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Preface
The IBM 3704 and 3705 Communications Controllers are compatible, pro-
grammed transmission control units designed to assume many teleprocessing
control functions formerly assigned to a teleprocessing access method. The 3704
and the 3705 are controlled by a program resident in the controller.

This publication contains introductory information on the hardware components
of the controllers and on the programs provided to support them. Any user or
potential user of a 3704 or 3705—including management, programmers, opera-
tors, and maintenance personnel—should be familiar with the contents of this
manual. The only prerequisite for this manual is an understanding of basic
teleprocessing operations.

The manual is divided into eight chapters:

« General Concepts—This chapter gives an overview of the place of 3704 and
3705 communications controllers in the teleprocessing environment. It de-
scribes primarily the advantages that the controllers offer to the teleprocessing
installation.

o Communications Controller Hardware Concepts—This chapter describes the
functions of the 3704 and 3705 hardware components and features. It also
indicates which features can be combined and, in general, the type of support
each feature provides.

« The System Support Programs—This chapter covers the control-program
generation procedure, the controller assembler, and the utilities. Primary
emphasis is on the structure and use of the macro language for generating the
control program.

« Network Control Program Concepts—This chapter summarizes the services
(both standard and optional) provided by the various versions of the network
control program. .

« Emulation Program Concepts—This chapter summarizes the functions of the
emulation program for the IBM 2701 Data Adapter Unit and the IBM 2702
and IBM 2703 Transmission Controls.

« Partitioned Emulation Programming Extension—This chapter explains how a
network control program with the partitioned emulation programming (PEP)
extension can concurrently perform network control functions for certain
communication lines and emulation functions for others.

e The 3705-1II and 3705 Enhancement Features—This chapter describes the
3705-II and the functions of the type 3 communication scanner, the type 4
channel adapter, monolithic (FET) storage, and line set enhancements. It also
covers the programming support for these features.

o NCP Support for TCAM and VTAM Networks—This chapter describes the functions of
the NCP in an SNA environment. It also describes 3705-II hardware enhancements.

The appendixes contain information on (1) the devices supported by the control-
lers in network control mode, (2) the types of stations supported by the control-
lers in emulation mode, (3) the capabilities of the line-attachment hardware for
the controllers, and (4) the publications relating to the 3704 and 3705 controllers.

In this manual, the term controller is used when the discussion applies to both the 3704
and the 3705. A teleprocessing subsystem, as referred to in this publication, includes re-
mote stations, modems (data sets), communication lines, and the communications con-
troller. The teleprocessing network consists of either: (1) one or more stations and the
communication lines that connect them to the controller and host or (2) in SNA terms,
the combination of two or more single-host networks into one large multiple-host network.
The term station refers to the teleprocessing equipment at the remote end of a commu-
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Related Publications

nication line. A station may include one or several teleprocessing units. A teleprocessing
unit is a single piece of equipment that communicates with a computer from a remote
location over a communication line. It can be a terminal, a terminal component, a con-
trol unit, or another computer.

As used throughout this publication, the term communication line, or simply line,
refers to the path over which information is transmitted from one point in a
teleprocessing network to another. The path may in actuality be any communica-

tion facility of the communications common carrier, such as wire or radio; or it may be
a combination of facilities.

There are three versions of the network control program. In this publication, network
control program refers to any version; NCP 1, NCP 2, and NCP 5 refer to the respective
versions.

IBM is grateful to the American National Standards Institute (ANSI) for permis-
sion to reprint its definitions from the American National Standard Vocabulary
for Information Processing (Copyright 1970 by American National Standards
Institute, Incorporated), which was prepared by Subcommittee X3.5 on Terminol-
ogy and Glossary of the American National Standards Committee X3.
These publications about the IBM 3704 and 3705 are now available:
IBM 3704 and 3705 Communications Controllers:

Principles of Operation (GC30-3004)

Emulation Program Generation and Utilities Guide and Reference
Manual (GC30-3002)

Emulation Program Storage and Performance Reference
Manual (GC30-3005)

Assembler Language (GC30-3003)
Emulation Program, Program Logic Manual (SY30-3001)

Network Control Program/VS Generation and Utilities Guide
and Reference Manual (GC30-3007)

Network Control Program, Program Logic Manual (SY30-3003)

Network Control Program/VS, Program Logic Manual (SY30-3007)

IBM 3704 and 3705 Control Program Generation and Utilities Guide and Reference
Manual (GC30-3000)

Storage Estimates and Performance Planning for the IBM 3704 and 3705 Communications

, Controllers Network Control Program (GC30-3006)

IBM 3704 and 3705 Program Reference Handbook (GY30-3012)

I

Network Control Program/TCAM Network User’s Guide (GC30-3009)

Guide to Using the IBM 3704 Communications Controller Control Panel -
(GA27-3086)



Guide to Using the IBM 3705 Communications Controller Control Panel
(GA27-3087)

IBM 3704 Operator Reference Summary (GA27-3091)

IBM 3705 Operator Reference Summary (GA27-3092)

IBM System/360 Installation Manual—Physical Planning (GC22-6820)
IBM System/370 Installation-Manual—Physical Planning (GC22-7004)
Appendix D summarizes the contents of each of these manuals. Ask your IBM

representative about the current availability of publications about the 3704 and
3705 communications controllers. ‘
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Summary of Changes for GA27-3051-1

xii

This second edition contained the following changes.
Addition of IBM 3704 Communications Controller

The IBM 3704 Communications Controller was introduced in this publication.
Chapter 2 contained a section describing the 3704 hardware and a figure comparing
the 3704 and 3705. Other references to the 3704 and 3705 appeared throughout
the publication. (The term controller refers to either the 3704 or the 3705 unless
otherwise indicated.)

Addition of Remotely Located Controllers

Chapter 1 explained how a teleprocessing network can include 3704 and 3705
controllers located remotely from the host processor, as well as controllers
attached to a host processor channel. The remaining chapters described the
hardware and programming differences between the channel-attached and re-
motely located controllers.

Addition of New Version of the Network Control Program

Chapter 1 introduced network control program/VS, a new version of the network
control program. Network control program/VS (NCP/VS) provided additional
functions not available in the basic network control program. Chapter 6, a new
chapter, described the partitioned emulation programming (PEP) extension, a
significant feature of NCP/VS. The PEP extension permitted the network control
program/VS to operate certain communication lines in emulation mode while
operating other lines in network control mode.

Addition of New LIB and Line Set

Appendix C (formerly B) included a new line interface base (LIB type Al)
and a new line set (line set 1H).

Additional Teleprocessing Devices Supported

The communications controllers supported several additional types of teleprocessing
devices. Appendix A listed the devices supported in network control mode. Appen-
dix B (formerly D) listed the devices supported in emulation mode.

Addition of OS/VS and DOS/VS Support

0S/VS (Operating System/Virtual Storage) and DOS/VS (Disk Operating
System/Virtual Storage) were added to the operating systems under which the
system support programs for the controllers can run.

Two access methods, OS/VS VTAM and DOS/VS VTAM (Virtual Telecommu-
nications Access Method) were provided for communication with the network
control program/VS.

