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Foreword

ISO (the Internptromns santzatton—fo anda aton)—and
pational Electrotgchnical Commission) form the specialized system for worldwide
standardization. National bodies that are members of ISO or IEC participate in the
development of [nternational Standards through technical committees established
by the respective¢ organization to deal with particular fields of technical activity.
ISO and IEC teghnical committees collaborate in fields of mutual interest. Other
international organizations, governmental and non-governmental, in liaison with
ISO and IEC, aldo take part in the work.

In the field of jnformation technology, ISO and IEC have established a joint
technical commiftee, ISO/IEC JTC 1. Draft International Standards adopted by the
joint technical cpmmittee are circulated to national bodies for voting. Publication
as an Internatiopal Standard requires approval by at least 75 % of the national
bodies casting a vote.

Committee ISO/JEC JTC 1, Information technology, in collaboration.with ITU-T.

International andard ISO/IEC 7498-1 was prepared by Joint\ Technical
The identical text is published as ITU-T Recommendation X.200:

This second edifion, along with parts 2, 3 and 4, cancels and replaces the first
edition (ISO 7498:1984), which has been technically revised.

ISO/IEC 7498 cpnsists of the following parts, under ‘the general title Information
technology — Open Systems Interconnection < Basic Reference Model:

—  Part I: The Basic Model

—  Part 2: Security Architecture

—  Part 3: Naming and addressing

—  Part 4: Management-framework

Annex B forms |an, integral part of this part of ISO/IEC 7498. Annex A is for
information only.

iv
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Introduction

This r¢ference model provides a common basis for the coordination of standards development for the puppose of systems
interconnection, while allowing existing standards to be placed into perspective within the overall'referenge model. It also
identifies areas for developing and improving standards and provides a common reference for maintaining clnsistency among
all related standards. The text was developed jointly with ITU-T and the main intent of this revision is to introduce the joint text,

which [incorporates inclusion of the concept of connectionless transmission, in addition to,a number of techrlical and editorial
refinerents.
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INTERNATIONAL STANDARD

CCITT RECOMMENDATION

INFORMATION TECHNOLOGY - OPEN SYSTEMS INTERCONNECTION -
BASIC REFERENCE MODEL: THE BASIC MODEL

RePpUIpose O . kelerence Mogel O .g‘l N stems nLe onne g-ﬁ O-—PIo gg: ara¥antasTata
ion of standards development for the purpose of systems interconnection, while allowing existing
i into perspective within the overall Reference Model.

basis for the
standards to

coordina
be placeq

1.2 The term Open Systems Interconnection (OSI) qualifies standards for the exchangeof info
systems that are “open” to one another for this purpose by virtue of their mutual use of the applicable standp

ation among
ds.

1.3 The fact that a system is open does not imply any particular systems impleméntation, technologly or means of

interconfiection, but refers to the mutual recognition and support of the applicable standards.

1.4 It is also the purpose of this Reference Model to identify areas for developing or improving stapdards, and to
provide g common reference for maintaining consistency of all related standards. It is not the intent of this Reference
Model efther to serve as an implementation specification, or to be a basis for appraising the conformgnce of actual
implemeptations, or to provide a sufficient level of detail to defin€)precisely the services and prdtocols of the
interconfection architecture. Rather, this Reference Model provide§ a conceptual and functional franjework which
allows iffternational teams of experts to work productively and independently on the development of stanflards for each
layer of {he Reference Model for OSI.

1.5 The Reference Model has sufficient flexibility to accommodate advances in technology and exppnsion in user
demandd. This flexibility is also intended to allow the phased transition from existing implementations to (SI standards.

1.6 While the scope of the general architectural principles required for OSI is very broad, this Referpnce Model is
primarily concerned with systems comprising) terminals, computers, and associated devices and tlﬂt‘e means for
transferrjng information between such systenis) Other aspects of OSI requiring attention are described briefly (see 4.2).

1.7 The description of the Basic.Reference Mode! of OSI is developed in stages:

1.8 Clause 4 establishes the reasons for Open Systems Interconnection, defines what is being connedted, the scope
of the inferconnection, and deseribes the modelling principles used in OSI.

