warning: Do not alter this part of NV-RAM. This area (X'02EE"
through X'02F3') is used by the IBM 7171 to determine the validity
of NV-RAM. If the data expected is not found here, NV-RAM will
be rewritten with all default values. All user supplied information will
be erased.
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Address Definition of Stored Data

02F4 The time in milliseconds to delay initialization of the terminal. Default
value is zero.

02F6 The address (both segment and offset) of USERX cursor positioning.
02FA The address (both segment and offset) of USERY cursor positioning.
02FE Reserved

Terminal Names Information

This is the information that appears immediately after the ‘VALID TYPES ARE:’
message. It is the list of sublists of all valid terminal names that will be recognized.

This area provides the following information:
« Terminal Name

« Layout of Terminal Name message that immediately follows the ‘VALID
TYPES ARE? message

« Pointers to the Terminal’s TDT.

The information is stored sequentially starting at address X'DC00:0300"' in the
following order:

1. Terminal Name, in upper case ASCII. The terminal name must be left justified
and blank padded to eight characters.

2. Pointer to the TDT. The pointer can take one of two forms:
a. An address of a TDT.
b. An indirect index into ROM. These are the same values as those used in
ports configuration. For a list of these values, refer to

Appendix E, “ROM Data Base Organization” on page E-1.

3. An optional carriage control or list transfer word. This word can take the fol-
lowing forms:

« X'FFFF' indicates that there is to be a carriage return after this terminal
name is printed on the screen.

+ X'FFFE' indicates that all terminal names following this are to be
‘hidden’; that is, they will not be printed on the screen.

« X'FFFD' indicates the end of a sublist.
Breaking the valid terminal types into sublists is optional. It is useful when

terminals with 3270 alternate screen sizes are defined and the host system
contains addresses allocated for alternate screen sizes.
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Terminal Definition Tables

As an example, suppose the host system generation defines ports 0-7 as
3278 Model 2 terminals and ports 8-15 as 3278 Model 5 terminals. If only
the default 7171 terminal definition tables are used, (all default tables
support Model 2 displays) and a VT100 connects to port 8, an Operation
Check is generated back to the host, indicating that the terminal type
defined has too small a screen to handle the larger Model 5 buffer
addresses.

To prevent this, two separate terminal names sublists are set up. The
location beginning at X'300"' can contain the default definitions along
with any other customer defined TDT’s for 327x Model 2 emulation
already defined. After these definitions and before the X'0000' list ter-
minator, place a X'FFFD' (sublist terminator). If a new terminal type is
defined with Model 5 screen size parameters, it can be placed here. Thus,
a port defined at the host as a Model 2 will only be presented with valid
types for a Model 2, and a port defined as a Model 5 will only see those
types valid for a Model 5.

« If the high bit is set, and the first byte is not X' FF', the remaining-15 bits
are taken to be an address to transfer to. The next terminal name will be
sought at the new address.

o If the word is null (X'0000"'), then the end of the list is indicated.

Please note that the end of list word must appear. If it does not, results are
unpredictable.

The information for each valid terminal follows sequentially after the previous one.
Thus, this area contains a continuous list of terminal information.

The user defined TDTs appear in NV-RAM following the Terminal Names Data.
All pointers to TDTs actually point to the first byte of the Terminal Header Infor-
mation.

Note: Since all TDTs use many different levels of indirection, it is possible for
several TDTs to share data. For instance, if it is desired to have all terminals use
the same ‘Reset Characters’ string, there need be only one string of ‘Reset
Characters’ and each TDT can point to it. In this way, it is possible to optimize the
amount of space used.

The TDT is broken up into the following three parts:

o Terminal Header Information

« Control Sequence Strings and Pointers

¢ Input Parse Tables.
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Terminal Header Information: The first part of the TDT is the Terminal Header
Information. The Terminal Header has ten items and each item occupies two bytes
of storage except for the Screen Size Definitions which require eight bytes. These
twenty six bytes provide basic information about the specific terminal.

Item Definition of Stored Data

1 Status Flags

2 Pointer to Initial Parse Table Entry

3 Pointer to First CSS Pointer

4 Cursor Base

5 Pointer to Host Translation Table Addresses
6 Pointer to Terminal Translate Tables

7 Pointer to Reset Character String

8 Delay

9 Pointer to Set Graphic Rendition String

10 Screen Size Definitions

A description of each of these fields follows:
1. Flags.

The Flags parameter can be used to set bit flags which describe special ter-
minal characteristics. The following flags can be specified:

Byte O Flags

Bits  Meaning

X'80' Hardcopy terminal.

X'40' Can dynamically switch from APL to non-APL and back under
program control (usually SI and SO characters).

X'10' Type of APL keyboard

On - bit paired terminal.
Off - typewriter paired terminal.

X'08' Highlighting can be performed.

X'04' Highlighting is a mode of output, where characters written after an
escape sequence are displayed highlighted, rather than an attribute
byte, where characters in the following screen positions change
display without themselves being rewritten.

Byte 1 Flags
Bits  Meaning

X'80' New format terminal header containing physical and logical screen
size information.
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X '40' Can display character in the lower right corner without scrolling
the screen.

X'20' Use “real” 3270 algorithm to suppress all nulls on READ MODI-
FIED response. If not specified embedded nulls will be returned to
the host as blanks.

X'10' Pacing control

On - Default pacing to off.
Off - Default pacing to on.
X'08' Highlighted Blank Treatment
Off - No difference between highlighted and unhighlighted
blanks.
On - Highlighted and unhighlighted blanks display differently.

X'04" 3286 printer emulation desired (when set with Hardcopy Terminal

bit).

2. Pointer to Initial Parse Table Entry.

This points to the keyboard input parse table data. The parse table parses
input characters from the keyboard and determines what action to take. The
Input Parse Table is discussed in “Input Parse Table” on page 4-33.

Pointer to First CSS Pointer.

This points to a list of pointers. The list, in turn, points to the individual CSSs
(control sequence strings) described in “Control Sequence Strings and
Pointers” on page 4-11.

Cursor Base.

The cursor base allows a numeric or character base to be used in generating
direct cursor addressing strings to be specified. Some terminals number the
rows and columns starting at zero, while others start at one. For some termi-
nals, a single ASCII character represents a row or column number based on its
binary value in the ASCII character set. Other terminals convert the row or
column number to a “printable” numeric character string. The cursor base is
used in any of these cases to specify the proper value for the first row or
column. The cursor base is added to the row or column number addressed to
generate the proper cursor reposition sequence.

Pointer to Host Translation Table Addresses.

This is a pointer to a list of Host Translate Table addresses. The list of Host
Translate Table addresses must be 20 bytes long, and must appear in this
order:

Host Read 3277 (ASCII to EBCDIC)
Host Read 3277 Attribute and APL
Host Write 3277 (EBCDIC to ASCII)
Host Write 3277 Attribute and APL
Host Write 3278 (EBCDIC to ASCII)
Host Write 3278 Attribute

Host Write 3278 APL

Host Read 3278 (ASCII to EBCDIC)
Host Read 3278 Attribute

Host Read 3278 APL

M ER MmO AL O
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The address of the standard list is found at offset X'40E2' (See 4.5.4, “ROM
Pointers to Internal Information” on page 4-44). Refer to Appendix A for
actual translate tables.

Pointer to Terminal Translate Tables.

This points directly to the start of the Terminal Translate Tables. The address
of the default tables can be found at X'40EQ' (See 4.5.4, “ROM Pointers to
Internal Information” on page 4-44). The following translate tables must
appear sequentially in the following order, and must be of the following length:

a. Normal ASCII Table (256 bytes) is used to convert a character from the
IBM 7171 screen image buffer represented by internal extended ASCII
code to normal ASCII code for output to the terminal.

b. Normal ASCII Input Translate Table (128 bytes).

c. Typewriter Paired APL Table (256 bytes) is used to convert a character
from the IBM 7171 screen image buffer represented by internal extended
ASCII code to typewriter paired ASCII code for output to the terminal.

d. Typewriter Paired APL Input Translate Table (128 bytes).

e. Bit Paired APL Table (256 bytes) is used to convert a character from the
IBM 7171 screen image buffer represented by internal extended ASCII
code to bit paired ASCII code for output to the terminal.

f. Bit Paired APL Input Translate Table (128 bytes).

Alternate Keyboard Input Translate Table (128 bytes).

Note: For a description of the resident translate tables, see
Appendix A, “ASCII and EBCDIC Data Conversion Tables.”

Pointer to Reset Character String.

This word points to the start of a string of special keyboard reset characters
which provide user control over error recovery and also define pacing protocol.
The definition of this string is described in “Reset Character Keyboard
Sequences’” on page 4-9.

Delay.

This parameter makes it possible to specify the length, in milliseconds, of
pauses between output strings being sent to the device. Delay causes tempo-
rary suspension of character output to the terminal for a specified time. It is
used when the terminal has limited buffer capability and may require time to
perform an operation.

Pointer to Set Graphic Rendition String.
This word points to the start of a string defining the variable parameters in the

graphic rendition control string for the terminal. This string is described in
“Graphic Rendition Strings” on page 4-16.

10. Terminal Screen Size Definitions.

This area consist of 8 bytes, one for each dimension. When left zero, row
dimensions default to 24, column dimensions to 80.

Default Physical (Terminal) Rows

IBM 7171 Reference Manual and Programming Guide



Default Physical (Terminal) Columns
Default Logical (3270) Rows

Default Logical (3270) Columns
Alternate Physical (Terminal) Rows
Alternate Physical (Terminal) Columns
Alternate Logical (3270) Rows
Alternate Logical (3270) Columns

That is all of the positional data required. All of the necessary data is now identi-
fied via the above pointers. The CSS pointers and strings usually appear imme-
diately following the header information.

Let us look at the first eighteen bytes of the IBM3101 TDT as an example. It is
found at address X' DC00:4000'. In our example, the address at X'DC00:4000
is assumed to be X'5402'. The eighteen bytes found at this address are:

0000 SE 54 1454 2000 6E 43 824D 8252 0000 8B 52

This information tells us the following: The terminal flags are zeros. The first level
input parse table is at address X' 545E'. The list of CSS pointers is found at
X'5414"'. The cursor base is X'0020'. The list of host translate tables is found
at X'436E'. The terminal translate tables are found at X'4D82'. The reset
character string is found at X'5282'. There is no delay, and the SGR string is
found at X'528B"'. Since the terminal flags do not indicate an extended format
TDT, there is no screen size information. All row values default to 24, and all
column values default to 80, i.e., a 327X Model 2 emuiation.

CSS Pointers and Strings: The third word of the terminal header information points
to the first byte of the 19 CSS pointers. Each of the 19 entries is the address of the
first byte of the given CSS. The addresses for all must exist, even if the string is
not used. The addresses appear in this order:

Cursor Reposition String
Erase to End Of Line
Local Print

Tone

Cursor Left

Cursor Right

-- Unused --

-- Unused --

Signal Insert Mode On
10. Signal Insert Mode Off
11. Disconnect

12. Clear

13. Terminal Initialize

14, Tllegal ASCII Character
15. Illegal APL Character
16. APL Characters On

17. APL Characters Off
18. Display Mode

19. Alternate Clear

WrHNoaNnERwD =

The length of each Control Sequence String is limited to 32 characters with the
exception of the Terminal Initialize string, which may be up to 256 bytes long.
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Each string starts at the address given in the above list of pointers and is terminated
by X'FF'. The bytes that appear in the CSS are sent to the terminal as they exist
in memory, with the following exceptions:

X'FF' There will be some strings, such as those that are unsupported, which
should be NULL. In these cases, the pointers should point directly to the
CSS terminating byte, X'FF'.

X'FE' This is used in a Cursor Position String to indicate where a binary 'x' or
column position goes. The column is added to the cursor base, and sent
instead of this byte.

X'FC' This is used in a Cursor Position String to indicate where a binary 'y' or
row position goes. The row is added to the cursor base, and sent instead of
this byte.

X'FA' This is used in a Cursor Position String to indicate where a character mode
'x' or column position goes. The cursor base is added to the column
number, and the ASCII string representing the hex byte is sent to the ter-
minal.

X'F8' This is used in a Cursor Position String to indicate where a character mode
'y' or row position goes. The cursor base is added to the row number, and
the ASCII string representing the hex byte is sent to the terminal.

X'F6' This is used in a Cursor Position String to indicate that a user supplied
cursor x-positioning routine (USERX) will be called.

X'F4' This is used in a Cursor Position String to indicate that a user supplied
cursor y-positioning routine (USERY) will be called.

X'F2' This indicates that a delay will occur equal to the number of milliseconds
specified in the terminal header delay parameter.

X'F0' This is used in a Cursor Position String for a terminal type such as
TYPETERM to indicate that cursor positioning should be approximated for
a hardcopy device.

X'EE' This is used in a Display Mode String to select the binary method of proc-
essing the Set Graphic Rendition data for this terminal type.

X'EC' This is used in a Display Mode String to select the character method of
processing the Set Graphic Rendition data for this terminal type.

For instance, if the characters “ESC” “[” row column were to be sent to the ter-
minal for one CSS, the string might look like this:

1B 5B FC FE FF

If the command was to move the cursor to row 4 and column 5 and the cursor base
was X '0020"', the following string would be sent to the terminal:

1B 5B 24 25
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Input Parse Table: Keyboard input processing is driven by a syntax table called the
Input Parse Table. The overall input parse table is divided into a main table and
one or more next character lookup subtables associated with each alternative pos-
sible in the left to right processing of the input character stream.

The main table will also be called the first level input parse table. A subtable that
can be reached directly from the main table will be called a second level input parse
table; one that is reached from a second level table will be called a third level input
parse table, and so on.

Each entry in a parse table is a series of 4 bytes which is called a node. When a
character is dequeued from the input typeahead buffer, the first byte of each node
in the current parse table is searched until the first byte either matches the input
character or matches one of four special bytes. When a character match is found,
the action field of the node (the third and fourth bytes) are scanned to determine
what action to take. When a special symbolic match is made, the action is one of
the following:

« Signal invalid end with a beep at the terminal.

« Proceed with the table search using the byte to identify the search mode. This
additional capability is provided to reduce parse size and is described in the fol-
lowing sections.

The nodes may be described using the following pseudocode. The pseudocode
notation has the following form:

[label] char[,param] action target [(routine)]

label This term is optional. It is symbolic, and stands for a definition of the
address at which the label appears.

char This term represents the ASCII characters which are being searched or
one of four symbolic names which identify additional search mode
activity. A list of ASCII character names and their hex values are
found in Figure 4-6 on page 4-39. The four symbolic names and
their hex values are:

END Stands for X'FF!
OTHERS Stands for X'FE'
INDEX Stands for X'F8'
MATCH Stands for X'FA"

The function of END and OTHERS is given here while the function of
MATCH and INDEX are described later in this chapter.

END This signals the end of a subtable. When this character is
found, the parse is invalid and a beep is generated at the
terminal. Each subtable must end with the END byte.
By convention, the address field of an END node points
to itself.

OTHERS This indicates that a different subtable should be

searched. When this match is made, the target field of
the node points to a subtable which is searched imme-
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diately, using the same input character. OTHERS is a
good tool for tying tables together. For example:

OTHERS GOTO TYPPFK

TYPPFK 21 CALL PFK1
22 CALL PFK2

When two tables end in a long string of common matches,
the first table can simply transfer control using OTHERS
to the common ending table. Thus in this example, when
OTHERS GOTO TYPPFK is encountered, the input
scan leaves the current table and resumes the character
matching process starting at the TYPPFK node.

The reader may wish to come back to this example after
reading the rest of this section.

param This optional term is the parameter that is to be passed to the routine.
Byte one of each node provides a parameter value to be stored for
transmission to a routine. If the parameter is zero, the current param-
eter is not changed. Whenever a nonzero parameter is found, it is
stored in the Data Control Block for that device. The parameter is
then used by the routine to determine a course of action. For
example, the ATTENTION routine uses the parameter to determine
which attention key was pressed. For a complete list of possible
parameters to pass to routines, see 4.5.3, ‘“Parameters to Pass to IBM
7171 Routines’ on page 4-42.

action This indicates the action that is to be taken following a character
match of byte zero of the node. The action will be either GOTO or
CALL. CALL indicates that a complete string was parsed correctly,
and gives the routine to call. GOTO indicates that control is to be
passed to another search list, and that the parse will continue.

If a CALL is specified, byte three is null and byte two provides the
routine number, which is an index into an internal routine lookup table
for the entry point of the routine requested. See Figure 4-7 on

page 4-40 for a list of available routine numbers.

If a GOTO is specified byte three of the node is not null. Then bytes
two and three form an address with a pointer to a next level input
parse table, or a pointer to the special MATCH and INDEX strings.

target This is a symbolic way of specifying either the number of the routine
to call, a pointer to the address of the next level parse table to search,

or a pointer to an address of a MATCH or INDEX string.

routine This optional term is a comment to tell the reader what routine is indi-
cated. It has no bearing on any byte values in the four byte entry.

Thus the pseudocode represents four bytes of IBM 7171 storage which has the
form:
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Byte 0 Character or process indication byte (char)
Byte 1 Parameter Value (param)
Bytes 2-3  Address of next parse table or routine number to call (target)

Note: The input parse table does not parse the reset characters that are separately
processed (Keyboard Reset, XON-XOFF, etc.) and described in ‘“Reset Character
Keyboard Sequences” on page 4-9.

When the user is typing in simple graphic characters (blank X'20' to tilde
X'7E'), there is no need to refer to any table. The character is simply deposited
in the internal screen image buffer at the current cursor position. When a control
character is encountered, the first level input parse table is examined to determine
what action should be taken.

A sample first level IBM3101 input parse table is:

IBM31011 ESC GOTO IBMESC DCO0:545E 1B 00 82 54
HT CALL TAB 09 00 0A 00
BS CALL ENTER 08 0A 02 00
CR CALL NL 0D 00 OB 00
DEL CALL DELETE 7F 00 09 00
SYN CALL RESHOW 16 00 OE 00
VT,80 CALL DPFM (dup char) OB 80 13 00
FF,7F CALL DPFM (fm char) oc 7F 13 00
END GOTO * FF 00 80 54

Figure 4-4. First Level Input Parse Table for the IBM3101 TDT.
In this description of the input parse tables each node is described in two ways:
1. The pseudocode description.

2. A hex representation of the bytes indicated by the pseudocode. Some nodes
are prefixed by the address of the node.

All IBM 3101 control keys either transmit a single control character
(HT,BS,CR,DEL,SYN,VT,FF) or a compound sequence beginning with ESC. The
first entry in the table shown above identifies the ESC introducer. It specifies,
using the GOTO parameter, that it is part of a control string which continues in the
subtable whose address is labelled IBMESC (see below).

The next 7 entries define single control character requests which in themselves con-
stitute a control request. Local functions are invoked when a parse subtable node
matches a specific character and includes the CALL form. The valid routine names
for CALL and the pertinent keyboard functions they invoke are specified in

Figure 4-7 on page 4-40.

The last entry is an END value which is used to signal the end of the subtable.
Failure to include the END in a parse subtable will permit the syntax scan to “fall
through” into the characters of the next table that follows sequentially, which will
cause unpredictable results.
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PARAM Field

Most of the other IBM 3101 control keys produce a two character sequence begin-
ning with the ESC control character. The parse subtable for these keys is shown in
Figure 4-5 on page 4-36.

IBMESC J GOTO IBMESC2 DC00:5482 4A 00 B6 54
HT CALL COLTAB 09 00 1C 00
CR CALL COLBAK 0D 00 1D 00
A CALL UP (cursor up) 417 00 05 00
B CALL DOWN (cursor down) 42 00 06 00
C CALL RIGHT (cursor right) 43 00 04 00
D CALL LEFT (cursor left) 44 00 03 00
H CALL HOME (home) 48 00 OD 0O
I CALL EEOF (erase eof/eol) 49 00 0OC 00
K CALL CURSEL (erase input) 4B 00 11 00
L,4 CALL ATTN (clear) 4C 04 02 00
1 CALL LPRT (print) 57 00 08 00
END GOTO * FF 00 B4 54

Figure 4-5. Second Level Input Parse Table for the IBM3101 TDT.

The Cursor Right key on the IBM 3101 sends the two character sequence ESC C.
When the ESC character is received the first level parse table is scanned. The
character matches the node in the table which specifies GOTO IBMESC. A
GOTO node terminates the processing of the current character and stores the
named label as the starting point for the scan to match the next character received.
When the C is received, it is matched to the CALL RIGHT node in the second
level input parse table. This terminates the control string and calls the “Cursor
Right” routine to perform the selected function.

If the sequence ESC,J,Z is encountered, the ESC would cause the scanning to be
continued in the second level input parse table IBMESC. The J character will then
be found in this table and will cause the third level input parse table IBMESC2 to
be entered, where scanning will continue for the character Z.

The PARAM field is used only by the routines ATTN, SET, RESET, DPFM,
DEFER, and MULT. However, the parameter does not necessarily have to be
specified on the final node. For example, suppose one also wished to use the eight
native IBM 3101 Program Function Keys and identify them with PF keys 1-8 on
the emulated 3270. This could be done by adding eight additional nodes to the
second level input parse table which is entered when ESC has been encountered as
the first character of an input character sequence.

LCA,pfl1 GOTO PEND
LCB,pf2 GOTO PEND
LCC,pf3 GOTO PEND
LCD,pf4 GOTO PEND
LCE,pf5 GOTO PEND
LCF,pf6 GOTO PEND
LCG,pt7 GOTO PEND
LCH,pf8 GOTO PEND

Then, if all four possible termination characters are to be supported, a final table in
the following form would be needed:
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PEND CR CALL,ATTN

ETX CALL,ATTN
EOT CALL,ATTN
XOFF CALL, ATTN
END GOTO, *

The first subtable entries will cause the PARAM value of the appropriate PF key to
be stored in a control block, but the actual call to the ATTN routine will be
deferred for one more characters. Thus, the next to last character is the character
which determines which PF key was pressed.

Note: 1If the XOFF is used as a termination character then it can not be used as
pacing off in the Reset Character Keyboard String.

DEFER: By calling the special DEFER routine, the same thing can be done for
other non-Attention generating keys. Assume, for example, it was decided to use
the IBM 3101 PF8 key as a Backtab. The relevant entry in the second level table
would be:

LCH,X'0OF' GOTO DEND

The byte X'OF ' is the routine number for Backtab and is determined from
Figure 4-7 on page 4-40. The final PF key terminator table would consist of
entries in the form:

DEND CR CALL DEFER
etc.

The DEFER routine looks up the X'OF' parameter in the control block and exe-
cutes the requested function.

The Functions INDEX and MATCH

With only the previously documented node forms, terminal tables typically need
long sequences of entries which are identical in form, changing only the matching
character and parameter. For example, the 36 possible PF key values require 36
consecutive entries (and sometimes a second set of 36 values for the same keys
shifted). To reduce the space which this occupies and simplify table generation,
two functions called INDEX and MATCH may be used in byte zero of the node
statement.

INDEX and MATCH are functions which generate different parameter values
given different inputs. The input to an INDEX or a MATCH is the next character
in the input stream. Since the target field (bytes two and three) of the node state-
ment is used to identify the address of an INDEX or MATCH string, a second
node is always coupled with the INDEX or MATCH and is used to determine the
action and target field if a correct identification is found in the INDEX or MATCH
functions. This second node takes the form:

null,param call routine

or
null,param goto subtable

If a correct identification is not made within the MATCH or INDEX, then both
nodes are passed over in the search list.
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Index: The target field of the INDEX node points to a list of characters. The list is
terminated by the byte X'FF'. The list of characters is searched for the input
character. If the input character is found in the list, the zero based index of the
matched character relative to the beginning of the list is added to the parameter in
the INDEX node, and the routine given in the coupled node is called with the new
parameter. For instance, assume the input character was a X'31', and the fol-
lowing nodes were found in the search list:

INDEX GOTO CHARLIST
NULL CALL ATTN

Assume also that CHARLIST pointed to the following list of characters:
2F 30 31 32 FF

The character X'31"' would match the X'31" in the target list, CHARLIST. The
zero based index of the match, 2, would be added to the parameter in the node.
The resulting parameter, 2, would then be passed to the ATTN routine. If the
input character is not found in the list, it is treated as a non-match, and the parse
continues as usual, skipping both the INDEX and the NULL nodes.

Match: Match is very similar to Index. The target string for Match, however, is a
series of pairs of values. The first character in the pair is the character to match,
the second is a parameter value to be added. If the character is matched, instead of
adding the index of the character that was matched, the value of the byte imme-
diately following the matched character (the second byte of the pair) is added to
the parameter. For instance, assume we had the same input character, X'31', and
the following nodes were found in the search list:

MATCH,7 GOTO MATCHLIST
NULL CALL ATTN

Assume also that MATCHLIST pointed to the following list of characters:
2F 31 3005 3106 3207 FF

The first character in each pair is examined for a match. In this case, the fifth byte
is matched. The byte immediately following it, X' 06", is added to the parameter
found in the MATCH statement, 7, and the result is passed on to the routine in the
next node statement. In this case, ATTN would be called with a parameter of
X'0D'.

Many different terminals have quite similar requirements. First, some tables repre-
sent the same terminal with minor differences in keyboard assignments (e.g., which
key is ENTER and which is Newline). Some tables are based on modest differ-
ences between several models of the terminal, or among options on the same model
or microcode levels. Many terminals emulate other brands of terminals, but with
improvements.

Using the above functions (INDEX, MATCH, DEFER, and OTHERS), one could
create very condensed TDTs that could function for several very similar terminals.
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4.5 ASCII Character and Function Name Tables

While building the TDT source file, it may be helpful to refer to the following
tables.

4.5.1 ASCII Character Name Table

The following table assigns a unique name to each 7-bit ASCII character. These
names will be used when specifying an ASCII character in the terminal definition

tables.
00 NULL 20 SPACE 40 AT 60 ACCENT
01 SOH 21 EXCLAIM 41 A 61 LCA
02 STX 22 DQUOTE 42 B 62 LCB
03 ETX 23 POUND 43 C 63 LCC
04 EOT 24 DOLLAR 44 D 64 LCD
05 WRU 25 PERCENT 45 E 65 LCE
06 ACK 26 AND 46 F 66 LCF
07 BEL 27 QUOTE 47 G 67 LCG
08 BS 28 LPAREN 48 H 68 LCH
09 HT 29 RPAREN 49 T 69 LCI
OA LF 2A STAR 4n J 6A LCJ
OB VT 2B PLUS 4B K 6B LCK
0oC FF 2C COMMA 4C L 6C LCL
0D CR 2D MINUS 4D M 6D LCM
OE SO 2E PERIOD 4E N 6E LCN
OF SsI 2F SLASH 4F O 6F LCO
10 DLE 30 a0 50 P 70 LCP
11 XON 31 31 51 Q 71 LCQ
12 DC2 32 a2 52 R 72 LCR
13 XOFF 33 a3 53 S 73 LCS
14 DC4 34 a4 54 T 74 LCT
15 NAK 35 a5 55 U 75 LCU
16 SYN 36 26 56 V 76 LCV
17 ETB 37 a7 57 W 77 LCW
18 CAN 38 28 58 X 78 LCX
19 EM 39 a9 59 Y 79 LCY
1A SUB 3A COLON 5A Z 7A LCZ
1B ESC 3B SEMI 5B LBRACK 7B LBRACE
1C FS 3C LESS 5C BSLASH 7C BAR
1D GS 3D EQUAL 5D RBRACK 7D RBRACE
1E RS 3E GREATER 5E UPARROW 7E TILDE
1F US 3F QUESTION 5F UNDER 7F DEL

Figure 4-6. ASCII Character Name Table
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4.5.2 Function Name Table

The following table gives a unique name to each function that can be invoked by
pressing a key or key sequence on the keyboard of an ASCII terminal. The 3270
and IBM 7171 extended functions correspond to internal IBM 7171 names of sub-
routines which will be called from the input parse table to execute those particular
functions. Figure 4-7 lists these internal names, together with a more descriptive
function notation.

Routine Routine Routine

Number Name Description

X'o8' LPRT Echoback Local Print Segquence

X'13" DPFM Special Character (DUP or FIELD MARK)
X"11! CURSEL Cursor Select (emulate light pen)
X'0E' RESHOW Redisplay Screen Contents

X'12' EINP Erase Input

X'oc!' EEOF Erase EOF

X'09' DELETE Delete Character

X'07' INSRT Toggle Insert Mode

X'oAa' TAB Field Tab

X'0OF' BTAB Field Backtab

X'1ic' COLTAB Column Tab

X'1D' COLBAK Column Backtab

X'"1E' INDENT Indent

X'"1F' UNDENT Undent

X'02' ATTN Attention Generating (needs parameters

for: ENTER, CLEAR, PF1 - PF36,
PA1 - PA3, TREQ)

X'0OB' NL Newline

X'0OD' HOME Home

X'05" Up Cursor Up

X'06' DOWN Cursor Down

X'04' RIGHT Cursor Right

X'03" LEFT Cursor Left

X"17' SETTAB Set Column Tab

X'1A' DELTAB Delete Column Tab

X'"19' SETMRG Set Left Margin

X'"1B' SETHOM Set Home Line

X'18' CLRTAB Delete All Column Tabs, Home Line, and

: Left Margin

X'20' SET Set Mode of Operation (needs parameters
for: 2z, n, e, ¢, v, d, 1i)

X'21!' RESET Reset Mode of Operation (needs
parameters for: 2Z, N, E, C, V, D, I)

X'14" APLON APL Mode On

X'16" APLOFF APL Mode Off

X'15" APLEND ASCII Input in APL Mode

X'22" PCON Restore Pacing

X'23" PCOFF Suppress Pacing

X'25" DISC Keyboard Initiated Line Drop

X'26" INIT Return to ENTER TERMINAL TYPE Message

X'27" ALTK Alternate Keyboard Arrangement

X'28' MULT Multiple Key Input Sequence to Graphic
Character

xX'ac' RUBOUT Destructive Backspace

X'2F' PGUP Page Up on Logical Screen

X'30' PGDN Page Down on Logical Screen

X'10' DEFER Deferred Key Execute

Figure 4-7. Function Name Table
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For a more detailed description of the 3270 and IBM 7171 extended functions
refer to 3.1, “IBM 3270 Emulated and Extended Functions” on page 3-1. Most
of the entries in Figure 4-7 are self explanatory. Those functions requiring addi-
tional clarification are discussed briefly below:

ATTIN

DEFER

DPFM

SET

RESET

PCON

PCOFF

refers to any Attention generating 3270 key except CURSOR
SELECT. CURSOR SELECT is given a separate assignment
because, while certain kinds of light pen sensitive fields do generate
Attentions, others only toggle the Modified Data Tag. A fourth posi-
tional parameter must be provided with CALL ATTN to define pre-
cisely which Attention generating key has been recognized.

is used when several keys generate sequences in which the beginning
and ending characters are common and a middle key is the significant
discriminator. An example of this are the IBM 3101 native PF keys
(alternate functions of keys on the numeric pad). They all send a
three character sequence beginning with ESC and ending with one of
four optional change of direction characters (of which normally CR
will be chosen). The IBM 7171 knows what function is being
requested when the middle character arrives, but it must wait until the
trailing character is received. An example is provided in “Input Parse
Table” on page 4-33.

allows a control key sequence to be turned into a special graphic char-
acter. There are two such 3270 characters, DUP and FM, which act in
many ways like graphic characters but are transmitted to the host as
control characters. When a “CALL DPFM” statement is encount-
ered, the PARAM field contains a one byte value of X'80' for the
DUP character, and X' 7F' for the FM character stored in the current
screen image at the current cursor position, subject to all the rules for
protected fields and insert mode that apply to graphic characters.

are used to turn one of 16 special setup bits on and off. The bit
number (0-15) is provided as the parameter to the SET and RESET
functions. See 4.5.3, “Parameters to Pass to IBM 7171 Routines’ on
page 4-42 for a list of the parameters. Refer to Chapter 3, “Using
ASCII Terminals on the IBM 7171” on page 3-1 for a more detailed
description of these functions.

control recognition of the pacing characters defined by the RCHR
string. When pacing characters are not recognized, they are treated as
normal input.

selects an alternate keyboard arrangement based on the parameter
value. Two keyboard arrangements are defined. When the parameter
is O (or is omitted), the standard typewriter (QWERTY) keyboard
arrangement is selected. When the parameter is 1, the Dvorak key-
board arrangement is selected. Refer to Chapter 3, “Using ASCII
Terminals on the IBM 7171” on page 3-1 for a more detailed
description.
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RUBOUT

PGUP

PGDN

allows an input key sequence to be turned into a user defined graphic
character. See item 1 on page 4-64 where an example of coding this
function begins.

is a destructive backspace function. If the cursor can move to the left
and remain in an unprotected field, then the character at that location
will be deleted. Any attempt to rubout a character in a protected field
or an attribute byte will result in a warning beep.

is a function used to page up on a logical screen which cannot be dis-
played on the physical ASCII terminal because it has a smaller screen
size than the 3270 device being emulated. If the screen has been
paged up as far as possible, an audible alarm (‘‘beep’”) will sound.

is a function used to page down on a logical screen which cannot be
displayed on the physical ASCII terminal because it has a smaller
screen size than the 3270 device being emulated. If the screen has
been paged down as far as possible, an audible alarm (‘“‘beep’”) will
sound.