Alternate Path Retry Renamed

The, program facility referred to in the previous edition as alternate path retry
was changed to switched network backup.



Program Generation Procedure Clarified

Chapter 3 distinguished the OS and DOS program generation ‘procedures.

Line Set Interface Information Removed

Information on line set to modem/auto call unit interfaces (formerly Appendix C)
was moved to the Original Equipment Manufacturers’ Information publication
(GA27-3053).

Addition of List of Publications

A list of publications related to the 3704 and 3705 controllers appeared as
Appendix D.

* k k k k

Other minor clarifications and corrections appeared in this edition.

See your IBM representative for information about the availability of the new
devices, program version, and features mentioned in this summary.
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Summary of Changes for GA27-3051-2

The third edition contained the following changes.

Program and Hardware Changes

Manual Changes

xiv

The following changes to the manual were the result of changes to the program or
hardware support for the communications controllers.

New Versions of the Network Control Program

The functions of two new versions of the network control program—NCP 3 and
NCP 4—were described in Chapter 1 and Chapter 4 of this edition. These versions
were designed for operation with the OS/VS VTAM and DOS/VS VTAM access
methods. Their outstanding feature was support of stations that use the SDLC line
control.

New Station Types Supported

Several new types of stations were supported by the new versions of the network
control program. These stations appeared in the list in Appendix A.

NCP Support for Remote Controllers Changed

Remote communications controllers were supported in NCP 3 and NCP 4 only.
Changes were made throughout the manual to reflect this new support.

The following changes were made to correct errors or to enhance the manual
in some way. They did not reflect changes to the product.

Terminology Changes

o The term local was used instead of primary when referring to a controller
attached to the host processor by a CPU channel. Likewise, local network
control program replaced the term primary network control program when
referring to the program that resides in such a controller.

o The term remote was used instead of secondary when referring to a control~
ler that is located at some distance from the host processor. Likewise, remote
network control program replaced the term secondary network control program
when referring to the program that resides in such a controller.

o Local/remote communication link was used to refer to the communication
line that links a local and a remote controller. The term used in the previous
edition was trunk line.

« The version of the network control program formerly called the basic network
control program was referred to as the network control program, version 1,
or NCP 1.

« The version of the network control program formerly called the network
control program/VS was referred to as the network control program,
version 2,or NCP 2.

Clocking Requirements for LIBs and Line Sets Added

Appendix C contained a list indicating for each line set (or line interface base)
whether it requires modem or business machine clocking.



Sections of Chapter 4 Deleted

The sections on network control program commands and on sessions, formerly in
Chapter 4, were deleted from this manual. Information that was in these

sections was moved to other publications. See Appendix D for descriptions

of these manuals.

Appendix D Revised

Appendix D included more extensive descriptions of the manuals currently
available for the 3704 and 3705. A chart at the beginning of the appendix
indicated how each type of manual might be used.

TNLSs Incorporated
The following Technical Newsletters were incorporated into this revision.

« GN27-3120—This TNL added descriptions of several new LIBs and line sets
for the 3704 and 3705. It also added some new types of stations supported by
the network control program.

e« GN27-3122—This TNL added information about the type 3 channel adapter
for the 3705.

¢« GN27-3136—This TNL described expanded LIB support for a 3704 with the
type 2 communication scanner. It also included updated information on some
of the LIBs and line sets.

* kK kK

Other minor clarifications and corrections appeared in this edition.
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Summary of Changes for GA27-3051-3

The fourth edition contains the following changes.
Program Product Version of the Network Control Program

The program product version of the network control program, which supports systems
network architecture (SNA) networking, is described in Chapter 8 of this edition. The

outstanding feature of this version is its support of interconnection of two or more single
host networks to share resources and reduce costs.

3705-II Hardware Enhancements

Also included in Chapter 8 of this edition are descriptions of the following enhancements
of the 3705-1I hardware:

® Type 4 channel adapter improvements
® 3705-I1 remote capability
® Duplex wideband line sets

Manual Changes

TNL GN27-3165 has been incorporated into this revision. That TNL contained informa-
tion about the 3705-II and four new features.

seskkokok
Other minor clarifications and corrections appear in this edition.



Chapter 1: General Concepts

Teleprocessing is a growing part of the data processing industry, and teleprocess-
ing operations must be flexible to accommodate the increasing diversity of tele-
processing products, communication facilities, transmission control units, and
other teleprocessing equipment. In addition, the extremely time-dependent
teleprocessing functions put great demands on all the resources of the data
processing system. These demands increase as the teleprocessing subsystem
SIOWS.

The IBM 3704 and 3705 Communications Controllers are compatible, pro-
grammed transmission control units designed to assume many of the line-control
and processing functions for the teleprocessing subsystem. In many installations,
primary control of the teleprocessing network is concentrated in the central
processing unit (CPU), with a teleprocessing access method controlling the flow
of data to and from the stations in the network. Sending and receiving data over
the communication lines is a function of the transmission control unit, operating in
response to commands from the access method. In addition to performing the
usual functions of transmission control units, the communications controllers take
over many of the functions of an access method. In this way, the controllers
remove much of the control of the teleprocessing subsystem from the CPU.
Figure 1 illustrates this centralization of function.

- i

! Access Method | I Transmission

: Functions | : Control Unit

| | " Functions

| Lo

| i |

| |
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3704 or 3705 Control Functions

Figure 1. Centralization of Function in the IBM Communications Controllers
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Network Configuration with the Communications Controllers
The 3704 and 3705 controllers, though dissimilar in appearance, serve precisely
the same purpose in a teleprocessing network. The control programs provided
have identical capabilities. The essential difference between the two controllers is
the size of the networks they can accommodate. Figure 5 in Chapter 2 summa-
rizes the differences between the controllers in number of communication lines,
maximum line speeds, and storage capacity available. (As used throughout this
publication, the term communication line, or simply line, refers to the path over
which information is transmitted from one point in a teleprocessing network to
another. The path may in actuality be any communication facility of the commu-
nications common carrier, such as wire or radio; or it may be a combination of facilities.)

The control program in the communications controller communicates with a
teleprocessing access method in the CPU to which the controller is connected.
This CPU is called the host processor.

A controller may be attached directly to a host processor channel via a channel
adapter, or it may be located many miles distant from the host processor. Figure 2
shows a teleprocessing network in which all stations are directly connected to a
single controller attached to a host processor channel. Figure 3 shows a network
in which the stations more distant from the host processor are connected to a
separate controller. In the latter arrangement, the controller attached to the host
processor channel is called the local controller, and the distant controller is called
the remote controller. Using remote controllers in a teleprocessing network allows
the controller to be placed nearer the stations it serves, thus reducing the aggre-
gate length of the communication lines. This reduction in line mileage can signifi-
cantly lessen line charges—a major portion of network cost—even though two
controllers and a relatively expensive communication line between them are
required.

A remote controller must be linked to a local controller by a duplex or half-duplex
communication line. This line, called the local/remote communication link,
carries all the message traffic exchanged between the host processor and stations
connected to the remote controller. (In this publication, the term duplex commu-
nication line means a line having two independent data paths over which data can
be transmitted simultaneously in both directions; a half-duplex communication
line is one having a single data path over which data can be transmitted in either
direction, but not simultaneously. A duplex communication line may operate in
half-duplex mode.)

