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This is one of two books that describe, at the implementation level, the Systems Network Archi-
tecture (SNA) logical unit (LU) type 6.2 protocols. This book concerns the SSCP-independent LU
6.2 protocols (or er protocols, not requiring mediation by a system services control point
during LU-LU session 1initiation); the second book, SNA Format and Protocol Reference Manual:
Architecture Logic for LU Type 6.2, SC30-3269, concerns the SSCP-dependent LU 6.2 protocols
(those protocols involving mediation by a system services control point during LU-LU session
initiation). LU-LU protocols not related to session-initiation and -termination are common to
both SSCP-dependent and -independent LU 6.2 protocols; these common protocols will be updated in
the future only in this book, which therefore has precedence over the other book for information
on these protocols.

This book does not describe any specific machines or programs that may implement SNA, nor does
it describe any implementation-specific subsets or deviations from the architectural description
that may appear within any IBM SNA product. These matters, as well as information on SNA prod-
uct installation and system definition, are described in the appropriate publications for the
particular IBM SNA machines or programs to be used.

The following books should be read in conjunction with this one.

- COREQUISITE PUBLICATIONS

¢ SNA Format and Protocol Reference Manual: Architecture Logic for LU Type 6.2,
SC30-3269—reference information on SSCP-dependent protocols for LU 6.2.

j U SNA Transaction Programmer's Reference Manual for LU Type 6.2, GC30-3084—reference informa-
4 tion on LU type 6.2 verbs for programmers writing transaction programs to run on SNA.

U SNA Formats, GA27-3136—information on LU 6.2 and other SNA formats.

PREREQUISITE PUBLICATIONS

® SNA Concepts and Products, GC30-3072—basic information on SNA for those readers wanting
<:::\ either an overview or a foundation for further study.
)
/

® SNA Technical Overview, GC30-3073—additional details on SNA, especially on functions and
control sequences; bridges the gap between the most elementary overview of SNA and the
detailed descriptions of the formats and protocols.

RELATED PUBLICATIONS

¢ SAA Common __ggrammlng Interface: Communications Reference, SC26-4399—description of Sys-
Tems Applxcatxon Architecture's! Communications Interface, which provides a high-level pro-
gramming interface to LU 6.2.

® SNA Format and Protocol Reference Manual: Architectural Logic, SC30-3112—comprehensive
Information on the formats and protocols of SNA type 1, 2.0, 4, and 5 nodes.

® SNA—Sessions Between Logical Units, GC20-1868—reference information on SNA formats and
protocols for LU types other than type 6.2,

1  systems Application Architecture is a trademark of International Business Machines Corpo-
ration.
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® SNA Type 2.1 Node Reference (abbreviated T2.1 Node Reference), SC30-3422—reference informa- .
Tion on type 2.1 node protocols. (/ :
N

® SNA Format and Protocol Reference Manual: Distribution Services, SC30-3098--reference
Information on formals and protocols for SNA Distribution Services.

¢  Document Interchaggg Architecture--Concepts and Structures, SC23-0759--reference information
on Document Interchange Architecture.

)
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CHAPTER 1. INTRODUCTION,

USE AND ORGANIZATION OF THIS BOOK

This book, in conjunction with the companion
books listed in the Preface, provides a
formal definition of Systems Network Archi-
tecture (SNA). It is intended to complement
individual SNA product publications, but not
to describe individual product implementa-
tions of the architecture.

SNA logical unit type 6.2 (hereafter general-
ly referred to as LU 6.2, or simply LU) is
defined here in the form of a functionally
layered system, represented by a formal
description, that is decomposable into compo-
nents called protocol machines. Protocol
machines generate output sequences in
response to 1input sequences, in accordance
with fixed rules, or protocols, governing
distinct information transfers into, out of,
and within the system.

The protocol machine definition of SNA uses
the following basic notions:

U Finite-state machines: A finite-state
machine (FSM) 1s an abstract device hav-
ing a finite number of states (memory)
and a set of rules whereby the machine's
responses ‘(state transitions and output
sequences) to all input sequences are
well defined.

® Routing and checking logic: Routing and
checking  logic performs a mapping of
inputs (message units and FSM states)
into outputs. It 1is used to verify
validity of message units and to route
them to FSMs.