4.5.3 Parameters to Pass to IBM 7171 Routines

Following is a list of all possible parameters to pass to IBM 7171 routines:

Routine

Parameter | Meaning

DPFM

X'80"' Character is a DUP
X'7TF! Character is a FM

ALTK

1 Select DVORAK keyboard
0 Select QWERTY keyboard

DEFER

routine The calling of a routine was deferred. The parameter
indicates the routine that was intended.

ATTN

1 PA1 was the ATTN Generating Key
2 PA2

3 PA3

4 Clear

6 Test Request

8 Cursor Select
9 Status Message Identifier
10 Enter
11 PF 1
12 PF 2

46 PF 36

Figure 4-8 (Part 1 of 2). Possible Parameters to Pass to Routines
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Routine

Parameter

Meaning

SET

Enable Zones Mode

3270 Null Processing

Reverse Enter/Newline Keys

Reverse Column/Field Tab Keys

Allow Alphanumeric in Numeric Only Field
Alternate Attribute Display

3278 Insert Mode

RESET

0P WNRLO|OVCORWND=O

Disable Zones Mode

Improved Null Processing

Restore Enter/Newline Keys

Restore Column/Field Tab Keys

Disallow Alphanumeric in Numeric Only Field
Primary Attribute Display

3277 Insert Mode

Figure 4-8 (Part 2 of 2).

Possible Parameters to Pass to Routines
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4.5.4 ROM Pointers to Internal Information

At the start of ROM, there is a list of addresses to all of the standard IBM 7171
information. The following is an abbreviated list of that information. For a full
description refer to Appendix E, “ROM Data Base Organization.” The user is
advised to use the information found here as often as possible. The addresses can
be found using the Maintenance Facility, described in Chapter 9.

Index

8000
8001
8002
8003
8004
8005

Address

4000
4002
4004
4006
4008
400A
400cC
400E
4010
4012
4014
4016
4018
401A
401C
4022
4024

4042

40EO
40E2

40E4
40E6
40ES8
40EA

Pointer

Address of IBM3101 TDT
Reserved for future use

Address
Address
Address
Address
Address
Address
Address
Address
Address
Address
Address
Address
Address
Address
Address

Address

Address
Address

of
of
of
of
of
of
of
of
of
of
of
of
of
of
of

of

of
of

Pointers

Address
Address
Address
Address

of
of
of
of

TVI912 TDT
TVI920 TDT
TVIOS50 TDT
TVI950R TDT
ADM31 TDT
ADM3A TDT
VT100 TDT
DM1520 TDT
DM1521 TDT
DM3045 TDT
TYPETERM TDT
HARDCOPY TDT
PLOTTER TDT
IBM316X TDT
ROLM3270 TDT

Default Reset Character String

List of Terminal Translate Tables
List of Host Translate Table

Host Read Translate Table

Input 1D Compound Formation Table
3277 Basic Output Table

Output 1D Compound Analysis Table

Figure 4-9. ROM pointers

4.6 Modifying or Adding TDTs Using the Maintenance Facility

The instructions given in this section explain the use of the Maintenance Facility to
install a TDT. It is the installer’s responsibility to generate the correct TDT infor-
mation. As stated before, each TDT is terminal dependent. The user should refer
to the terminal technical reference manual for each terminal type defined. The fol-
lowing list is a brief summary of the steps necessary to install a new terminal type
using the Maintenance Facility:

1. Define the TDT on paper first.

The reason the TDT should be defined on paper first is that accuracy is essen-
tial. Anything less than complete accuracy will cause unexpected and unpre-
dictable events to occur.
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The following information is necessary for a TDT:

Terminal Header Information
Keyboard Input Parse Tables

Reset Character String

Control Sequence Strings and Pointers
Graphic Rendition Strings

Screen Size Definitions.

s a0 o

2. Refer to Chapter 9 for instructions about using the Maintenance Facility. The
Maintenance Facility will be the tool used for making changes to NV-RAM.

3. Insert the terminal name into the terminal names information area.
4. Insert the TDT into NV-RAM.

5. Update X'DCO00:0002"' with the next available address in the NV-RAM.

4.6.1 Terminal Names List

The terminal names list is a group of records which may be arranged sequentially or
in a linked list. The terminal names list begins at the Terminal Definition Table
Area, X'DCO00:0300'. The terminal names list may be extended by a transfer
field in a terminal name record if the next sequential storage area has been filled. It
is the user’s responsibility to ensure that the terminal names list does not contam-
inate other data areas. To allow expansion of the names list, the user should leave
two bytes of room for a transfer field at the end of the terminal names area. There
are initially 16 terminal name records in the TDT Area. These terminals are
described in Appendix B, “IBM 7171 Supplied Terminal Definition Tables.” If
the TDTs described do not include the definitions of all the terminals that will be
connected to the IBM 7171, then the user will need to expand the terminal names
list and add the appropriate TDTs.

To expand the terminal names list, the following must be done:

1. Find the end of the terminal names list. The user must scan the entire terminal
names list which begins at X' DC00:0300'. The user will need to understand
the format of terminal name records (see below).

2. Determine the storage needed for the new TDT. Each ASCII character
requires one byte, and each pointer or optional field requires two bytes.

3. Allocate the storage. The address of the first available byte can be found at
address X' DC00:0002'. To allocate the storage, add the number of bytes
computed in step 2 to the value found at X' DCO00:0002'. Store the sum at
address X 'DC00:0002".

4. Now enter the terminal name record. Store the terminal name and the address
of its TDT. It is up to the user to remember to fill in these values when the
values become known. If all the entries are first written out on paper it is pos-
sible to derive the addresses the user will need at this point for the terminal
names list.

5. Make sure the terminal names list ends with two bytes of nulls, X'0000°.
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Terminal Name Record Format

The format of the terminal name record appears below.

Terminal Name Pointer to | Optional

(eight bytes, TDT

left justified, | (two bytes) (This field is variable
blank padded) length)

The terminal name record has three fields. ‘These are:

Terminal Name

The terminal name field is eight upper case ASCII characters long, left justified,
and padded with blanks.

TDT Pointer

The second field is a word used to store the pointer to the first byte of the Ter-
minal Definition Table.

Optional

The optional field can have zero, one, or more words. Each word in this field
has the most significant bit (MSB) equal to one, with the exception that the list
terminator has a value equal to X'0000'. The uses of these words are:

Signal that a carriage return is to be performed after this record’s terminal
name is printed. X'FFFF"' is the code which identifies this use.

Signal that all terminal names following this record are to be hidden.
X'FFFE' is the code which identifies this use.

Identify the address of the next record in the terminal names list. For this

use the most significant bit equals one, and the high order byte is not equal
to X'FF'. The address of the next record will be the 15 low order bits of
the word (the hex value of the word minus X'8000").

For example, suppose the optional Carriage Control word equals
X'83F4'. This means the next record can be found at address
X'DC00:03F4"'.

Start a new sublist by inserting the sublist separator, X'FFFD'.

Terminate the terminal names list with X'0000'. This must be the last
member of the terminal names list.

Examples of Terminal Name Records

These are hypothetical examples of terminal names records:

1.

ESSTTY1 9AO03FFFF

The terminal’s name is ESSTTY1

The terminal’s TDT begins at X' DCO00:039A'

Since the last two bytes are X' FFFF' there will be a carriage return after
ESSTTY1 is printed.
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2. T3A94 F204FFFE

e The terminal’s name is T3A94

¢ The terminal’s TDT begins at X' DC00:04F2"

« Since the last two bytes are X' FFFE' any terminal names after this record
will be hidden.

These examples explain the use of the Maintenance Facility to retrieve terminal
name records from NV-RAM.

1.

Here is an example of a fictitious terminal name record which happens to be
the last record in the terminal names list. The terminal name is IBM3101 and
we assume that the record begins at X' DC00:0350"'.
Enter the following Maintenance Facility command:

m DC00:0350 C
This command gives this response:

DC00:0350 4942 4D33 3130 3120 0080 0000

Which the user should interpret as follows:

« X'DCO0' = the segment address specified.
¢« X'0350' = the offset address specified.

e X'49' =1

e X'42' =B

e X'4D'=M

e X'33'=3

e X'31'=1

¢« X'30'=0

e X'31'=1

¢ X'20' = a blank (SP)

¢ X'8000' = a ROM index to an address list which contains the address of
the TDT.
¢ X'0000' = end of the terminal names list.

The terminal name is IBM3101, left justified, blank padded. The TDT begins
at the address which is at X' DC00:4000', and the optional field is a flag
denoting the end of the terminal names list.

Here is another example of a terminal names list. The terminal name record
for an ESSAT1 is followed by the record for ESSAT2. After each name has

. been printed on the same line, there is a carriage return and a transfer field to

the next record at X' DC00:045C'. The record begins at X' DCO00:036A"' for
this example.

Enter the following Maintenance Facility command:

m DCO00:036A 14
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This command gives this response:

DCO00:036A 4553 5341 5431 2020 A20F 4553 5341 5432
DCO00:037A 2020 DCOF FFFF 5C84

Which the user should interpret as follows:

e X'DCOO' = the segment address specified.
e X'036A"' = the offset address specified.

¢« X'45' =E

e« X'53'=S§

e« X'53'=S

o X'41'=A

e X'54'=T

¢ X'31'=1

« X'20' = a blank (SP)
e X'20' = a blank (SP)
« X'OFA2' = the address of the first byte of ESSAT1’s TDT.

. X'45"=E
+ X'53'=S
e« X'53'=S
« X'41' =

e X'54'=T
L] X'31'=2

e X'20' = ablank (SP)

e X'20' = a blank (SP)

« X'OFDC' = the address of the first byte of ESSAT2’s TDT.

o X'FFFF' = carriage return after printing out terminal name.

e X'845C' = X'045C" is the address of the next record in the terminal
name list.

These terminal name records define two terminals, ESSAT1 and ESSAT2. The
optional fields (the last two words) provide a flag indicating a carriage return
should be printed after the terminal names, and a link to the remainder of the
terminal names list.

Examples of a Terminal Names List

The following are examples of terminal names list:

TNX - Denotes terminal name record X, where X equals some integer.
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Example 1:

TN TN2 TN3

DC00:0300

For example 1, there are 3 terminal names records. Each defines a terminal name.
The third record (TN3) also terminates the terminal names list.

Example 2:

TN1 TN2 ™3 | ..... TN9 | TN10 TN11 |TN12

DC00:0300

TN13 TN14 TN15

DC00:05CB

For example 2, there are 15 terminal name records. TN12 has a list transfer field
which points to TN13. TN12 looks like this:

58595A3130302020CCO5SFFFFCBS85
The terminal’s name is XYZ100. Its TDT begins at X 'DC00:05CC"'. After the
terminal name is printed, a carriage return is printed. TN12’s last two bytes are the
address of the first byte of TN13 plus X'8000'. TN15 is the end of the list.
TN15 looks like this:

4142433931202020D20CFFFE0000
This terminal’s name is ABC91, its TDT begins at X'DC00:0CD2'. All terminal
names which appear after this record are hidden because of the optional carriage
control sequence of X'FFFE'. The X'0000"' at the end of TN15 denotes the end
of the terminal names list.

Examples of Entering Terminal Name Records

This section provides examples of entering terminal name records.
1. Suppose the end of the terminal names list is at X 'DC00:04A6'. The terminal

name is ESS3A94, its TDT begins at X' DC00:059A "', and we want a carriage
return after the name is printed.
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Here are the Maintenance Facility commands to enter ESS3A94:

s DC00:04A6 'ESS3A9%4'
- sw DC00:04AE 059A

sw DC00:04B0 FFFF

sw DC00:04B2 0000

The user can look at the terminal names list just created by entering:
m DCO00:04A6 E

The Maintenance Facility returns hex codes. In the example below a trans-
lation has been done immediately below the hex code for the reader’s conven-
ience.

DCO0:04A6 4553 5333 4139 3420 9A05 FFFF 0000

ES S3 A9 4 SP 059A FFFF 0000

2. Suppose the end of the terminal names list is at X' DCO00:063E", but there is
not enough storage available in the terminal names record area to add another
record. The following explains the steps necessary to add more terminal name
records. First, find the address of the next available storage location. This is
performed by checking at value at location X' DC00:0002 ', which contains
this information. Check the contents of X'DC00:0002' with this command:

mw DC00:0002
Which results in the following:
DC00:0002 066C

The address X'066C' defines where the next terminal name record will be
written. However, before the new record can be added, a link must be added.
The link will be a list transfer field written over the previous end of terminal
names list marker, X'0000'. To genérate the proper link, add X'8000"' to the
address of the record being linked, X'8000' + X'066C"' = X'866C'. Now
write the list transfer field using the command:

sw DC00:063E 866C

This establishes a link to the new record. Now write out the new record or
records. Be sure to terminate the terminal names list with a X'0000'. Finally
update the next available address in NV-RAM at X'DC00:0002"'. In this case
the new value should be the address of the last byte in the terminal names list
plus one.
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| 4.6.2 Terminal Definition Tables, TDTs:

This is a description of the TDTs which reside in NV-RAM. The description will
be useful for users that intend to create their own tool for TDT generation, or users
that need to understand the TDT data structure. The description uses a Pascal like
pseudo language which is defined in the next section. The description is presented
as an aid in generating TDTs. The pseudo definition language description is further
developed by several block diagrams on the following pages. The definitions
proceed in a top down fashion for both the pseudo definitions and the block dia-
grams.

Symbol Definitions for Pseudo Definition Language

@ - a pointer to the data item described which implies a one word address
: - denotes allocation of memory, byte, character, word, or pointer

.. -implies a sequence, i.e. 1,2, 3, ..

3 - astatement separator,

= - equivalence, same as an assembler equate

| - the select indicator, chose from the items on either side

X - Hex Constant Prefix, i.e. X'6B"'

’ - Constant delimiter, open and close string, i.e. ‘a’

// - Concatenation operator, i.e. ‘a’//‘b’ = ‘ab’

Key Words and Their Meanings for the Pseudo Definition Language

ARRAY - A sequence of data objects not different from each
other

RECORD - An Aggregate of different related data objects

END - Terminator for the RECORD Key word

BYTE - a Unit of storage consisting of 8 bits

WORD - a Unit of storage consisting of 2 bytes

ASCII__CHARACTER - a Unit of storage consisting of 8 bits, in the range
X'00'.X'7F'

Variable Naming Conventions

PTR indicates the variable is a word which contains an address. The variable
names in the type definitions are consistent with the TDT structures described in
this manual. To get a complete understanding of each variable name, the user may
need to refer back to different sections.

Type
TDT_TYPE = TERMINAL_HEADER;

TERMINAL HEADER IS RECORD

STATUS_FLAG1 :  BYTE;

STATUS_FLAG2 :  BYTE;

PTR_PARSE_TABLE : QPARSE_TABLE_TYPE;
PTR_1ST_CSS_PTR :  @CSS_PTR_REC;
CURSOR_BASE :  WORD;

PTR_TO_HOST TRANSLATE TABLE_ADDRESS : HOST TRANSLATE_ TABLE;
PTR_TO_TERM_TRANSLATE_TABLE : QTERM_TRANS_ TABLE;
PTR_TO_RESET_ STRING : QRESET_ STRING;

DELAY :  WORD;

PTR_TO_SET GRPK_RENDITION_ STRING :  @SCR;

DEFAULT_PHYSICAL_ROWS :  BYTE;
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DEFAULT_ PHYSICAL_COLUMNS : BYTE;

DEFAULT_ LOGICAL_ROWS : BYTE;
DEFAULT_LOGICAL_COLUMNS :  BYTE;
ALTERNATE_PHYSICAL_ROWS : BYTE;
ALTERNATE_PHYSICAL COLUMNS : BYTE;
ALTERNATE_LOGICAL_ROWS : BYTE;
ALTERNATE_LOGICAL_COLUMNS : BYTE

END;

CSS_PTR_REC IS RECORD

PTR_CURSOR_REPOSITION_STRING :  dCSS_STRING(32);
PTR_ERASE_END_ OF_LINE :  @CSS_STRING(32);
PTR_LOCAIL_PRINT :  @CSS_STRING(32);

PTR_TONE :  aCSS_STRING(32);

PTR_CURSOR_LEFT
PTR_CURSOR_RIGHT

UNUSED2 :  @CSS_STRING(O) ;

aCSS_STRING (32) ;
_ : @CSS_STRING(32);
UNUSED 1 :  @CSS_STRING(O) ;

PTR_SIGNAL_INSERT_ MODE_ON :  aCSS_STRING(32);

PTR_SIGNAIL_INSERT MODE_OFF
PTR_DISCONNECT

aCSS_STRING (32) ;
aCSS_STRING (32) ;

PTR_CLEAR_SCREEN :  @CSS_STRING(32);

PTR_TERMINAL INITIALIZE
PTR_ILLEGAL_ASCII_CHARACTER
PTR_ILLEGAL_API_CHARACTER
PTR_APL_CHARACTERS_ON
PTR_APL_CHARACTERS_OFF
PTR_DISPLAY MODE
PTR_ALTERNATE_CLEAR_SCREEN
END;

PARSE_TABLE_TYPE = PARSE_TABLE_NODE |

dCSS_STRING(256) ;
aCSS_STRING(32) ;
ACSS_STRING(32) ;
ACSS_STRING(32) ;
dCSS_STRING (32) ;
ACSS_STRING(32) ;
@#CSS_STRING(32)

PARSE_TABLE_NODE // PARSE_TABLE_TYPE;

PARSE_TABLE_NODE IS RECORD
CHARACTER : BYTE;
PARAMETER : BYTE;
TARGET : WORD
END;

CSS_STRING(I) IS RECORD
SEQUENCE : VARIABLE LENGTH ARRAY [
SPECIAL_ASCII_CHAR;
SEQ TERMINATOR : X'FF'
END;

SPECIAL_ASCII_CHAR = X'EC' | X'EE' | X'FO'
X'F6' | X'F8' | X'FA'
ASCII_CHARACTER;

ASCII_CHARACTER = X'00' | X'01' | X'02' |

HOST TRANSLATE_TABLE = RECORD
PTR_READ 3277 ASCII2EBCDIC : 9ARRAY|[
PTR_READ_3277_ATTRIBUTE_APL  : QARRAYI
PTR_WRITE_3277_EBCDIC2ASCII  : @ARRAY[
PTR_WRITE_3277_ATTRIBUTE_APL : QARRAY]
PTR_WRITE_3278 EBCDIC2ASCII  : QARRAY]
PTR_WRITE_3278 ATTRIBUTE : @ARRAY|[
PTR_WRITE_3278 APL : @ARRAY ([
PTR_READ_3278_ASCII2EBCDIC : @ARRAY|
PTR_READ_3278_ATTRIBUTE : DARRAY [
PTR_READ_3278_APL : 9ARRAY [
END;
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| X'F2'
| X'FC'

| X'7E'

1..256
1..256
1..256
1..256
1..256
1..256
1..256
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1..256
1..256

e e e e et e ) e e

Xl
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OF
OF
OF
OF
OF
OF
OF
OF
OF
OF

F4' |
FE' |

X'7F';

BYTE;
BYTE;
BYTE;
BYTE;
BYTE;
BYTE;
BYTE;
BYTE;
BYTE;
BYTE



TERM_TRANS_TABLE IS RECORD

NORMAL_ASCII_OUTPUT : ARRAY[ 1..256 ] OF BYTE;
NORMAL_ASCII_INPUT : ARRAY[ 1..128 ] OF BYTE;
TYPEWRITER_PAIRED OUTPUT : ARRAY[ 1..256 ] OF BYTE;
TYPEWRITER_PAIRED_INPUT : ARRAY[ 1..128 ] OF BYTE;
BIT_PAIRED_APL_OUTPUT : ARRAY[ 1..256 ] OF BYTE;
BIT_PATRED APL_INPUT : ARRAY[ 1..128 ] OF BYTE;
ALT KEYBOARD_INPUT ARRAY[ 1..128 ] OF BYTE

END;

RESET STRING IS RECORD
RESET INTRODUCER
MASTER RESET
CHARACTER ERROR_RESET
3270_RESET
INPUT BUFFER_FLUSH
PACING_START :
PACING_STOP :
MAINTENANCE FACILITY
END;

ASCII_CHARACTER;
ASCII_CHARACTER;
ASCII_CHARACTER;
ASCII_CHARACTER;
ASCII_CHARACTER;
ASCII_CHARACTER;
ASCII_CHARACTER;
ASCII_CHARACTER

SGR IS RECORD

PRIMARY NONDISPLAY :  BYTE;
PRIMARY NORMAL_ INTENSITY_ UNPROTECTED :  BYTE;
PRIMARY HIGH_INTENSITY UNPROTECTED :  BYTE;
PRIMARY NORMAL INTENSITY_ PROTECTED :  BYTE;
PRIMARY_HIGH_INTENSITY_ PROTECTED :  BYTE;
ALTERNATE_NONDISPLAY BYTE;
ALTERNATE NORMAL _ INTENSITY_ UNPROTECTED BYTE;
ALTERNATE_HIGH_INTENSITY UNPROTECTED BYTE;
ALTERNATE_NORMAL_INTENSITY_ PROTECTED BYTE;
ALTERNATE_HIGH_INTENSITY_ PROTECTED : BYTE
END;
TDT_TYPE

TERMINAL HEADER 26 decimal bytes

CSS POINTERS

38 decimal bytes

CSS STRINGS
VARIABLE

dependent on type of terminal

INPUT PARSE TBL

VARIABLE 4 * number of input nodes

The length of the TDT depends upon the type of terminal being used. However, all
TDTs have a minimum fixed length of 64 decimal bytes.
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TERMINAL HEADER --  Fixed length of 2

6 decimal bytes

STATUS FLAG1 - 1 byte STATUS FLAG2 - 1 byte
PTR TO INPUT PARSE TABLE 2 bytes
PTR TO CSS POINTERS LIST 2 bytes
CURSOR BASE 2 bytes
PTR TO HOST TRANSLATE TABLE ADDRESS LIST 2 bytes
PTR TO TERMINAL TRANSLATE TABLES 2 bytes
PTR TO RESET CHARACTER STRING 2 bytes
DELAY 2 bytes
PTR TO SET GRAPHIC RENDITION STRING 2 bytes

DEFAULT PHYSICAL ROWS - 1 byte

DEFAULT PHYSICAL COLUMNS - 1 byte

DEFAULT LOGICAL ROWS - 1 byte

DEFAULT LOGICAL COLUMNS - 1 byte

ALTERNATE PHYSICAL ROWS - 1 byte

ALTERNATE PHYSICAL COLUMNS - 1 byte

ALTERNATE LOGICAL ROWS - 1 byte

ALTERNATE LOGICAL COLUMNS - 1 byte

4-54 1BM 7171 Reference Manual and Programming Guide



e

CSS Pointers — Fixed length of 38 decimal bytes.

PTR CURSOR REPOSITION STRING bytes
PTR ERASE END OF LINE bytes
PTR LOCAL PRINT bytes
PTR TONE bytes
PTR CURSOR LEFT bytes

PTR

CURSOR RIGHT

bytes

UNUSED1 bytes
UNUSED2 bytes
PTR SIGNAL INSERT MODE ON bytes
PTR SIGNAL INSERT MODE OFF bytes
PTR DISCONNECT bytes
PTR CLEAR SCREEN bytes

PTR

TERMINAL INITIALIZE

bytes

PTR

ILLEGAL ASCII CHARACTER

bytes

PTR

ILLEGAL APL CHARACTER

bytes

PTR

APL CHARACTERS ON

bytes

PTR

APL CHARACTERS OFF

bytes

PTR

DISPLAY MODE

bytes

PTR

ALTERNATE CLEAR SCREEN

bytes
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CSS—String lengths are variable.

CURSOR REPOSITION 'FF'

ERASE END OF LINE 'FF'

LOCAL PRINT 'FF'

TONE 'FF'| CURSOR LFT '

FF' CURSOR RT 'FF'

SIGNAL INS MODE ON 'FF'

SIGNAL INS MODE OFF 'FF'

DISCONNECT 'FF'

CLEAR SCREEN 'FF'

ILLEGAL ASCII CHARACTER

'FF'

ILLEGAL APL CHARACTER

IFFI

APL CHARACTERS ON 'FF'

APL CHARACTERS OFF 'FF'

DISPLAY MODE 'FF'

ALTERNATE CLEAR SCREEN '

FF'

Input Parse Table.

PARSE TABLE NODE 1

4 bytes

PARSE TABLE NODE 2

4 bytes

PARSE TABLE NODE (i)

. each node is 4 Dbytes

PARSE TABLE NODE N 4 bytes
PARSE_TABLE_NODE_TI
CHARACTER 1 byte PARAMETER 1 byte TARGET 1 word

Entering a TDT

This section describes entering a TDT using the Maintenance Facility.

1. Enter the Maintenance Facility as described in Chapter 9.

2. Get the address of the next available storage area in NV-RAM. This can be
accomplished by using the Maintenance Facility command:

4-56

mw DC00:0002

IBM 7171 Reference Manual and Programming Guide




Allocate the terminal header area. This area is eighteen bytes in length and
consists of two bytes for flags and eight words for pointers and parameters.

Enter the terminal header information.

Perform the following 10 steps, substituting the last parameter in each
command with the described value, and performing the arithmetic before
entering the command (i.e., enter X '04E6 "' in place of X'04E2' +4).
X'04E2"' is the example starting point. Use the value found at
X'DC00:0002" for the actual starting point. Refer to this chapter for
descriptions of each terminal header parameter value.

a.

b.

q.

I.

s DC00:04E2 Status__Flag 1

s DC00:04E2+1

sw DCO00:04E2+2
sw DC00:04E2+4
sw DC00:04E2+6

sw DCO00:04E2+8

Status__Flag 2
PTR__to_ Parse__Table Entry Address
PTR__to__CSS__ Pointer__List

PTR__to__ Cursor__Base

PTR__to__Host__Translate__Table__Address__ List

sw DC00:04E2+A
sw DC00:04E2+C
sw DC00:04E2+E
sw DC00:04E2+10
s DC00:04E2+12
s DC00:04E2+13
s DC00:04E2+14
s DC00:04E2+15
s DC00:04E2+16
s DC00:04E2+17
s DC00:04E2+18

s DC00:04E2+19

PTR__to__Terminal Translate Tables
PTR__to__Reset_ Character__String
Delay
PTR__to__Set_ Graphic__ Rendition__String

Default Physical Rows

Default Physical Columns

Default Logical Rows

Default Logical Columns

Alternate Physical Rows

Alternate Physical Columns

Alternate Logical Rows

Alternate Logical Columns

Now allocate the CSS pointer area. This area is 38 bytes long and consists of
19 words for pointers to Control Sequence Strings.

Since storage is sequentially allocated, we can continue building our TDT after

the terminal header area.
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6. Enter the Control Sequence Strings. The strings pointed to by the 19 CSS
pointers will stored after the CSS pointer area. It is important to keep an accu-
rate count of every byte the user allocates as the CSSs are entered.

For example, the first CSS pointer points to a string of characters that the ter-
minal recognizes as the Cursor Reposition sequence. If we continue with our
example from the terminal header area, we can see that bytes X' 04E2"' thru
X'04E2' + X'19' have been used by the terminal header area. The next
address (X'04E2' + X'1A") will be the first CSS pointer, which is a pointer
to the Cursor Reposition sequence. The Cursor Reposition sequence will be
stored in the first available area, which is after the CSS Pointer Area,
X'04E2' + X'1A' + X'26'. The Cursor Reposition sequence is terminated
by the byte X'FF'. The second pointer in the CSS area is pointing to the
Erase EOL sequence. The Erase EOL sequence is stored in the next available
area, which is after the X' FF' byte which was used to terminate the Cursor
Reposition sequence. The pointer to the Erase EOL sequence will be stored at
X'04E2' + X'1C"', and the actual character sequence representing Erase
EOL will be at X'04E2' + X'1A"' + X'26"' + the length in bytes of the
Cursor Reposition sequence + one for the length of the terminator.

Please note the CSS terminator must be used to terminate each CSS. Without
the terminator, the IBM 7171 will not send the correct sequence to the ter-
minal.

While the CSS pointers should be entered using the ‘sw’ command the CSS
themselves should be entered using the ‘s’ command. For example suppose we
want the sequence:

ESCG @

Look up the ASCII hex values for ESC, G, and @. The S command will store
the string properly when entered as follows (XYZA is the appropriate offset):

S DC00:XYZA 1B47 40FF
Note the last byte is the CSS terminator.

7. Enter the Input Parse Table. The Input Parse Table is the chief tool for
decoding and correlating terminal keystrokes. Each keystroke or keystroke
sequence is translated into a request for some specific action such as cursor
movement, clear screen, home, etc. The format of the Input Parse Table is an
aggregate of nodes. Each node defines the character and the action that
should take place. Refer to “Input Parse Table” on page 4-33 for a more
detailed description of the Input Parse Table. '

The Input Parse Table may follow the CSS area. Once you know the address
of the first byte, you can fill in the Input Parse Table pointer which is in the
TDT Terminal Header Record. Then you should fill in each node in the Parse
Table which is exactly 4 bytes long. Each byte in the node must be specified.
It is strongly recommended that the entire parse table be outlined on paper
first. This will allow you to proceed with each entry of the table without having
to keep track of unknown addresses which will not be known until later in the
parse table description.

Example of Entering a Parse Table Node
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For demonstration purposes, we will describe the entering of one node of an
Input Parse Table. Assume that you want to enter at the location
X'DCO00:07A2"' the node “ESC GOTO IBMESC.” The sequence of Mainte-
nance Facility commands to accomplish this is:

s DC00:07A2 1B ;ESC=X"'1B"
s DCO00:07A3 00
sw DC00:07A4 5482 ;This the GOTO address IBMESC

This node is equivalent to the first node in Figure 4-4 on page 4-35. Note
that this figure contains a byte for byte representation of 7171 memory and
that the GOTO address is stored in byte reversed notation.

Whenever an address or pointer is read in a byte by byte manner, then any
bytes that where written as a word are reversed with respect to their intended
order. For example we could read in the parse table node we wrote out two
ways: byte by byte or exactly the way it was written, namely 2 bytes and a
word.