3704 or
3705

Host

// Processor

Figure 2. Teleprocessing Network with a Single Communications Controller
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Only one communication link may exist between a local and a remote controller.
However, if this link fails, the controllers may be connected via the switched
communication network (with half-duplex data transfer) provided that they have
the required hardware and program options.

Although Figure 3 shows only one remote controller, multiple remote controllers
may be connected to the same local controller, each by a separate local/remote
communication link. (A remote controller cannot be connected to more than one
local controller.)

The 3705 is designed for either (1) attachment to an IBM System/360 byte-
multiplexer channel or to an IBM System/370 selector, byte-multiplexer, or
block-multiplexer channel; or (2) communication over a duplex or half-duplex
local/remote communication link with a local, channel-attached 3704 or 3705.
The 3704 is designed for either (1) attachment to a System/360 or System/370
byte-multiplexer channel; or (2) communication over a duplex or half-duplex
local/remote communication link with a local, channel-attached 3704 or 3705.

3704 or
3;8; or 3705
Host
i S Processor
Local/Remote Communication Link
(Remote) (Local)

Figure 3. Teleprocessing Network with Two Communications Controllers Connected by
Local/Remote Communication Link

Program Support for the Controllers

Network Control Program: Much of the increased capability of the controllers is
provided by the network control program (NCP), which is executed in the
controller. The network control program provides the flexibility necessary to
meet increasing teleprocessing demands and at the same time relieves the CPU of
much of the teleprocessing responsibility.

Three versions of the network control program are provided. The network control
program, version 1, referred to as NCP 1, handles much of the logical and physical
control of the teleprocessing network, taking over functions that are often per-
formed by an access method or by a transmission control unit. The second
version, called the network control program/VS, version 2 (NCP 2) provides
added functions—oprincipally, the partitioned emulation programming extension
(discussed below).

The network control program/VS, version 5 (NCP 5) supports remote communications
controllers, and allows com munication via synchronous data link control (SDLC) with
certain clusters, such as the IBM 3600 Finance Communication System. It also adds the
following capabilities:
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« Communication with certain terminals (as well as clusters) via SDLC.

¢ SDLC communication over the switched communication network.

« Support of terminals and clusters using SDL.C communication by a remote
controller.

The functions of all versions of the network control program are described in
detail in Chapter 4. Information on SDLC is in the publication, IBM Synchro-
nous Data Link Control General Information (GA27-3093).

The network control program must communicate with a teleprocessing access
method in the host processor. IBM provides the OS Telecommunications Access
Method (TCAM) for communicating with NCP 1, the first version of the network
control program. For NCP 2, IBM provides the OS/VS TCAM access method.
IBM provides the OS/VS TCAM, OS/VS VTAM, and DOS/VS VTAM access methods for
support of NCP 5. ’

The specific features offered by TCAM for communicating with a network control
program are described in the publications, OS TCAM Programmer’s Guide
(GC30-2024) and OS/VS TCAM Programmer’s Guide (GC30-2034). Similar
information for VTAM is given in Introduction to VITAM (GC27-6987).

Emulation Program: IBM also provides an emulation program (EP) to run in
controllers attached to a host processor channel. This program emulates the
functional operation of the IBM 2701 Data Adapter Unit, the IBM 2702 Trans-
mission Control, and the IBM 2703 Transmission Control, and allows many
programs written for operation with the 2701, 2702, and 2703 to operate with the
controllers without modification.

The emulation program can communicate with access methods running in a
System/360 or System/ 370. Chapter 5 describes the emulation program in more
detail.

Partitioned Emulation Programming Extension: A feature of the network control
program, versions 2 and 5, called the partitioned emulation programming

(PEP) extension, allows the program to operate some communication lines in
network control mode while operating others in emulation mode. An NCP with
PEP can be executed only in a local controller. The program communicates with
one or more teleprocessing access methods in the System/370 host processor.
Chapter 6 contains additional information about the partitioned emulation pro-
gramming extension.

System Support Programs: In addition to the network control and emulation
programs, IBM provides system support programs. These programs, which are
executed in a’central processing unit, generate control programs, load them into
controller storage, and dump controller storage. Chapter 3 specifies the operating
systems under which the support programs run and describes their functions.

The NCP Generation and Utilities and EP Generation and Utilities manuals
provide information on defining network control programs and emulation pro-
grams, and on using the support programs. See Appendlx D for descriptions of
these manuals.
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A Compatible Family

The various models of the 3704 and the 3705 make up a compatible family of
communications controllers that provides a teleprocessing entry for every type of
installation, from the completely new user to the large user with an existing
network. The controllers offer an easy path for conversion from ex1st1ng systems
and for continuing teleprocessmg growth.

The 3704 is designed primarily for new teleprocessing installations and small
installations that presently have a few lines attached through IBM 2701 or IBM
2702 or equivalent control units. The emulation program eases the transition
from the 2701 and 2702 to the 3704.

The 3705 is designed for teleprocessing installations with large networks that
require one or more IBM 2701, IBM 2702, or IBM 2703, or equivalent, control
units. In addition, the 3705 offers the smaller user a convenient means of increas-
ing the size of his network. The emulation program and the network control
program with PEP allow easy conversion from the 2701, 2702, and 2703 to the
370s.

Figure 5 in Chapter 2 summarizes the differences between the 3704 and 3705
controllers in number of communication lines supported, maximum line speeds,

-and storage capacity available.

Transition from a 3704 to a 3705 is eased by the compatibility of the IBM-
supplied programming support for the two machines. A network control program
for either the 3704 or the 3705 can be generated from the same library of network
control program modules; the same macro language is used. The same is true for
the emulation program; only one library of emulation program modules is required
for both machines. A control program generated for the 3704 could be executed
by a 3705 with the same configuration of communication lines and adapter
hardware, provided the amount of storage installed is adequate. Conversely, a
program generated for the 3705 could be executed by a 3704, if both are equipped
with the same types of scanners and channel adapters, and both have sufficient
storage. The support programs for the network control and emulation programs
are identical for the 3704 and the 3705. Likewise, an access method that commu-
nicates with the 3704 will communicate with an identically configured 3705.

Advantages of the IBM Communications Controllers

The IBM 3704 and 3705 Communications Controllers have most of the capabili-
ties and features of t]he' IBM 2701 Data Adapter Unit, the IBM 2702 Transmission
Control, and the IBM 2703 Transmission Control. With the additional capabili-
ties provided by the network control program and new features in the design of
the hardware, the controllers offer many advantages over these transmission
control units.

In the following discussion, the largest of the transmission control units mentioned
above, the IBM 2703, is used for comparison to the 3705. Figure 4 illustrates
some of the advantages that the 3705 with the network control program has over
the 2703. These advantages prevail whether the 3705 is a local or a remote
controller. The 3704 with the network control program has equlvalent advantages
over the IBM 2701 and 2702.
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Figure 4. Advantages of the IBM 3705 over the IBM 2703
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Flexibility is one of the principal advantages of the 3704 and 3705 controllers.
Both the hardware and the network control program are designed to allow a high
degree of flexibility in configuring the teleprocessing subsystem to meet the
particular requirements of most installations.