1.9 Clause 5 describes the general nature of the architecture of the Reference Model; namely thaf it is layered,
what laypring means, and\the principles used to describe layers.

1.10 Clause 6 names, and introduces the specific layers of the architecture.

1.11 Clause 7 provides the description of the specific layers.

1.12 Clause-8-provides-the-deseriptionof Management-Aspeets-of OSE

1.13 Clause 9 specifies compliance and consistency with the OSI Reference Model.

1.14 An indication of how the layers were chosen is given in Annex A to this Basic Reference Model.

1.15 Additional aspects of this Reference Model beyond the basic aspects are described in several parts. The first

part describes the Basic Reference Model. The second part describes the architecture for OSI Security. The third part
describes OSI Naming and Addressing. The fourth describes OSI Sysiem Management.

1.16 The Basic Reference Model serves as a framework for the definition of services and protocols which fit within
the boundaries established by the Reference Model.

1.17 In those few cases where a feature is explicitly marked (optional) in the Basic Reference Model it should
remain optional in the corresponding service or protocol (even if at a given instant the two cases of the option are not yet
documented).

ITU-T Rec. X.200 (1994 E) 1


https://iecnorm.com/api/?name=7133de0796958848d770dc5033e878fd

ISO/IEC 7498-1 : 1994(E)

1.18 This Reference Model does not specify services and protocols for OSI. It is neither an implementation
specification for systems, nor a basis for appraising the conformance of implementations.

L] s | Ant th

10 e ctanda o wwhinlh mn eaTIien
1.1 'Of Standaidd wiliiclil HICCL Lx USI oquct

e ients, a small number o
functions, to facilitate implementation and compatibility.

2 Definitions

Definitions of terms are included at the beginning of individual clauses and sub-clauses. An index of these terms is
provided in Annex B for easy reference.

3 Notation
31 Layars are introduced in clause 5. An (N)-, (N+1)- and (N-1)- notation is used to identify and relate: pdjacent
lavers
layers
(N)-layer: any specific layer;

(N+1)-layer: the next higher layer;
(N-1)-layer: the next lower layer.

This notation |s also used for other concepts in the model which are related to these\layérs, for example (N)-protocol,
(N+1)-service

3.2 Clause 6 introduces names for individual layers. When referring to these layers by name, the (N)-{ (N+1)-
and (N-1)- prefixes are replaced by the names of the layers, for example transport-protocol, session-enfity, and
network-servige.

4 Introduction to Open Systems Interconnection (OSI)

NOTIE — The general principles described in clauses, 4¥and 5 hold for all layers of the Reference Model, unless layer
specific statemets to the contrary are made in clauses 6 and 7

4.1 Definitions

4.1.1 real| system: A set of one or-more computers, the associated software, peripherals, terminals| human
operators, physical processes, information-transfer means, etc., that forms an autonomous whole capable of pefforming
information pgocessing and/or information transfer.

4.1.2 real| open system: (A Teal system which complies with the requirements of OSI standards in its
communication with other realsystems.

4.1.3 open system: The representation within the Reference Model of those aspects of a real open systent that are
pertinent to OPI.

4.1.4 application process: An element within a real open system which performs the information processing for a
particular application.

4.1.5 Open System Interconnection Environment (OSIE): An abstract representation of the set of concepts,
elements, functions, services, protocols, etc., as defined by the OSI Reference Model and the derived specific standards
which, when applied, enable communications among open systems.

4.1.6 Local System Environment (LSE): An abstract representation of that part of the real system that is not
pertinent to OSIL.

NOTE - The LSE may include functions necessary for non-OSI communication.

4.1.7 application-process-invocation: A specific utilization of part or all of the capabilities of a given application
process in support of a specific occasion of information processing.

4.1.8 application-process-type: A description of a class of application processes in terms of a set of information
processing capabilities.