For byte display, issuing the command:
m DCO00:07A1 4

would display:
DCO00:07A1 1B00 8254

The address is retrieved byte reversed. To retrieve exactly what was written
we have to issue the following sequence of commands:

m DCO00:07A1 2
mw DCO00:07A3

which would output:

DC00:07A1 1B0O
DC00:07A3 5482

8. Add the terminal name to the Terminal Names List which begins at
X'DC00:300".

| Examples of Modifying Host Translate Tables

Example 1: Here is an example of changing the host translate tables by copying
areas of ROM into NV-RAM using the Maintenance Facility. The goal is to create
a set of translation tables for 3278 emulation that change the EBCDIC upper case
A to an ASCII lower case a, and EBCDIC lower case a to ASCII upper case A.
The default 3278 emulation translate tables map the EBCDIC upper case to ASCII
upper case, and the EBCDIC lower case to ASCII lower case.

Here are the steps involved:
1. To make this change smoothly, the user will need the

HOST__WRITE__3278__EBCDIC__TO__ASCII table copied into
NV-RAM. This table is 256 bytes long. The user will also need a copy of the
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list of host translate table addresses which is 20 bytes long, and for this
example, a copy of the terminal header which is the first 18 bytes of the ter-
minal definition table (for an old style TDT. If the TDT has the extended
format with screen size information, then the terminal header is 26 bytes long).
The total amount of storage required for this example is 294 bytes of
NV-RAM. For demonstration purposes, this storage will be allocated at offset
X'1D00".

2. Log onto the Maintenance Facility.

3. Find the address of the host translate table addresses and the Terminal Defi-
nition Table for the IBM3101.

ENTER:

T IBM3101

RESPONSE:

All terminal offset values are relative to segment DCOO:
Address of Terminal Definition Table: 5402

Flags: 0000 Input Parse Tables: 545E Output Parse Tables: 5414
Cursor Base: 0020 Host Trans Tables: 436E Term Trans Tables: 4D82
Reset Chars: 5282 Transmit Delay: 0000 Attribute Params: 528B
Ok

The host translate table addresses are at X '436E"' and the Terminal Definition
Table is at X'5402"'.

4. Get the address of the HOST _ WRITE__ 3278 EBCDIC__TO__ ASCII
translate table (the length of the host translate tables address list is 20 bytes).
ENTER: M DCOO:436E 14
RESPONSE: DCOO0:436E 8243 8244 8245 8246 8247 8248 8249 824A

DCO0:437E 824B 824C
Ok

The HOST _ WRITE_ 3278 _EBCDIC__TO__ASCII table, fifth in the list,
begins at X'4782",

5. Copy the HOST _WRITE__ 3278 _EBCDIC__TO___ASCII table into
NV-RAM.

ENTER: CO DC00:4782 DCOO:1D0O0 100
RESPONSE: Ok

6. Change the EBCDIC lower case a (X'81"') translation to ASCII upper case A
(X'41").

ENTER: S DCO00:1D81 41
RESPONSE: Ok

7. Change the EBCDIC upper case A (X'C1') to ASCII lower case a (X'61"').

ENTER: S DCO00:1DC1 61
RESPONSE: Ok

8. Copy the host translate table addresses to NV-RAM.

ENTER: CO.DC0O0:436E DCOO:1F00 14
RESPONSE: Ok
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9.

10.

11.

12.

13.

14.

15.

16.

17.

18.

Change the pointer to the HOST _ WRITE__ 3278 EBCDIC__TO__ ASCII
table.

ENTER: SW DCO0O:1F08 1DOO
RESPONSE: Ok

Copy the IBM3101 terminal header into NV-RAM.

ENTER: CO DC00:5402 DCOO:1F20 12
RESPONSE: Ok

Change the host translate table pointer.

ENTER: SW DC00:1F28 1F00
RESPONSE: Ok

Change the pointer in the terminal names list for the terminal with the new
translate tables (assuming the IBM3101 is the first terminal name in the list
which begins at offset X'300"').

ENTER: SW DC00:308 1F20
RESPONSE: Ok

Now to test the example, logon as a user, enter XEDIT, SET CASE MIXED,
insert the following text on a line by itself, and file it as TEST CASE A.

UPPER CASE - lower case

Issue a CP IND command. Notice that the upper case A’s appeared as lower
case a’s.

Issue a TYPE TEST CASE command. Notice the upper case A appeared as a
lower case a and the lower case a appeared as an upper case A. This is due to
the translation the IBM 7171 makes. The host system sends a 3270
datastream which contains only EBCDIC characters. Since the IBM 7171
interfaces with ASCII devices, a translation must take place. In this example,
the translation for an EBCDIC upper case A was changed from an ASCII
upper case A to an ASCII lower case a, and the translation for the EBCDIC
lower case a was changed from an ASCII lower case a to an ASCII upper case
A.

Note: The only table changed was the
HOST_WRITE__ 3278 __EBCDIC__TO_ ASCIL

Enter XEDIT TEST CASE, again SET CASE MIXED.

Move the cursor over the -, then strike the - key followed by the ENTER key.
The results should be an inversion of the upper and lower case A’s. Try it
several times. Try a the HEXTYPE command, notice if XEDIT thinks the A is
upper or lower case. Strike the dash key as before. Try the HEXTYPE
command again.

To undo this translation, return to Maintenance Facility mode and change the

pointer to the IBM3101 TDT back to X'8000', or change the translation table
back to normal.
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ENTER:

RESPONSE:

Example 2: Here is an example of changing the host translate tables by copying
areas of ROM into NV-RAM using the Maintenance Facility. The goal is to create
a set of translation tables for 3278 emulation that change the backslash and vertical
bar translations. The default 3278 emulation translate tables map the ASCII
double bar to an EBCDIC single vertical bar, and the ASCII backslash to an
EBCDIC cent sign.

Here are the steps involved:

1. To make this change smoothly, the user will need the
HOST__READ__3278__ASCII__TO__EBCDIC table and the
HOST__WRITE__ 3278 _EBCDIC__TO__ASCII table copied into
NV-RAM. Each table is 256 bytes long. The user will also need a copy of the
list of host translate table addresses which is 20 bytes long, and for this
example, a copy of the terminal header which is the first 18 bytes of the ter-
minal definition table (for an old style TDT. If the TDT has the extended
format with screen size information, then the terminal header is 26 bytes long).
The total amount of storage required for this example is 550 bytes of
NV-RAM. For demonstration purposes, this storage will be allocated at offset
X'1D00".

2. Log onto the Maintenance Facility.

3. Find the address of the host translate table addresses, and the Terminal Defi-
nition Table for the IBM3101.

T IBM3101
All terminal offset values are relative to segment DCOO:
Address of Terminal Definition Table: 5402

Flags: 0000 Input Parse Tables: 545E Output Parse Tables: 5414
Cursor Base: 0020 Host Trans Tables: 436E Term Trans Tables: 4D82
Reset Chars: 5282 Transmit Delay: 0000 Attribute Params: 528B
Ok

The host translate table addresses are at X'436E' and the Terminal Definition
Table is at X'5402'.

4. Get the address of the HOST _READ__ 3278 ASCII__TO__EBCDIC and
the HOST _ WRITE__ 3278 EBCDIC __TO__ "TASCII translate tables (the
length of the host translate tables address list is 20 bytes).

ENTER: M DCOO:436E 14

RESPONSE: DCOO:436E 8243 8244 8245 8246 8247 8248 8249 824A
DCO0:437E 824B 824C
Ok

The HOST _ WRITE__3278__EBCDIC__TO__ASCII table, fifth in the list,
begins at X4 4782', and the HOST READ 3278 __ASCII__TO__EBCDIC
table begins at X '4A82"', the elghth pointer of the list.

5. Copy the HOST _WRITE__3278__EBCDIC__TO__ASCII table into
NV-RAM.

ENTER: CO DC00:4782 DCOO:1D0O0 100
RESPONSE: Ok
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10.

11.

12.

13.

14.

15.

16.

Change the EBCDIC cent sign (X'4A ') translation to internal code (X'85"').

ENTER: S DCOO:1D4A 85
RESPONSE: Ok

Change the EBCDIC backslash (X'EQ') translation to ASCII backslash
(X'5C").

ENTER: S DCOO:1DEO 5C
RESPONSE: Ok

Change the EBCDIC vertical bar (X '4F ') translation to internal code
(X'86").

ENTER: S DCOO: 1D4F 86
RESPONSE: Ok

Change the EBCDIC double vertical bar (X'6A ") translation to ASCII back-
slash (X'7C").

ENTER: S DCOO:1D6A 7C
RESPONSE: Ok

Copy the HOST _READ_ 3278 ASCII_TO__EBCDIC table into
NV-RAM.

ENTER: CO DC00:4A82 DCOO:1E00 100
RESPONSE: Ok

Change the ASCII backslash (X'5C"') to EBCDIC backslash (X'EOQ").

ENTER: S DCOO:1E5C EO
RESPONSE: Ok

Change the ASCII double vertical bar (X'7C') to EBCDIC double vertical
bar (X'6A").

ENTER: S DCO0:1E7C 6A
RESPONSE: Ok

Change the internal code for cent sign and single vertical bar back to EBCDIC.

ENTER: S DCOO:1E85 4A4F
RESPONSE: Ok

Copy the host translate table addresses to NV-RAM.

ENTER: CO DCOO:436E DCOO:1F00 14
RESPONSE: Ok

Change the pointer to the HOST__ WRITE__3278 _EBCDIC__TO__ASCII
table.

ENTER: SW DCO00:1F08 1D0OO
RESPONSE: Ok

Change the pointer to the HOST__READ__3278__ASCII__TO__EBCDIC
table.

ENTER: SW DCOO:1FOE 1E0O
RESPONSE: Ok
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17. Copy the IBM3101 terminal header into NV-RAM.

ENTER: CO DC00:5402 DCOO:1F20 12
RESPONSE: Ok

18. Change the host translate table pointer.

ENTER: SW DCOO:1F28 1F00
RESPONSE: Ok

19. Change the pointer in the terminal names list for the terminal with the new
translate tables (assuming the IBM3101 is the first terminal name in the list
which begins at offset X'300").

ENTER: SW DC00:308 1F20
RESPONSE: Ok

This example is ready for testing. Return to the ENTER TERMINAL TYPE
message, select the IBM3101 or the terminal which has the modified Host translate
tables, and test the cases changed.

To continue the example, suppose the cent sign is still required as an keyboard
character. This can be accomplished by defining a control sequence and invoking
the MULT function, see 4.5.2, “Function Name Table” on page 4-40.

Here are the steps to define a MULT input sequence:

1. Choose a unique control sequence. For this example, X'15', will be used. A
X'15" can be generated on an real IBM3101 by entering “ALT-U” or on the
IBM PC emulating an IBM3101 by pressing “CTRL-U.”

2. Create a parse table node, see “Input Parse Table” on page 4-33 for help with
input parse nodes.

a. The character to matchis X'15'.

b. The parameter to pass on successful parse is X'85', which is an internal
code changed earlier in the example. ~

c. The routine identifier which is X'28' for MULT.

d. This is a CALL action, therefore X'00'.

ENTER: S DCOO:1F40 1585 2800
RESPONSE: Ok

3. This new node will be inserted at the beginning of the input parse sequence.
This requires a node to transfer the parse to the remaining input parse table.
The input parse table begins at X'545E', this address was provided by the T
IBM3101 command. The node for transferring the parse will look like this:

a. X'FE' OTHERS
b. X'00' No parameter
c. X'5E54' the address for continuing the input parse.

ENTER: S DCOO:1F44 FEOO 5E54
RESPONSE: Ok
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4. The new input parse nodes are ready to be inserted into the parse. Point the
TDT to the new beginning of the input parse sequence.

ENTER: SW DCOO0:1F22 1F40
RESPONSE: Ok

Note: Although this allows the cent sign to be keyed in at the terminal, the cent
sign still is displayed as a backslash.

Setting Host Disconnect Methods

A local 3270 terminal is always connected to its control unit by a coaxial cable. An
ASCII terminal, however, can be remotely attached to the IBM 7171 over switched
network telephone lines. If such a connection were lost and the host application
cannot be appropriately notified, then the next user to dial into the same phone line
would continue with the interrupted session. The IBM 7171 provides two methods
to signal line drop to different host access methods.

Note: By default, the IBM 7171 uses the Asynchronous Status Method described
below with the VM disconnect. If the control unit will be used with a system
running another operating system, then the proper disconnect sequence MUST be
set up by the installation. Failure to do so will cause unpredictable results.

Setting Up the Asynchronous Status Method: An isolated Device End is a signal from
a 3270 terminal that it has just powered on. This response is enough for VM to put
the session into a disconnected state. A BTAM application program can use the
READYQ keyword on the DCB to intercept the Device End, but many existing
BTAM applications do not use READYQ. TCAM and VTAM both ignore iso-
lated Device Ends. If this method is chosen, the IBM 7171 will allow any
status/sense combination to be sent to the host.

The word at X' DCOO:E" is the location where the status/sense information is
stored. To select this option, store the desired sense in the first byte and the
desired status in the second byte. If this word is zero, then this method is disabled.

For example, if the host is running VM, then an isolated Device End is sufficient to
disconnect the session. Therefore, store X'00' (no sense) at X' DCO0:E', and
X'04' (Device End status) at X'DCOO:F'.

Setting Up the Send Predefined Message to Host Method: When this method is used,

the IBM 7171 will generate an Attention to the host when a line drop occurs. The
IBM 7171 will respond to the resulting read with the predefined message which is

pointed to by X' DCO00:000A'. If X'0000' is stored at X' DC00:000A ", then a

message will not be sent.

The format of the message is as follows:

« Length of the message to be sent (word),
e Message to be sent to the host.

The message must be in the form of an EBCDIC datastream which could normally
be built by a Read Modified command, since interpretation is not performed.

Typically, the message to be sent to the host is a Test Request header followed by

the word “LOGOFF.” The 7171 contains this message in the correct format in
ROM, and so all that needs to be done is to store the address in X' DCO00:000A'.
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This address is contained in ROM index 120, so use the Maintenance Facility to
enter the correct index:

SW DCO00:A 8078

If this message is not sufficient, then any message that conforms to the above con-
straints can still be stored in NV-RAM in any of the available storage locations.
For most applications, the best location to store the message is near the end of
NV-RAM (do not write to X' IFFE'-X"' 1FFF', these are reserved bytes). It is
important to be careful when updating the terminal definition tables that the dis-
connect sequence is not overwritten.

For example, if the same disconnect message were to be set up in NV-RAM, the
following would be required:

1. Two bytes for the message length,
2. Four bytes for the Test Request header,
3. Six bytes for the LOGOFF message.

Here are the steps:
1. Enter the Maintenance Facility.
2. Enter the following commands:

S DCO00:1FF2 0A00 016C 6102 D3D6 C7D6 C6C6
SW DCO00:A 1FF2

The “S” command stores the two byte message length which is 10 bytes, the Test
Request Header (SOH % / STX), and the “LOGOFF”’ message to be sent to the
host. The “SW” command sets the pointer to this disconnect message. Note that
the message is in the form of an EBCDIC datastream which could normally be built
by a Read Modified command.

The net effect is to emulate the datastream that would be generated if the user
typed the word LOGOFF on a clear screen and then pressed the Test Request key.
This will generate a disconnect on ACF VTAM Version 1 Release 3 or Version 2.
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Chapter 5. IBM 7171 1/0 Interface to Terminals

5.1 Common Carrier Interface

The IBM 7171 is a controller through which RS-232-C ASCII terminals, printers,
and similar devices can communicate with a host IBM 43xx or 308x processor. As
many as 64 such devices can be attached to the IBM 7171, and this section
describes the interface to which they are attached.

Each of the IBM 7171 ports is a DTE and expects to be connected to a terminal
through an asynchronous modem. The modem can be connected to a common car-
rier’s switched network, or to leased transmission lines. It is also possible to attach
a terminal directly to the interface through a specially wired cable called a “Null
Modem Cable.”

5.1.1 United States Interface Compliance

The IBM 7171 conforms to the following standards when installed within the
United States.

Functional/Electrical/Mechanical

EIA RS-232-C Interface between Data Terminal Equipment and Data Commu-
nication Equipment Employing Serial Binary Data Interchange

The EIA RS-232-C standard defines functional, electrical, and
some of the mechanical characteristics of the interchange circuits
used between the terminals and the IBM 7171.

Mechanical

ISO 2110 Data Communication - 25-pin DTE/DCE interface connector
and pin assignments :

International Standard ISO 2110 defines the 25-pin “D” con-
nector commonly used by RS-232-C equipment.
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5.1.2 World Trade Interface Standards Compliance

The IBM 7171 conforms to the following standards when installed outside of the
United States.

Functional/Procedural
CCITT V.24 List of Definitions for Interchange Circuits Between Data Ter-
minal Equipment (DTE) and Data Circuit-Terminating Equip-
ment (DCE).
Electrical Interface

CCITT v.28 Electrical Characteristics for unbalanced double-current inter-
change circuits.

Mechanical Interface

ISO 2110 Data Communication - 25-pin DTE/DCE interface connector
and pin assignments (

5.2 Communication Ports Hardware Interface Description

This section describes the RS-232-C/V.24 ports of the IBM 7171.

5.2.1 The IBM 7171 Definition as a DTE

The IBM 7171 is configured as a DTE. It drives the signals DTR and RTS, and it
receives the signals DSR, CTS, RLSD, and RI. Each port has a 25 pin male “D”
connector - the type normally used for RS-232-C interfaces. By using a
one-to-one cable, a port can be connected directly to a modem or another device
with an interface like a modem. More sophisticated users will be able to configure
other cables and connector wiring to allow the attachment of other devices which
do not attach directly.

5.2.2 RS-232-C/CCITT V.24 Pins Used by the IBM 7171

The following figures summarize the Data Transmission Configurations and inter-
face standards supported. The two interface standards are basically the same
except for the names of the signals on the pins.

In the switched network configuration, the cable will connect the ten pins available

at the IBM 7171 port connector to the respective pins of the modem connector.
This is a common one-to-one cable which is available from many vendors.
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In the leased line configuration, if the attached modem drives the Ring Indicator
signal (pin 22), the common one-to-one cable can be used. If the attached modem

does not drive the Ring Indicator signal, then at the IBM 7171 end of the cable,

pin

22 must be wired to pin 7 at the connector. It is possible to configure any port for

a leased line modem, which eliminates the need to condition the Ring Indicator

signal at all. Section 9.8, “C - Configure IBM 7171 Ports” on page 9-7 describes

how to configure a port.

For the directly connected configuration, a specially configured cable is required.
That cable, which may be unique to a specific terminal, will probably have pins at
one end of the cable wired to different pins at the other end, and will likely have
some pins at each end jumpered to other pins at that same end. It is common, for

instance, to use a cable having female connectors at both ends with pin 2 at one
end wired to pin 3 at the other end.

Refer to the IBM 7171 ASCII Device Attachment Control Unit Description and

Planning Guide (Appendix B) for specifics regarding recommended cable wiring.

TABLE 1 INTERFACE TYPE RS-232-C
DATA TRANSMISSION CONFIGURATION INTERFACE TYPE
Full-Duplex leased line with modem 1
Full-Duplex switched line with modem 2
Full-Duplex direct connection with Null Modem 3
PIN INTERFACE RS-232-C INTERFACE TYPE DIRECTION
# CIRCUIT 1 2 3
1 AA Protective Ground b4 X X Common
AB Signal Ground X X X Common
2 BA Transmitted Data X X X Output
3 BB Received Data X X X Input
4 CA Request To Send X X * Output
5 CB Clear to send X X * Input
6 CC Data Set Ready X X * Input
20 CD Data Terminal Ready X b 4 * Output
22 CE Ring Indicator = X = Input
8 CF Received Line Signal Detector x b4 X Input

Figure 5-1. Data Transmission Configuration Types and RS-232-C Pin Requirements. The direction is referenced to
IBM 7171 e.g. Received Data is an input to the IBM 7171.

the

The signals marked with an “x” are wired between the IBM 7171 and the attached device while the signals

marked with an “*”” are usually jumpered within the housings on the ends of the cable.

The signals marked with an “="" should be driven inactive by the DCE, or strapped to signal ground in the

cable.
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TABLE 2 INTERFACE TYPE CCITT-V.24
DATA TRANSMISSION CONFIGURATION INTERFACE TYPE
Full-Duplex leased line with modem 1
[ Full-Duplex switched line with modem 2
Full-Duplex direct connection with Null Modem 3
PIN INTERFACE CCITT-V.24 INTERFACE TYPE DIRECTION
# CIRCUIT 1 2 3
7 102 Signal Ground X X x Common
2 103 Transmitted Data X X Output
3 104 Received Data X X X Input
4 105 Request To Send X X * Output
5 106 Ready For Sending X X * Input
6 107 Data Set Ready X X * Input
20 108.2 Data Terminal Ready X b4 * Output
22 125 Calling Indicator = X =
8 109 Received Line Signal X b 4 b 4 Input
Detector
I

| Figure 5-2. Data Transmission Configurations Types and CCITT-V.24 Pin Requirements. The direction is referenced to
| the IBM 7171 e.g. Received Data is an input to the IBM 7171.

| The signals marked with an “x”’ are wired between the IBM 7171 and the attached device while the signals
| marked with an “*” are usually jumpered within the housings on the ends of the cable.

| The signals marked with an “=" should be driven inactive by the DCE, or strapped to signal ground in the
| cable.
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5.2.3 Signals Driven by the IBM 7171
The IBM 7171 drives the following signals to declare that it is ready to be used.
DTR Data Terminal Ready (Pin #20)
RTS Request To Send (Pin #4)
A modem attached to one of the IBM 7171 ports should not attempt to establish a
connection until the DTR control lead is driven active. Once a connection has
been made, the active states of DTR and RTS will maintain that connection.
During the operational phase, the IBM 7171 will monitor these input signals and
will respond to their changing states. When the IBM 7171 is to disconnect the
modem, DTR and RTS are driven inactive for about four (4) seconds. When the
IBM 7171 port recognizes that the attached modem has disconnected, it will then
redrive DTR and RTS active awaiting a new connection.
Since the IBM 7171 expects to be communicating to a terminal through a modem,

a directly connected terminal will have to respond correctly to DTR and RTS, an
attachment that is commonly done.

5.2.4 Interface Leads Monitored by the IBM 7171
The following four (4) leads are monitored at each of the IBM 7171 ports.
DSR Data Set Ready (Pin #6)
CTS Clear To Send (Pin #5)
RLSD  Received Line Signal Detector (Pin #8)
RI Ring/Calling Indicator (Pin #22)
These signals driven by the modem reflect the states of the modem’s operation and
are used by the IBM 7171 to establish the connections, send and receive data and

disconnect the modem.

The IBM 7171 can use the Ring Indicator to distinguish a switched network config-
uration from the leased line and locally attached configurations.

5.3 Transmission Mode Supported

Devices attached to the IBM 7171 ports must be Full Duplex. They must assert the
Request to Send (RTS) lead when ready to establish a connection with the IBM
7171, and this signal must be held in the active state for the duration of the session.
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5.4 Baud Rates Supported

The following baud rates are supported by the IBM 7171.

« 50

« 175

« 110
o« 1345
« 150
e 300
e 600
e 1200
o 1800
« 2000
o 2400
e 3600
e 4800
« 7200
e 9600
e 19200

The highlighted baud rates are supported for ‘“‘autobaud detection” described
below. Any port can be assigned any of the above rates by making an entry into
Non-Volatile RAM (NV-RAM). Section 9.8, “C - Configure IBM 7171 Ports”
on page 9-7 describes how to configure a port including setting the baud rate.

5.4.1 Autobaud Detection Option

The IBM 7171 is able to detect the baud rate of a terminal when the connection is
established as long as the rate is one of the highlighted rates listed above. If a port
is configured for autobaud detection, the IBM 7171 will monitor the first character
transmitted by the attached terminal. The terminal must transmit a carriage return,
and from that the IBM 7171 can determine the baud rate which will be used for the
remainder of the session.
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5.5 Autoanswer Mode

The IBM 7171 operates in an autoanswer mode. When it is available and online, it
drives the DTR output control lead active at the RS-232-C interfaces. When DTR
is held active, a modem with the autoanswer feature will automatically answer
incoming calls to the IBM 7171.

At certain times (when the IBM 7171 is powered off for example) DTR is not
driven active. Switched network modems should not answer incoming calls when
DTR is inactive.

5.6 Port Initialization

5.6.1 Monitoring of Control Leads for Initializing a Port

When the IBM 7171 is powered on and running, it monitors the input signals of
each port.

During the initialization phase of each port, the IBM 7171 drives DTR and RTS
active. When it is ready to begin a session, the attached device must bring the
proper input signals active as described in the EIA RS-232-C standard. This
attached device must be either a modem or another device which appears to be a
modem. When the signal states satisfy the requirements of both the IBM 7171 and
the attached device, the initialization phase is complete, and the IBM 7171 will
enter the operational phase.

Initialization Control Leads Sequence

By driving DTR and RTS active, the IBM 7171 notifies the attached device that it
is available for use. The attached modem must use DTR to enable autoanswer
mode, while RTS is used to enable the drivers in the modem.

The IBM 7171 supports three types of configurations: switched network, leased
lines, and direct connection. During its initial power on sequence, the IBM 7171
references NV-RAM, to determine the type of configuration for each port.
NV-RAM contains a table of information for each port, and one entry in that table
defines the type of attachment. The default entry is “auto-configuration,” but that
can be overridden as described in section 9.8, “C - Configure IBM 7171 Ports” on
page 9-7. In the auto-configuration mode or switched network (dedicated) mode,
the IBM 7171 monitors and reacts to the Ring Indicator signal sequencing. The
Ring Indicator lead (pin 22) must be driven to a valid state. If the attached device
does not drive the signal to a defined active/inactive level, it must be jumpered to
Signal Ground (pin 7), or the configuration should be specified as described in
section 9.8, “C - Configure IBM 7171 Ports” on page 9-7.
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5.7 Operational Phase

The operational phase is the normal running state of each of the IBM 7171 ports.
It is entered when the RS-232-C control lead handshaking of the initialization
phase has been completed. The operational phase is evident when the terminal
keystrokes are echoed back to the display, or messages are displayed. It is possible
for the port to be in the operational phase, but for various reasons the IBM 7171 is
unable to communicate with the host operating system. The user will normally see
one of several indications when his port enters the operational phase.

e On a port for which the baud rate and terminal type have been defined, the
host operating system logo will appear if the system is available.

o If the baud rate is defined, but the terminal type is not, the message “ENTER
TERMINAL TYPE” will appear.

o If the terminal type is defined, but the baud rate is not, no indication will be
seen. The user will have to type the CARRIAGE RETURN key, and then the
host operating system logo will appear if the host connection is up and running.

« If neither the baud rate nor the terminal type is defined no indication will be
seen. The user will have to type the CARRIAGE RETURN key, and then the
message “ENTER TERMINAL TYPE” will appear.

Once the IBM 7171 enters the operational phase for any port, it will begin trans-
ferring the characters and commands to and from the attached device. The
RS-232-C signals are monitored and will affect the data transfer. For example, a
printer may accept a line of characters at a high rate, but then will not accept any
more until that line is printed. The printer will drive the CTS signal inactive when
it cannot accept any more data, and will drive it active when it is ready for more
characters. The IBM 7171 will react properly to those control signals.

5.7.1 Control Leads During Operational Phase

5.8 Pacing

During the operational phase, the control signals are monitored. There are two
normal conditions which will cause these signals to be driven inactive. The first is
caused by the attached device wanting to stop the data transfer for a moment.
That stopping of the data transfer is called “pacing” and is covered in the following
section. The second is caused by the attached device signalling the end of a
session. When DSR, CTS or RLSD is driven inactive, the IBM 7171 starts a timer
for that port. If the timer runs out before that signal becomes active again, the
IBM 7171 will disconnect that port. More details on disconnection are found in
the section 5.10, “Disconnection” on page 5-13.

Some attached devices, such as printers, may not be able to handle characters as
fast as they can be received. Some of those devices have the ability to send a char-
acter back to the transmitting unit asking it to stop momentarily while the receiving
unit catches up. When it has caught up, the receiving unit can then send another
character signalling the transmitting unit to continue. This form of stopping and
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5.8.1 XON/XOFF

Pacing Enable

starting the transmitting unit on demand is called “pacing,” and such devices can
be used with the IBM 7171.

In a similar sense, the IBM 7171 has the ability to send pacing characters to an
attached device when managing its respective input buffer resources.

Although the IBM 7171 will receive any pacing characters sent by the attached
device, it will not respond to them, or send them, unless pacing recognition has
been enabled. Pacing character recognition is enabled with the ‘“Restore Pacing”
setup function, and it is disabled with the ‘“Suppress Pacing’ set up function.
These two functions are described in section 3.1.6, “Setup Functions” on

page 3-3.

| XON & XOFF Characters Received From a Device.

When pacing is enabled for a port, all characters received by the IBM 7171 on that
port are compared to the defined XON and XOFF characters for that port. Dif-
ferent ports may have different characters for XON and XOFF.

When the attached device sends the XOFF character, and pacing is enabled, the
IBM 7171 will stop sending characters to that attached device. If a second XOFF
character is received, it will just be ignored.

When the attached device sends the XON character, and pacing is enabled, the
IBM 7171 will resume sending any buffered characters to that attached device. If a
second XON character is received by the IBM 7171 on that port, it will be ignored,
and a BEL character will be sent to that attached device.

| XON & XOFF Characters Sent to the Device.

When pacing is enabled for a port, the IBM 7171 may send the attached device
Pacing characters. The IBM 7171 will send the device an XOFF character when
the input buffer accumulates three hundred (300) characters. If the input buffer
continues to fill, another XOFF will be sent when the count reaches 308, 316,324,
and 332 characters. The input buffer will overrun at three hundred forty (340)
characters.

Note: The buffer count is not necessarily related to block lengths, since internal proc-
essing of data commences immediately.

If an XOFF character is sent to the attached device because one of the input buffer
thresholds has been reached, then an XON character will be sent to that device
when the input buffer has been processed within forty (40) characters of being
emptied.
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5.8.2 Control Signal Pacing

As mentioned above, the attached device can drive CTS, DSR, or RLSD inactive
which stops any data transmission. Normally the CTS signal is used as a pacing
control signal, and will cause the IBM 7171 port to stop transmitting momentarily.
There are time limits associated with each of these control lines, and exceeding
those limits will cause the IBM 7171 to disconnect that port. CTS can be inactive
for as long as ten seconds, but DSR is limited to 100 milliseconds and RLSD is
limited to 500 milliseconds. The CTS value is fixed, but the DSR and RLSD values
are default values in the port table in NV-RAM, and are alterable as described in
section 5.10, “Disconnection’ on page 5-13.

5.9 Attachment Configurations Supported.

The IBM 7171 supports three types of attachment configurations:

1. Switched Network
2. Leased Line
3. Locally Attached.

The configuration for each port is stored in NV-RAM and can be modified as
shown in section 9.8, “C - Configure IBM 7171 Ports” on page 9-7. A fourth
configuration is called auto-configuration. In that mode the IBM 7171 will attempt
to determine which of the above three modes to use for that port.

For the auto-configuration mode to work properly, the Ring Indicator lead (pin 22)
at the IBM 7171 RS-232-C port must be properly conditioned. It must not be left
floating. If the modem or terminal does not drive the Ring Indicator to the marking
condition (except to indicate a ringing state at which time it is driven to the spacing
condition), then that signal must be jumpered to Signal Ground (pin 7) at the IBM
7171 end of the cable. Because the receiver input impedance is high, noise can be
easily coupled into a floating input which can cause the IBM 7171 to disconnect
that port as described in the paragraph on invalid interface lead sequences on

page 5-14.

5.9.1 Switched Network

General Description of Switched Network Configuration

5-10

The switched network is the basic dial-up telephone network used with normal
telephone calls. A port attached to the switched network through a modem would
have a telephone number. A user at a terminal prepares the terminal and then dials
the telephone number of the modem on the IBM 7171 port. The signals on the
IBM 7171 port allow the modem to answer the call and signal the IBM 7171 when
the line is ready.
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Cabling Requirements

To attach a modem (DCE) to the IBM 7171 port (DTE), a common one-to-one
RS-232-C cable with a male connector on the DCE end and a female connector on
the DTE end is used. That cable can be built from components or can be pur-
chased from many vendors. A description of the cable is included in Appendix B
of IBM 7171 ASCII Device Attachment Control Unit Description and Planning
Guide. v

General Switched Modem Specifications

5.9.2 Leased Line

Modems interfacing between the IBM 7171 port and the switched telephone
network should be configured to automatically answer incoming calls. They should
also be configured (if possible) to answer incoming calls only when the DTR signal
is driven active by the IBM 7171 port. When DTR is not active, the IBM 7171
port is not ready to receive any calls.