® Block diagrams: A block diagram repres-
ents the decomposition of a protocol
machine into its component submachines
(which themselves are protocol machines)
and the signaling paths between them.
Each block in the diagram can be further
decomposed into 1its constituent subma-
chines.

¢ Protocol boundaries: A protocol boundary
1s a specification of the format and con-

tent requirements imposed on the signals
exchanged between protocol machines with-
in the same node.

The remainder of the book presents details of
the SNA formats and protocols for LU 6.2,
arranged as follows:

® Chapter 2 provides an overview of the
functions and structure of the LU, as
well as the sequences and message units
exchanged between two communicating LUs.

® Chapters 3 and 4 describe LU services
manager components; these components
attach transaction programs as requested,
allocate sessions to transaction pro-
grams, and coordinate the activation and
deactivation of sessions involving LUs.

® Chapters 5.0 through 5.4 describe the
general structure and detailed functions
of presentation services—in particular
the execution logic for LU 6.2 verbs.

¢ Chapter 6.0 provides an overview of the
half-session, while Chapters 6.1 and 6.2
describe the data flow control and trans-
mission control protocols, respectively,
within half-sessions.

® Appendix A describes the data structures
used in the formal description and the
relationships among the control blocks.

® Appendix B describes the basic functions
of the buffer manager and its protocol
boundary with the LU.

¢ Appendix N describes the basic concept
of, and notation for, finite-state
machines.

e Appendix T provides a comprehensive list

of abbreviations and acronyms used in the
book .

Chapter 1. Introduction 1-1
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GENERAL CONCEPTS

Q
N

DEFINITION OF AN SNA NETWORK

An SNA network:

® Enables the reliable transfer of data
between end users (typically, terminal
operators and application programs).

®  Provides protocols for controlling the
resources of any specific network config-
uration.

An SNA network consists logically of a set of
network addressable units (NAUs) intercon-
nected by an inner path control network con-
sisting of the path control, data link
control, and physical layers; Figure 1-1 on
page 1-2 shows the general relationships.
SNA networks functionally have a layered
organization, the outermost layers of which
form the NAUs, A NAU consists of the upper
layers, transaction services (TS) and presen-_
tation services (PS), and one or more
half-session protocol machines (consisting of
the data flow control and transmission con-
trol layers), depending on the number of oth-
er NAUs with which it can be paired to form
sessions.

Those NAUs serving end users are called log-
ical units (LUs). An LU allows an end user
to gain access to network resources (such as
links, programs, and directories) and to com-
municate with other end users. An LU may
also provide a service (such as for a control
operator) wholly contained within the LU that
is accessed from another LU via a session.
Thus, in some cases, an LU-LU session has an
end user only at one end. The presence of
various services within an LU is a function
of LU type, product design, and installation
options.

In general, there need not be a one-to-one
relationship between end users and LUs. The
association between end users and the set of
LUs is an implementation design option.

The LUs provide protocols allowing end users
to communicate with each other and with other
NAUs in the network. An LU can be associated
with more than one network address (or with
multiple, distinct local-form session identi-
fiers)s; this allows two LUs (and therefore
their end users) to form multiple, concur-
rently active sessions with each other.

Besides LUs, two other network addressable
units are defined: hysical units (PUs) and
system services contro points (SSCPs).
These NAUs, 1n conjunction with one another,
with control points (CPs) in T2.1 nodes, and
with LTUs, provide a variety of session, con-
figuration, management, and network-operator
services.

Message units are transported between NAUs by
the path control network. These message
units are of the general form:

MSG = (session routing information ,other
parameters, and data) The path control net-
work routes and delivers message units to naj
in the same order as sent from nai.

The message units transferred within an SNA
network generally have +two components:
end-user information and control information.
The end-user information is passed by the SNA
network and does not affect its state. Con-
trol information may sometimes be passed to
the end users (as in the case of the Change
Direction 1indication, which allows one end
user to transfer the right to transmit data
to the other); however, its main purpose is
to change the state of the SNA network, thus
effecting a normal control change (such as a
change to a path control routing table) or a
recovery from an exception condition.