The 3704 and 3705 can communicate with many types of teleprocessing stations
using both synchronous and asynchronous line-control disciplines at line speeds
from 45.5 bps to 50,000 bps. For a list of the stations supported, see Appendixes
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A and B. The network control program recognizes and translates a variety of
transmission codes, including USASCII, EBCDIC, EBCD, BCD, and Correspon-
dence Code.

A maximum of 32 communication lines for half-duplex operation can be attached
to the 3704. A maximum of 352 lines for half-duplex operation can be attached
to the largest model of the 3705 (twice as many as for the 2703). These limits
include any local/remote communication links. Each duplex local/remote com-
munication link decreases by two and each half-duplex local/remote communica-
tion link decreases by one the number of communication lines available for
communicating with stations in the network in half-duplex mode. The actual
number of communication lines that the controllers can support depends upon
performance factors and the combination of features chosen.

In addition, the line-attachment hardware provided for the controllers allows
many different types of communication lines to be attached through a single line
scanner. Lines are available in pairs (and in some cases, singly) rather than in
groups of four or eight, as’in the 2703. This characteristic allows considerable
latitude in the number of line types that can be attached to the controllers. This is
especially advantageous when an installation requires a few lines of several
different types. In many cases, such a network requires only a minimum of
line-attachment hardware.

The 3705 hardware offers additional flexibility in the choice of channel adapters
and line scanners (called communication scanners in the controllers). Depending
upon the anticipated throughput and type of system attachment desired, you can
choose between three types of channel adapters (for a local controller only) and
two types of communication scanners. One type of scanner and two types of
channel adapters offer high throughput and performance capabilities. The other
type of each one, which costs less but can handle less throughput, is suitable for
use with smaller networks. The 3704 is available with the same two types of
communication scanners as the 3705, but it offers only the low-throughput
channel adapter.

Further contributing to the flexibility of the 3704 and 3705 controllers is the
network control program, which you can easily adapt to the requirements of your
teleprocessing installation. The standard network control program functions
include a wide range of facilities to control the teleprocessing subsystem. In
addition, a number of optional functions can be performed by the network control
program or by the access method, or, in some cases, omitted entirely.

You describe the network control program that meets the requirements of your
installation by using a high-level macro language. This language gives you control
over many of the operating characteristics of the teleprocessing subsystem. You
control some characteristics by specifying particular values for certain network
control program parameters or specific functions to be included in or excluded
from the program. You control other characteristics indirectly, depending on the
network and the options you specify. For example, you need not specify the order
in which communication lines are scanned for service requests. The scanning
scheme is determined internally by the network control program generation
procedure using a combination of factors that you specify in describing the
network.

Since the scanning mechanism is program-controlled, the controller’s scanning
hardware need not be rewired for every change in network configuration. When
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new communication lines are added to the network, any modifications to the
scanning scheme are made automatically when the network control program is
regenerated to include the new lines.

This characteristic also permits the generation of several different network control
programs to handle different subsets of communication lines, all attached to the
same controller. The program currently resident in the controller determines
which lines are scanned and in which order, depending upon the parameters
specified when that program was generated.

Flexibility in the network control program is increased by the ability to change
certain network characteristics dynamically, that is, during execution of the
program. The access method can issue special commands to the program to make
changes such as activating and deactivating communication lines. This allows you
to modify the teleprocessing subsystem as the demands of the network change.

A principal advantage of a network control program with the partitioned emula-

. tion programming (PEP) extension is the ability to operate the same communica-
tion line alternately in network control mode and emulation mode. Changes from
one mode to the other are made during program execution, by command from the
access method. Alternate operation requires that the stations connected to the
line be supported in both network control mode and emulation mode.
(Appendixes A and B list the types of stations supported in each mode.) In
addition, you must specify, during program generation, that the line is to be
operable in either mode.

The Controllers Are Modular in Design
Much of the flexibility of the controllers comes from the modular design of the
hardware and the network control program. Such modularity allows the control-
lers to grow easily to meet the needs of an expanding teleprocessing subsystem.

Both the 3704 and the 3705 offer storage in increments that can be ordered
according to the needs of the particular installation. They also offer a wide range
of choices in line-attachment hardware.

The controller is available in models—four for the 3704 and twenty for the
3705—that allow easy expansion of the teleprocessing network. The various
models of the 3705 also offer options in the number of channel adapters (for local
controllers only) and communication scanners you can order, in addition to the
amount of storage and line-attachment hardware.

Also, the network control program is designed in modules that are selected
according to the requirements of the network. Since no teleprocessing subsystem
requires all the facilities of the network control program, you can specify through
the program generation language only those facilities that your particular installa-
tion needs. The generation procedure automatically selects the appropriate
modules to perform those functions.

The Controllers Offer High Availability
Many characteristics of the controller hardware and the network control program
work together to ensure that availability of the controller to perform its normal
teleprocessing functions is high.

For example, the network control program provides error recovery procedures
(ERPs) that can recover from many intermittent hardware or transmission errors.
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In most cases, the controller remains available to the rest of the network while the
ERPs are being executed.

Some hardware options also increase the availability of the controllers. For
example, two types of channel adapters have a two-channel switch feature that
allows each of them to be attached to two CPU channels at once. If one channel
fails, the channel adapter can be manually switched to the second channel. (This
feature does not provide for simultaneous operation over both channels.)

An option that further increases availability in the larger models of the 3705 is
their ability, when executing a network control program, to support two channel
adapters of the high-performance type. This feature allows physical attachment to
two different CPUs. If one CPU or channel adapter fails, the network control
program can be switched to the second channel adapter either by command from
the host access method or by reloading the NCP using the second channel adapter.

If both channel adapters have the two-channel switch, the 3705 can be attached
to as many as four CPUs, making availability even higher. However, only one
channel path at a time can be active.

The third type of channel adapter allows the 3705 to be attached to both process-
ing units of a tightly-coupled multiprocessor through one channel adapter. The
3705 appears as the same I/0 unit to each processing unit and can be accessed
alternately by each processing unit in exactly the same manner. This facility
allows the access methods for the 3705 (TCAM, VTAM, etc.) to run in either
CPU with the path from the 3705 being transparent to the access method. This
type of channel adapter can also provide an alternate path when attached to a
uniprocessor.

For attachment of the communication lines, the 3705 can have up to four of the
high-performance communication scanners. If one of the scanners fails, only
those communication lines attached to it are affected; under most circumstances,
the rest of the network can continue to operate as usual.

The Controllers Conserve CPU Resources
The controllers, when executing a network control program, can take over many
functions that were previously performed by the teleprocessing access method. In
doing so, they free resources in the host processor to handle more local processing
jobs. The advantages to the host processor increase as the size of the teleprocess-
ing network increases.

Most of the advantages to the host processor come from the removal of line-
control and buffering functions from the access method to the controller. Much
of the line-control information previously maintained by the access method in
control blocks is now maintained by the network control program. In addition,
the controller buffers data as it arrives from the stations and sends it to the host
processor in blocks. Consequently, the access method can allocate buffers after
an entire block has arrived from a station, and empty buffer space in host main
storage is no longer tied up while data is being transmitted over the communica-
tion lines. Buffer requirements for the access method are therefore reduced,
especially when input from the network is high.