Modems should be configured so the RLSD signal reflects the true state of the tele-
phone carrier signal. If the remote modem is powered off for any reason, the IBM
7171 port should be able to detect it and react accordingly.

The Ring Indicator signal is expected to be driven by the modem even if it is con-
figured for the autoanswer mode. The IBM 7171 expects that the Ring Indicator
signal will be driven active and then inactive at least once before the line is
answered.

The Data Set Ready signal is expected to be driven inactive for a period of at least
200 milliseconds between sessions. In the switched network configuration (over-
ride), or autoconfiguration perceived as switched network environments, the line
will not be restarted until the DSR drop has occurred.

General Description of the Leased Line Configuration

Cabling Requirements

A leased line is a direct connection between two modems. The lines are not routed
through the telephone company switching equipment, but rather bypass the
switches. A leased line modem sequences its RS-232-C interface signals differently
from a modem attached to the switched network. The Ring Indicator, for example,
is never driven active by a modem on a leased line. Those differences are impor-
tant to the IBM 7171 as it initjalizes a session and as it disconnects a modem. The
modems connected to leased lines are frequently very different from those used in
the switched network. The IBM 7171 uses the differences between switched and
leased line modems to determine how to sequence the RS-232-C signal lines.

To attach a modem (DCE) to the IBM 7171 port (DTE), a common one-to-one
RS-232-C cable with a male connector on the DCE end and a female connector on
the DTE end. That cable can be built from components or can be purchased from
many vendors. A description of the cable is included in Appendix B of IBM 7171
ASCII Device Attachment Control Unit Description and Planning Guide.
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Warning: For auto-configuration to work properly, the Ring Indi-
cator lead (pin 22) must be properly conditioned. If the modem does
not drive Ring Indicator to the marking condition, then that signal
must be jumpered to Signal Ground (pin 7) at the IBM 7171 end of
the RS-232-C cable.

5.9.3 Locally Attached (Direct Connection)

General Description of Local Attach Configuration

Cabling Requirements

5-12

The RS-232-C interface was designed to allow connection between DCE’s
(modems) and DTE’s (terminals and computers). The RS-232-C standard allows
up to 2500pf of capacitance in the signal lines which means that the cable could be
up to about 50 feet long. Many users have terminals within 50 feet of their
processors and do not see a need for buying two modems just to go that distance.
The problem then is that they want to attach a DTE (terminal) to another DTE
(computer), and that is not included in the RS-232-C standard. It has been deter-
mined that by wiring the RS-232-C cable between the DTE’s in a special manner,
the cable can successfully emulate a DCE. In that cable, some signals are just
wrapped back to other pins on their connectors, while other signals are crossed
from one end of the cable to the other. Such a cable is commonly referred to as a
“null modem cable.”

Users have also realized that 50 feet is a somewhat arbitrary distance. While they
are in violation of the RS-232-C standard, they have been able to use cables which
are much longer than the standard allows and have been able to run successfully. It
is not uncommon to find cables several hundred feet long, especially when running
at lower baud rates. The long cables degrade the shape of the data signals which
will potentially cause more transmission errors.

The null modem cable will be specific to each computer and terminal pair although
many are the same. Each cable will have to be assembled by the user since they
are not available from vendors.

A formal description of these cables is found in Appendix B of IBM 7171 ASCII
Device Attachment Control Unit Description and Planning Guide.

Warning: For auto-configuration to work reliably, the Ring Indicator
lead (pin 22) must be jumpered to Signal Ground (pin 7) at the 7171
end of the cable.
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5.10 Disconnection

When the IBM 7171 terminates a session, it disconnects or drops the line. There
are two classes of disconnection. In the first, the host computer has initiated the
disconnection. The user may have given the host the command to logoff for
example. In the second, the IBM 7171 has recognized a problem and has discon-
nected the line itself. For example one of the RS-232-C signal lines may have gone
inactive for a period exceeding the timeout limit. The first is called “host initiated”
and the second is called “unsolicited.” While either class is acceptable for discon-
nection, there are differences in the way in which the IBM 7171 handles them. If
the disconnection is unsolicited, one cause could be trouble in the telephone
system. If a new connection is then established, the IBM 7171 must make sure that
some new user does not dial into the middle of the previous user’s session.

5.10.1 Method of Disconnection

The IBM 7171 disconnects a port by driving DTR and RTS inactive on that port.
The modem should respond by driving its lines inactive. Normally these signals are
held inactive for about four seconds, but in certain situations the disconnection
sequence may be repeated.

5.10.2 Types of Disconnection

Unsolicited

¢ Loss of DSR beyond limits.

The IBM 7171 monitors the DSR signal from the modem. If and when DSR is
driven inactive, a timer starts on that port. If DSR is not yet active when the
timer runs out, the IBM 7171 will disconnect that port. That timer is set to 20
milliseconds during the initialization phase and defaults to 100 milliseconds in
the operational phase. The operator has the ability to change operational
phase value if desired. Use the Maintenance Facility command:

sw DCO0:0290 XXXX

where XXXX is the new delay value expressed in hexadecimal (e.g. for a new
delay value of 600 milliseconds XXXX would be 0258).

Some modems drive DSR with a mechanical relay. Since relays give erratic
signals as they switch, the IBM 7171 will allow 50 milliseconds during initial-
ization for the bouncing to stop. A typical relay will bounce for a couple of
milliseconds.

If the mddem is powered off, or if the cable becomes loose, the loss of DSR
will cause the unsolicited disconnection.

o - Loss of RLSD beyond limits.
The IBM 7171 monitors the RLSD signal from the modem. This signal is

sometimes called DCD (Data Carrier Detect) and is active when the modem
attached to the IBM 7171 port is detecting the carrier signal from the other
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modem. If the carrier is lost, RLSD indicates that the other modem has been
turned off, the cable is disconnected, or some similar problem. If the IBM
7171 detects that the modem has driven RLSD inactive, it will start a timer. If
RLSD is not driven active again before the timer runs out, the IBM 7171 will
disconnect that port. The IBM 7171 is delivered with the RLSD timer set to
500 milliseconds for all ports, but the operator can change it if desired. Use
the Maintenance Facility command:

sw DCO0:0292 XXXX

where XXXX is the new delay value expressed in hexadecimal (e.g. for a new
delay value of 600 milliseconds XXXX would be 0258).

Loss of CTS beyond limits.

The IBM 7171 monitors the CTS signal from the modem. During the line
initialization of some of the higher speed modems, several seconds may elapse
while the modems condition the transmission line. CTS can also be used by
the modem (or null modem attached device) to pace the data being sent to it.
When the IBM 7171 detects that CTS is being driven inactive at a port, it
starts a ten second timer. If CTS is not driven active again before that timer
expires, the IBM 7171 will disconnect that port.

Invalid interface control lead sequences.

Certain unexpected control signal sequences will also cause the IBM 7171 to
disconnect a port. If, for example, a port is in the operational phase with data
flowing back and forth between the IBM 7171 and a terminal, and the Ring
Indicator should become active indicating a new incoming call is being
received, the IBM 7171 will recognize an inconsistent state on that port and
will disconnect it.

Terminal Powered Off

If a modem or directly attached terminal is powered off, the RS-232-C signals
on that device will drift to their inactive states. The IBM 7171 port will detect
them and will start the timers. When the first of the timers runs out, the IBM
7171 will disconnect that port.

Abort Timer. (Switched Network or Autoconfigure)

The line will be disconnected if the RLSD signal is not activated within thirty
(30) seconds of answering an incoming call in the Switched Network (over-
ride) or Autoconfigure mode. The Abort timer is started whenever the line is
configured switched network, or is percieved as switched network when in

Autoconfigure mode.

There are two (2) ways of starting the timer, depending on the configuration
mode defined:

— Switched Network (override) configuration.

DSR activated by attached device.
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— Autoconfiguration (default)

Ring Indicator cycled on then off during initialization handshaking. (One
complete ring cycle.)

Warning: When a directly attached device is connected to the
IBM 7171 port with a null modem cable, it is possible to
assemble that cable so that the IBM 7171 port can not detect
that the terminal power has been turned off. That type of
cable is not recommended, and it could lead to problems main-
taining user security on the host system.

Host Initiated
The host can be commanded to disconnect one of the IBM 7171 ports. This would

be used as the normal end to an operating session. Section 3.1.6, “Setup
Functions” on page 3-3 describes the command “Keyboard initiated line drop”

5.11 Communications Error Handling

Communication systems are prone to transmission errors, and there are certain
types of checks built into the transmission scheme.

The errors that are detected by the IBM 7171 are:

Parity Error Data character received from attached device has wrong
parity.

Framing Error Start and stop bits are not correctly matched. (Possible false
start)

Break Interrupt The received data has gone to a space (zero) level for more
than one character time. (Could be Break Key was
depressed.)

Overrun Error The received data has overrun the previously received data

character before it could be processed.

These errors occur in the communication from the terminal to the IBM 7171.
When the IBM 7171 detects one of the above errors, it notifies the user by locking
the keyboard. As the user tries to enter more characters or commands, the IBM
7171 will echo back the BEL character instead of the typed character. The user
can acknowledge and clear this error state by entering the “reset key sequence”
described in section 3.1.6, “Setup Functions” on page 3-3.
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Chapter 6. IBM 7171 1/0 Interface to the Host System

It is assumed that the reader is familiar with 3270 style Channel Command Words
(CCW’s) and data streams. They are defined in other IBM documentation.!

6.1 High Level Examples

Data movement between the host and its control units has its direction references
in relation to the host. This means that Outbound Data is from host to a control
unit. Inbound Data is coming to the host from a control unit.

HOST IBM 7171 TERMINAL

INTERRUPT « ENTER KEY

CCW CHAIN: FIRST
IS SELECT RM » SELECT RM
I

CHANNEL END STATUS ¢——-——

APPLY READ MODIFIED
LOGIC TO TERMINAL
IMAGE AND BUILD
OUTPUT BUFFER

DEVICE END STATUS 4———-|

CHAINED READ » RD MOD
MODIFIED CCw |
DATA «
|
CHANNEL END + —

DEVICE END STATUS

(The terminal keyboard locks up until a WRITE or E/W command with the)
(keyboard reset bit on is sent to the terminal. )

Figure 6-1. Channel Inbound Data

1 Refer to IBM 3270 Information Display System: 3274 Control Unit Description and
Programming Guide.
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Inbound data is signaled by an action from the terminal. In the example, in

Figure 6-1, an ENTER key is hit. The IBM 7171 creates an attention interrupt for
the host. The host operating system must issue some type of Read command to
determine what the terminal wants. In this example a CCW chain of Select RM
and Read Modified is issued. Select RM is used to inform the IBM 7171 that a
Read Modified command will follow, and that to minimize channel busy the control
unit should be waiting with the data stream. This is what the example shows, note
that when the Select RM is received initial status of Channel End is issued and the
channel is freed up for the time it takes the IBM 7171 to get the data. When the
data is waiting in the buffer ending status of Device End is issued, informing the
host that it may issue the following Read Modified CCW. The Read Modified
command moves the data inbound immediately then supplies ending status of
Channel End plus Device End.

HOST

IBM 7171 TERMINAL

DATA STREAM

CCW: ERASE/WRITE —— 8

CHANNEL END STATUS ¢———r
DEVICE END STATUS ———

>
>

| (verify data stream)

» ERASE FULL SCREEN

I
I |
» SCREEN DATA

Figure 6-2. Channel Outbound Data

Outbound data is initiated by the host. In this example an Erase/Write CCW
command is being executed. The Erase/Write command is sent to the IBM 7171,
followed by the data to write on the screen. When all data is transferred to the
IBM 7171, it responds with Channel End. Data stream verification and internal
screen image updating takes place followed by Device End response back to the
host. The IBM 7171 now sends the new screen image to the terminal.

6.2 Data Streams

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.

Write command operations direct movement of data to the terminal systems via the
control unit. Read command operations receive their data from the screen image
that exists in the control unit.
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6.2.1 Interface Codes

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 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. The IBM 7171 only supports the EBCDIC codes from
the host.

6.2.2 Data Stream

The 3270 data stream consists of application data, commands, and orders which
are transmitted between the control unit and the host system.

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 operations not involved with data transfer
(except for status information). Orders can be included in write data streams either
alone or intermixed with display data.

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.

3270 Data Stream Function

The 3270 outbound data stream consists of a Write Control Character (WCC),
and if appropriate, orders, character data, and the parameters needed by a control
command. Inbound data streams consist of orders and character data or requested
sense and control information.

The command defines the operation to be performed.
Commands: The operations which may be specified include:

e  Write to the character buffer.

« FErase and then Write to the character buffer.

+ Read the entire character buffer.

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

« Erase All the Unprotected data from the character buffer.

o 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.

« Perform No functional Operation, retrieve pending status.

o Sense further definition of the Unit Check condition.

+ Sense the Control Unit Identification.
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Command codes are shown below.

Command EBCDIC
Erase All Unprotected OF
Erase/Write 05
Erase/Write Alternate 0D
No Operation 03
Read Buffer 02
Read Modified 06
Select RM 0B
Select RB 1B
Select RMP 2B
Select RBP 3B
Select WRT 4B
Sense 04
Sense 1D E4
Write 01
Test 10 Instruction? 00

Figure 6-3. IBM 7171 CCW Command Codes

6.2.3 Write Commands

Write Command

Three write type commands, Write, Erase/ Write, and Erase/Write Alternate are
used to load, format, and selectively erase device buffer data. These commands
can also initiate certain device operations such as 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.

Erase/Write Alternate is used by some devices to select an alternate size character
buffer. After this selection is done, it functions as an Erase/Write command.

‘The data stream received by the IBM 7171 for a Write type command operation

consists of a Write Control Character (WCC), followed by orders and/or data.

The minimum data stream for a Write type command is a one byte WCC. This is
ensured because the byte count field of the write channel command word (CCW)
must be set to a minimum of one or else the command code is not sent.

2 Test IO Instruction appears to the control unit as a x'00' command code, but x' 00"
may not be coded in a CCW.
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* RESET PRIN TOUT START SOUND KYBD RESET
BIT FOR MAT PRINT ALARM| RESTORE| MDT

BITS O 1 2 3 4 5 6 7

Figure 6-4. WCC Byte Format

Bit Explanation

0,1 Used to make the WCC an EBCDIC/ASCII translatable char-
acter.3

2,3 Define the printout format, as follows:

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

=01-  Specifies 40 column print line.

=10 - Specifies 64 column print line.

=11-  Specifies 80 column print line.

4 Start Print 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 the device
has an audible alarm.

6 Keyboard Restore bit. When set to 1, restores operation of the
keyboard and resets the AID byte at the termination of the I/O
command.

7 Reset MDT bits. When set to 1 all Modified Data Tag (MDT)

bits in the selected device buffer are reset before any data is
written or orders are executed.

Figure 6-5. Write Control Character (WCC)

This figure 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 an Audible Alarm), the spec-
ified operation is ignored. When the WCC byte is followed by order or display
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 follow the WCC byte. 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

3 Refer to IBM 3270 Information Display System: Data Stream Programmer’s Reference.
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Erase/Write Command

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 consider-
ations:

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 is not preceded in the chain by a Read or
Write.

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

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

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, the Write
or Erase/Write command that specifies Start Print will be aborted.

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

Programming Restriction: 4 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 opera-
tion 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.

4 Refer to IBM 3270 Information Display System: 3274 Control Unit Description and
Programming Guide.
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The Erase/Write Alternate command also operates as an Erase/Write command.
Once the display is placed in alternate mode, operation continues in alternate mode
until the operator presses the CLEAR key or until an Erase/Write command is
received. The Erase/Write Alternate command switches the following devices (at
the host sysgen level) to the alternate size indicated below.

3278 Default Alternate
Model Character Character
Number | Capacity Capacity

2 1920 - 24x80 1920 - 24x80
3 1920 - 24x80 2560 - 32x80
4 1920 - 24x80 3440 - 43x80
5 1920 - 24x80 3564 - 27x132

Figure 6-6. 3270 Default and Alternate Screen Sizes
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6.2.4 Orders and Attributes

Orders

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

The following paragraphs describe buffer control orders, which are executed as
they are received in the write data stream by the IBM 7171; these orders are not
stored in the buffer. Seven buffer control orders (see following figure) are pro-
vided to position, define, and format data being written into the buffer, to erase
selected unprotected data in the buffer, and to reposition the cursor.

Start Field (SF) Order: This order implies that the next byte in the write data
stream is an attribute character. The IBM 7171 then stores this attribute character
at the current buffer address.

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 IBM 7171 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.

Graphic Escape (GE) Order: This order implies that the next byte in the write
datastream is a 3278 APL character. The IBM 7171 stores this APL character at
the current buffer address.

Note: The byte immediately following the GE order in the data stream is always
stored as a 3278 APL character (assuming the IBM 7171 is in 3278 mode), even
when the byte is intended as an order or an alphameric data character.

Set Buffer Address (SBA) Order: This three byte order specifies a new buffer
address from which write operations are to start or continue. Set Buffer Address
orders can be used to write data into various areas of the buffer. An SBA order
can also precede another order in the data stream to specify the starting address for
a PT, RA, or EUA order; to specify the address at which an attribute byte is to be
stored by an SF, or to specify the address at which the cursor is to be repositioned
by an IC order.
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BYTE 1
ORDER EBCDIC BYTE 2 BYTE 3 BYTE 4
(HEX)
START FIELD (SF) 1D attribute
character
GRAPHIC ESCAPE 08 character
(GE) to convert
SET BUFFER ADDRESS 11 1st address | 2nd address
(SBA) byte byte
INSERT CURSOR (IC) 13
PROGRAM TAB (PT) 05
REPEAT TO ADDRESS 3C 1st address | 2nd address|character
(RA) byte byte to be
repeated
ERASE UNPROTECTED 12 1st address | 2nd address
TO ADDRESS (EUA) . byte byte

Figure 6-7. Buffer Control Orders and Order Codes

If the SBA order specifies an invalid address, 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
IBM 7171 inserts, in place of the attribute, an SBA code followed by the two 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.

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

Program Tab (PT) Order: The PT order advances the current buffer address to the
address of the first character position of the next unprotected field. If the PT is
issued when the current buffer address is the location of an attribute byte of an
unprotected field, the buffer address advances to the next location of that field
(one location). In addition, if the PT order in the write data stream does not follow
a control command, order, or order sequence such as a WCC, IC, or RA, 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. 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 char-
acter 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.)
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To continue the search for an unprotected field, a second PT order must be issued
immediately following the first one. Since the current buffer address was reset to 0
by the first PT order, the second PT order begins its search at buffer location 0. If
the previous PT order was still inserting nulls in each character location when it
terminated at the last buffer location, the new PT order will continue to insert nulls
from buffer location 0 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 bytes immediately following the RA order in
the write data stream, as follows:

BYTE

0 RA Order

1 Stop Address (byte 1)

2 Stop Address (byte 2)

3 Character to be repeated
OR

0 RA Order

1 Stop Address (byte 1)

2 Stop Address (byte 2)

3 Graphic Escape

4 Character to be repeated

Figure 6-8. Repeat to Address (RA) Order Formats

The third character (fourth if the third is Graphic Escape) 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 the stop address is lower than the current buffer address, the RA operation
wraps from the last position in the buffer to the first. 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 speci-
fied by two 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.

When the stop address is lower than the current buffer address, the EUA operation
wraps from the last position the buffer to the first. 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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6.2.5 Read Commands

Read Buffer Command

The Read type commands executed by the IBM 7171 are Read Buffer and Read
Modified. Read Buffer causes the entire buffer contents of the addressed terminal
to be read into main storage. The operation initiated by Read Modified is deter-
mined by display station operator actions. The information read during execution
of Read Modified could consist of fields of data modified by keyboard operations,
buffer addresses, data of CURSOR SELECT fields, or the code of a Program
Function or Program Access key.

An operator action that requires program interaction causes an attention inter-
ruption; the program would respond to this attention interruption with a read
command.

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

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 from the current buffer address if
the Read Buffer command is chained. 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 when the channel byte count reaches 0 (in this case, the buffer address
after termination is undefined).

The transferred data stream begins with a three character read heading consisting
of the AID character followed by a two character cursor address. The contents of
all buffer locations are transferred, including nulls. Start Field (SF) orders are
inserted to identify the beginning of each field. The possible Attention Identifica-
tion (AID) byte configurations are shown in the following figure. An AID byte
other than X'60" is set when the operator at the selected display station has per-
formed an operation that requires program intervention. These operations are
either pressing a Program Function or Program Access key, or detecting an atten-
tion field with the CURSOR SELECT key.

5 Refer to IBM 3270 Information Display System: 3274 Control Unit Description and
Programming Guide.
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ACTION AID Reaction to Resultant
(key hit) Generated READ MODIFIED | data transferred
(EBCDIC) command to HOST CPU
No AID generated 60 Rd Mod (unsolic- Transfer field addresses and
ited read) text for modified fields
No AID generated (PRINTER) E8 Rd Mod
ENTER key and & (Selector-Light AID code and cursor address,
pen attention) 7D Rd Mod followed by an SBA order,
PF1 key F1 Rd Mod attribute address + 1 and text
PF2 key F2 Rd Mod for each modified field. Nulls
PF3 key F3 Rd Mod are suppressed.
PF4 key F4 Rd Mod
PFS key F5 Rd Mod
PF6 key Fé6 Rd Mod
PF7 key F7 Rd Mod
PF8 key F1 Rd Mod
PF9 key F1 Rd Mod
PF10 key TA Rd Mod
PF11 key 7B Rd Mod
PF12 key 7C Rd Mod
PF13 key C1 Rd Mod
PF14 key C2 Rd Mod
PF15 key C3 Rd Mod
PF16 key C4 Rd Mod
PF17 key C5 Rd Mod
PF18 key Cé6 Rd Mod
PF19 key C7 Rd Mod
PF20 key C8 Rd Mod
PF21 key C9 Rd Mod
PF22 key 4A Rd Mod
PF23 key 4B Rd Mod
PF24 key 4C Rd Mod
Selector-Light Pen Attention space 7E Rd Mod AID code, cursor address, and
null field addressed only; no data.
PA1 key 6C Short Rd
PA2 key 6E Short Rd AID code only
PA3 key 6B Short Rd
CLEAR key 6D Short Rd
TEST REQ or SYSTEM REQ keys | FO Test Req Rd A test request message. AID

transferred on Read Buffer
only.

Figure 6-9. Attention ID (AID) Configurations
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Read Modified Command

Read Modified initiates one of three operations, as determined by operator actions
at the display station:

1. aRead Modified,
2. a Short Read, or
3. a Test or System Request Read.

Figure 6-9 on page 6-12 lists the operator actions and the resulting Read Modi-
fied command operation initiated by each action.

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 Kkey, or when the erase portion of an Erase/Write command is executed at
the selected device. Also, selected portions of a buffer can be cleared to nulls by
the Erase All Unprotected command and certain orders. During Read Modified
command operations, null codes are not sent.

Read Modified Operation: During a Read Modified command, if an AID other than
the CURSOR SELECT key, a PA key, or the CLEAR key is generated, all fields
that have been modified by a keyboard or the CURSOR SELECT key are trans-
ferred 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 three bytes of the read data stream are always the AID code and the two
byte cursor address; these bytes are called the “‘read heading.”

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

0 AID T
READ
1 CURSOR HEAD ING
— ADDRESS —_
2 f—
3 SBA
4 ATTRIBUTE
— ADDRESS + 1 —
5 FIRST
MOD IF IED
6 ALPHAMER I C FIELD
— DATA - (NULLS SUPPRESSED)
7
SBA
ATTRIBUTE SECOND
— ADDRESS + 1 — MOD IF 1ED
FIELD
(NULLS SUPPRESSED)
ALPHAMER I C
— DATA —

Figure 6-10. Read Modified data stream

If a space AID is generated, 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 CURSOR SELECT 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.

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

1. Buffer address 0 if the Read Modified command is unchained or is not pre-
ceded in the chain by a Write or Read.

2. The current buffer address if the Read Modified command is chained to a pre-
ceding Write or Read.

3. For screens without field definitions, buffer address O.

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 location (1919) to the

first location, the operation is terminated after all data in the field is transferred
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(nulls are suppressed). The buffer address at the end of the operation is the
address of the next attribute byte in the buffer. For example, if a modified
field extends from address 1900 (the attribute byte) to address 79 (wrapped
field), the data from address 1901 through 79 is transferred (nulls are sup-
pressed); 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, 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. If the channel byte count reaches zero before all modified data is transferred,
read operations are terminated and the remaining modified data is not trans-
ferred. The buffer address after termination is undefined.

If the buffer is formatted (contains fields) but none of the fields have been modi-
fied, the read data stream consists of the three byte read heading only.

If the buffer is unformatted (contains no fields), the read data stream consists of
the three 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 modifica-
tion 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 oper-
ation, 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.

Short Read: The Read Modified command causes a short read operation if the
CLEAR, 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.

Test Request Read: The Read Modified command causes a Test Request Read
operation if the test request key sequence has been pressed at the selected device.
The Test Request Read data stream sent to main storage is as follows:

BYTE
0 SCH
1 %
2 /
3 STX
4 INPUT DATA

Figure 6-11. Test Request data stream (first 4 bytes)
The remainder of the data stream is the same as described previously for Read

Modified operations, excluding the three byte read heading (AID and cursor
address). If the buffer is unformatted, all alphameric data in the buffer is included
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Control Commands

in the data stream (nulls are suppressed), starting at address 0. If the buffer is for-
matted, 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 Request key sequence.

Control commands initiate certain control unit and/or device operations not
involved with the transfer of data (other than status). Three control type com-
mands are executed by the IBM 7171; Select, Erase All Unprotected, and No
Operation. The Select commands are all ‘Prepare to Send’ commands.

Select Read Modified (RM) Command: Select RM is an immediate command. The
IBM 7171 executes a Select RM command by preparing for a Read Modified oper-
ation; that is, the device 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 chained to the Select RM
command is a Write command, the input data is not used. The write data stream is
received and processed by the IBM 7171. 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 sets the current buffer address in a manner equivalent to a Read
Modified command.

The Select RM command is used to separate the control unit data preparation from
the channel operation thereby decreasing channel use.

Note: The successful use of the “Prepare to Send” Select commands on the IBM
7171 requires that appropriate code be included in the access methods of the host
operating system. Host operating system sysgen manuals indicate the macros that
are a prerequisite.

Select Read Buffer (RB) Command: Select RB is an immediate command. The
IBM 7171 executes a Select RB command by preparing for a Read Buffer opera-
tion; that is, a Read Buffer data stream is built. When the data stream is com-
pleted, 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 Channel
End, Device End, Unit Check, Operation Check will be sent to the host.
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Select Read Modified from Position (RMP) Command: 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 Channel End,
Device End, Unit Check, Operation Check will be sent to the host.

Upon receipt of the Write command, the IBM 7171 will perform the Read Modi-
fied from Position preparation, and return Device End to the host when the data
stream is completed. The Read Modified command is then executed.

Select Read Buffer from Position (RBP) Command: Select RBP is an immediate
command. A Select RBP command is executed by recording the Read Buffer con-
dition 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 con-
tains 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 Channel End,
Device End, Unit Check, Operation Check will be sent to the host.

Upon receipt of the Write command, the IBM 7171 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 Write Command: Select WRT is an immediate command. A Select WRT
command is executed by returning Device End to the host. If the chained
command following the Select WRT is not a Write command, then Channel End,
Device End, Unit Check, Operation Check 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 nulls.

2. Resets to 0 the MDT bit for each unprotected field.

3. Always unlocks the keyboard.

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.

Erase All Unprotected is an immediate type command. Upon acceptance of this

command, the IBM 7171 becomes Busy and sends 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 becomes Not Busy.
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Programming Restriction: Erase All Unprotected should not be chained to a Write,
Erase/Write, Erase/ Write Alternate, or another Erase All Unprotected command. If
it is, the resulting operation is not defined.$

No Operation Command: The No Operation command performs no functional
operation, but may be used to retrieve pending status. No Operation is an imme-
diate command; therefore, Channel End and Device End normally will be pre-
sented as initial status unless pending status or a busy condition exists.

Sense Command: The Sense command should be issued in response to Unit Check
status for further definition of the Unit Check condition. The IBM7171 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/0O
“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.

6 Refer to IBM 3270 Information Display System: 3274 Control Unit Description and
Programming Guide.
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CR IR BOC DC us ocC

BITS 0] 1 2 3 4 5 6 7

Bit Name Significance

0 Command Reject (CR) Set if the IBM 7171 has received an
invalid command.

1 Intervention Required Set if a command, other than Sense,
(IR) was addressed to a device that is una-
vailable or is in the ‘“not ready” con-
dition.

2 Bus Out Check (BOC) Set if the IBM 7171 has detected bad
parity on any command or data type
received from the channel.

4 Data Check (DC) Set if the CC board sends a command
to the CPU board, but the addressed
device is no longer attached.

5 Unit Specify (US) Set if the sense bits resulted from
polling the RS-232-C interface.

7 Operation Check (OC) Set when the IBM 7171 has received
a valid command or order that it
cannot execute as follows:

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

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

3. The IBM 7171 received a
command chained to 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 6-12. Sense Bit Description

Sense ID Command: The Sense ID command requests data transfer to the host.
Four bytes of data are sent as follows:

IFF13217411D|
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Sense ID is honored when the IBM 7171 is in one of the following states:

e« Power on

o IML completed

e  Online

e Not busy

« No outstanding status to be presented.

6.2.6 Miscellaneous Operations

Test Request Function

Display Fields

6.2.7 Attributes

The Test Request message sent to the host (SOH% /STX) is invoked from the
keyboard.

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 character-
istics of the field; this character contains the field attributes. Fields containing
character 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 char-
acter, 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.)

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 may be programmed with formatted fields. The control char-
acter at the start of each field contains the field attributes. Attributes contained in
this character apply to all the data contained in the field.
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Field Attributes

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 eight bit attribute character is loaded by a Start Field
order to define the start of a field and assign characteristics to the field. Bit posi-
tions in the character are significant; the value assigned to each bit or group of bits
controls whether a specific attribute is applied.

Field Attribute Character: The following figure 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 and data entry keyboards.

A cursor moving into a field defined with both Numeric and Protected will skip
to the following Unprotected field. A cursor moving into a field defined as
Alphanumeric and Protected will lock up the keyboard which requires a user
reset to free.

« Nondisplay/Display/Intensified: Data contained in the field is either not dis-
played, displayed at normal intensity, or displayed at high intensity.

« Detectable/Nondetectable: Displayed data in a detectable field can be
selected by the CURSOR SELECT key.