2 ITU-T Rec. X.200 (1994 E)
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4.2.2
a particu

4.2.3

4.2.4

4.2.5
that may
interacti
goal: no
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Open System Interconnection Environment

In the concept of OSI, a real system is a set of one or more computers, associated software, peripherals,
terminals, human operators, physical processes, information transfer means, etc., that forms an autonomous whole
capable of performing information processing and/or information transfer.

An application process is an element within a real open system which performs the information p

lar application.

Application processes can represent manual processes, computerized processes or physical proces

Some examples of application processes that are applicable to this open system definition are the

linked into a plant control system is a physical application-process.

be used to perform a particular information processing activity. An\ application process ma
ns with other application processes in whatever way is necessary to-achieve a particular informat
constraints are imposed by this Reference Model either on the form of these interactions or o

relationships that may exist between them.

4.2.6

Cooperation between application processes takes place via. relationships established among applig

invocati
invocati
process

4.2.7

bns. At a particular time, an application. process may-be represented by none, one or more appli

nvocations. Such coordination is outside the scope of this Reference Model.

OSI is concerned with the exchange of information between open systems (and not the internal

each individual real open system).

4.2.8
transfer

As shown in Figure 1, the physical media for Open Systems Interconnection provides the
pof information between open-Systems.

Open system B

Open system A

Physical media

An application process represents a set of resources, including processingresources, within a reg

bns. An application process invocation is responsible for coordinating its interactions with oth

rocessing for

SES.

following:

iner & hanki inal | application- .

b) aFORTRAN program executing in a computer center and accessing a remote database-i$ a|computerized
application-process; the remote database management systems server is also an application-process; and
c) a process control program executing in a dedicated computer attached to someindustrial gquipment and

1 open system
y organize its
on processing
n the possible

The activity of a given application process is represénted by one or more application process invocations.

ation process
cation process
er application

functioning of

means for the

4.2.9

O 20
Open system S pen system C

TIS02830-94/d01

Figure 1 - Open systems connected by physical media

OSI is concerned only with the interconnection of systems. All other aspects of systems which

to interconnection are outside the scope of OSIL.

ITU-T Rec. X.200 (1994
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4.2.10  OSl is concerned not only with the transfer of information between systems, i.e. transmission, but also with
their capability to interwork to achieve a common (distributed) task. In other words, OSI is concerned with the
interconnection aspects of cooperation!) between systems, which is implied by the expression “systems interconnection.”

4.2.11 The objective of OSI is to define a set of standards to enable real open systems to cooperate. A system which
complies with the requirements of applicable OSI standards in its cooperation with other systems is termed a real open
system.

4.2.12 The design intent of the OSI standards is to specify a set of standards that make it possible for autonomous
systems to communicate. Any equipment which communicates in conformance with all applicable OSI protocol
standards is a real world equivalent of the model concept “open system”. Equipment that is in the “terminal” category,
that is, one that requires human intervention for the dominant parts of information processing, may satisfy the conditions
of the previous sentences when the appropriate OSI standards are employed in communication with other open systems.

4.3 Modelling the OSI Environment

4.3.1 The|development of OSI standards, i.e. standards for the interconnection of real open systems, is asgisted by
the use of absfract models. To specify the external behavior of interconnected real open systems, each real open system
is replaced by a functionally equivalent abstract model of a real open system called an open system. OQnly the
interconnection aspects of these open systems would strictly need to be described. However to acComplish this, it is
necessary to describe both the internal and external behavior of these open systems. Only the extemal behavior|of open
systems is retgined for the definition of standards for real open systems. The description of the internal behavior of open
systems is provided in the Basic Reference Model only to support the definition of the interconnection aspects. Any real
system which behaves externally as an open system can be considered to be a real open system.

4.3.2 Thid abstract modelling is used in two steps.

, basic elements of open systems and some key decisions conceming their organization and fungtioning,
. This constitutes the Basic Reference Model of Open Systems Interconnection described| in this

434 Then, the detailed and precise description of the functioning'ef the open system is developed in the framework
formed by thel Basic Reference Model. This constitutes the services.and protocols for OSI which are the subject|of other
Recommendations and/or International Standards.