The network control program can also take over some of the processing functions,
such as date-and-time insertion, previously assigned to the access method.
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Including these functions in the network control program saves the host processor
both the time and the main storage required by the processing programs.

The Controllers Use a Single Subchannel Address

An advantage to the entire data processing installation is that a local controller,
when executing a network control program, occupies a single control-unit position
on the channel and requires only a single subchannel address to communicate with
the host processor. (The IBM 2701, 2702, and 2703 require a separate subchan-
nel address on a byte-multiplexer channel for each communication line in the
network.) Therefore, if the controller is attached to a multiplexer channel, many
subchannel addresses are still available for the attachment of other peripheral 1I/0O
equipment, and the channel facilities can be better utilized.

Also because of this characteristic, the 3705 with the network control program
can be attached to a System/370 selector channel, regardless of the number of
communication lines in the network. This capability is advantageous to a telepro-
cessing subsystem with high-speed communication lines and high throughput
requirements.

The Design of the Controllers Increases Reliability and Reduces Overhead

10

The controllers are designed so that data is transferred between remote stations
and the host processor with maximum reliability and efficiency. The controllers
have four interrupt levels, performing those functions that are most critical at the
highest priority level. Correspondingly, the network control program has five
program levels, the first four paralleling the hardware interrupt levels, the fifth
performing the functions that are not critically time-dependent.

As an example of the type of priorities established by the interrupt scheme, the
first interrupt level (both hardware and program) handles those situations that
require immediate attention—hardware and program checks and requests for IPL
(initial program load), among others. If these conditions are not resolved immedi-
ately, normal operation of the controller is impossible. Therefore, they receive
highest priority.

The most critical of the normal teleprocessing functions are handled at the second
interrupt level. These are the servicing of the communication lines and the

handling of data as it arrives and leaves. The controller hardware and the control
program interact very closely at this level to prevent loss of data arriving on a line.

The controllers have four groups of eight general registers. One group is associat-
ed with each of the three lower program levels, and the fourth is shared by the
first two program levels. This feature eliminates much of the overhead involved in
saving and restoring register contents when passing control from one level to
another. Therefore, the controllers can devote more time to the network-control
functions.

Additional overhead can be eliminated in a local 3705 if one of the high-
performance channel adapters is installed. These adapters use cycle steal to
transfer data. Cycle steal allows the channel adapter to transfer data to or from
storage without interfering with the logic of the control program. Program
execution is simply suspended for the length of one machine cycle, during which
the data is transferred. Thus the overhead involved in regular program interrupts
is eliminated.

Introduction to the IBM 3704 and 3705 Communications Controllers



The Controllers Provide Many Error Recovery and Diagnostic Facilities
The network control program has a number of error recovery procedures and
diagnostic facilities to enhance the reliability and serviceability of the controllers.

Some error recovery procedures (ERPs) are executed automatically by the
network control program when a transmission error occurs. If these procedures
fail to recover from the error, the program can perform other ERPs.- In some
cases, the program can notify the access method of the error and allow the access
method to try to solve the problem.

The network control program also collects statistics on errors that occur for each
line and sends these statistics to the host processor when a given count is reached.
In addition, the checkpoint/restart option can be specified for the network control
program, versions 1 and 2. If this is included, the program sends the host pro-
cessor records containing the status of each communication line in the network
whenever requested by the access method. These records can then be used when
the controller is restarted to restore the network to its status at the last checkpoint
before closedown.

Other diagnostic aids are also available for the controllers. Online terminal tests
can be executed for the stations in the teleprocessing network. In addition, a
diagnostic wrap facility enables the controller to test the communication line
attachment hardware to determine whether problems are in the controller hard-
ware or in the communication lines. The network control program, version

| 5 also provides online line tests for testing communications lines.
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Chapter 2: Communications Controller Hardware Concepts

The 3705 Hardware

This chapter describes segments of hardware that make up the IBM 3704 and
3705 controllers. Figure 5 summarizes the differences between the two machines.

The 3705 is available in 20 models, based on the amount of storage and physical
line-attachment capability. Each model is designated by a letter and a number,
such as Model C3. The letter indicates the maximum line-attachment capability,
and the number indicates the amount of storage. All C-models, for example can
attach up to 256 communication lines for half-duplex operation, and all 3-models
have 80K bytes of storage.

Figure 6 shows the storage capacity of each 3705 model and the maximum
number of lines for half-duplex operation that can be attached to each. (A line
that operates in duplex mode, such as a local/remote communication link, counts
as two half-duplex lines.) The actual number of lines that the control program can
support depends on many factors, such as the line speeds required and the
throughput capacity of the control program.

All models of the 3705 cohtain_a central control unit, a control panel, and at least
16K bytes of storage. In addition, they contain provisions for mounting a channel
adapter (or a remote program loader), a two-channel switch, a communication
scanner, and line interface bases and line sets to attach up to 64 communication
lines for half-duplex operation. As the models increase in size, the available
hardware options also increase, allowing the mounting of two channel adapters,
two two-channel switches, and the storage and line-attachment capabilities as
noted in Figure 6. (Channel adapters and two-channel switches can be installed
only in a controller intended for attachment to a CPU channel; the two-channel
switch is not available with a type 3 channel adapter.)

Models of the 3705 can be upgraded to larger models at the user’s installation.

Figure 7 shows the maximum configuration of the 3705 hardware. A brief
description of the functions of each segment of hardware follows.

3704 3705
Maximum number of lines for half-duplex operation 32 352
Maximum line speed (bits per second) . 50,000 50,000
Number of communication scanner types available 2 2
Maximum number of communication scanners installable 1 4
Nufnber of channel adapter types available 1 3
Maximum number of channel adapters installable 1 2
Range of storage capacity (bytes) 16K-64K  16K-240K
Size of storage increments 16K 32K

Figure 5. Summary of Differences between 3704 and 3705 Controllers
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The Central Control Unit

The Control Panel

Model Maximum Number of Amount of Storage

Half-Duplex Lines , (Bytes)
Al 64 16K
A2 64 48K
Bl 160 16K
B2 160 ' 48K
B3 160 80K
B4 160 112K
Cl 256 16K
C2 256 48K
C3 256 80K
C4 256 112K
C5 256 144K
C6 256 176K
Dl 352 16K
D2 . 352 48K
D3 352 80K
D4 352 112K
D5 352 144K
D6 352 176K
D7 352 208K
D8 352 240K

Figure 6. Communication Line and Storage Capacities of the 3705 (by Model)

The central control unit contains the circuits and data-flow paths needed to
execute the 3705 instructions and to control 3705 storage and the attached
adapters. It also includes a storage-protection mechanism. The central control
unit operates under the control of the 3705 control program.

The 3705 control panel contains the switches and indicators necessary to control
certain 3705 functions manually. Some of the functions provided by the control
panel are the ability to store and display information in 3705 storage and regis-
ters; the control and indication of power; indications of controller status;
operator/controller communication controls; and diagnostic controls. The 3704
and 3705 Control Panel Guides explain how to use the control panel.