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 attribute. Attribute characters are not protected against operation of the
CLEAR key; pressing the CLEAR key erases all locations in the display buffer.
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X u/p A/N D/SPD | RESERVED MDT

1 2 3 4 5 6
EBCDIC Field Description
BIT
0,1 Value determined by contents of bits 2-7. See following figure
for hexadecimal values.
2 0 = Unprotected
1 = Protected
3 0 = Alphameric
1 = Numeric
Note: Bits 2 and 3 equal to 11 causes an automatic skip. See
text.
4,5 00 = Display/not CURSOR SELECT key detectable.
01 = Display/CURSOR SELECT key detectable
10 = Intensified display/ CURSOR SELECT key detectable.
11 = Non-display, non-print, non-detectable.
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 program in data stream

Figure 6-13. Field Attribute Character Bit Assignment
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Bits 2-7 EBCDIC Bits 2-7 EBCDIC
00 0000 40 10 0000 60
00 0001 C1 10 0001 61
00 0010 Cc2 10 0010 E2
00 0011 C3 10 0011 E3
00 0100 C4 10 0100 E4
00 0101 Cs 10 0101 ES5
000110 Cé6 100110 E6
00 0111 C7 100111 E7
00 1000 C8 10 1000 ES8
00 1001 c9 10 1001 E9
00 1010 4A 10 1010 6A
00 1011 4B 10 1011 6B
00 1100 4C 10 1100 6C
00 1101 4D 10 1101 6D
00 1110 4E 10 1110 6E
00 1111 4F 10 1111 6F
01 0000 50 11 0000 FO
01 0001 D1 11 0001 F1
01 0010 D2 11 0010 F2
01 0011 D3 11 0011 F3
01 0100 D4 11 0100 F4
01 0101 D5 11 0101 FS
01 0110 D6 110110 F6
010111 D7 110111 F71
01 1000 D8 11 1000 F8
01 1001 D9 11 1001 F9
01 1010 SA 11 1010 TA
01 1011 5B 11 1011 7B
01 1100 5C 11 1100 7C
01 1101 5D 11 1101 7D
01 1110 SE 11 1110 7E
011111 SF 11 1111 7F

Figure 6-14. EBCDIC Values for Attribute Characters

6.3 IBM 7171 Printer Support

The IBM 7171 will support ASCII printers which are functionally compatible with
3286 printers. The 3270 Data Stream mode for controlling printers is supported
and is described below. The SNA Character String mode is not supported. For
example, to run as a 3286 printer on the IBM 7171, the host processor should set
this device up as a 3286 model 2 printer (DEVTYPE=3286,MODEL=2) on the
channel assigned to the IBM 7171.

The format control orders CR, NL, FF, and EM can be used by a host application
to format a printout when line length format is not specified in the WCC. The
ASCII printer is expected to follow the conventions contained in Figure 6-15 when
the host datastream contains these orders.

Chapter 6. IBM 7171 I/0O Interface to the Host System 6-23



6-24

Order

EBCDIC

Explanation

CR

0D

Carriage Return. Moves the print position horizontally to
the left margin by sending an ASCII Carriage Return to
the device.

NL

15

New Line. Moves the print position horizontally to the
left margin and vertically down to the next line. The IBM
7171 will send an ASCII Carriage Return - Line Feed to
the device when this order is present.

FF

oC

Form Feed. Moves the print position to the top and left
margin of the next page by sending an ASCII Form Feed
to the device. This operation must be performed by the
printer. No page size information is kept within the 7171.

EM

19

End of Message. Terminates an unformatted print opera-
tion. Nothing is sent to the printer as a result of this
order.

Figure 6-15. Printer Control Orders

The WCC byte definition for printer use is shown in Figure 6-16.

Bit

Explanation

0,1

The functio

EBCDIC/ASCII translatable graphic.

n of these bits is to make the WCC byte an

2,3

Defines printout format as follows:

00 - The CR, NL, or FF orders in data stream determine print
line length, and EM designates the end of the print buffer.
Provides a 132 character print line when orders are not present.

11 - Specifi

01 - Specifies 40 character print line
10 - Specifies 64 character print line

es 80 character print line

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

Sound Alarm bit. When set to 1, sounds the audible alarm if an
audible alarm provided.

Keyboard Restore bit.

Reset MDT bit.

Figure 6-16.

The Write Control Character

In normal operation, when bits 2 and 3 of the WCC are 0, a Newline function is
performed each time a valid NL character is encountered. In addition, if no valid
NL is encountered before the printer reaches the end of a line (as determined by
the maximum physical carriage length), the ASCII printer itself should perform a
NL function. The IBM 7171 will not send a NL to the printer in this situation. If
the ASCII printer does not perform an automatic NL at the end of carriage, then
one must be explicitly coded in the host datastream.
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During a print operation, if line length format is specified in bits 2 and 3 of the
WCC (bits 2 and 3 not equal to 0), data characters in the printer buffer are
scanned one line at a time before they are printed. A Newline is executed after
each line is printed. If a line contains only null characters and one or more space
characters, a line feed is performed to cause a blank line in the printout. When null
characters, field attributes, or alphanumeric characters in a nonprint field are
encountered, they are treated as follows.

« If in a line that contains another print field, they are printed as spaces.

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

CR, NL, FF, and EM are valid only when encountered in a print field during a
printout that does not have a line length format specified by the WCC. When line
length format is specified, and printer control characters are embedded in the data,
they are converted to the following characters:

e NLprintsasa$
« EMprintsasa9
e CR and FF both print as a blank.

6.4 IBM 7171 to Host Interactions

The channel program controls all control unit operations by transmitting informa-
tion 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 generated by the control unit, inform the channel program
of:

1. 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.
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6.4.1 Interface Operations (IBM 7171/Channel)

Selection

Command Initiation

Chaining

The host program initiates control unit operations with a Start I/0O instruction.
This instruction identifies the I/O control unit and device (in this case, the control
unit and a display/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 subse-
quently 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.

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 recognizes both addresses
(its own and its devices), it logically connects to the channel and responds to the
selection by returning the device address byte to the channel.

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,
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 or not 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 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 oper-
ation depends on the particular command. If the command is No Operation, initial
and ending 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 allows the block multiplexer channel to be released to
perform other operations. When command execution is completed by the control
unit (and it regains selection), 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 con-

‘tinue 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 1/0 instruction.
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Status

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
(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 termi-

nated. Programming restrictions that must be observed when command chaining is
used are described in “Commands” on page 6-3.

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/terminal interface operations of a nonimme-
diate command are completed. Asynchronous status reflects:

1. ending status for an immediate command other than No Operation,

2. asecond ending status for a Write, Erase/Write, or Erase/Write Alternate
indicating that the control unit to device buffer transfer is completed, or

3. an equipment condition or operator action not associated with command exe-
cution (an attention).

Figure 6-17 describes each bit of the status byte. Status is reset by the control unit
once it has been accepted by the channel.

Bit Name Condition
0o Attention Indicates a request for services from a terminal.
(A) Program should respond by issuing a Select

command followed by the correct Read Modified
chain. Attention bit is also set with (Unit Check)
as a result of asynchronously detected equipment
malfunctions; in this case, program should respond
by issuing a Sense command.

1 Status Mod- Set with Busy in initial status when there is _
ifier (SM) pending status for another device in this control
unit.

Figure 6-17 (Part 1 of 3). Status Byte Bit Assignments
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Bit Name Condition

2 Control Set following a Busy condition, after pending
Unit End status is cleared or to indicate that the control unit
(CUE) is now free to accept a new command.

3 Busy (B) Set alone in initial status byte when addressed
device is already busy performing a command. Set
with Status Modifier 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. The Busy bit is also set
in pending status if addressed device has such
status; if pending status is for a device other than
the one addressed, Status Modifier bit is also set.

4 Channel Indicates channel data transfer operations are

End (CE) completed. Is set alone:

1. In initial status for Select or Erase All Unpro-
tected command.

2. As ending status for Write, Erase/Write, and
Erase/Write Alternate commands; in all cases,
Device End status is sent asynchronously
when device operations (command execution
or control unit to device buffer transfer) are
completed.

3. Ininitial status for No Operation command.

4. In ending status for Read Buffer, Read Modi-
fied, or Sense command. '

5. Asynchronously if only Channel End status
was pending and the device operation is com-
pleted before the channel 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 the control unit and device have

(DE) completed all command operations and are free to
execute another command. Is set:

1. In initial status for No Operation command

2. In ending status for Read Buffer, Read Modi-
fied, or Sense command.

3. In asynchronous status for Write,
Erase/Write, Erase/Write Alternate, Select,
or Erase All Unprotected command.

Figure 6-17 (Part 2 of 3). Status Byte Bit Assignments
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Bit Name Condition

6 Unit Check Is set when an irregular program or equipment
(UO) condition is detected by the control unit or device.
Program should always respond to Unit Check
status by issuing a Sense command for further
definition of the error condition.

Figure 6-17 (Part 3 of 3). Status Byte Bit Assignments

The following figures list the initial, ending, and asynchronous status and sense bit
combinations, respectively. The abbreviations used in these figures are as follows:

« Status Bits

A - Attention

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

Figure 6-18. Status/Sense Byte Bit Assignments for the IBM 7171
Initial Status: Initial status is generated by the control unit in response to initial

selection by the channel. During the initial selection sequence, the status byte is
sent to the channel after the control unit receives a command.

Chapter 6. IBM 7171 1/0 Interface to the Host System 6-29




Status
(Hex)

Sense
(Hex)

Error
Recovery
Procedure

Condition

All Zeros (00)

Normal status for any command other
than No Operation, Select, or Erase
all Unprotected.

CE (08)

Normal status for a Select or Erase
All Unprotected command.

CE,DE (0C)

Normal status for a No Operation
command.

UC (02)

BOC (20) 1 A parity error was detected on the

command byte.

UC (02)

IR (40) 2 A command other than Sense was

addressed to a device that the control
unit has recorded as unavailable or
not ready.

UC (02)

CR (80) 3 An invalid command was issued to the

control unit.

B (10)

Response to a command addressed to
a device which is being serviced by
the control unit or which is com-
pleting a previously issued command.

B,SM (50)

Response to a command addressed to
a device other than device whose
status is pending or device being ser-
viced by the control unit.

Figure 6-19. Initial Status and Sense Conditions

This figure 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 error.

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 the block 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.

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 (except a Test I/O instruction), and that command is not accepted
by the control unit. For Test I/0, 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
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the initial command sequence, only Busy, Status Modifier is presented to the
channel and the pending status is retained by the control unit.

Ending Status: When the control unit completes channel operations for a nonim-
mediate command, it sends an ending status byte to the channel, freeing the
channel for other operations. This status byte always relates to the command oper-
ation 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. 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.

Status
(Hex)

Sense Recovery
(Hex) Procedure Condition

Error

CE (08)

Set at the end of a channel to control
unit transfer of a data stream on a
Write, Erase/Write or Erase/Write
Alternate command.

CE,DE (0OC)

Set at the end of a channel to control
unit transfer of a data stream on a
Read Buffer, Read Modified, or Sense
command, or when the channel byte
count goes to zero on a Read Buffer
or Read Modified command.

CE,DE,UC (0E)

BOC (20) 4 The control unit detected a parity

error on a character in data stream of
a Write, Erase/Write, or Erase/Write
Alternate command.

CE,DE,UC (0E)

DC,US (0C) 1 The IBM 7171 disabled the device

because of an error. (UC, IR is
reported on the retry since the device
requires a Power On Reset to be re-
enabled).

Figure 6-20. Ending Status and Sense Conditions
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Asynchronous Status: 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 completed,

3. an action by the device operator that requires program intervention (attention
status), or

4. acontrol unit or attached device equipment malfunction.

When an asynchronous status condition occurs, the control unit attempts to gain
selection by the channel, 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 per-
forming 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 status.

Some other conditions of multiple status that can occur are not covered here.
These conditions can be caused by multiple error conditions occurring simultane-
ously.

IBM 7171 Reference Manual and Programming Guide



Status
(Hex)

Sense
(Hex)

Error
Recovery
Procedure

Condition

A (80)

An attention generating action (e.g.,
program access key has been
depressed) was performed by the
operator.

DE (04)

The control unit to device buffer
transfer is completed on a Write,
Erase/Write, or Erase/Write Alter-
nate command.

The device becomes not busy after
completing an Erase All Unprotected
command.

The device to control unit buffer
transfer is completed on a Select
command.

A device changes from not available
to available or from not ready to
ready.

DE,UC (06)

OC (01)

A Write, Erase/Write, or Erase Write
Alternate command containing a
WCC with the Start Print bit set is
chained to a subsequent command.

The IBM 7171 received an invalid
buffer address in the data stream of a
write type command, or the data
stream ended before providing all
characters required for an SBA, RA,
SF, GE, or EUA order on a write
type command. A portion of the
device buffer may have been changed.

CUE (20)

The control unit had been addressed
while busy, but is now not busy and is
free to accept a new command.

Figure 6-21.

Asynchronous Status and Sense Conditions
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6.4.2 Error Recovefy Procedures

IBM 7171 Device Detected Errors

Error conditions detected by the IBM 7171 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 device. Subsequent recovery operations
are then determined by the combined configurations of Unit Check status bits and
associated sense bits.

Referenced Error Recovery Procedures

Inbound Transmissions

The recovery procedures referenced in the Error Recovery Procedure column of
Figure 6-19, Figure 6-20, and Figure 6-21 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
Erase/Write command. If, after two retries, the problem is not corrected,
follow procedure 5.

2. The error indicates the device is unavailable. Request and wait for operator
intervention to ready the device and upon receipt of Device End status, retry
the chain of commands.

3. A nonrecoverable program error has occurred. Examine the data stream to
locate the problem.

4. Retry the failing chain of commands. If, after two retries, the problem is not
corrected, follow procedure 1. A Write command 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.

5. Request maintenance for the device that is giving trouble. After the repair,
reconstruct the buffer image, starting with an Erase/Write command.

Terminals are put in a keyboard lock state when an AID generating key (such as an
Enter) is hit. This can be reset by a Write, Erase/Write, or Erase/Write Alternate
with the WCC Keyboard Reset bit on, or by the terminal operator sending a Reset
sequence. During this time the screen can not be modified and multiple Reads will
get the same data. As an example, terminal users know there is a system problem
when their keyboards remain locked because the host did not issue a keyboard
unlocking Write. '

Inbound transmissions result from an operator Enter action, a host initiated (unso-
licited) 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 opera-
tion can be performed. , :
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A host initiated read operation is an inbound transmission not caused by an oper-
ator 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 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 data from the device buffer (for example,
modified fields of the display image). An inbound operation device characteristic
(INOP), set by the controller, defines the type.

Inbound Operation Device Characteristic (INOP): The device characteristic INOP
determines the operation to be performed when data is transmitted inbound on a
retry transmission, or when the device is in a data pending state.

INOP is set by any of the following:

¢ An operator Enter action sets INOP to Read Modified.

» Host acknowledgment of an inbound transmission sets INOP to Read Modi-
fied.

Read States: While powered on, a device is in one of three states with respect to
read operations. The three states are: Normal, Data Pending, and Retry. The
events that cause transitions between the states are shown in Figure 6-22.

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 6-22).

When in Normal read state, an operator Enter action causes the device to prepare
to generate the inbound data stream and to go into a Data Pending state.

A host initiated read operation causes the data to be transmitted with no state tran-
sitions occurring. The device remains in Normal read state.
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Data Pending State.

« Data Pending Enter: the device state after an operator Enter action occurred.
A read command received while the device is in a data pending state causes the
data to be transmitted and the device to be placed in the Retry state. (See
Figure 6-22.)

Retry State.

o Retry Enter: the device state after the entered data was 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.

EVENTS NORMAL DATA PENDING RETRY

(1) (2) (3)

Enter Action 2 R R

Read Command 1 3 3

Host

acknowledgement - 1 1

Reset key - 1 1

R Reject , no state transition.

No action, no state transition.
Figure 6-22. Read State Transitions

The typical scenario would be to be in Normal state and get an Enter action (user
hit enter at terminal). The terminal would switch to Data Pending state. Next, a
Read command would switch the terminal to Retry state. Next, a Write command
containing a WCC with the Keyboard Reset bit set would be processed, putting the
terminal back into Normal state.

Host Acknowledgments: After inbound transmissions resulting from operator Enter
actions, 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:

« A Write, Erase/Write or Erase/Write Alternate command containing a WCC
with the keyboard restore bit set to 1, or an Erase All Unprotected command.

e Any write transmission when the device is in Data Pending read state.

Host acknowledgment resets INOP to Read Modified.
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Processing of Read Commands: Read commands (Read Modified, Read Buffer) are
processed as follows.

1.

If the device is in Normal read state, then:

a.

Data is transmitted inbound as defined by:
(1) The command (Read Modified, Read Buffer)

(2) The AID (Read Modified command only).

The device remains in Normal read state.

If the device is in a Data Pending state then:

a.

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.
If the command is Read Buffer, then data is transmitted as defined by:

(1) The command.

For items a and b, the device is placed Retry state.

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 Read Modified, then
data is transmitted as defined by:

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

(1) The command.

For items a and b, the device remains in the retry state.
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Keyboard Action or
Data Stream states INOP

Clear key

System Request key

TEST key ‘ENTER’

TEST key ‘EXIT’

Write or E/W with WCC bit 1 on
Power on

R - Reset NC - No Change

ARAAAIAA

Figure 6-23. Reset Matrix

6.4.3 Special Order Strings

Transparent Mode

The IBM 7171 provides a transparent interface to ASCII devices. In addition,
special order strings -beginning with X'2B5B' allow definition of most of the
extended functions supported by the IBM 7171.

o Programming an ASCII device transparently from the host - Some ASCII hard-
copy and graphic devices cannot easily simulate a 3270 screen, nor is it desir-
able for them to do so. It is possible to program them from the host through a
special data stream.

o Using Setup Functions - The extended functions provided by the IBM 7171 are
normally initiated by keystrokes entered at the terminal. However, it is some-
times desirable to have the host application program set up most of these
extended functions via programming. ‘“‘Setup Functions for Host Application
Programs” on page 6-40 gives details on how to do this.

A transparent mode request introducer sequence at the beginning of a datastream
causes the remaining data to be transmitted to the ASCII device “as is.” While the
WCC and the six characters of the introducer conform to the normal structure of

-3270 orders, the rest of the data is treated as 7-bit ASCII. The high order bit is

ignored. It is recommended that the high order bit be turned on for every character
to “relocate” everything into the range X'80'-X'FF', which is treated as ordi-
nary graphic characters by the TP access methods. In VM/SP the fullscreen Diag-
nose interface should be used to transmit the data.

Write: The Transparent Write introducer consists of two SBA seqﬁences:

X'115D7F110000"

When encountered by the IBM 7171, the rest of the buffer is flagged as a Trans-
parent Write request. Since no data editing is performed, any required control
characters must be supplied in the data stream, including carriage return, line feed,
or padding. The IBM 7171 will still perform pacing character (eg. XON/XOFF)

- processing during the transmission, provided pacing is enabled. Therefore, padding

characters need not be coded for terminals which use a pacing character protocol.
While in transparent mode, the IBM 7171 still receives characters from the ter-
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minal. The special reset characters are processed immediately and are a means of
escape from a host application that has failed. These are the only keys which can
alter the absolute host control over the output data. If the logical keyboard lock
state applies, other characters received from the terminal are not processed and
remain in the typeahead buffer. If the keyboard is logically unlocked, characters
are examined as received and discarded. While in transparent mode, no ordinary
characters or edit requests from the keyboard are accepted. However, attention
generating keys will be parsed and their AID value remembered.

When all this data has been processed, the IBM 7171 will generate an attention
interrupt to the host for this device address. This signals the host that another
buffer can be transmitted to the device. If the host application issues another write
to the device before receiving the attention interrupt, the previous data may be
overwritten with unpredictable results.

If the host responds to this attention interrupt with a Read Buffer or Read Modi-
fied command, the IBM 7171 will respond with the null AID for 328x printers
(X'E8"), followed by the current cursor address pointing to the byte following the
last data sent. If the ASCII device has a keyboard, and the keyboard is unlocked
by the WCC beginning the write, then it is possible to change this AID value by
pressing any of the attention generating keys (ENTER, PFK, or PA). All other
input will be ignored.

After signalling the end of data transmission, the IBM 7171 remains in transparent
mode until the next host output is received. This insures that spurious characters
are not introduced in the output data stream between two consecutive buffers of
transparent output data. However, this also means that input is parsed and dis-
carded, and while attention generating keys will be recognized, the only action will
be to save their AID for the response to the next buffer of transparent data. No
second attention interrupt will be generated. It is also not possible to generate a
beep in this state, so input errors like line noise and buffer overrun are not signalled
at this time. If the errors have not been reset in the interim, the beep will sound
when transparent mode ends.

If the host application wishes to send another buffer of transparent data after
having received the attention acknowledging the receipt of the previous buffer, it
simply builds a new buffer beginning with a WCC and the transparent mode
introducer sequence and issues another output request. If the write operation that
enters Transparent Write mode is an Erase/Write operation, then the Clear Screen
CSS defined for that device will be sent before the transparent data. If the opera-
tion is an Erase/Write Alternate, then the Alternate Clear Screen CSS will be sent
before the transparent data. In addition, the 3270 alternate screen size buffer will
be used. If an Erase/Write or an Erase/Write Alternate command is used while
the device is already in Transparent mode, no screen erasure or buffer size
switching will take place. For example, if a terminal type defined to be a 3278
Model 5 uses a Write or Erase/Write to enter Transparent mode, a 1920 byte
buffer is available for transparent data. If Transparent mode is entered with
Erase/Write Alternate, then a 3564 byte buffer is available for use.

TSO generally requires the output to end with an Insert Cursor order. If an appli-
cation program does not supply it, TSO may transmit one itself, disrupting the
transparent protocol. Therefore, if the last character in the data stream is an Insert
Cursor order, it is logically removed from the data count and is not transmitted to
the device.
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Transparent mode is ended by either a Master Reset sequence received from the
keyboard or a non-transparent write from the host. A non-transparent write is one
which contains more than the WCC and does not begin with the transparent mode
introducer sequence. It is recommended that an application program issue a non-
transparent write at the end before returning to the normal TSO or CMS environ-
ment. A null WCC followed by an SBA to the upper left corner (X'40114040')
will serve nicely to end transparent mode. If Transparent mode is ended by a
Master Reset from the keyboard or a Write command from the host, the device
screen will not be cleared. If Erase/Write or Erase/Write Alternate is used, then
the device screen will be cleared and operation will resume in the mode selected.

Werite/Read: A second form of transparent mode is the “Transparent
Write/Read,” which may be specified with either of the following SBA sequences:

X'115D7F110001"' or X'115D7F110005"

When this form is used, the IBM 7171 will enter transparent mode and transmit the
data to the device as in normal transparent write mode. When all data has been
transmitted to the device, all characters sent by the device in response will be
received and saved. This receive is terminated by the receipt of an ASCII Carriage
Return, the Master Reset sequence as defined in the active terminal definition
table, or by receipt of more than a screen sized buffer of data. Pacing stop (as
defined in the active terminal definition table) is also by default an ending condi-
tion for Transparent Write/Read, but this can be disabled by setting the X' 10' bit
in the System Control Flags contained in NV-RAM. Refer to section 4.4.1, “Data
Area 1 Layout” on page 4-20 for the location of the flags, and to

Chapter 9, “Special Maintenance Facility and System Messages™ on page 9-1 for
the Maintenance Facility Display and Store commands required to set the flag.

Upon presentation of the automatic attention interrupt, the host must perform a
Read Modified command. Data will be returned in Read Buffer-like format. A
null AID X'E8' will be followed by a cursor address pointing to the byte following
the last received data, followed by the data in seven bit ASCII, with the X'80' bit
set on in each byte. All input will be ignored during the transmission of the write
data, and all characters received during the read (including erroneous characters
and the terminating character) will be presented to the host. After the termination
character is received, the terminal is left in transparent mode. If the 7171 input
buffers are overrun by the device, then it will also present an Attention interrupt.
The AID returned by the mandatory Read Modified will be X'E4' to indicate the
error. Transparent Write/Read is intended for PC file transfer protocols or for

.limited interactive functions such as reading crosshair positions on a graphics

device.

Setup Functions for Host Application Programs

. The extended functions are mostly setup functions that can also be initiated from a

host application program using a special order. Special orders are defined using the
convention X'2B" followed by a dollar sign (“$” or X'5B"') followed by one or
more characters. Additional setup functions defined specifically for use by host
application programs are described below. A list of the special orders available to a
host application program is shown in Figure 6-24 on page 6-41. '
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2B5B81 APL Mode On

2B5BC1 APL Mode Off

2B5B95 3270 Null Processing

2B5BDS5 Improved Null Processing

2B5BA9 Zones Mode On

2B5BE9 Zones Mode Off

2B5B85 Reverse Enter/New Line Keys

2B5BC5 Restore Enter/New Line Keys

2B5B83 Reverse Column and Field Tab Keys

2B5BC3 Restore Column and Field Tab Keys

2B5B97 Restore Pacing

2B5BD7 Suppress Pacing

2B5SBAS Alpha in Numeric Only Field

2B5BES 3270 Numeric Only Fields

2B5B89 3278 Insert Mode (cancel insert across attention)
2B5BC9 3277 Insert Mode (maintain insert across attention)
2B5B84 Alternate Display of Attributes

2B5BC4 Primary Display of Attributes

2B5SBE3 Set Home Line, Set Left Margin, Set Column Tabs
2B5BB0xx Set Mark ‘xx’ at Current Buffer Address
2B5BB4 Clear Mark

2B5BA2 Enable Asynchronous Status Change Notification
2B5BE2 Disable Asynchronous Status Change Notification
2B5BBC Request Type 1 Status Message

2B5BBD Reserved

2B5BBE Request Type 1 Status Message with Attention
2B5BBF Reserved

2B5B4B Host Initiated Line Drop

Figure 6-24. List of Special Orders for Extended Functions

The setup functions in Figure 6-24 which are not described below have already
been described in section 3.1.6, “Setup Functions” on page 3-3. The setup func-
tions “set column tab,” “set left margin,” and ‘“set home line,”” which can be exe-
cuted by pressing the predefined key sequence on the ASCII terminal keyboard
have no individual special orders assigned. Instead, a complex string is used to
define these setup functions as described under ‘“Set Home Line, Set Left Margin,
Set Column Tabs” on page 6-42.

Most of these options provide convenience features for users. For example, there
may be a difference between the preferred keyboard assignment for different
phases of an application. Consider a text retrieval and text entry application where
the terminal user first enters a search criterion into a formatted data entry menu
screen with usual 3270 fields, then is presented with part of a text document which
can be edited in “power typing” mode with almost no field boundary definitions at
all. Most keyboards have a big TAB and RETURN key and possibly nothing else
suitable for frequent usage. These order strings would allow the TAB key to be
Field Tab on the formatted menu entry screen and Column Tab on the power
typing text entry screen. Similarly, RETURN could be New Line on the formatted
screen and ENTER on the text screen, or vice versa. By default everything (except
improved null processing) starts out like a normal 3278 and the keys do not shift
around except when the program or terminal user requests them to.
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Set Home Line, Set Left Margin, Set Column Tabs: There is one complex string
beginning X ' 2BSBE3 '. These introducer characters are then followed by up to 30
additional bytes of parameter data:

Char# Function
1 Home line number
2 Left margin column

3-30 Column tab stops

Each byte is formed by the binary line or column number added to the X'40"
blank character. Thus the sequence

2B5BE34149494F

would set home (X'41') to the second row (first unprotected character position),
the new line left margin (X'49') to column 10, and tab stops at columns 10 and
16 (X'494F'). If the write buffer does not extend to include a full 28 tab stops,
only the tab stops specified will be set. The host string fully replaces all previous
tab stop settings. There is no way to merge new tab stops with existing tab stops
under host control. If any value in this string is out of range or out of order the rest
of the string is ignored, but all values set up to that point are preserved.

Set Mark: Using the special order string “Set Mark of ‘xx’ at Current Buffer
Address,” the host application can “‘overlay” a single character at the current
buffer address on the screen with the ‘““mark” character specified after the X'B0O'
order. The mark is invisible to the host; a host read will only receive the actual
“underlying” character.

Clear Mark: With the special order string “Clear Mark,” the host application can
clear the mark previously set by the “Set Mark” order. After the mark has been
cleared, the original contents of the screen position reappears.

Multiple Setup Format: 1t is possible to include several setup ‘“‘orders” following a
single x' 2B5B"' sequence by bracketing them with “$” (x'5B') characters. It is
important in this case to code each order string at its full length, since x'5B"' could
also occur as valid data within an order string. In other words, all 28 tabs must be
included (even if they are x'40'; see below).

For example, the following extended setup order might occur imbedded in a write
buffer:

Hex . . . 2B5B5BC5BO5BE34149494F5B4040. . .405B .
Char. $$E $T $ $
Labels EEBRM THNttttt...tB

The sequence begins with the special escape sequence (labeled E), followed by the
first of the two bracketing characters (labeled B), then an order to restore
Enter/New Line (labeled R). Next is a Set Mark order (labeled M) followed by
the mark character (“$’), and finally, an order to establish Home (H), New Line
(N) and column tabs (ttt...). Note that there must be exactly 28 tabs (since this
is a bracketed sequence) and that “$” may be one of them (meaning column 27).
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Terminal Status Reporting: The host may request certain status information about
the terminal from the IBM 7171. If a status request order string is included any-
where in a buffer written to the terminal, the IBM 7171 will be primed to respond
to the next host Read Modified command with a status message. This message
begins with a special AID byte (X‘E4’ for status 1, X'E5"' reserved), followed by
the cursor address as usual. The remainder of the message is returned as follows:

o Status 1 - begins with an SBA byte, followed by the address of the ‘“mark,” if
any, or screen address zero (x'4040'). Then, as contents of the “field,” a
multiple setup format string describing the current state of all host settable
options is returned. The format of this string is such that, if appended to a
WCC and sent to the terminal, it will re-establish the current status with
respect to all reported modes. For example, the following string might be

returned:

Hex 11C1502B5B5BBO6CD5A9C583A2E597C189C4

Char. $ % $ NzEcsVpAIiD
Label SBA cont. below
Hex E3424A454A4F54595E63686D72777C4040. . .405B"
Char. T $
Label (home,new line, €& 28 column tabs)

The string will always be 49 or 50 characters long, depending on whether
“mark” is turned on, and will include all 28 tabs, with trailing x'40' characters
for undefined entries.

o Status 2 - Reserved

Status may be requested with or without attention. Thus the host program may
specify that the IBM 7171 is to generate an attention immediately after receiving
the buffer containing the status request. The host may then respond with a Read
Modified, and read the status response. Alternately, the host may perform the
Read Modified chained to or immediately following the write containing the status
request, without requesting or waiting for an attention.

Note: Status should not be requested while the keyboard is logically unlocked, as
keyboard generated attentions and AID bytes may be confused with status reports.
If the attention generating form of status request were used while the keyboard
were unlocked, attentions would occasionally be lost.

Asynchronous Status Change Notification: The host program may receive notifica-
tion of changes in terminal status caused by the keyboard operator. When Asyn-
chronous Status Change Notification is enabled, any keyboard initiated change in
status will cause the two high order bits of the first address byte in the cursor
address field of the next Read Modified buffer sent to the host to be set to
B'10...... ' (a value which is formally illegal and reserved, but which is seldom
checked). The host application may then request status and observe changes since
an earlier request.

Host Initiated Line Drop: The special order string X'2B5B4B' occurring anywhere
in an output buffer will cause the IBM 7171 to drop the communication line to the
terminal after the entire buffer has been read out. This will have the effect of
hanging up the phone on a dialup connection. The IBM 7171 then re-enables the
line to permit another user to dial up.

Chapter 6. IBM 7171 I/0 Interface to the Host System 6-43



6-44 1BM 7171 Reference Manual and Programming Guide



Chapter 7. IBM 7171 Diagnostics

7.1 Diagnostics Overview

This section describes IBM 7171 Resident Diagnostics which are run when the
IBM 7171 power is turned on. The power-on sequence automatically starts the
execution of the Basic Assurance Diagnostic Tests (BAT) contained in ROMs
located on the CC board, the CPU board and each TC board. Successful com-
pletion of the Diagnostic Tests results in the system becoming operational and the
IBM 7171 Ready light being turned on. Error conditions are indicated by lights on
the TC boards, the CPU board, and the CC board.

7.2 System Description

Figure 7-1 below shows the manner of invoking diagnostics.