NODES

The SNA network physically consists of nodes
interconnected via links. An SNA node is a
grouping of SNA-defined protocoel machines.
An SNA product node may consist of addi-
tional, product-specific protocol machines

that use one or more SNA nodes. A
user-application node may consist of addi-
tional, installation-defined protocol

machines that use one or more SNA product
nodes. These relationships are shown in Fig-
ure 1-2 on page 1l-4. The abstraction of
nested nodes is a useful reminder that each
product exists in an environment that con-
tains many design features that are not
defined by SNA.

For specific details of nesting of SNA nodes
and SNA product nodes within user-application
nodes, see SNA Concepts and Products and SNA
Technical Overview. -

In this book, "node" is synonymous with "SNA
node," and the qualifier will generally be
omitted. Thus, end users and protocol
machines not defined in SNA are external to
the node, as that term is used hereafter.

Various node types are defined in SNA: types
1, 2.0, 2-1) G, and 5. They are distin-
guished by varying capabilities, such as for
interconnection, and by the presence or
absence of different NAU types.

For example, type 2.1 nodes can connect to
the general subarea routing network or +to
other type 2.1 nodes directly. In the former
case, subarea nodes (discussed below) provide
general intermediate routing within the path
control layer, allowing complex network con-
figurations to be fashioned; in the latter
case, two type 2.1 nodes can interconnect
independently of other nodes, in a
peer-to-peer relationship.

Type 1 and type 2 (i.e., 2.0 or 2.1) nodes
are also referred to as peripheral nodes,

Chapter 1. Introduction 1-3
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because they have limited addressing and
path-control routing capabilities. They do

al nodes attached to the subarea node.) Sub-
area nodes, besides also being sources and
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not participate in the general network rout-
ing based on a global network address space.
Instead, they depend on "boundary function"
support in types 4 or 5 nodes to transform
between the address forms, local to the
peripheral nodes, and the network addresses
used in the general routing portion of the
path control network. Peripheral nodes are
thereby insulated from changes in the global
network address space resulting from reconf-
igurations.

Types 4 and 5 nodes are referred to as sub-
area nodes. (A subarea represents a parti-
tioning of the network address space. It
contains a subarea node and all the peripher-

Peer Protocols

sinks of data, have more general path control
capabilities. They can perform intermediate
routing—passing message units received from
one node on to another—and provide adaptive
control of traffic flow within the subarea
routing portion of the network.

NAUS AND NODE TYPES

Except for a T2.1 node, a node always
includes a physical unit (PU), which controls
the attached 1links and various other
resources of the node. A PU has a type des-
ignation corresponding to the type (1, 2.0,

C
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4, or 5) of node in which it resides. A T2.1
node includes the PU functions within its
local control point (CP), described further
below.

A node typically also includes logical units
(LUs), through which end users attach to the
node, and thus to the SNA network. From the
vantage of this and the companion LU 6.2
book, node types 2.1 and 5 are of primary
interest, as these are the only nodes that
include LU 6.2 implementations. This book
focuses on the SSCP-independent LU 6.2 proto-
cols, and emphasizes interactions within the
T2.1 node to support these peer protocols.

A subarea PU or subarea LU resides in a sub-
area node. A peripheral PU or peripheral LU

resides in a peripheral node.

Type 5 nodes each contain a system services
control point (SSCP). (Type & nodes do
not—the primary architectural distinction
between subarea node types.) An SSCP sup-
ports protocols for management and control of
a domain. A domain consists of one SSCP and
the PUs, LUs, links, and link stations that
the SSCP can activate. Each PU, LU, link,
and link station in a network belongs to one
of the domains comprising the network, and
some can belong to more than one domain—a
feature referred to as ‘'shared control."
Each SSCP provides network services within
its domain (basically for converting local
names to global addresses) through protocols
supported in conjunction with the PUs or LUs
in the domain. The multiple SSCPs in a net-
work jointly support network services across
domains.

Type 2.1 (T2.1) nodes each contain a control
point (CP), which provides services on a more
local scale than an SSCP provides. In par-
ticular, a T2.1 CP can mediate LU-LU
session-initiation requests (by doing

<:iﬂ}0THER DEFINITIONS AND NOTATIONAL CONVENTIONS
s

C

This section describes some notational con-
ventions widely used in both the figures and
the text. (Additional conventions are
defined within figure legends throughout the
book. )

A naming convention, using qualifiers sepa-
rated by periods to denote more specific com-
ponents of a composite protocol machine, is
used throughout the book. Component subma-
chines are shown as blocks within a larger
block that represents the composite machine.