A remote 3705 will, in many installations, operate largely unattended. Two useful
features are available for a remote 3705: unit protection and remote power off.

The unit protection feature is a lock switch that allows all control panel switches
(except Power On/Off) to be disabled. This prevents unauthorized or inadvertent
use of the panel to modify the control program being executed.

The remote power off feature allows power to be turned off by command from the
host processor (via the local controller). This eliminates the need to have some-

" one present to turn power off manually at the end of the day’s teleprocessing

operations. Power must be turned on manually, however, at the remote
controller’s panel.
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3705 Storage

The 3705 Adapters

Attachment Bases

The amount of 3705 storage ranges from 16K bytes (16,384) to 240K bytes
(245,760), in 32K increments. The 3705 model numbers indicate the amount of
storage installed, as previously explained.

The communication scanners for the 3705 come in two versions. The channel
adapters (CA) come in three versions. The type 1 scanner and type 1 CA have
low functional capabilities and require more control by the 3705 control program
than do the other adapters. The type 3 CA has the same performance and
throughput characteristics as the type 2, but allows attachment to two channel
interfaces, both of which may be enabled (though not active) at the same time.

Figure 8 shows all possible combinations of communication scanners and channel
adapters, including the maximum number of each type that can be installed in a
3705 and in which of the models they can be installed. The remote program
loader referred to in Figure 8 is described later in this chapter.

Combination Maximum Number per 3705 Model
' A B o D
Type 1 CA* and 1 1 1 1
Type 1 Scanner 1 1 1 1
Type 1 CA* and 1 1 1 1
Type 2 Scanner 1 2 3 4
Type 2 or
Type 3 CA* and 1 2 2 2
Type 2 Scanner 1 2 3 4
Type 1 CA and - 1 1 1
Type 2 or
Type 3 CA and -- 1 1 1
Type 1 Scanner - 1 1 1
Type 1 CA and - 1 1 1
Type 2 or
Type 3 CA and - 1 1 1
Type 2 Scanner - 2 3 4 * or one remote program loader,
if the 3705 is a remote control-
Type 2 CA and . 1 1 1 ler. Regardless of model, a 3705
Type 3 CA and . 1 1 1 can contain only one remote
Type 2 Scanner . 2 3 program loader.

Figure 8. 3705 Channel Adapter/Communication Scanner Combinations

An attachment base is a required feature for support of the 3705 adapters. Two
types of attachment bases are available: the type 1 attachment base and the type 2
attachment base.

The type 1 attachment base provides common controls to the central control unit
for both the type 1 scanner and the type 1 CA. The type 2 attachment base
provides common controls to the central control unit and line addressing controls
for the type 2 scanners.

One or both of the attachment bases are required, depending on the type of
scanner and CA installed in the 3705. The requirements are as follows:

Hardware Installed Attachment Base Required
Type 1 Scanner with Type 1 CA Type 1 Attachment Base
Type 2 Scanner with Type 1 CA Type 1 and Type 2 Attachment Bases
Type 2 Scanner with Type 2 CA Type 2 Attachment Base
or Type 3 CA
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Channel Adapters (Local 3705 Only)
Three types of channel adapters are available for the 3705. The type 1 CA
provides attachment to an IBM System/360 or System/370 byte-multiplexer
channel. The type 2 and type 3 CAs provide attachment to an IBM System/370
selector, byte-multiplexer, or block-multiplexer channel. The type 3 CA enables
the 3705 to be attached to System/370 Model 158 and 168 tightly-coupled
multiprocessor systems as a symmetrical shared I/0 unit and to uniprocessors as
an I/O unit with an alternate path capability.

With any type of channel adapter the 3705, when executing the network control
program (NCP), appears as a single control unit on the channel and uses a single
subchannel address. The emulation program requires multiple subchannel ad-
dresses, just as the IBM 2701, 2702, and 2703 do.

Type 1 Channel Adapter: The type 1 CA can handle only a relatively low volume
of throughput and requires intervention from the 3705 control program for each
data transfer burst. It is, however, adequate for many small networks and costs
less than the type 2 and type 3 CAs.

Type 2 Channel Adapter: The type 2 CA transfers data by cycle steal, requirés
less intervention from the 3705 control program than the type 1 CA, and can
handle a larger volume of throughput.

Type 3 Channel Adapter: The type 3 CA provides the same capabilities as the
type 2 CA. In addition, the type 3 CA can be attached to two CPU channels.
These two channel interfaces can be simultaneously enabled, and alternate
(though not simultaneous) operation over the two interfaces is permitted. When a
channel I/O operation over one channel interface is beiqg executed, an I/0
initiation attempt by the second channel (attached through the type 3 CA’s
second interface) causes a Busy status to be presented over that interface. Having
given a Busy status, the adapter generates an asynchronous Device End when the
I/0 operation causing the Busy state has been completed on the opposite channel
interface.

The type 3 CA can be enabled to either interface or to both at the same time.
Enabling and disabling of the channel interfaces are controlled by manual
switches located on the 3705 control panel. A pair of enable/disable switches
exists for each type 3 CA (one for each channel interface).

Attachment of Multiple Channel Adapters: Up to two channel adapters can be
installed in the B, C, and D models of the 3705. They may be either two type 2
CAs, two type 3 CAs, one type 1 and one type 2 CA, one type 1 and one type 3
CA, or one type 2 and one type 3 CA. If equipped with two high-performance
channel adapters (type 2 and type 3), the 3705 can be attached to two independ-
ent CPU systems.

Network Control Program Support for the Channel Adapters: The network control
program (NCP) can support either the type 1, the type 2, or the type 3 channel
adapter. However, a network control program can contain the code for only one
type of channel support at a time: type 1 support (for the type 1 CA) or type 2
support (for the type 2 or type 3 CA). Therefore, if the 3705 is equipped with a
type 1 CA and either a type 2 or a type 3 CA, the nonsupported channel adapter
should be disabled when the 3705 is operating in network control mode.
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If the 3705 is attached to two independent CPU systems (whether uniprocessors
or multiprocessors) through two type 2 or type 3 CAs, the first two versions of the
network control program (NCP 1 and NCP 2) can contain the option of switching
from one channel adapter to the other, thus providing a backup capability. In this
case, one CPU is designated to the NCP as the primary CPU and the other as the
secondary CPU. The network control program exchanges data only with the
primary CPU. However, it accepts from either channel a command to reverse the
roles of the CPUs. The secondary CPU then becomes the new primary CPU and
the old primary CPU becomes the new secondary CPU. The NCP exchanges data
only with the new primary CPU until it again receives a command to switch CPUs.

Emulation Program Support for the Channel Adapters: The emulation program can
operate only with the type 1 channel adapter. Therefore, when the 3705 with
both types of channel adapters is operating with the stand-alone version of the
emulation program, the type 2 CA or type 3 CA should be disabled.