ALWAYS EXECUTED BY POWER—ON
(MICROCODE IN ROS)
P CPU,TC,CC
cP TC cc H INVOKED
BAT BAT BAT A SEPARATELY
S
E
CA CA
TEST 1 INVOKED BY
cc
CPU TO —| CPU TO —| GOTO PHASE CPU CONTROLS
TC's cc OPERAT I ON 2 CROSS CARD
TESTS

Figure 7-1. Power-on Basic Assurance Test

Basic assurance tests are run in two phases. In the first phase tests are conducted
within each board containing a microprocessor (the CC board,the CPU board and
the TC boards). These tests cover hardware internal to each Customer Replace-
able Unit (CRU) containing a microprocessor except for the CC which also tests
the CA board. In the second phase, cross board tests are under control of the CPU
board which checks the interface between it and the TC boards and between it and
the CC board.
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After the CPU diagnostic microcode has verified the successful completion of all
cross board tests it will transfer control to the operational microcode and turn on
the IBM 7171 Ready light.

7.3 Error Conditions

If the Ready indicator does not light, it is an indication to the customer that a mal-
function exists in the IBM 7171. In most instances, the failure can be found by the
operator using the Problem Determination Procedure (PDP) which is described in
Chapter 8 of this manual.

7-2 IBM 7171 Reference Manual and Programming Guide



Chapter 8. Problem Determination

This chapter describes how to isolate problems with the IBM 7171. Included, is a
detailed procedure for resolving diagnostic, power and intermittent failures. Also
addressed, are some of the more common setup problems, which are typically a
result of incorrect cabling or configuring of a device attached to the IBM 7171, or
the cabling or configuring of the IBM 7171 attached to the host processor.

If a problem exists, do the following:

1. Go to the “Symptom Index” on page 8-2, to find the symptom.

2. Go to the section indicated to the right of the symptom.

3. Perform the step-by-step procedure associated with the symptom.

8.1.1 Assistance for Problem Determination.

If problem determination procedures cannot be completed, then contact IBM for
Service or Assistance.

« Prepare to provide the following information.

Machine (IBM 7171) Configuration (number of ports)
— Serial number of the IBM 7171

— Symptom (description of problem)

— Host type (model)

— Host Operating System installed

— Channel & Control Unit address range

— Company name, callers name, phone number for returning call.
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| Symptom Index

8-2

Locate symptom in the following list; then go to the symptom code indicated to the
right. The symptom codes follow the Symptom Index within this chapter. If the
symptom is not found in the list, or, it can’t be resolved through the procedure,
then contact IBM for assistance. (Reference 8.1.1, “Assistance for Problem
Determination.”)

Front End (TCC/CPU) related symptoms,

Unexpected or intermittent line drop (line disconnect)......... F-1
Garbled data at terminal SCrEeN.....v.ieeeetneenerencencnoennns F-2
Double characters 'Echoed' to the screen............ciiiean... F-2
Autobaud related ProblemS. ... v vt eee et esencscsoscsonasans F-3
Port doesn't restart automatically.........ceeiiieeennnnnncnnn F-4
No data sent to terminal screen. (Enter Terminal Type:)........ F-5

Specific range of ports can't present data to attached devices.F-6
Screen problems appear after entering the valid terminal type..F-7

Modem Related problems. (strapping/configuring)................ F-8
Printer overruns on data from host.......eiii ittt enennnnn F-9
Power Indicator does not turn on at Front Panel..........c.... F-10
Diagnostic failure at power-up. (red light(s) No Ready Light).F-11
Intermittent Power or Diagnostic failures........eeeeeeenenenn F-12

Channel End (CA/CCC/CPU) related symptoms.

Can't VARY ONLINE Or ENABLE deViCe...vieeereeneeosceoconaanncnas c-1
Cursor to bottom right after
ENTER TERMINAL TYPE. ...ttt eeesetoeeonsasesansoesssssossasancsesss c-2

Interface Control Checks
GOT STATUS OF WRONG DEVICE
WHEN CHANNEL EXPECTED STATUS

FROM ANOTHER DEVICE. ..t teeteeesssesaocesoasascsnsssasssses Cc-3
7171 locks up on first readying
terminal with first write command........ceiiiieieieenennennns Cc-4
READY drops when 7171 switched online.........oteiuenennnnnnns c-5
Operational checks for a 7171 deViCe. .. etereneeoneaneennnnnn Cc-6
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F-1: Unexpected or Intermittent Line drops.
o If Locally Attached (direct connection) PHYSICAL CONNECTION:

1. Confirm that cable wiring conforms to description in IBM 7171 ASCII
Device Attachment Control Unit Description and Planning Guide (Appendix
B).

2. Explicitly configure the port to ‘Locally Attached’ Refer to section
9.8, “C - Configure IBM 7171 Ports” on page 9-7 of this manual.

o If Switched Network ........cccceueeeens PHYSICAL CONNECTION:
1. Confirm that cable wiring conforms to description in IBM 7171 ASCII
Device Attachment Control Unit Description and Planning Guide (Appendix
B).
o IfLeased Line ........ccecvvennneee. PHYSICAL CONNECTION:
1. Confirm that cable wiring conforms to description in IBM 7171 ASCII

Device Attachment Control Unit Description and Planning Guide (Appendix
B).

- O ~

2. Explicitly configure the port to ‘Leased Line’ Refer to section 9.8, “C -
Configure IBM 7171 Ports” on page 9-7 of this manual.
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F-2: Garbled data at terminal screen, Double characters echoed.
Line speed and/or line control parameters are inconsistent with attached device.

The line control parameters the port is initialized with, must be consistent with the
attached device. The IBM 7171 is shipped with the following default line control
parameters defined for all ports.

Port 0 is reset to these settings when the IBM 7171 is powered on, or receives a
channel reset.

Seven data bits (7)
Even parity
One stop bit

The ‘line control parameters’ must be consistent with those of the attached device.
Reference the documentation (for attached device) for details on checking or mod-
ifying the line control parameter s.

Verify that the attached device is configured for RS-232-C, asynchronous, full
duplex operation. (Half-Duplex configuration may cause double character echo for
each key depressed.) To confirm and/or modify the IBM 7171 line control param-
eters, refer to section 9.8, “C - Configure IBM 7171 Ports” on page 9-7 of this
manual. :

Terminal Type Specification Errors

8-4

If no device type is specified for a terminal in Non-Volatile RAM (NV-RAM), the
IBM 7171 assumes that the device is a terminal, and requests the terminal type
from the user. If the wrong type (one that does not match the terminal) is entered
even though it is a valid terminal type, the IBM 7171 will use the wrong Terminal
Definition Table. This will probably result in the terminal malfunctioning.

To correct this situation, press the “Return to ENTER TERMINAL TYPE
Message:”” key as described in “Return to ‘ENTER TERMINAL TYPE:’ Message”
on page 3-10.

If the user cannot get back to the “ENTER TERMINAL TYPE:” message via
entries at the keyboard, he must cause the IBM 7171 to restart the communication
line. This can be done for a locally attached terminal by powering the terminal off.
For remotely connected lines, intervening communications equipment (modems,
port selectors, etc.) may prevent proper restart when the terminal is powered on
and off.

Under no circumstances will the MASTER RESET function defined in section
3.1.7, “Local Reset and Control Facilities” on page 3-10 be useful in recovering
from an incorrectly chosen terminal type table.
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F-3: Autobaud related problems.

Define the line speed explicitly to the IBM 7171 and re-attempt the connection. If

this resolves the link problem, then confirm the following points have been

satisfied:

1. The line speed that the attached device uses for the connection must be a sup-
ported ‘Autobaud’ line speed. Refer to Chapter 5 of this manual for supported
speeds.

2. Verify that the first character transmitted by the attached device, is a ‘Carriage
Return’or (x‘0D’)

3. Verify that the cable length conforms to RS-232-C. (Generally less than 50
feet.) This is with respect to the RS232-C cables between modems, and the

device. In the case of Locally Attached devices, the direct connect cable
should conform to RS-232-C specifications.

F-4: Port doesn’t restart automatically.
Confirm the following:
1. Refer to section F-1. Verify cabling and configuring information.

2. For Switched Network Modem attachment, verify that Data Set Ready (pin
#6) is dropped for a minimum of 200 milliseconds, between sessions.

3. For Leased Line Modems, verify that DSR is dropped.
« In the event that DSR can’t be dropped, explicitly configure the port as

Leased Line, refer to section 9.8, “C - Configure IBM 7171 Ports” on
page 9-7 of this manual.
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F-5: No data sent to terminal.

This section addresses the situation where no data can be sent to a terminal. (IBM
7171 output of any form.) If any of the following local IBM 7171 functions can
can be completed, then the local connection to the IBM 7171 is effective.

+  Character depressed, is echoed by the IBM 7171. (Confirm that the attached
device is not echoing characters locally i.e. half-duplex)

o ‘Enter Terminal type:’ displayed.
» Host data on screen.
— Host status message displayed or a partial ‘Logo’ displayed.
— Send a note to the port in question, using the note command. Refer to

section 9.20, “N - Send Notes to Attached Terminals” on page 9-23 of
this manual.

No data sent to terminal. (ENTER TERMINAL TYPE:)

Prior to sending the attached terminal the ‘ENTER TERMINAL TYPE’ message, a
number of events must take place.

1. The ‘ENTER TERMINAL TYPE:’ message, will not be displayed, if the port
has been dedicated to a specific terminal type. Refer to section 9.8, “C - Con-
figure IBM 7171 Ports” on page 9-7 of this manual. The default setting will
result, after satisfying the ‘Autobaud’ function, in the displaying of the prompt.

2. The RS232-C control signals must indicate a line initialization bsequence.
e The message will be inhibited if the state of the RS232-C interface control
leads suggests that the terminal interface has not completed a successful
link.

The following interface control leads are expected to be active prior to the
transmission of any data from the IBM 7171:

DSR Data Set Ready (Pin #6)

CTS Clear To Send (Pin #5)

RLSD  Received Line Signal Detector (Pin #8)

Refer to the IBM 7171 ASCII Device Attachment Control Unit Description
and Planning Guide (Appendix B) for specifics regarding recommended
cable wiring.

If the terminal is attached through a modem (leased or switched), the
modem must correctly condition all of the monitored leads. For Direct

Connect configurations, DSR and CTS are driven by the cable jumpering,
and RLSD is driven by RTS from the attached device.
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3. The IBM 7171 may need to be enabled for ‘host communication’

Confirm that the ‘Online/Offline’ is in the ‘Online’ position.

4. Confirm that ‘Autobaud’ has been satisfied.

Refer to section F-3 to determine if the problem is unique to ‘Autobaud’.

F-6: Specific range of ports can’t communicate with IBM 7171.

Note:

In this section the procedure addresses the ‘local’ communication link, between
the attached device, and the IBM 7171. Reference section F-5 for an under-
standing of the local link being considered here.

Are the devices failing to operate all related to ports associated with a particular
TC Card (see Figure 8-2 on page 8-9)?

1.

Turn the power OFF at the 7171 unit and reseat the TC Card that is
suspect. Turn the power back ON at the 7171 and verify that the problem
has been corrected.

Turn the power off at the 7171, obtain a replacement TC Card and replace
the suspect TC Card. Turn the power back ON at the 7171 and verify that
the problem has been eliminated.

Is the problem associated with all devices associated with port 16 and higher?

1.

2.

3.

4.

5.

Turn the Power Switch OFF.

Remove the TC Cards TCO, TC1, and TC2.

Reseat the two crossover cables located in the rear of the Card Container.
Reinstall the TC Cards. Be certain that they are seated firmly.

Turn the Power Switch to ON.

Is the problem associated with all devices associated with port 32 and higher?

1.

Reference section C-1, of this chapter.(Sysgen)

Do all of the ports fail to respond?

1.

Turn the power OFF at the 7171 unit and reseat the CPU Card. Turn the
power back ON at the 7171 and verify that the problem has been cor-
rected.

If not, turn the power off at the 7171 and replace the CPU card. Turn the
power back ON at the 7171 and verify the problem has been eliminated.

Be sure to restore any customer defined Terminal Definition Tables.
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| IBM 7171 Physical Layout

| Figure 8-1 is an illustration of the front of the 7171. Familiarize yourself with the
| locations of the following key items:

| 1. On Line/Off Line Switch

| 2. Power On Indicator

| 3. Ready Indicator

| 4. Main Power On/Off (1/0) Switch
| 5. Castor Locking Device.

| 6. EMC Pads.

| Figure 8-1. Ilustration of the Front of the 7171
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| RS-232-C port numbering

| The RS-232-C ports are referenced in two ways. The first is the octal numbering

| indicated on the IBM 7171 Panel Assembly units (Refer to Figure 8-2). These

| numbers correspond to RS-232-C Panel Assembly units zero through seven and to
| ports zero through seven on each Terminal Controller Card.

| The second is the system decimal numbering of the RS-232-C ports sequentially

| from zero to 63. The table in Figure 8-2 converts the octal numbering on the back
| of the IBM 7171 RS-232-C Panel Assembly units to the system sequential decimal
| port numbering. The hexadecimal equivalent of the decimal number is also

I

included.
|
Back of Sequential Back of Sequential
Unit Number Unit Number
TC# Port# Dec Hex TC# Port# Dec Hex
0 0 0 0 4 0 32 20
0 1 1 1 4 1 33 21
0 2 2 2 4 2 34 22
0 3 3 3 4 3 35 23
0 4 4 4 4 4 36 24
0 5 5 5 4 5 37 25
0 6 6 6 4 6 38 26
0 7 7 7 4 7 39 27
1 0 8 8 5 0 40 28
1 1 9 9 5 1 41 29
1 2 10 A 5 2 42 2A
1 3 11 B 5 3 43 2B
1 4 12 C 5 4 44 2C
1 5 13 D 5 5 45 2D
1 6 14 E 5 6 46 2E
1 7 15 F 5 7 47 2F
2 0 16 10 6 0 48 30
2 1 17 11 6 1 49 31
2 2 18 12 6 2 50 32
2 3 19 13 6 3 51 33
2 4 20 14 6 4 52 34
2 5 21 15 6 5 53 35
2 6 22 16 6 6 54 36
2 7 23 17 6 7 55 37
3 0 24 18 7 0 56 38
3 1 25 19 7 1 57 39
3 2 26 1A 7 2 58 3A
3 3 27 1B 7 3 59 3B
3 4 28 ic 7 4 60 3C
3 5 29 1D 7 5 61 3D
3 6 30 1E 7 6 62 3E
3 7 31 1F 7 7 63 3F
|

| Figure 8-2. RS-232-C port numbering conversion chart

Chapter 8. Problem Determination 8-9



F-7: Screen problems appear after entering the terminal type.

Confirm that the terminal type entered, is correct for the device being used.
Certain terminals may require a special Terminal Definition Table to be cus-
tomized and loaded into the IBM 7171.

F-8: Modem Related problems (strapping/configuring)

1.

Confirm that cable wiring conforms to description in IBM 7171 ASCII Device
Attachment Control Unit Description and Planning Guide (Appendix B).

Verify that the attached modem has the following general characteristics:
a. Asynchronous - Start/Stop operation
b. Full Duplex.

Verify that the modems at each end of the link are configured with compatible
options.

¢ Character lengths must be equal.

¢ Modulation techniques are compatible.

« Baud rates must be equal.

¢ Refer to the respective modem documentation for lists of options.

Configure the modem attached to the IBM 7171 end of the link such that it

uses the RS-232-C leads in the manner defined by the EIA RS-232-C specifi-

cation. Avoid using options that force various leads to an ‘active’ or ‘true’

state.

If Switched Network Modem attached:

« Verify that the modem attached to the IBM 7171 monitor’s DTR (pin #
20) to determine if the modem should go off hook and answer the tele-

phone.

» Verify that DSR (pin #6) is dropped between sessions. (Minimum drop of
200 milliseconds.)

8-10 IBM 7171 Reference Manual and Programming Guide



~_

F-9: Printer overruns on data from host.

A buffer overrun can occur if pacing is disabled to the attached device, or if the
device does not support pacing characters. (XON/XOFF)

o Confirm the following:

1. Verify that the pacing characters being used for the device are equal to
those being used in the IBM 7171 for the port in question.

2. If the device being locally attached is a write only device, it may deactivate
either DTR or RTS to inhibit transmission when the buffer is becoming
full. In this case refer to the alternate local attach wiring diagram in IBM
7171 ASCII Device Attachment Control Unit Description and Planning
Guide (Appendix B).
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F-10: Power Indicator does not turn on at Front Panel.

If the 7171 is operating normally, the Power Indicator on the front cover (see
Figure 8-1 on page 8-8 ) lights immediately and the Ready Indicator lights a few
seconds after the Power On (| ) Switch is activated.

If the power indicator does not light, it is an indication that a malfunction exists in
the 7171. If the ready indicator lights, it may mean that the power on indicator
light is defective and that the 7171 is operational. If the power on light and/or
card indicator lights, turn on for only an instant, proceed to Step 5 below. If
neither light is on, proceed as follows:

1.

With the ON-LINE/OFF-LINE switch to OFF-LINE, turn the Power Switch
OFF (O), wait for at least 20 seconds and turn the Power Switch ON (| ).

With the Power Switch ON, determine by inspection whether or not the two
fans located behind the power supply are running. If you cannot hear them,
you may have to remove the air deflector plate above the power supply by
taking out the two thumb screws that secure it to the power supply. MAKE
SURE THAT THE POWER IS OFF UNTIL AFTER YOU HAVE
REMOVED THE AIR DEFLECTOR. You can now observe the fans while
you are turning power on. If one fan does not turn, replace it with POWER
OFF.

If the fans do not turn, turn the Power Switch OFF (O) and check that the
7171 power cable is plugged into an active outlet. If so, check that the power
cable inside the 7171 is plugged into the junction box located beside the fans
and that the power supply is also plugged into the same box.

Replace the power supply and turn the Power Switch ON (| ) to verify correct
operation. If the spare power supply has two metallic shipping plates held in
place with thumb screws on the under side, remove them before installing the

supply.

If the power light and/or the card indicator lights turn on for only a short time
when power is turned on, it is an indication that there may be a short some-
where in the 7171.

a. Turn the Power Switch OFF (O), unplug any half of the cards and turn the
Power Switch ON (] ).

b. If the problem persists, turn the Power Switch OFF (O), unplug the other
half of the cards while reseating the first half (this assures proper power
supply regulation) and turn the Power Switch ON (| ).

If the power now stays on, turn the Power Switch OFF (O) and insert the
cards one at a time, turning the Power Switch ON (| ) after each card is
inserted. Continue replacing one card at a time until you find the card that is
causing the short, replace that card.

If the problem still persists, replace the power supply.

If you are unable to continue, invoke your Support Structure.
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F-11: Diagnostic failure at power-up. (When Ready Indicator Does Not Light)
If the Ready Indicator does not light, it is an indication that an error has been
detected by the 7171 internal diagnostics. In most instances, the failure can be
found by using PDP detailed below.

LEAVE THE POWER SWITCH (see Figure 8-1 on page 8-8) ON(|). POSI-
TION THE ON-LINE/OFF-LINE SWITCH TO OFF-LINE.

1. If the Power indicator also did not light, see the section “PDP When Power
Indicator Does Not Light.”

2. Open the front door of the 7171.

3. Examine the individual cards in the Card Container and familiarize yourself
with the location of the RED indicators on the individual cards. Refer to
Figure 8-3.

Note that each card has an alphabetic group of letters marked on the surface of
the part that cams the card into its slot position. A corresponding alphabetic
group of letters are marked on the surface of the Card Container immediately
above each card slot location (see Figure 8-3).

4. Match the card light patterns with the failing conditions patterns shown in
Figure 8-4. Turn the Power Switch OFF (O). Remove the cards and replace
as instructed. Insert the replacement card into the slot location of the removed
card and seat firmly, using the card locking device. AVOID EXCESSIVE
FORCE!

Note: 1If the failing condition (light pattern) does not match the failing condi-
tions described in Figure 8-4, invoke your Support Structure.

5. Mark each card for identification, masking tape and a marking pen may be
used. This is important to eliminate future mix ups with good cards.

6. The card will contain an identifying part number on a label on the component
side. Obtain a replacement card with an equivalent part number.

7. Close the 7171 front door and turn the Power Switch ON (|).
8. The Ready Indicator should now light.
a. If it does, skip to the step below for the ON-LINE/OFF-LINE switch.
b. 1If it does not, continue.
9. Turn the Power Switch OFF (O) and remove and reinsert each card.
Note: Avoid excessive force on the card! Each card type has a unique con-
nector pattern that will not allow it to be inserted into the wrong card slot posi-

tion or in the wrong orientation.

10. Activate the power switch to the ON (| ) position.
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11.

12.

13.

14.

15.

Does the Ready Indicator light?

a. If the Ready Indicator lights, the problem is corrected. Go to the
ON-LINE/OFF-LINE step below.

b. If not, invoke your Support Structure.

Activate the ON-LINE/OFF-LINE switch to the ON-LINE position.

The Ready Light should remain on. If the Ready Light goes out and all of the
card indicator lights are on, the 7171 is not communicating with the Host
System properly.

a. Verify that the Host end of the cables are attached correctly.

b. Inspect the channel cables and connectors for damaged or missing pins.
c. If the problem persists invoke your Support Structure.

Activate the Power On switch to the OFF(0) position.

PDP is completed, proceed with normal operation.
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Figure 8-3. Card Identification, Error Lights, and Voltage Test Points
1. Card camming device

2. Error indicator lights
3. Voltage test points
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Failing Condition #1

Card Indicator Card Identification
Location cc CPU TC (ANY)
Top On Off Off
Middle On Off
Bottom On

1. Turn power OFF
2. Replace the CC Card from spare parts.
3. Turn power ON to verify if the READY Indicator Turns ON.

Failing Condition #2
Card Indicator Card Identification
Location CcC CPU TC (ANY)
Top Off On Off
Middle On On
Bottom Off

1. Turn power OFF.

2. Replace the CPU Card from spare parts.
Be sure to have the customer replace any customer defined
Terminal Definition Tables.

3. Turn power ON to verify if the READY Indicator Turns ON.

Figure 8-4 (Part 1 of 5). IBM 7171 Card Replacement Indicator Patterns
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Failing Condition #3

Card Indicator Card Identification
Location CcC CPU TC (ANY)
Top Off Off On
Middle Off On
Bottom Off

1. Turn power OFF.
2. Replace the TC Card from spare parts.
3. Turn power ON to verify if the READY Indicator Turns ON.

Note: If a replacement TC Card is not available, remove the
defective card. The 7171 will function correctly except for the
terminals that are attached to the missing card position.

Failing Condition #4

Card Indicator Card Identification
Location CccC CPU TC (ANY)
Top Off Off Ooff
Middle On Ooff
Bottom Off

1. Turn power OFF.

2. Replace the CPU Card from spare parts.
Be sure to have the customer replace any customer defined
Terminal Definition Tables.
3. Turn power ON to verify if the READY Indicator turns ON.
4. If not, remove the CPU Card from the Card Container, put it
back in the spare parts location, plug the original CPU Card into
the Card Container.
Replace the CC Card from spare parts.
6. Turn power ON to verify if the READY Indicator turns ON.

W

Figure 8-4 (Part 2 of 5). IBM 7171 Card Replacement Indicator Patterns

Chapter 8. Problem Determination

8-17



Failing Condition #5

Card Indicator Card Identification
Location cc CPU TC (ANY)
Top Off Off Off
Middle Off Off
Bottom On

1. Turn power OFF.
2. Replace the CA Card from spare parts.

Be sure to set the channel addresses as described in Appendix A.
3. Turn power ON to verify if the READY Indicator Turns ON.
4. If not, remove the CA Card from the Card Container, put it
back in the spare parts location, plug the original CA Card into
the Card Container.
Replace the CC Card from spare parts.
6. Turn power ON to verify if the READY Indicator Turns On.

bl

Figure 8-4 (Part 3 of 5). IBM 7171 Card Replacement Indicator Patterns
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Failing Condition #6

Card Indicator Card Identification
Location cc CPU TC (ANY)
Top Off Off Off
Middle Off On
Bottom Off

1. Turn power OFF.

2. Replace the CPU Card from spare parts.

Be sure to have the customer replace any customer defined
Terminal Definition Tables.

3. Turn power ON to verify if the READY Indicator Turns ON.

4. If not, remove the CPU Card from the Card Container, put it
back in the spare parts location, plug the original CPU Card into
the Card Container.

5. Replace the TC Card from spare parts.

6. Turn power ON to verify if the READY Indicator Turns On.

Note: If a replacement TC Card is not available, remove the defective
card. The 7171 will function correctly except for the terminals that
are attached to the missing card position.

Failing Condition #7
Card Indicator Card Identification
Location cC CPU TC (ALL)
Top Off off Off
Middle On Oon
Bottom Off

1. Replace the CPU Card.
Be sure to have the customer replace any customer defined
Terminal Definition Tables.

2. Turn power ON to verify if the READY Indicator Turns ON.

Figure 8-4 (Part 4 of 5). IBM 7171 Card Replacement Indicator Patterns
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Failing Condition #8

Card Indicator Card Identification
Location cc CPU TC (ALL)
Top On On On
Middle On On
Bottom On

attached correctly.

pins.

1. Verify that the 7171 and Host ends of the channel cables are
2. Inspect the channel cables and connectors for damaged or missing

3. If the problem persists invoke your Support Structure.

Figure 8-4 (Part 5 of 5). IBM 7171 Card Replacement Indicator Patterns

For any other failing patterns, record the pattern and invoke your Support Struc-

ture.
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F-12: Intermittent Power or Diagnostic failures.

Intermittent problems in the 7171 can occur for a number of reasons. The most
common causes are:

« Insufficient cooling
« Loose cable connectors
« Loose circuit cards
« Marginal power supply.

The following steps are suggested to help solve intermittent system errors in opera-
tion that can be attributed to the 7171 unit.

Turn the ONLINE/OFFLINE switch to the OFFLINE position when performing
any of the following steps. Refer to Figure 8-1.

Step 1

1. Turn the Power Switch OFF(O).

2. Remove the Fan Deflector Cover Fasteners and Plate.

3. Turn fhe Power Switch ON(|).

4. Verify that the fan(s) are turning.

5. If the fans are turning proceed to step 2.

6. If the fan(s) are not turning, turn the Power Switch OFF(O).
7. Remove and reinsert the fan connectors in the rear of the power supply.
8. Turn the Power Switch ON( | ).

9. Verify that the fan(s) are turning.

10. If the fan(s) are not turning, turn the Power Switch OFF(O).

11. Obtain replacement fan(s) and replace the defective fan(s) with new fan(s).
Mark the defective parts to identify its status.

12. Turn the Power Switch ON( | ).

13. Verify that the fan(s) are turning.

14. If the fan(s) are not turning, procéed to step 4.

15. If the fans are turning, furn the Power Switch OFF(O).
16. Replace the Fan Deflector Cover Fasteners and Plate.

17. Turn the Power Switch ON( | ).
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18. Return 7171 to normal operation by turning the ONLINE/OFFLINE switch to
ONLINE.

Step 2

If a common problem is experienced with all ASCII devices associated with ports
16 or higher:

1. Turn the Power Switch OFF(O).

2. Remove the TC Cards TCO, TC1, and TC2.

3. Reseat the two crossover cables located in the rear of the Card Container.
4. Replace the TC Cards. Be certain that they are seated firmly.

5. Turn the Power Switch to ON(| ).

6. Verify that the intermittent problem is resolved.

7. If problem is not resolved continue with step 3.

8. If problem is resolved return 7171 to normal operation by turning the
ONLINE/OFFLINE switch to ONLINE.

Step 3

1. Turn the Power Switch OFF(O).

2. Reseat each circuit card, in the Card Container, one at a time.
3. Turn the Power Switch to ON(]).

4. Verify that the intermittent problem is resolved.

5. If problem is not resolved continue with step 4.

6. If problem is resolved return 7171 to normal operation by turning the
ONLINE/OFFLINE switch to ONLINE.

Steb 4

There are presently two methods available to servicing personnel that may be uti-
lized to determine if the 7171 power supply is a potential cause of 7171 intermit-
tent operating errors.

Method #1 involves using a voltmeter to measure the dc output voltage levels of the
power supply to determine if it is operational, and if the output voltage levels that it

is supplying are within an operational tolerance range.

Method #2 will be used if a voltmeter is not available.

IBM 7171 Reference Manual and Programming Guide



~

Implementing Method #1

CAUTION
This test will be conducted with the Power Switch ON( | ). Please
remove all jewelry from your hands and arms when performing this test.

ATTENTION The dc voltmeter used to measure the voltages should have an
internal movement resistance of at least 20,000 ohms/volt to prevent damage to
the 7171 and to provide an accurate voltage level reading.

Open the 7171 front cover and observe the visible end of any inserted TC card.
Located on the upper and lower portion of the visible TC card end are two pairs of
plastic coated voltage probe test points. From the top of the card to the bottom of
the card they are labeled TP1, TP2 and TP3, TP4. TP1 connects to +5 volts, TP2
to ground, TP3 to +12 volts, and TP4 connects to -12 volts.

Set your voltmeter to the proper scale, select the proper polarity for the voltmeter
probe points and proceed to measure the respective voltages.

If the power supply voltage measure outside of the voltage tolerance range, proceed
with Method #2.

Acceptable Power Supply Voltage Level Tolerance Range

1. +5 volts --—=---m-- +4.75 volts to +5.25 volts
2. +12volts ---------- +10.8 volts to +13.2 volts
3. -12 volts -==---=——- -10.8 volts to -13.2 volts
Implementing Method #2

CAUTION

Turn the Power Switch OFF(O) and REMOVE THE LINE CORD
FROM THE POWER OUTLET RECEPTACLE. '

1. Remove the fan plugs and the dc power cable from the power supply. Remove
the power supply cord from the Line Junction Box.

2. Remove the power supply and replace with a new one. If the new power
supply has two metallic shipping plates held in place with thumb screws on the
under side, remove them before installing the supply.

3. Insert the fan cables and the dc power cable into the power supply. Insert the
power supply cable into the Line Junction Box.

4. Insert the Line Cord into the power outlet.
5. Turn the Power Switch to ON( | ).
6. Verify that the intermittent problem is resolved.

7. 1If problem is not resolved, invoke your Support Structure.
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8. If problem is resolved return 7171 to normal operation by turning the
ONLINE/OFFLINE switch to ONLINE.
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C-1: Can’t VARY ONLINE or ENABLE device

This can be due to several things. The host System Control Program (SCP) may be
incorrectly supporting the 7171. If the SCP doesn’t include the 7171 addresses as
a 3274-1D control unit with supported device types, a new SCP will have to be
created by doing a system generation (sysgen).

« Reference section 2.7 ‘Setup requirements for the IBM 7171’

The CA address switches may not be set up correctly. The channel adapter (CA)
card in the 7171 has a switch that controls the base address and range of addresses
of the 7171 on the channel. The CA card is the left most card in the 7171. It may
be removed when the 7171 is turned off.

« For assistance, reference the 7171 Description and Planning Guide section
‘Connection to the Host’.

The problem could also be that no UCW is defined.

The host is attempting to send TIOs and SIOs to a channel address which is not
defined in the channel UCWs. The SIO will fail with a condition code of 3
(CC=3) The host control program, either VM or MVS, will note this as ‘device
unavailable’.

The UCW is a part of the channel architecture. They define what address ranges
are supported by the channel.

« If a UCW redefinition is required. Reference the 7171 Description and Plan-
ning Guide section ‘Connection to the Host’ for assistance.

C-2: Cursor to bottom right after ENTER TERMINAL TYPE

The host System Control Program (SCP) may be incorrectly supporting the 7171.
If the SCP doesn’t include the 7171 addresses as a 3274-1D control unit with sup-
ported device types, a new SCP will have to be created by doing a system gener-
ation (sysgen).

« Reference section 2.7 ‘Setup requirements for the IBM 7171’

The CA address switches may not be set up correctly. The channel adapter (CA)
card in the 7171 has a switch that controls the base address and range of addresses
of the 7171 on the channel. The CA card is the left most card in the 7171. It may

be removed when the 7171 is turned off.

« For assistance, reference the 7171 Description and Planning Guide section
‘Connection to the Host’.