In many cases, it is desirable to identify a
qualifier by a phrase of multiple terms, in
order to better convey the meaning of the
qualifier. The multiple terms in the phrase
are connected by underscores to indicate that
they are part of a phrase rather than sepa-
rate qualifiers representing further decom-
positions. The underscore convention is also
used in names of states and data structures.

partner-LU address look-up in its local data
base) in the SSCP-independent LU 6.2 context
just as an SSCP does in the SSCP-dependent LU
6.2 context.

THE PATH CONTROL NETHWORK

The system consisting of all interconnected
path control (PC) and data link control (DLC)
components forms the path control network.
The input/output streams of the path control
network consist of streams of control infor-
mation, such as addresses, and associated
user data.

Each node has a PC element and NAUs. The
node and link connections of the network, and
the PC routing algorithms, combine to provide
the following behavior for the path control
network:

® An input to a PC element in node-i from a
NAU is transmitted and routed by the path
control network and emitted as output by
the PC element in node-j to the destina-
tion NAU. (Since node-i and node-j can
be the same node (i=j), NAUs within the
same node can be connected by a session.)

® Message units with the same session iden-
tifiers are emitted by the path control
network in the order submitted by the
origin NAU.

Just as primary-secondary DLC asymmetries and
other DLC details are hidden from PC, so the
routing and other concerns of the path con-
trol network are not visible at the protocol
boundary with the NAUs; in particular, the
path control network conceals the node inter-
connections and the NAUs need only consider
their logical connections (i.e., sessions)
with other NAUs.

Each protocol machine in the book has a
unique name consisting of a sequence of qual-
ifiers. For example, (MACHINE.PRI.X_SEND,
MACHINE.SEC.X_RCV) and (MACHINE.SEC.X_SEND,
MACHINE.PRI.X RCV) are examples of two basic
protocol machine pairs. This naming conven-
tion produces protocol machine names that
carry precise information on the role of the
protocol machine and its relative position in
the network structure.

Two other symbols, "|" and "&," are used in
names and expressions. The "|" symbol indi-
cates one of several (or "either...or"). For
example, MACHINE.(PRI|SEC) means "“either
MACHINE.PRI or MACHINE.SEC." The "&" symbol
is used to indicate composition. For exam-
ple, MACHINE.(RCV&SEND) is the composite pro-
tocol machine consisting of MACHINE.RCV and
MACHINE.SEND.
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Some of the protocol machines defined in the
book interact directly with undefined compo-
nents. These undefined components, called
undefined protocol machines (UPMs), represent
implementation and/or 1nstallation options
that are not architecturally prescribed (be-
ing product or user oriented).

Within block diagrams, the following con-
ventions indicate the type of interaction
between components:

® Solid arrows indicate data flow; between
processes, this implies send/receive
{asynchronous) logic.

o Dotted arrows indicate calling relation- .

ships.

] Dotted indicate data structure

access.

lines

Message units exchanged between SNA compo-
nents are also denoted by special notation,
particularly in sequence flow diagrams. A
message unit is either a request or a
response, depending on the RH coding (see SNA
Formats); these are denoted respectively by a
request-unit name (here designated gener-
ically by the term "RQ") and by RSP.

RQ(QUAL) denotes a request having the proper-

ty described by QUAL; for example, RQ(Begin
Chain), or simply RQ(BC), denotes a request

Peer Protocols

whose RH is coded "Begin Chain." A similar
convention applies to responses. For exam-
ple, RSP(BIND) denotes a response to the BIND
request—a response that echoes the request
code "BIND." )

The asterisk (%) character is used in
sequence flows, as well as elsewhere, to mean
"any value" (or "don't care"). For example,
"%XBC" means "BC or -BC"—where "-~" is the
standard symbol for "NOT."

"Chapter 2. Overview of the LU" describes
additional conventions used in sequence flow
diagrams.

logic in the formal
description uses simple English, some
control-structure elements (e.g.>»
if/then/else) common to most high-level lan-
guages, and a few straightforward conventions
that are generally clear in context. For
example, a call is frequently shown in the
form: "Call PROCEDURE(X, Y, 2)"; this
results in calling PROCEDURE and passing it
the arguments X, Y, and Z. Perhaps, the only
control-structure needing additional explana-
tion is the select/when group: at most, one
when-clause is executed in a given pass.