Partitioned Emulation Support for the Channel Adapters: A network control
program with the PEP extension can contain the code to support both types of
channel adapters. (Operation in emulation mode is possible only with the type 1
channel adapter.) If the 3705 is equipped with a type 1 CA and a type 2 or type 3
CA, the type 1 adapter handles data interchanges for communication lines in
emulation mode, and the type 2 or type 3 adapter handles data interchanges for
those in network control mode.

The Two-Channel Switch Feature: Both the type 1 and the type 2 channel
adapters can have a two-channel switch. With this feature, the 3705 can be
attached to two channels through one channel adapter. (The channels can be
attached to the same CPU or to two diffcrent CPUs.) However, only one of the
channels can be enabled for operation at a time. The channel to be enabled is
selected by means of a manual switch on the 3705 control panel.

If two CAs are installed and both have a two-channel switch, the 3705 can be
attached to four channels (and, consequently, to as many as four CPUs).

The two-channel switch feature for the type 1 and type 2 CA should not be
confused with the enable/disable switches for the type 3 CA.

Remote Program Loader (Remote 3705 Only)

Communication Scanners

A 3705 used as a remote controlier requires a remote program loader instead of a
channel adapter. The remote program loader makes it possible to load a network
control program, version 5, from the host processor via the local controller and the local/
remote communication link. The remote program loader includes a small auxiliary stor-
age device and a read-only storage unit. The auxiliary storage device contains loading,
dumping, and diagnostic routines.

A 3705 equipped with a remote program loader cannot have a channel adapter.

The communication scanners provide the connection between the communication-
line attachment hardware (line interface bases) and the central control unit. The
primary function of the scanners is to monitor the communication lines for service
requests.

The 3705 can have either the type 1 communication scanner or the type 2 commu-
nication scanner, but not both. Only one type 1 scanner can be installed in the
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Line Interface Bases

3705. Up to four type 2 scanners can be installed, depending on the 3705 model
selected. The A-models can have only one type 2 scanner. B-models can have up
to two; C-models, up to three; and D-models, up to four type 2 scanners.

The type 1 scanner interrupts the 3705 control program for each bit that arrives or
leaves over a communication line. The program assembles and disassembles
characters.

The type 2 scanner hardware assembles and disassembles characters. It interrupts
the control program only when an entire character has arrived on or left from a
line.

For either scanner, the actual number of communication lines that can be attached
depends upon the speeds required; the higher the maximum speeds, the smaller
the number of lines the scanner can handle.

Communication scanners service local/remote communication links as well as
communication lines to remote stations. The scanner servicing a local/remote
communication link may be either type 1 or type 2.

Communication lines are attached to the 3705 through line interface bases (LIBs).
Several LIB types are available to handle requirements for different types of line
terminations. Depending upon the type of line termination, as many as 16 com-
munication lines can be attached through one LIB. The A-models of the 3705 can
have a maximum of four LIBs; the B-models, a maximum of 10; the C-models, up
to 16, and the D-models, as many as 22 LIBs.

Communication lines are attached to LIBs through line sets. A single line set may
provide the interface for one or two communication lines depending upon the type
of interface. The types of LIBs and the line sets that can be installed in them are
described in Appendix C, ““3704 and 3705 Line Interface Bases and Line Sets”.
The characteristics of the interface between the line sets and common-carrier
facilities are described in the Original Equipment Manufacturers’ Information
publication (GA27-3053).

Extended Environment Featu}'e (Remote 3705 Only)

A 3705 equipped with the remote program loader may have the extended environ-
ment feature, which allows the controller to operate in a location without air
conditioning. The minimum ambient temperature is 50° F (10° C); the maximum
is 100° F (38° C). Without the extended environment feature, the allowable
temperature range is 60° F (15.5° C) to 90° F (32.2° C).

Internal Air Circulation Features (Remote 3705 Only)

A remote 3705, if equipped with the extended environment feature, also requires
the internal air circulation feature for each storage block in the controller. The
internal air circulation features provide improved air cooling of the controller
storage. A separate internal air circulation feature is required for each storage
block in the controller. A 3705 having 80K bytes of storage, for example, re-
quires three internal air circulation features: one for the first 16K storage block
and one for each of the two 32K blocks.
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The 3704 Hardware

The 3704 consists of a single module that contains the central control unit; the
control panel; storage ranging from 16K (16,384) bytes to 64K (65,536) bytes in
16K increments; a communication scanner; the line-attachment hardware neces-
sary to connect as many as 32 communication lines for half-duplex operation; and

either (1) a channel adapter for attachment to an IBM System/360 or

System/370 channel, or (2) a remote program loader. Figure 9 illustrates the
maximum configuration of the 3704 when the control program is a network
control program, version 5, or an emulation program that runs under OS/VS or DOS/VS.
Previous versions of the NCP and the EP support only one line interface base (which must
be type A1) with the type 2 scanner. A brief description of the function of each segment

of hardware follows.

The Central Control Unit

The central control unit contains the circuits and data-flow paths needed to
execute the 3704 instructions and to control 3704 storage and the attached
adapters. It also includes a storage-protection mechanism. The central control

unit operates under the control of the program resident in the 3704.

3704 Communications Controller
Control Central Control
Panel Unit
Expansion
OR Feature fe)
Model A1 r _____ .,i ) *
16K ! |
Storage Type1 |l| Type2 |I Channel
Scanner : Scanner : Adapter
r Model A2 1 ]
! : Y I |
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Channel
| Model A3 g | Line Line Switch
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S
I torage : \
| ' LB LIB
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Figure 9. Maximum Hardware Configuration of the 3704
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The Control Panel

3704 Storage

The 3704 control panel, contains the switches and indicators necessary to control
certain 3704 functions manually. Some of the functions provided by the control
panel are the ability to store and display information in 3704 storage and regis-
ters; the control and indication of power; indications of controller status;
operator/controller communication controls; and diagnostic controls. Like the
3705, the unit protection lock switch and remote power off features are available
for remote 3704 controllers.

Storage in the 3704 is available in 16K increments up to 64K bytes. The base
machine includes 16K bytes of storage. To install storage above 16K, an expan-
sion feature is required.

The amount of storage in the 3704 is designated by 3704 models. Figure 10
shows the model names and amount of storage in each.

The 3704 Channel Adapter (Local 3704 Only)

Remote Program Loader

Communication Scanners

The 3704 provides.a single channel adapter, the type 1 channel adapter, for
attachment to an IBM System/360 or System/370 byte-multiplexer channel. This
channel adapter is identical to the type 1 channel adapter for the 3705.

The channel adapter can have the two-channel switch feature, which allows the
3704 to be attached to two channels. (The channels can be attached to the same
CPU or to two different CPUs.) However, only one of the channels can be
enabled for operation at a time. The channel to be enabled is selected by means
of a manual switch on the 3704 control panel.

(Remote 3704 Only)
A 3704 used as a remote controller requires a remote program loader instead of a
channel adapter. The remote program loader makes it possible to load a network
control program (NCP 5) from the host processor, via the local controller and the local/
remote communication link. The remote program loader includes a small auxiliary
storage device and a read-only storage unit. The auxiliary storage device contains loading,
dumping, and diagnostic routines.

A 3704 equipped with a remote program loader cannot have a channel adapter.
The 3704 can be equipped with either a type 1 or a type 2 conimunication
scanner.