Possibly the host computer is not running. It could be because it is not powered up
or not IPLed, or not responding due to an ABEND condition. An active SCP must
be in the host. Both MVS and VM are supported.

« Get assistance from your system programmer or contact IBM for assistance.

Possibly the device address is not active.
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This devices’ address may not be enabled at the host. Inbound interrupts will be
swallowed by the host without any response.

+ Enable the device address.
Possibly the channel cables are incorrectly hooked up, faulty, or not attached.

If no channel cables are attached to the 7171, it will not ready after powering up.
There is a READY light on the front of the box to check if this is the case.

o Test the channel cables to see if they are faulty.
C-3: Imnterface Control Check, ‘GOT STATUS OF WRONG DEVICE...’

This is a user error in the UCW definitions of the channel. This 48/64 port 7171
has a single UCW defined instead of one for each 32 ports. The 7171 is pro-
grammed to treat each 32 port group independently. It may present status asyn-
chronously on one subchannel while within a CCW chain on the other subchannel.
This is justification for an Interface Control Check in a single UCW environment.

« A UCW redefinition is required. Reference the 7171 Description and Planning
Guide section ‘Connection to the Host’ for assistance.

C-4: 7171 locks up on first readying terminal with first write command

The channel UCW definition for the 7171 addresses is Selector, or BMPX with the
Selector option. Selector channels remain dedicated to the control unit from initial
status to ending status for a command. A BMPX channel is dedicated from initial
status till channel end status. Then device end status is presented asynchronously.
The 7171 is internally programmed to always work with a BMPX channel. The
7171 will lock a selector channel when it attempts to present status asynchro-
nously.

+ Redefine the UCW to be a Blocked Multiplexor without the Selector option. If
assistance is required, reference 8.1.1, “Assistance for Problem
Determination.”

C-5: READY drops when 7171 switched online

The channel cables are incorrectly hooked up, faulty, or not attached.

If no channel cables are attached to the 7171, it will not ready after powering up.
There is a READY light on the front of the box to check if this is the case.

o Test the channel cables to see if they are faulty.

C-6: Operational checks for a 7171 device

The Operating System (SCP) sysgen is incorrect. An invalid device type exists in
the 7171 portion of the host sysgen definition. The address associated with the

error message is the device type in error in the sysgen.

Either the SCP sysgen should be redone, or that 7171 address should not be used.
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« Reference section 2.7 ‘Setup requirements for the IBM 7171’ for the supported
devices and assistance in doing a sysgen.
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Chapter 9. Special Maintenance Facility and System Messages

9.1 Brief Overview

The special Maintenance Facility allows added control of the IBM 7171. This
facility provides visibility into the IBM 7171, as well as a level of control over the
operating environment. Entry to this facility is available only to the terminal
attached to port 0 of Terminal Controller (TC) 0. When functioning in this facility
the attached terminal is referred to as the “operator console” and the person using
that terminal as the ‘“‘console operator.”

The console operator has the ability to examine and store data into the IBM 7171
memory. All IBM 7171 error messages are logged and reported to the operator
console. The Maintenance Facility can be used for debugging as well as moni-
toring functions.

This facility allows the user to maintain both his host session, and his operator
console session concurrently. In addition he may toggle back and forth between his
host session screen and the operator console screen. Information is not lost on
either session.

It is also possible to enter terminal tables, and other information into NV-RAM
through this facility. The data is entered via the store command. For a complete
description of the data in NV-RAM, refer to Chapter 4, “Customizing IBM 7171
Tables” of this document.

9.2 How to Invoke the Maintenance Facility

This facility can only be accessed through the terminal plugged into port 0 of TC 0,
and is password protected. When the terminal is connected to the IBM 7171, the
message:

ENTER TERMINAL TYPE:

appears. To enter this facility, enter the maintenance password, which is initially
set to:

OPERATOR

The IBM 7171 then responds again with the same message:

ENTER TERMINAL TYPE:
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Now Kkey in the terminal type being used. The host session logo should now
appear. To invoke the Maintenance Facility press Ctrl-W on the keyboard. The
screen should now go blank. The Maintenance Facility is now active and com-
mands may be typed in. To toggle back to the normal host session screen, press
Ctrl-W.

If an internal IBM 7171 error occurs during a host session the screen will be auto-
matically toggled to operator console mode and a message describing the error that
occurred will be displayed. To return to the host session screen, simply press
Ctrl-W again.

Note: Although the same terminal may be toggled between operator console
screens and host session screens, host sessions that use the host/7171 transparency
mode should not be used since unexpected results may occur.

Note: The Ctrl-W character is defined in the reset character sequence for each ter-
minal. It is possible to redefine the sequence that initiates the Maintenance Facility
toggle. For details refer to 4.4.4, “TDT Area Layout” on page 4-25.

9.3 How to Use Maintenance Facility

This facility provides a fullscreen user interface. All normal IBM 7171 keyboard
commands are still legal for the operator console. Each line on the screen is defined
as a field. Forward field tabs, backward field tabs, insert, delete etc. are all valid. If
a command is typed incorrectly, the cursor can be repositioned to the line on which
the error occurred, and the mistake can be corrected. This facility interprets what-
ever is on the line the cursor is on at the time ENTER is pressed. Characters that
are past the end of the command are ignored. One command may not exceed one
line in length.

Spacing is critical to all commands. Typically, each command is one or two letters
in length, followed by a space. There should be a space between each argument as
well. All addresses are given as:

seg:0ffs

Where:

seg

and

offs

are hex numbers. Legal characters for hex digits are 0-9 and A-F, no distinction is
made between upper and lower case.

All input precision is limited to 16 bits. Any hex input larger than X' FFFF', or
any decimal input larger than 65,535 will generate an error.
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Warning: This facility is a very powerful debugging tool, however,
since it is so powerful it should be used with extreme caution. When
executing the store command, the user is changing IBM 7171 memory
and must be extremely careful. Further, the memory-mapped I/0
area will be affected simply by READING. For this reason, DO
NOT DISPLAY memory mapped I/O. This area is from address
X'84000' to X'8428C . Unpredictable results will occur if the user
tries to display this area.

9.4 Maintenance Facility Error Handling

The IBM 7171 has a system to keep track of internal system errors as they occur.
The control of the error facility is governed by the user at the operator console.
The errors are recorded in Non-Volatile RAM (NV-RAM) and remain in memory.
If errors occur and this facility has not been activated using the Maintenance
Facility password, they are still logged. These messages will be displayed on the
operator console as soon as the Maintenance Facility becomes active. Errors are
reported directly to the operator console if the Maintenance Facility is active, but if
the normal host session is selected at the time, the terminal is switched directly to
operator console mode and the error message is displayed.

The error messages are kept in a circular list, and are numbered starting from 0 to
11. The errors are recorded sequentially as they appear, and are kept in memory
until written over by another error message. Thus, after error message number 11 is
logged, the next error message will overwrite message 0.

9.5 How to Change the Password and Parse Tables

The Maintenance Facility gives the user a great deal of control over the IBM 7171.
It is password protected. The Maintenance Facility password is stored in
NV-RAM and is retained while the IBM 7171 is powered down. This password is
referred to as the Maintenance password, and is initially set to ‘OPERATOR’.

The interface for an automated table generating program is also password pro-
tected. The password for this interface is known as the ZAP password, and is ini-
tially set to ‘@@ZAP@@’. The provided IBM 7171 Support Utility described in
Appendix C, “IBM 7171 Support Utility for Modifying Terminal Tables” commu-
nicates to the IBM 7171 via the ZAP interface, see Appendix D, ‘“Interface for
User Supplied Table Modification Program” on page D-1 for a description of the
ZAP interface.
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The password changing function of the Maintenance Facility allows the password
to be changed easily. The user is strongly advised to change both of these pass-
words as soon as the system is installed and as often as necessary to maintain the
integrity of the system.

Note: The Maintenance Facility password should always be different than the
ZAP interface password. Each function is mutually exclusive in function. Each of
these functions require a unique password.

Note: Whenever NV-RAM is rewritten, or new NV-RAM is installed, the pass-

words will revert to their initial settings and should be reset to the installation
choice as soon as possible.
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9.6 Console Operator Commands

The following pages contain a description of each of the console operator com-

mands. They are:

A

C

M

Cco

CS

WOZ%Z”IEggHU

»

SwW

-

Display Data Control Block (AC2)

Configure Ports

Display CC Board Memory

Copy data block

Store to CC Board Memory

Date

Error Message Display

Force Unsolicited Device End

Force Terminal to Drop Line

Force Terminal to ‘ENTER TERMINAL TYPE’ message
Help

Inword

Display CPU Board Memory

Display one Word of CPU Board Memory

Send Notes to Terminals

Outword

Port Configuration

Password Change

Store to CPU Board Memory

Store one Word to CPU Board Memory

Terminal Characteristic Display

Display Terminal Controller (TC) Board Memory
Store to Terminal Controller (TC) Board Memory
Toggle default character output (ASCII/EBCDIC)

Perform calculator functions
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9.7 A - Display AC2 Data Block for a Device

036C
036C
036C
036C
036C
036C
036C
036C

9-6

: 0000
:0010
: 0020
:0030
: 0040
: 0050
: 0060
:0070

C234
C234
C234
C234
C234
C234
C234
C234

5678
5678
5678
5678
5678
5678
5678
5678

Use the A command to display the AC2 block for a specific device, or AC2.

Format:
A device [len]
A addr [len]
Where:

device Is a decimal device number in the range 0-63.

addr Is the address of an AC2. This address is the segment value for the AC2.
No check is done to see that the given segment is indeed an AC2.

len Is an optional length, in bytes, to be displayed. If this argument is
omitted, 80 bytes is the default length.

Example:
a 56

a 36c¢

Both of these commands might result in the following response:

9ABC DEFO C234 5678 9ABC DEFO |B...... OB...... 0l E
9ABC DEFO C234 5678 9ABC DEFO |B...... OB...... 0] E
9ABC DEFO C234 5678 9ABC DEFO |[B...... OB...... Ol E
9ABC DEFO C234 5678 9ABC DEFO |B...... OB...... 0l E
9ABC DEF0O C234 5678 9ABC DEFO [B...... OB...... 0] E
9ABC DEFO C234 5678 9ABC DEFO |B...... OB...... 0] E
9ABC DEFO C234 5678 9ABC DEFO |B...... OB...... Ol E
9ABC DEFO C234 5678 9ABC DEFO |[B...... OB...... 0l E

The A/E to the right of the dump indicates whether the characters displayed are
the ASCII or EBCDIC translations of the data dumped.

Error Messages:

Invalid device or AC2 value given.
Device not attached.

Invalid device number.

Invalid Length Specification.
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9.8 C - Configure IBM 7171 Ports

Use the C command to configure any of the ports that are attached to the IBM

7171.

Format:

C

C

port

port opt [opt ...]

Where:

port

opt

Is a decimal device number.

Is a one character option followed by an argument. The options can be
any one of the following:

Option

b

Argument

Baud rate. The following baud rates are supported and are
autobaud detectable: 300, 600, 1200, 1800, 2400, 3600, 4800,
9600 and 19200 baud. If the baud rate is set to zero, then the
terminal will default to autobaud detect mode. The following
baud rates are supported, but not autobaud detectable: 50, 75,
110, 134, 150, 2000, and 7200 baud.

Terminal Flag Word. The meanings of these flags are as

follows:

Byte 1 Flags

Bits
20

10

08

04

Meaning
Stick bit.
Off or 0 = Parity bit is interpreted as Even or
Odd
On or 1 = Parity bit is interpreted as Mark or
Space
Parity - depends on the current setting of the Stick
bit.
Off or 0 = Odd or Mark parity
On or 1 = Even or Space parity
Parity enable.
Off or 0 = Parity disabled
On or 1 = Parity enabled
Number of stop bits.
Off or 0 = 1 stop bit
On or 1 = 2 stop bits
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02-01 Number of data bits.
00 = 5 data bits
01 = 6 data bits
10 = 7 data bits
11 = 8 data bits

Byte 2 Flags

Bits Meaning
0080 Ignore high order bit of input from terminal.
0020 Stick bit for output parity generation when high bit
of input is ignored.
On or 1 = High order bit is generated as Mark
or Space parity
Off or 0 = High order bit is generated as Even
or Odd parity
0010 Parity bit for output parity generation when high bit
of input is ignored.
On or 1 = Even or Space parity
Off or 0 = Odd or Mark parity

Note: The preceding three bits are intended to be
used when parity is to be ignored on input.
The port should be configured with eight data
bits, parity disabled.

This configuration option can be done on a
per port basis, or at a system level. The above
port level configuration option is only effective
if the system level has not been specified.

02-01 Type of connection.
00 = Let 7171 determine type of connection
01 = Switched Network (telephone line)
10 = Leased Line
11 = Direct Connection

t Terminal type to automatically assign port at line connect time.
This is the name of a terminal whose Terminal Definition Table
is currently stored in the IBM 7171. If this field is O, the ter-
minal user will be prompted with the ‘ENTER TERMINAL
TYPE’ message.

v Terminal name whose sublist should be displayed at the
‘ '"VALID TYPES ARE:' prompt. If this field is O, the terminal
user will see the Terminal Names List which begins at
X'DC00:300°'.

If no options are present, the current status of the port is displayed.
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Notes:

1. Options may appear in any order on the command line. One or all options may
be set at once. The format is free form. However, there must be one space
between options, and the argument must immediately follow the option.

2. Options are processed as they are encountered. If two identical options are
found on the same command line, the latter option is the one that will take
effect. If an error is encountered in one option, processing is stopped. The
options listed before the error will have been changed, the ones appearing after
the error will not have been changed.

3. Most changes will take effect AFTER the next line drop. The only exception
is the Connection Type field in the flag word. These changes only take effect
at the next IBM 7171 power up.

Example:

c 56 b9600 tIBM3101 f1A03
This command configures port 56 to the following:
1. 9600 baud.

2. This terminal is assumed to be an IBM3101 and the ‘ENTER TERMINAL
TYPE:’ message will not be displayed.

3. The flags set the terminal as follows: Even Parity, Parity Enabled, 1 stop bit, 7
data bits, force to direct connect.

Example 2:

c 56 b0 vIBM3101 tO

This command configures port 56 to the following:

1. Autobaud detect,

2. Since there is no terminal type assigned to this port, the terminal user will be
prompted with ‘ENTER TERMINAL TYPE.’. If the ‘VALID TYPES ARE:’
message is displayed by the user, it will consist of the Terminal Names sublist

that contains the IBM3101 terminal type.

Example 3:

c 56

This command requests the terminal status for port 56. A response might be:

Dvc #56 Baud: O Flags: 1A03 Terminal: 0000 TNL: IBM3101 AC2: 0000
This would be the response after the configure command listed above.

Note: If Maintenance Facility cannot determine the TERMINAL TYPE from the
information stored, the actual address will be displayed.
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Error Messages:

Invalid device number.

Invalid configure option encountered.
Bad row value given

Bad column value given -

Bad baud rate given

Bad flag value given

Bad terminal type given
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9.9 CM - Display Channel Controller (CC) Board Memory

Use the CM command to display the channel controlier (CC) board memory. Up
to hex FF bytes of CC memory may be displayed at one time. Values may be
entered in either upper or lower case, and leading zeros are not required.

Format:
CM seg:offs len
CM seg:offs
Where:

seg Specifies the memory segment value, in hex.

offs  Specifies the memory offset, in hex.

len Indicates the number of bytes to be displayed. If length is omitted, one byte
will be displayed. If length specified is larger than hex FF, FF will be the
default.

Example:

cm 0:1a0 22

This command requests a display of hex 22 bytes of CC memory starting at
segment O and offset 1A0. A response might be:

c 0000:01A0 1234 5678 9ABC DEFO 1234 5678 9ABC DEFO |.4Vx..... 4vx....|1 A
c 0000:01BO 1234 5678 9ABC DEFO 1234 5678 9ABC DEFO |.4Vx..... 4vx....1 A
c 0000:01CO0 1234 1.4 | A

The ‘¢’ indicates that CC merhory is being displayed.

The A/E to the right of the dump indicates whether the characters displayed are
the ASCII or EBCDIC translations of the data dumped.

Error Messages:
Invalid Segment Specification.
Invalid Offset Specification.

Invalid Length Specification.
Address specified wraps addressability boundary.

Chapter 9. Special Maintenance Facility and System Messages 9-11



9.10 CO - Copy Data Block

Use the CO command to copy a block of data from a source (segment:offset)
address to a destination (segment:offset) address. Up to hex 400 bytes can be
copied at one time. Values may be entered in either upper or lower case, and
leading zeros are not required.

Format:
coO sseg:soffs dseg:doffs len
CO sseg:soffs dseg:doffs
Where:

sseg  Specifies the source memory segment value, in hex.

soffs Specifies the source memory offset, in hex.

dseg Specifies the destination memory segment value, in hex.

doffs Specifies the destination memory offset, in hex.

len Indicates the number of bytes to be copied. If length is omitted, one byte
will be copied. If length specified is larger than hex 400, hex 400 will be
the default.

Example:

co dc00:4ce6 dc00:800 50

This command copies hex 50 bytes from address starting at dc00:4ce6 (source
segment:offset) to address starting at dc00:800 (destination segment:offset).

Error Messages:
Invalid Segment Specification.

Invalid Offset Specification.
Invalid Length Specification.
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9.11 CS - Store to CC Board Memory

Use the CS command to store to CC board memory. Only one byte at a time may
be stored to CC memory. Values may be entered in either upper or lower case,
and leading zeros are not required.

Format:

CS seg:offs byte

Where:

seg Specifies the memory segment value, in hex.
offs  Specifies the memory offset, in hex.

byte Is the one byte that you wish to store.

Example:

cs 0:1a0 b3

This command stores the value B3 in CC memory at segment 0 and offset 1A0.
No response is given.

Error Messages:
Invalid Segment Specification.

Invalid Offset Specification.
Invalid Storage Byte Format.
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9.12 D - Date Commands

9-14

Use the DATE command to set the internal IBM 7171 date constant, or to display
the current IBM 7171 date constant. Only decimal numerals are allowed.

Format:

D

D mm-dd-yy

Where:

mm  Specifies the decimal month, to be no larger than 12.
dd Specifies the day, to be no larger than 31.

yy Specifies the year, to be no larger than 99.

The command D by itself is a request to display the current date constant D fol-
lowed by a new date sets the internal IBM 7171 date constant to the specification
given.

Note: The date command is intended only to be used as a relative time stamp for
error messages. It is not updated by the IBM 7171. The date constant is only as
useful as the user makes it. It is not intended to be a calendar substitute. It is
recommended that the user set the date constant as often as possible. Since error
messages are kept in a circular list, it would be almost impossible to determine
exactly when an error occurred if the date constant were not changed.

Example:

D 6-30-84

This command sets the IBM 7171 date constant to June 30, 1984. To verify the
date set, the Maintenance Facility will respond with:

Current Date: 6-30-84
Error Messages:

Invalid Date Specification.
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9.13 E - Display Error Message Information

Use the E command to display error messages. All values given are in decimal.
Values must not be larger than the maximum number of errors in the list.

Format:
E
E ml
E ml m2
Where:
ml Refers to the first error message to display.

m2 Refers to the last error message to display.

If no arguments are given, the number of the current error message is displayed.

If only m1 is specified, only that error message is displayed.

If both m1 and m2 are specified, Error messages are displayed starting at m1, and
continuing through m2. The command “e 1 3” will display messages 1 thru 3.
Since the list of error messages is continuous, the command “e 2 1” will display the
entire list of error messages.

Example:

e

This command requests a display of the current error number. A response might
be:

Current Error Message Number: O

This informs the user that the last error message written was to error message
number O.

e O

This is a request to display error message number 0. A response might be:

Msg #0 Date: 6-30-84 Dvc # 63 Parameters PO,P1,P2: 0034 F502 1234
Received Unsolicited DMA.

Where:

Msg # Indicates which position in the error message list is being displayed.
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Date: Indicates the IBM 7171 date constant on which the error message
was logged.

Device # Indicates which device number, in decimal, logged the error.

Parameters List three parameters that were saved at the time of the error. Refer
to the section 9.31, “System Error Messages” for the meaning of the

parameters.
Message Is the description of the error that occurred.
Error Messages:

Invalid Error Numbers Given.
Error Numbers Given Are Out Of Range.
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| 9.14 FC - Force Unsolicited Device End

| Use the FC command to cause the IBM 7171 to send an unsolicited Device End to
| devices enabled by the CA card switch settings.

| Format:

|

|

| FC port
|

I FC A

| Where:

| port is a decimal device number

| A Specifies all enabled device addresses should receive a Device End.
| Example:
I fc 5

| . This command will send an unsolicited Device End to port 5.
| Error Messages:

| Invalid Device Number.

Chapter 9. Special Maintenance Facility and System Messages 9-17



' 9.15 FD/FT - Force a Device Offline.

9-18

Use the FD command to drop a terminal’s line. Use the FT command to force a
terminal back to the ENTER TERMINAL TYPE message.

Format:
FD dev
FT dev
Where:

dev Specifies the device number to be forced, in decimal. Only device numbers
from O to 63 are legal.

The FT command will force the terminal back to the ‘ENTER TERMINAL TYPE’
message. However, the line will remain connected. The FD command will drop
the connection between the terminal and the IBM 7171. In both cases, a line dis-
connect is sent to the host.

Example:

ft 56

This command will force the device attached to port 56 back to the ‘ENTER TER-
MINAL TYPE’ message. To determine device number, see the PORT command.

Error Messages:

Invalid Device Number.
Device Not Attached.
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9.16 H - Help Command

Use the H command to display a list of all valid commands.

Format:

Example:
h

The help response is:

VALID COMMANDS ARE:

Ac2 display, Cc Memory, Cc Store, Configure ports, COpy data block, Date,
Error display, Force Terminal message, Force Drop line, Help, Inword,
Memory display, Memory Word, Note, Outword, display Port status, Store byte,
Store Word, Terminal data display, Tc Memory display, Tc Store byte,

Xchange ASCII/EBCDIC, = calculate

The command abbreviation is found in uppercase.
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9.17 1 - Inword Command

9-20

Use the I command to display a word from the specified I/O port. The port value
is specified in hex. The port may be entered in either upper or lower case, and
leading zeros are not required.

Format:

I port

Where:

port  Specifies the I/O port to be read. The port number is specified in hex, and
the response is in hex.

Example:

I £fcO

This command requests a read of I/0O port FFC0. A response might be:

0120
Error Messages:

Invalid I/O Port Number Specification.
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9.18 M - Display CPU Board Memory

DCO00:0000
DC00:0010
DC00:0020

1234 5678
1234 5678
4142 4344

Use the M command to display CPU board memory. Up to hex 150 bytes of CPU
memory may be displayed at one time. Values may be entered in either upper or
lower case, and leading zeros are not required.

Format:
M seg:offs len
M seg:offs
Where:

seg Specifies the memory segment value, in hex.

offs  Specifies the memory offset, in hex.

len Indicates the number of bytes (in hex) to be displayed. If length is omitted,
one byte will be displayed. If the length specified is larger than hex 150,
150 will be the default.

Example:

m dc00:0 25

This command requests a display of hex 25 bytes of CPU memory starting at
segment DCOO and offset 0. A response might be:

9ABC DEFO 1234 5678 9ABC DEFO |.4Vx..... 4vx....|1 A
9ABC DEFO 1234 5678 9ABC DEFO |.4Vx..... 4vx....| A
45 | ABCDE | A

The A/E to the right of the dump indicates whether the characters displayed are
the ASCII or EBCDIC translations of the data dumped.

Error Messages:
Invalid Segment Specification.
Invalid Offset Specification.

Invalid Length Specification.
Address specified wraps addressability boundary.
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9.19 MW - Display One Word of CPU Board Memory

Use the MW command to display one word of CPU board memory. Only one
word may be displayed at a time. Values may be entered in either upper or lower
case, and leading zeros are not required.

Format:

MW seg:offs

Where:
seg Specifies the memory segment value, in hex.
offs  Specifies the memory offset, in hex.

Example:

mw dc00:0

This command displays the word that is in CPU memory at the given location. A
response might be:

w DC00:0000 0120

The ‘w’ indicates that the display is of a Word, and not 2 Bytes. The word is not
byte reversed as it is displayed.

Error Messages:

Invalid Segment Specification.
Invalid Offset Specification.
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9.20 N - Send Notes to Attached Terminals

Use the N command to display notes on all or one attached terminal.

Format:
N a msg
N device msg
Where:
a Is the letter ‘A’. This dispatches notes to all attached terminals

device Is the decimal device number of one terminal to receive the message
msg Is a message up to 70 characters long
Notes:

1. After receiving the note the terminal user must key in the MASTER RESET
sequence (usually a control-G) to return to his host session.

2. Only the first 70 characters of the message following the command will be sent
to the devices. Long messages must be sent via several NOTE commands.

3. When notes are sent to all terminals, output is suppressed on hardcopy devices
and devices operating in the IBM 7171 transparency mode. Sending a note to
a device that is operating in IBM 7171 transparency mode generates an error.
Sending a note to a specific device that is in hardcopy mode is allowed.

Example:

n a This is a note to all terminals.

This command sends the above message to all terminals attached to the IBM 7171
at the time the command was issued.

Error Messages:

Invalid Device Number.
Device Not Attached.
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9.21 O - Outword Command

Use the O command to write a word to the specified I/O port. The port value and
word are specified in hex. The values may be entered in either upper or lower case,
and leading zeros are not required.

Format:

(0] port val

Where:

port  Specifies the I/0 port to be written to. The port number is specified in
hex, and the response is in hex.

val Specifies the value to be written, given in hex.

Example:

O ffcO 1234
This command writes the hex value 1234 to I/0 port FFCO.
Error Messages:

Invalid I/O Port Number Specification.
Invalid Output Data Given.
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9.22 P - Display Port Configuration

tc
tc
tc
tc

0
0
1
1

0-036C IBM3101
4-04AA IBM3101
8-Unattached

12-059D IBM3101

Use the P command to display the IBM 7171 current port configuration.

Format:

P

P tc

Where:
tc Indicates a request to display the port configuration of a specific TC.

Example:
b

This command requests a display of the IBM 7171. port configuration. A response
might be:

1-Unattached 2-046B HARDCOPY 3-Unattached

5-Unattached 6-Unattached 7-Unattached
9-Unattached 10-Unattached 11-Unattached
13-Unattached 14-Unattached 15-Unattached

The TC on which the ports exist is listed at the start of the line. For each port
there is the following information: dvc,addr,type

dve Is the device number of that port. This is a decimal value, and is to be used
for all other device specific commands, such as Configure, Force, and Note.

addr Indicates the segment address of this port’s data control block.
type Indicates what type of terminal, if known, is attached to this port.
Notes:

1. If the terminal is at the ‘ENTER TERMINAL TYPE’ message, and is not yet
initialized, this field will be left blank.

2. Any port listed as UNATTACHED indicates that either nothing is plugged into
that port, or the terminal is powered off.

3. If the terminal type was predefined for a specific port but the terminal type can

not be determined from the address specified, the word INVALID will be dis-
played.
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4. Any invalid characters that are typed in response to the ENTER TERMINAL
TYPE message will be displayed in this field. This is to aid in locating certain
terminals. For instance, if a unique character sequence was typed in response
to the ENTER TERMINAL TYPE message, such as “xxxxx,” the “xxxxx”
would show up in the Ports response, and the device number of the terminal in
question could be identified.

Error Messages:

Invalid TC board specified.
TC not inserted. '
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9.23 PW - Change Maintenance Passwords

Use the PW command to change the IBM 7171 Maintenance Facility passwords.

Format:

PW o password

PW z password

Where:

o Indicates that this request is to change the Maintenance password.
z Indicates that this request is to change the ZAP passwo_rd.
Example:

pw o password

This command changes the maintenance password to ‘PASSWORD’.

pw z password

This command changes the zap password to ‘PASSWORD’. Refer to 9.5, “How
to Change the Password and Parse Tables” on page 9-3 in this chapter for more
complete description of the passwords.

| Note: Do not allow the ZAP password and the Maintenance Facility passwords to
| be equal. Each is a mutually exclusive function and the passwords must be unique
| for proper invocation.

Error Messages:

Invalid password type given.
Invalid password - Password may not begin with blank.
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9.24 S - Store to CPU Board Memory

Use the S command to store data to CPU board memory. Up to one line of data
may be stored at a time. The bytes are stored sequentially, one byte at a time,
starting at the given address.

Format:
S seg:offs [bytebyte . . .] [byte]
S seg:offs [bytebyte . . .]
S seg:offs string
Where:
seg Specifies the memory segment value, in hex.
offs Specifies the memory offset, in hex.

bytebyte Means the representation of two bytes, i.e. 12EF.

byte Means the representation of one byte, i.e. 2E.

string Means a string of characters surrounded by single quotes. The ASCII
characters themselves are stored sequentially, starting at the given
address. All characters between the first and last quote will be stored.
Any single quotes inside the string will also be stored.

Notes:

1. Only one line of characters may be stored. The final quote must appear on the
current command line.

2. A check of all given data is done before any data is actually stored in memory.
If an error occurs, NO data will have been stored.

Example:

s DC00:200 4142 4344 45

‘Stores the 5 bytes given in CPU memory starting at segment DCO00 and offset 200.

s DC00:200 45

Stores the 1 byte given in CPU memory starting at segment DCOO and offset 200.

s DCO0:200 45 4142

Is illegal and an error message will be displayed..-
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s DC00:200 '"Isn't it a beautiful day?'

Stores the phrase “Isn’t it a beautiful day?” in CPU memory starting at segment
DCO00 and offset 200. Note that the apostrophe inside the phrase is also stored.

Error Messages:

Invalid Segment Specification.

Invalid Offset Specification.

Invalid Storage Byte Format.

No closing delimiter found on ASCII store.
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9.25 SW - Store One Word into CPU Board Memory

Use the SW command to store one word into CPU board memory. Only one word
at a time may be stored. Values may be entered in either upper or lower case, and
leading zeros are not required.

Format:

SwW seg:offs word

Where:

seg Specifies the memory segment value, in hex.
offs  Specifies the memory offset, in hex.

word Is the one word that you wish to store.

Example:

sw 8000:40b8 0120

This command stores the word specified at the given memory location. No
response is given.

Error Messages:
Invalid Segment Specification.

Invalid Offset Specification.
Invalid Storage Word.
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9.26 T - Display Terminal Type Information

Use the T command to display parameters relating to a specific terminal type. Ter-
minal name may be entered in either upper or lower case, and space filling is not
required. The response given depends on whether or not the TDT requested is of
the older type or of the extended type with screen size information.

Format:

T term

Where:
term Is the terminal type for which information is requested.

Example:

t ibm3107

This command requests a display of parameters relating to the IBM3101 terminal
type. The parameters are shown not byte reversed. A typical response follows,
assuming a TDT without screen size information:

All terminal offset values are relative to segment DCOO:
Address of Terminal Definition Table: 5402

Flags: 0000 Input Parse Tables: 545E Output Parse Tables: 5414
Cursor Base: 0020 Host Trans Tables: 436E Term Trans Tables: 4D82
Reset Chars: 5282 Transmit Delay: 0000 Attribute Params: 528B
Example 2:
t vt1005

This command requests a display of parameters relating to the VT1005 terminal
type, which is assumed to be a user defined TDT that supports a 3278 Model 5. A
response for the extended TDT format follows:

All terminal offset values are relative to segment DCOO:
Address of Terminal Definition Table: 0340

Flags: 0C80 1Input Parse Tables: 0402 Output Parse Tables: 035A
Cursor Base: 0001 Host Trans Tables: 8071 Term Trans Tables: 8070
Reset Chars: O3EE Transmit Delay: 0000 Attribute Params: 03F7
Default Physical Rows,Cols: 0000 Default Logical Rows,Cols: 0000

Alternate Physical Rows,Cols: 1884 Alternate Logical Rows,Cols: 1B84
Flags Is the actual value of this terminal’s flags.
Input Parse Tables .  Pointer to the first level input parse table.