The procedural

Abbreviations commonly used in the text are
listed at the back of the book (Appendix T)
for easy reference.

O



CHAPTER 2.

OVERVIEW OF THE LU

C

INTRODUCTION

CONCEPTS

This chapter is an overview of logical unit

type 6.2 (hereafter referred to simply as
LU). "The LU provides application programs
AND TERMS

C

DISTRIBUTED TRANSACTION PROCESSING

Distributed transaction processing involves
two or more programs, usually at different
systems, cooperating to carry out some proc-

essing function. This 1involves program
intercommunication to share each other's
local resources such as processor cycles,

data bases, work queues, or human interfaces
such as keyboards and displays.

The LU supports distributed transaction proc-
essing by serving as the port between the
programs and the path control network. It
allows a transaction program (TP) to invoke
remote programs and to exchange data with
them. ) :

All communication provided by the LU is
program-to-program. Any end user that is not
a program is represented to the LU by a pro-
gram. For example, fixed-function terminals
and their devices (e.g., Keyboards and dis-
plays) present themselves as fixed programs
(e.g., microcode) that use the same LU func-
tions as user-written application programs.
Human users at workstations do not interact
directly with the LU but rather with local
workstation programming support, which in
turn interacts with the LU.

This program-to-program communication accom-
modates a variety of distributed processing
connections, including peripheral node to
subarea node, subarea node to subarea node,
peripheral node to peripheral node through
the subarea network, and direct T2.1 node to
T2.1 node. For example, an application pro-
gram at an outlying site (a terminal or a
distributed processor) might communicate with
a data-base management system at a central
processor to maintain consistency between
regional and central records. For another
example, systems programs in workstations
might exchange files and documents with each
other.

Figure 2-1 on page 2-2 illustrates the role
of the LU in relation to an SNA network. The

with support functions for distributed trans-
action processing.

LU connects transaction programs to the path
control network. The LUs activate sessions
between themselves. The component of a ses-
sion in each LU is called a half-session.
Two or more sessions between the same pair of
LUs are called parallel sessions. Multiple
sessions can concurrently use the same phys-
ical resources connecting the LUs.

The logical connection between a pair of
transaction programs is called a
conversation. A transaction program initi-
ates a conversation with its partner with the
assistance of the LUs. While a conversation
is active, it has exclusive use of a session,
but successive conversations may use the same
session.

An LU may run many transaction programs suc-
cessively, concurrently, or both. Each
transaction program may be connected to one
or more other transaction programs by conver-
sations. Multiple conversations between dif-
ferent pairs of transaction programs can be
active concurrently, with each conversation
using a distinct session.

Conversations connect TPs in pairs, but any
TPs directly or indirectly connected to each
other by conversations are participating in
the same distributed transaction. For exam-
ple, if TP A and TP B are connected by a con-
versation, and, concurrently, TP B and TP C
are connected by a conversation, then TPs A,
B, and C all are participating in the same
distributed transaction.

TRANSACTION PROGRAMS

The direct user of the LU is an application
transaction program (application TP). Appli-

cation TPs are provided by the end user to

carry out functions of distributed applica-
tions.

A transaction program is distinguished from
programs in general by two characteristics:

Chapter 2. Overview of the LU 2-1
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program. The invoked program is started run-
ning and 1is connected to the conversation
with its invoker. (In the case of the ini-
tial program of a distributed transaction,
the LU receives a START_TP record sent by a
process external to the LU, e.g., the node
operator facility [NOF1, which prompts the LU
to invoke a transaction program. For more
information about NOF, refer to "Functions of
Components of the Node External to the LU" on
page 2-35.)

A transaction program uses the LU to communi-
cate with other transaction programs by issu-
ing transaction program verbs (which are
described in SNA Transaction Programmer's
Reference Manual 1 for LU Type 6.2). (In some
cases, internal LU components also issue
transaction program verbs on behalf of trans-
action programs.)

Besides application transaction programs,
distributed transactions can include trans-
action programs provided by the LU itself,
called service transaction programs (service
TPs). These are SNA-defined transaction pro-
grams within the LU that provide utility
services to application transaction