The type 1 scanner interrupts the control program for each bit that arrives or

leaves over a communication line. The program assembles and disassembles
characters.

Maximum Number of Amount of Storage

Model Half-Duplex Lines (Bytes)
Al 32 16K
A2 32 32K
A3 32 48K
A4 32 64K

Figure 10. Communication Line and Storage Capacities of the 3704 (by Model)
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Line Interface Bases

The type 2 scanner interrupts the program only when an entire character has been
received from or transmitted onto the communication line. The scanner hardware
assembles and disassembles characters.

For either scanner, the actual limit on the number of communication lines that can
be attached depends upon the speeds required; the higher the maximum speeds,
the smaller the number of lines the scanner can handle. For specific line speeds
and line configurations that each scanner can support, see the appropriate Storage
and Performance manual.

Communication scanners service local/remote communication links as well as
communication lines to remote stations. The scanner servicing a local/remote
communication link may be either type 1 or type 2.

Communication lines are attached to the 3704 through line interface bases (LIBs).
One or two LIBs can be installed in the 3704. Depending upon the type of line
termination, as many as 16 communication lines can be attached through one LIB.

Communication lines are attached to LIBs through line sets. A single line set may
provide the interface for one or two communication lines depending upon the type
of interface. The types of LIBs and line sets available for the 3704 are described
in Appendix C, “3704 and 3705 Line Interface Bases and Line Sets”’. The
characteristics of the interface between the line sets and common-carrier facilities
are described in the Original Equipment Manufacturers’ Information publication
(GA27-3053).

Extended Environment Feature (Kemote 3704 Only)

A 3704 equipped with the remote program loader may have the extended environ-
ment feature, which allows the controller to operate in a location without air
conditioning. The minimum ambient temperature is 50° F (10° C); the maximum
is 100° F (38° C). Without the extended environment feature, the allowable
temperature range is 60° F (15.5° C) to 90° F (32.2° C).
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Chapter 3: The System Support Programs

The IBM-supplied system support programs for the network control program
(NCP) and the emulation program (EP) are available to help you install and use
your communications controller. There are four system support programs: (1) a
procedure for generating the control program, (2) an assembler, (3) a loader, and
(4) a dump program. The loader and the dump program are utility programs.
Each remote controller has a small auxiliary storage device containing load and
dump routines. These routines are not part of the system support programs
described below, which apply only to local controllers. Loading and dumping of a
remote controller are described at the end of the chapter.

The system support programs for the network control program will run under (1)
OS (Operating System) in an IBM System/360 or System/370, (2) OS/VS
(Operating System/Virtual Storage) in a System/370, and (3) DOS/VS (Disk
Operating System/ Virtual Storage) in a System/370.

Support programs for the emulation program will run under (1) OSin a
System/360 or System/370, (2) OS/VS in a System/370, (3) DOS in a
System/360 or System/370, and (4) DOS/VS in a System/370.

Consult your IBM representative to determine the availability of the system
support programs under each of the operating systems referred to above.

The generation procedure and the assembler are executed entirely in the CPU.
(This need not be the host processor for the controller.) Each of the utilities is
divided into two portions, one of which runs in the host processor and the other in
the controller. Use of the system support programs is described in the Control

Program Generation and Utilities and EP Generation and Utilities manuals. See
Appendix D for a description of these publications.

Control Program Generation
You create the control program that meets the requirements of your teleprocessing
subsystem by means of a control-program generation procedure. To help you
generate the control program, IBM supplies (1) a generation language by which
you specify network configuration and program options, and (2) a library of
macro definitions from which the source statements are expanded.

The generation procedure is similar for both network control programs and
emulation programs, although there are minor differences in the OS, DOS,
0S/VS, and DOS/VS procedures. The generation languages for both control
programs are also similar. However, more macros and operands are provided for
defining a network control program than for an emulation program because of the
greater number of network control options available. The following sections
describe the generation language, some coding conventions, and how the genera-
tion procedure works. Some topics are addressed only for the network control
program because they are not applicable to the emulation program. Generation
procedures for the network control program and emulation program are covered in
detail in separate publications, which are described in Appendix D.

The Control Program Generation Language

The control program generation language provides a high-level means for generat-
ing the control program for the 3704 or the 3705. The language is designed to
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System Macros

Configuration Macros

minimize the programming effort for even the most complex configuration of lines
and stations.

The generation language is made up of macro instructions that fall into four
categories according to the type of parameters they define. The types of macros
are (1) system macros, (2) configuration macros, (3) block handling (BH) macros,
and (4) a generation delimiter macro.

»

The system macros provide information pertaining to controller hardware fea-
tures, certain control program options, and program generation information such
as data set names. The system macros specify, for example:

« The amount of storage installed in the controller.

o The size of buffers used for communications in network control mode.

« The type of channel adapter installed (for the 3705 and the network control
program only).

« Optional facilities such as online terminal test and checkpoint/restart (available
only for communication lines in network control mode).

« Optional dynamic control functions to be included in the network control
program.

o The identifier of the controller (NCP 5 only).

* o Whether the network control program is to operate in a local or a remote controller

(NCP 5 only).

The configuration macros provide the information necessary to construct the
tables needed by the control program to control the flow of data between the
controller and remote stations or other controllers, and between a local controller
and the host processor.

One group of these macros defines the characteristics of the elements in the
teleprocessing network—Iline groups, communication lines (including
local/remote communication links), clusters, terminals (or controllers), and
components. You code a macro for each element in the network. The macros
must be arranged in a specific order to associate a particular communication line
with a particular line group, a particular terminal with a particular communication
line, etc. The hierarchy from the highest level to the lowest level is: line group,
line, cluster, terminal, component. For example, you would arrange the macros
defining a line group with two lines, two terminals on each line, and two compo-
nents on each terminal as follows:

Group definition
Line definition
Terminal definition
Component definition
Component definition
Terminal definition
Component definition
Component definition
Line definition
Terminal definition
Component definition
Component definition
Terminal definition
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Block Handling Macros

Component definition

Component definition
To define a local/remote communication link to which three controllers are
attached, you would code:

Group definition
Line definition
Controller definition
Controller definition
Controller definition

Each macro is associated with the last higher-level macro that precedes it. This
type of structure simplifies coding by allowing you to specify characteristics that
are the same for all levels of a hierarchy only on the highest level. For example, if
a characteristic pertains to all terminals on a multipoint communication line, you
code that characteristic only on the macro that defines the line.

The rest of the configuration macros provide the following types of information:

o Information needed for data transfer between the host access method and the
network control program; for example, average block size and buffer-unit size
in the host processor (not applicable for emulation mode data transfer).

« Information describing the communication scanner(s) attached to the
controller. _

« Definition of the remaining control tables necessary to control the network; for
example, lists of valid identification sequences for binary synchronous stations
that call in over the switched communication network (not applicable for lines
in emulation mode).

These configuration macros, unlike those that define the elements in the telepro-
cessing network, can appear in any order in relationship to each other in the
control program generation input stream.

The block handling (BH) macros apply only to messages transmitted over binary
synchronous and start-stop communication lines in network control mode. They
describe optional processing that the network control program can perform on a
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