Output Parse Tables Pointer to the Control String Pointer List.
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Cursor Base Cursor addressing base. (i.e. position 1 = 1 + cursor

base)
Host Trans Tables Pointer to Host EBCDIC to ASCII table.
Term Trans Tables Pointer to Terminal input and output tables.
Reset Chars: Pointer to IBM 7171 Reset Characters string.
Transmit delay Delay (in milliseconds) in output of initialization string.
Attribute Params Pointer to “Set Graphic Rendition” string.

Default Physical Rows,Cols
Default Logical Rows,Cols
Alternate Physical Rows,Cols
Alternate Logical Rows,Cols

These values are the 3270 Alternate Screen Size informa-
tion.

I

For a complete description of these values, refer to ‘“Terminal Header Information’
on page 4-28 in Chapter 4 of this document.

Error Messages:

Invalid Terminal Type given.
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9.27 TM - Display Terminal Controller (TC) Board Memory

Use the TM command to display memory of any TC board. Up to hex FF bytes of
TC memory may be displayed at one time. Values may be entered in either upper
or lower case, and leading zeros are not required.

Format:
™ n seg:offs len
™ n seg:offs
Where:

n Specifies which TC (0-7) boards memory is to be displayed.
seg Specifies the memory segment value, in hex.
offs  Specifies the memory offset, in hex.

len Indicates the number of bytes to be displayed, in hex. If length is omitted,
one byte will be displayed. If length specified is larger than hex FF, FF will
be the default.

Example:

tm 2 0:1a0 12

This command requests a display of hex 12 bytes of TC 2 memory starting at
segment 0 and offset 1A0. A response might be:

t2 0000:01A0 1234 5678 9ABC DEFO 1234 5678 9ABC DEFO |.4Vx..... 4vx.... |
t2 0000:01BO 1234 1.4 |

A

A

The ‘t2’ indicates that memory from TC 2 is being displayed. The A/E to the right
of the dump indicates whether the characters displayed are the ASCII or EBCDIC
translations of the data dumped.

Error Messages:

Invalid segment specification.

Invalid offset specification.

Invalid length specification.

Invalid TC board specification

TC not inserted.

Address specified wraps addressability boundary.
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9.28 TS - Store to Terminal Controller (TC) Board Memory

Use the TS command to store to TC memory. Only one byte at a time may be
stored to TC memory. Values may be entered in either upper or lower case, and
leading zeros are not required.

Format:
TS n seg:offs byte
Where:
n Specifies which TC board is to be stored to.

seg Specifies the memory segment value, in hex.
offs  Specifies the memory offset, in hex.
byte Is the one byte that will be stored.

Example:

ts 0 0:1a0 b3

This command stores the value B3 in TC 0 memory at segment 0 and offset 1A0.
No response is given.

Error Messages:

Invalid segment specification.
Invalid offset specification.
Invalid storage byte format.
Invalid TC board specified.
TC not inserted.
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9.29 X - Toggle ASCII/EBCDIC Output Display

Use the X command to toggle character display on memory dumps between ASCII
and EBCDIC. The output type is determined by examining the trailing character on
the output dump. An ‘A’ indicates ASCII output is selected, an ‘E’ indicates
EBCDIC output is selected

Format:

Example:

X

This command toggles output display format. Responses are:

ASCII output selected
EBCDIC output selected
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9.30 = - Invoke Calculator Functions

Use the = command to invoke calculator functions. The ‘=" command is actually
three commands: ‘=S’, ‘=T’ and ‘=X’. The character after the ‘=’ indicates what
default output to select for the answer, ASCII, Decimal, or Hex, respectively.

Format:
=S val [. . .op val]
=T val [. . .op val]
=X val [. . .op val]
Where:

val Specifies any value, or operand. An operand can be specified in two ways:

num Where ‘num’ is interpreted to be of the output default type selected
in the command, either one ASCII character, one decimal value
where legal characters are 0-9, or hexadecimal where legal charac-
ters are 0-9 and A-F.

Nnum Where N is the character ‘S’, “T’, or ‘X’. This character prefix to
the value overrides the default output type given on the command
line. The next value is assumed to have a type N, where N is as
above. Num is assumed to be either an ASCII character, a decimal
value, or a hexadecimal value, respectively.

op Specifies the operation to be performed. Only the four basic operations are
supported. They are:

+ Adds the value to the left of the plus to the value on the right of the plus.

- Subtracts the value immediately to the right of the minus from the value
on the left of the minus.

* Multiplies the values on the right and left of the ‘*’ together.

/ Divides the value on the left of the /’ by the value on the right of the ¢/’.

Warning: Order of operations is LEFT to RIGHT. NO operation
precedence exists. i.e. the problem 2+43*10 is calculated as 50, NOT
32. :
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Notes:

1. NO spaces are allowed in the arithmetic string. Any space is considered a ter-
mination of the string.

2. Precision is limited to 16 bits. It is the user’s responsibility to account for over-
flows and carries. All ASCII input is limited to ONE character per operand,
and ASCII output is limited to two character output.

3. The high order bit is masked off for ASCII output. It is the user’s responsi-
bility to recognize when this has occurred. Also, all characters from X'00' to
X'1F' are represented by a ‘. when they are output.

Example:

=x t64
0040
Ok

This command interprets 64 to be in decimal, and displays the answer in HEX. It
has the effect of translating decimal to hex. Similarly, the command “=x s#” will
translate the ASCII character ‘4’ into a hexadecimal value.

=t s0+xa-8/10
5
Ok

This string took the ASCII character 0 (decimal 48) added to it hex A (decimal 10)
subtracted 8, and then divided by 10. Since no type specifier preceded the 8 or the
10, both were taken to be decimal numbers since the default output type is decimal.

Error Messages:

Improper Arithmetic String.
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9.31 System Error Messages

Following is a list of System Error Messages, and their associated parameters:
Received unsolicited DMA.
P0 Command from TC, after one shift left.
P1 SCCOUT, STCCOUT processing flags.
P2 TC DMA pending, SCRN buffer status flag.
Received data or DMA for unconnected line.
P0 Command from TC, after one shift left.
P1 SCCOUT, STCCOUT processing flags.
P2 TC DMA pending, SCRN buffer status flag.
CPU sent TC an unsupported command.
PO Command from TC, after one shift left.
P1 SCCOUT, STCCOUT processing flags.
P2 TC DMA pending, SCRN buffer status flag.
KYBD parsed key sequence that generated an invalid routine number.
PO Register SI, Address of SEQ NODE.

P1 Register AX before shifting. SEQNCALL that triggered error. AL=
routine #.

P2 AC2WORK, Character that triggered invalid call, last character in input
sequence.

Out of RAM space.
P0 Amount of memory requested.
P1 SCCOUT, STCCOUT processing flags.

P2 TC DMA pending, SCRN buffer status flag.
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TCCOUT error
If the left byte of PO = X'FF' Then
PO Right byte is right byte of Flagword 1.
P1 Flag word 3.
P2 Data Segment Register.
Else
PO Data Segment (DS) register for Device.
P1 Start address of output buffer.
P2 Count.
CC was interrupted while previous DMA was pending.
P0 Command from CC.
P1 Device #, SCRN buffer status flag.
P2 Command from CC of DMA that is pending.
CC and CPU “chained” miscommunication occurred.
PO Count of data discarded.
P1 Device #, SCRN buffer status flag.
P2 Command from CC of DMA that is pending.
CPU had more than 2 status requests for a device.
PO Status, Sense which could not be sent.
P1 Status, Sense of first in queue.
P2 Status, Sense of second in queue.
CC 3270 data stream buffer too small. Change default.
PO Count of data discarded.
P1 Status, Sense of first in queue.

P2 Status, Sense of second in queue.
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Multiple DMA requests were made to the CC.

PO Length for requested DMA.

P1 Previous DMA command.

P2 Device #, SCRN buffer status flag.
CC DMA timed out.

PO Length for requested DMA.

P1 Previous DMA command.

P2 Device #, SCRN buffer status flag.
Invalid or unexpected interrupt.

PO Flags Register.

P1 Code Segment Register.

P2 Program Counter.

Note: The device number listed is the invalid interrupt number that caused the
error.

Read or Read Modified found DMA buffer marked full.
PO Port command from CC, SCRN flag.
P1 SCRN buffer status flag, Device number.
P2 AC?2 for write datastream.

Write or Erase/Write found DMA buffer not marked full.
P0 DMA command from CC, SCRN flag.
P1 SCRN buffer status flag, Device number.
P2 AC?2 for write datastream.

SCRN received illegal command from CC.
P0 DMA command from CC, port command from CC.
P1 SCRN flag, SCRN buffer status.

P2 AC?2 for write datastream.
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9.32 General Notes

1. The area used for gathering CC and TC data is initialized to X'DD'. Any
bytes that appear as X'DD' may have been the result of miscommunication.

2. Display of TC and CC memory, and sending of notes all utilize the same work

area. Care must be taken to make sure that one function is finished before
initiating another.
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Appendix A. ASCII and EBCDIC Data Conversion Tables

This appendix gives the tables used for translating the data transferred between the
IBM 7171 and the host computer and between the IBM 7171 and ASCII terminals.

A.1 How to Read These Tables

To translate a byte of data using these tables, find the most significant digit of the
byte in the left hand column of indices, then the least significant digit in the top

row of indices. The row and column that each respective index denotes intersect,
giving the desired value. An example of a table lookup follows.

> 0
0 01
Most 6 2D ....
Significant 7 DF ...
Digit 8 DF ....
9 DF
A
F

DF .....

30 ....

Significant Digit

4

DF

. DF

64

.. 6D

75

34

5

DF

DF

65

6E

76

35

Least

6

DF

DF

66

6F

77

36

7

DF
DF
67
70

78

37

8

DF

DF

68

71

79

38

9

. DF 02 DF DF OC DF ...

. DF

. 3F
. 22
. DF
. DF

. DF

. DF

Figure A-1. Sample Translation Table

For example, to translate a X'96' using this sample table, first find the ‘9’ in the
left hand column, then find the ‘6’ in the top row. The byte at the place where the
‘9’ row and the ‘6’ column intersect is X'6F ', therefore this is the translated value

of X'96".
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A.2 Host Tables for 3277 Device Types

These tables are used if the current host SYSGEN supports a 3277 terminal on the
given line, and the appropriate 3277 override has been made in Non-Volatile RAM
(NV-RAM). Refer to Chapter 4, “Customizing IBM 7171 Tables” for custom-
izing tables in NV-RAM.

A.2.1 3277 Basic Translate Table for Write Data Streams

This table translates host EBCDIC data to an internal ASCII representation. The
mapping ranges are:

X'00'-X'40"': 3270 Data Stream Orders
X'41'-X'FF': EBCDIC Characters

Illegal EBCDIC characters are denoted in the table by X'DF'.

012 3 456 78 9 ABCDEF
0 01 DF DF 00 DF 02 DF DF DF DF DF DF 83 84 DF DF
1 DF 03 04 05 DF 81 DF DF DF 82 DF DF 09 06 OA DF
2 DF DF DF DF DF DF DF DF DF DF DF OB DF DF DF DF
3 DF DF DF DF DF DF DF DF DF DF DF DF 07 DF DF DF
4 08 DF DF DF DF DF DF DF DF DF 5C 2E 3C 28 2B 7C
5 26 DF DF DF DF DF DF DF DF DF 21 24 2A 29 3B SE
6 2D 2F DF DF DF DF DF DF DF DF 86 2C 25 5F 3E 3F
7 DF 5E DF DF DF DF DF DF DF 60 3A 23 40 27 3D 22
8 DF 61 62 63 64 65 66 67 68 69 B9 DF DE B3 A4 BD
9 AC 6A 6B 6C 6D 6E 6F 70 71 72 B8 BA DF AF DF BB
A A0 7E 73 74 75 76 77 78 79 7A A3 B6 A2 5B BE AA
B A1 A5 A9 B2 B7 DF DB DD BF DF A7 A8 AE 5D B1 AD
C 7B 41 42 43 44 45 46 47 48 49 DF DF DF DF DF DF
D 7D 4A 4B 4C 4D 4E 4F 50 51 52 DF DF DF DF DF DF
E 85 DF 53 54 55 56 57 58 59 5A DF DF DF DF DF DF

F 30 31 32 33 34 35 36 37 38 392 DF DF DF DF DF DF
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A.2.2 3277 Attribute and APL Byte Table for Write Data Streams

This table translates host attribute or Data Analysis (APL) characters (bytes that
follow the Start Field X' 1D order) to an internal representation.

Illegal attribute or APL characters are denoted in the table by X'DF".

0
0 DF
1 DF
2 DF
3 DF
4 EO
5 E8
6 FO
7 F8
8 DF
9 87
A 88
B DF
C EO
D E8
E FO
F F8

1

DF

DF

DF

DF

E1

E9

F1

Fo

C1

CA

DF

DF

E1

E9

F1

F9

2

DF

DF

DF

DF

DF

DF

DF

DF

c2

CB

D3

DF

B5

9F

92

DF

3 4 5 6 7 8 9 A B C D E F

DF
DF
DF
DF
DF
DF
DF
DF
C3
cc
D4
DF
A6
96
97

9E
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DF

DF

DF

DF

E2

EA

F2

FA

c4

CD

D5

DF

‘E2

EA

F2

FA

DF
DF
DF
DF
E3
EB
F3
FB
C5
CE
D6
DF
E3
EB
F3

FB

DF

DF

DF

DF

DF

DF

DF

DF

Cc6

CF

D7

DF

8D

8E

9A

DF

DF
DF
DF
DF
DF
DF
DF
DF
c7
DO
D8
DF
93
8F
99

DF

DF

DF

DF

DF

E4

EC

F4

FC

Cc8

D1

D9

DF

E4

EC

F4

FC

DF
DF
DF
DF
E5
ED
F5
FD
Cc9
D2
DA
DF
E5
ED
F5

FD

DF

DF

DF

DF

95

98

BO

DF

DF

DF

DF

DF

DF

DF

DF

DF

DF

DF

DF

DF

94

9B

AB

B4

DF

(6{0]

DF

DF

DF

DF

DF

DF

DF

DF

DF

DF

E6

EE

F6

FE

DF

DF

DF

DF

E6

EE

F6

FE

DF
DF
DF
DF
E7
EF
F7
FF
DF
DF
BC
DF
E7
EF
F7

FF

DF

DF

DF

DF

90

9D

DF

DF

DF

DF

DC

DF

DF

DF

DF

DF

00
DF
DF
DF
91
9C
DF
DF
DF
DF
DF
DF
DF
DF
DF

DF

A-3



A.2.3 3277 Basic Translate Table for Read Data Streams

This table translates the internal ASCII representation of a character to EBCDIC.
The mapping ranges are: ‘

X'00' : Null Character

X'01'-X"1F': Miscellaneous Control Codes

X'20'-X'7E': Normal ASCII Graphic Characters
X'7F'-X'8C': Special Characters (FM, DUP, NL, EM, FF, CR)
X'8D'-X'DE': 3278 APL Characters

X'DF' Returns X'60' for 3278 Illegal Character
X'EO'-X'FF': Attribute Characters

.

A X'00' in this table (except for null) means that the character is either an attri-
bute byte or an APL compound character, and should be translated on the appro-
priate table.

01 2 3 4 5 6 7 8 9 A B C D E F
0 00 01 02 03 37 2D 2E 2F 16 05 15 OB OC 26 OE OF
1 10 11 12 13 3C 3D 32 26 18 19 3F 27 1C 1D 1E 1F
2 40 5A 7F 7B- 5B 6C 50 7D 4D 5D 5C 4E 6B 60 4B 61
3 FO F1 F2 F3 F4 F5 F6 F7 F8 F9 7A 5E 4C 7E 6E 6F
4 7C C1 C2 C3 C4 ¢5 c6 C7 Cc8 Cc9 D1 D2 D3 D4 D5 D6
5 D7 D8 D9 E2 E3 E4 E5 E6 E7 ES8 E9 AD 4A BD 5F 6D
6 79 81 82 83 84 85 86 87 88 89 91 92 93 94 95 96
7 97 98 99 A2 A3 A4 A5 A6 A7 A8 A9 CO 4F DO A1l 1E
8 1C 15 19 0C 0D EO 6A 00 00 AD BD 60 60 00 00 00
9 00 00 00 00 00 00 00 OO 00 OGO 00 00 00 00 00 0O
A A0 BO AC AA 8E B1 00 BA BB B2 AF 00 90 BF BC 9D
B 00 BE B3 8D 00 00 AB B4 9A 8A 9B 9F 00 8F AE B8
C 00 00 00 00 00 00 OO0 OO0 OO 0OC 00 0O 00 00 00 00
D 00 00 00 00 00 00 00 OO 00 OO 00 B6 00 B7 8C 60
E 00 00 00 00 OO0 00 OO0 OO OO 00 00 00 OO0 00 00 0O

F 00 00 00 00 00 00 OO 00 OO OO 00 00 OO 00 00 OO
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A.2.4 3277 Attribute and APL Table for Read Data Streams

This table translates the internal representations of an attribute or 3277 Data Anal-
ysis (APL) byte to EBCDIC, which will then follow a Start Field X' 1D"' order.
The mapping ranges are:

X'00'-X'7E":
X'8D'-X'DF':
X'EO'-X'FF':

Unused
X'7F'-X'8C': Special Characters
3277 APL Characters

Attribute Characters

Illegal attribute or APL bytes are denoted in the table by X'FF'.

0

0] FF
1 FF
.2 FF
3 FF
4 FF
5 FF
6 FF
7 FF
8 FF
9 4E
A FF
B 6A
c 9B
D 97
E 40
F 60

1

FF

FF

FF

FF

FF

FF

FF

FF

FF

4F

FF

FF

81

98

C1

61

2

FF

FF

FF

FF

FF

FF

FF

FF

FF

E2

FF

FF

82

99

C4

E4

3

FF

FF

FF

FF

FF

FF

FF

FF

FF

c7

'FF

FF
83
A2
C5

E5

Appendix A. ASCII and EBCDIC Data Conversion Tables

4

FF

FF

FF

FF

FF

FF

FF

FF

FF

4B

FF

7B

84

A3

c8

E8

5

FF

FF

FF

FF

FF

FF

FF

FF

FF

4a

FF

c2

85

A4

co

E9

6

FF

FF

FF

FF

FF

FF

FF

FF:

FF
D3
c3
FF
86
A5
e

6C

7
FF
FF
FF
FF
FF
FF
FF
FF
90
E3
FF
FF
87
A6
4D

6D

8 9 A B C D E F

FF

FF

FF

FF

FF

FF

FF

FF

AO

5A

FF

FF

88

A7

50

FO

FF
FF
FF
FF
FF
FF

FF

FF

FF

E7

FF

FF

89

A8

D1

F1

FF

FF

FF

FF

FF

FF

FF

FF

FF

E6

FF

FF

91

A9

D4

F4

FF

FF

FF

FF

FF

FF

FF

FF

FF

5B

6B

FF

92

FF

D5

F5

FF

FF

FF

FF

FF

FF

FF

FF

FF

5F

FF

AD

93

AE

D8

F8

FF

FF

FF

FF

FF

FF

FF

FF

Ccé

5E

FF

FF

94

FF

D9

Fo

FF

FF

FF

FF

FF

FF

FF

FF

D6

F3

FF

FF

95

FF

5C

7C

FF

FF

FF

FF

FF

FF

FF

FF

D7

D2

FF

FF

96

FF

5D

7D
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A.3 Host Tables for 3278 Device Types

These are the default tables used by the IBM 7171, that is, no explicit override to
use 3277 tables has been made in Non-Volatile RAM.

A.3.1 3278 Basic Translate Table for Write Data Streams

This table translates host EBCDIC data to an internal ASCII representation. The
mapping ranges are:

X'00'-X'40': 3270 Data Stream Orders
X'41'-X'FF': EBCDIC Characters

Illegal EBCDIC characters are denoted in the table by X'DF"'.

0o 1 2 3 45 6 7 8 9 A B C D E F
0 01 DF DF 00 DF 02 DF DF OC DF DF DF 83 84 DF DF
1 DF 03 04 05 DF 81 DF DF DF 82 DF DF 09 06 OA DF
2 DF DF DF DF DF DF DF DF DF DF DF OB DF DF DF DF
3 DF DF DF DF DF DF DF DF DF DF DF DF 07 DF DF DF
4 08 DF DF DF DF DF DF DF DF DF 5C 2E 3C 28 2B 7C
5 26 DF DF DF DF DF DF DF DF DF 21 24 2A 29 3B 5E
6 2D 2F DF DF DF DF DF DF DF DF 86 2C 25 5F 3E 3F
7 DF DF DF DF DF DF DF DF DF 60 3A 23 40 27 3D 22
8 DF 61 62 63 64 65 66 67 68 69 DF DF DF DF DF DF
9 DF 6A 6B 6C 6D 6E 6F 70 71 72 DF DF DF DF DF DF
A DF 7E 73 74 75 76 77 78 79 7A DF DF DF 5B DF DF
B DF DF DF DF DF DF DF DF DF DF DF DF DF 5D DF DF
c 7B 41 42 43 44 45 46 47 48 49 DF DF DF DF DF DF
D 7D 4A 4B 4C 4D 4E 4F 50 51 52 DF DF DF DF DF DF
E 85 DF 53 54 55 56 57 58 59 5A DF DF DF DF DF DF

F 30 31 32 33 34 35 36 37 38 39 DF DF DF DF DF DF
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A.3.2 3278 Attribute Byte Table for Write Data Streams

This table translates host attribute bytes (bytes that follow the Start Field X'1D'

order) to an internal representation.

Illegal attribute characters are denoted in the table by X'DF"'.

0
0 DF
1 DF
2 DF
3 DF
4 EO
5 E8
6 FO
7 F8
8 DF
9 DF
A DF
B DF
C EO
D E8
E FO
F F8

1

DF

DF

DF

DF

E1

E9

F1

F9

DF

DF

DF

DF

E1

E9

F1

F9

2

DF

DF

DF

DF

DF

DF

DF

DF

DF

DF

DF

DF

DF

DF

DF

DF

3

DF

DF

DF

DF

DF

DF

DF

DF

DF

DF

DF

DF

DF

DF

DF

DF
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4

DF

DF

DF

DF

E2

EA

F2

FA

DF

DF

DF

DF

E2

EA

F2

FA

5
DF
DF
DF
DF
E3
EB
F3
FB
DF
DF
DF
DF
E3
EB
F3

FB

6

DF

DF

DF

DF

DF

DF

DF

DF

DF

DF

DF

DF

DF

DF

DF

DF

7

DF

DF

DF

DF

DF

DF

DF

DF

DF

DF

DF

DF

DF

DF

DF

DF

8 9 A B C D E F

DF

DF

DF

DF

E4

EC

F4

FC

DF

DF

DF

DF

E4

EC

F4

FC

DF
DF
DF
DF
E5
ED
F5
FD
DF
DF
DF
DF
E5
ED
F5

FD

DF

DF

DF

DF

DF

DF

DF

DF

DF

DF

DF

DF

DF

DF

DF

DF

DF

DF

DF

DF

DF

DF

DF

DF

DF

DF

DF

DF

DF

DF

DF

DF

DF

DF

DF

DF

E6

EE

F6

FE

DF

DF

DF

DF

E6

EE

Fo6

FE

DF

DF

DF

DF

E7

EF

F7

FF

DF

DF

DF

DF

E7

EF

F7

FF

DF

DF

DF

DF

DF

DF

DF

DF

DF

DF

DF

DF

DF

DF

DF

DF

DF

DF

DF

DF

DF

DF

DF

DF

DF

DF

DF

DF

DF

DF

DF

DF
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A.3.3 3278 APL Table for Write Data Streams

This table translates host APL characters (bytes that follow the Graphic Escape
X'08"' order) to their internal representations.

Illegal APL characters are denoted in the table by X'DF".

601 2 3 45 6 7 8 9 A B C D E F
0 DF DF DF DF DF DF DF DF DF DF DF DF DF DF DF DF
1 DF DF DF DF DF DF DF DF DF DF DF DF DF DF DF DF
2 DF DF DF DF DF DF DF DF DF DF DF DF DF DF DF DF
3 DF DF DF DF DF DF DF DF DF DF DF DF DF DF DF DF
4 DF C1 C2 C3 C4 C5 C6 C7 C8 C9 DF DF DF DF DF DF
5 DF CA CB CC CD CE CF DO D1 D2 DF DF DF DF DF DF
6 DF DF D3 D4 D5 D6 D7 D8 D9 DA DF DF DF DF DF DF
7 DF BO A6 DF DF DF DF DF AB DF DF DF DF DF DF DF
8 B4 DF DF DF DF DF DF DF DF DF B9 B5 DE B3 A4 BD
9 AC DF DF DF DF DF DF DF DF DF B8 BA CO AF DF BB
A A0 DF DF DF DF DF DF DF DF DF A3 B6 A2 89 BE AA
B A1 A5 A9 B2 B7 DF DB DD BF DF A7 A8 AE 8A B1 AD
c 87 DF DF DF DF DF BC DF DF DF 95 94 DF 90 DF 91
D 88 DF DF DF DF DF DC DF DF DF 9F 96 8E 8F 98 9B
E DF DF DF DF DF DF DF DF DF DF 9D 9C DF 92 97 9A

F DF DF DF DF DF DF DF DF DF DF DF 8D 9E 93 99 DF
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A.3.4 3278 Basic Translate Table for Read Data Streams

This table translates the internal ASCII representation of a character to EBCDIC.
The mapping ranges are:

X'00'

X'01'=-X"1F"':
X'20'-X'7E"':
X'7F'~X'8C':
X'8D'-X'DE':
: Returns X'60'
X'EQO'-X'FF':

X'DF'

Null Character

Miscellaneous Control Codes
Normal ASCII Graphic Characters

Special Characters (FM, DUP, NL, EM, FF, CR)

3278 APL Characters
for 3278 Illegal Character

Attribute Characters

A X'00' in this table (except for null) means that the character is either an attri-
bute byte or an APL compound character, and should be translated on the appro-

priate table.

0
0 00
1 10
2 40
3 FO
4 7C
5 D7
6 79
7 97
8 »1C
9 00
A 00
B 00
c 00
D 00
E 00
F 00

1
01
11
5a
F1
C1
D8
81
98
15
00
00
00
00
00
00

00

2

02

12

7F

F2

c2

D9

82

99

19

00

00

00

00

00

00

00

3

03

13

7B

F3

C3

E2

83

A2

ocC

00

00

00

00

00

00

00
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4 5 6

37
3C
5B
F4
ca
E3
84
A3
oD
00
00
00
00
00
00

00

2D
3D
6C
F5
C5
E4
85
A4
EO
00
00
00
00
00
00
00

2E
32
50
Fo6
cé
E5
86
A5
6A
00
00
00
00
00
00

00

7
2F
26
7D
F7
c7
E6
87
Ab
00
00
00
00
00
00
00

00

8 9 A B C D E F

16

18

4D

F8

c8

E7

88

A7

00

00

00

00

00

00

00

00

05
19
5D
F9
co
E8
89
A8
00
00
00
00
00
00
00

00

15

3F

5C

7A

D1

E9

91

A9

00

00

00

00

00

00

00

00

0B

27

AE

5E

D2

AD

92

Co

60

00

00

00

00

00

00

00

oc
1c
6B
4¢
D3
4a
93
4F
60
00
00
00
00
00
00

00

oD

1D

60

7E

D4

BD

94

DO

00

00

00

00

00

00

00

00

OE

1E

4B

6E

D5

5F

95

Al

00

00

00

00

00

00

00

00

OF
1F
61
6F
D6
6D
96
1E
00
00
00
00
00
60
00

00
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A.3.5 3278 Attribute Byte Table for Read Data Streams

This table translates the internal representations of an attribute byte to EBCDIC,
which will then follow a Start Field X'D' order.

Illegal attribute bytes are denoted in the table by X'FF'.

01 2 3 4 5 6 7 8 9 A B C D E F
0 FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF
1 FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF
2 FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF
3 FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF
4 FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF
5 FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF
6 FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF
7 FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF
8 FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF
9 FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF
A FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF
B FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF
Cc FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF
D FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF
E 40 C1 C4 C5 C8 C9 4C 4D 50 D1 D4 D5 D8 D9 5C 5D

F 60 61 E4 E5 E8 E9 6C 6D FO F1 F4 F5 F8 F9 7C 7D
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A.3.6 3278 APL Table for Read Data Streams

This table translates the internal representation of an APL character to EBCDIC ,
which will then follow a Graphic Escape X'08"' order.

Illegal APL characters are denoted in the table by X'60".

W

0

0
60
60
60
60
60
60
60
60
60
CD
AO
71
oC
57
60

60

1

60

60

60

60

60

60

60

60

60

CF

BO

BE

41

58

60

60

2
60
60
60
60
60
60
60
60
60
ED
AC
B3
42
59
60

60

3

60

60

60

60

60

60

60

60

60

FD

AA

8D

43

62

60

60
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4

60

60

60

60

60

60

60

60

60

CB

8E

80

44

63

60

60

5

60

60

60

60

60

60

60

60

60

CA

B1

8B

45

64

60

60

6 7 8 9 A B C D E F

60 60 60 60

60

60

60

60

60

60

60

60

DB

72

AB

46

65

60

60

60

60

60

60

60

60

60

co

EE

BA

B4

47

66

60

60

60

60

60

60

60

60

60

DO

DE

BB

9A

48

67

60

60

60

60

60

60

60

60

60

AD

FE

B2

8A

49

68

60

60

60

60

60

60

60

60

60

60

BD

EF

AF

9B

51

69

60

60

60
60
60
60
60
60
60
60
60
DF
78
9F
52
B6
60

60

60

60

60

60

60

60

60

60

60

EB

90

C6

53

D6

60

60

60

60

60

60

60

60

60

60

FB

EA

BF

8F

54

B7

60

60

60

60

60

60

60

60

60

60

DC

FC

BC

AE

55

8C

60

60

60

60

60

60

60

60

60

60

DD

DA

9D

B8

56

60

60

60
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A.4 Terminal Translate Tables

These tables are used to translate data between ASCII based terminals and the
IBM 7171 extended ASCII code used in the representation of the terminal screen
image. Refer to Chapter 4, “Customizing IBM 7171 Tables” for customizing
tables in NV-RAM.

Special handling routines are used to convert the data when the byte in the table
has its high order bit on. The special handling codes are indices into a branch table
and are defined as follows:

X'FF' Character is only in other (APL/Non-APL) set
X'FE' Character is underscored alphabetic

X'FD' Character is general overstrike

X'FC' Character is illegal graphic

X'FB' Character is attribute byte

X'FA' Character is lowercase (APL tables only)
X'F9' Character is printer graphic

A.4.1 Normal (Non-APL) ASCII Output Translate Table

This table translates a character from the IBM 7171 screen image buffer repres-
ented by extended ASCII code to normal ASCII code for output to the terminal.

6 1 2 3 45 6 7 8 9 A B C D E F
0 20 FC FC FC FC FC FC FC FC FC FC FC FC FC FC FC
1 FC FC FC FC FC FC FC FC FC FC FC FC FC FC FC FC
2 20 21 22 23 24 25 26 27 28 29 2A 2B 2C 2D 2E 2F
3 30 31 32 33 34 35 36 37 38 39 3A 3B 3C 3D 3E 3F
4 40 47 42 43 44 45 46 47 48 49 4A 4B 4C 4D 4E 4F
5 50 51 52 53 54 55 56 57 58 59 5A 5B 5C 5D 5E 5F
6 60 61 62 63 64 65 66 67 68 69 6A 6B 6C 6D 6E 6F
7 70 71 72 73 74 75 76 77 78 79 7A 7B 7C 7D 7E 3B
8 2A F9 F9 F9 F9 5C 7C 7B 7D FF FF FC FC FF FF FF
9 FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF
A FF FF FF FF FF FF FF