4.3.5 It should be emphasized that the Basic ReferencéModel does not, by itself, specify the detailed and precise
functioning off the open system and, therefore, it does not.Specify the external behavior of real open systems and foes not
imply the strugture of the implementation of a real open'system.

4.3.6 The|reader not familiar with the technique’of abstract modelling is cautioned that those concepts introfluced in
the description of open systems constitute an abstraction despite a similiar appearance to concepts commonly found in
real systems. Therefore, real open systems-need not be implemented as described by the Model.

D Cooperatior] among open/systems involves a broad range of activities of which the following have been identified:

a) |interprocess)communication, which concerns the exchange of information and the synchronization of activity
between OSI application processes;

b) |data répresentation, which concerns all aspects of the creation and maintenance of data descriptions [and data
; ions fi ; ine d ] it .
c) data storage, which concerns storage media, and file and database systems for managing and providing access to data
stored on the media;

d) process and resource management, which concerns the means by which OSI application processes are declared,
initiated and controlled, and the means by which they acquire OSI resources;

e) integrity and security, which concern information processing constraints that have to be preserved or assured during
the operation of the open systems; and

f)  program support, which concerns the definition, compilation, linking, testing, storage, transfer, and access to the
programs executed by OSI application-processes.

Some of these activities may imply exchange of information between the interconnected open systems and their interconnection
aspects may, therefore, be of concern to OSI.

This Basic Reference Model covers the elements of OSI aspects of these activities which are essential for early development of OSI
standards.

4 ITU-T Rec. X.200 (1994 E)
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4.3.7 Throughout the remainder of this Basic Reference Model, only the aspects of real systems and application-
processes which lie within the OSI Environment (OSIE) are considered. Their interconnection is illustrated throughout
this Reference Model as depicted in Figure 2.

4.3.8 The extent of the application of the OSIE concept through the use of OSI standards may result in subsets of the
OSIE which corresponds to partially disjoint sets of real open systems, which are not physically capable of OSI
communication between them.

Aspects of application-processes of concern to OSl,
i.e. applications-entities (see 7.1)

Open system A Open system B Open system C Opensystem S

T —
ool [C] [00] O

Aspects of real
open systems of
concern to OSI

l TS02840-94/d02

Physical media for OSI Associations

Figure 2 — Basic elements of OSI

5 Concepts of a layered architecture

5.1 Introduction

5.1.1 Clause 5 sets forth the architectural concepts that are applied in the development of the Reference Model of
Open Systems Interconnection. Firstly, the concept of a layered architecture (with layers, entities, service-access-points,
protocols, connections, etc.) is described. Secondly, identifiers are introduced for entities, service-access-points, and
connections. Thirdly, service-access-points and data-units are described. Fourthly, elements of layer operation are
described including connections, transmission of data, and error functions. Then, routing aspects are introduced and
finally, management aspects are discussed.

5.1.2 The concepts described in clause 5 are those required to describe the Reference Model of Open Systems
Interconnection. However, not all of the concepts described are employed in each layer of the Reference Model.

ITU-T Rec. X.200 (1994 E) 5
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5.1.3  Four elements are basic to the Reference Model (see Figure 2):

a) open systems;

b) the application-entities which exist within the OSI Environment (see 7.1);

c) the associations (see 5.3) which join the application-entities and permit them to exchange information;
and

d) the physical media for OSL

NOTE - Security aspects which are also general architectural elements of protocols are discussed in CCITT Rec. X.800 ¢
ISO 7498-2.

5.2 Principles of layering

521  Definitions
5211 (N)

-Eu‘nsystem: An element in a hierarchical division of an open system which interacts directly 0|
elements in thi

next higher division or the next lower division of that open system.

nly with

5.2.1.2 (N)-Jayer: A subdivision of the OSI architecture, constituted by subsystems of the samg rank (N).

5.2.1.3 peer-(N)-entities: Entities within the same (N)-layer.

5.2.1.4 sublayer: A subdivision of a layer.

5.2.1.5 (N)-pervice: A capability of the (N)-layer and the layers beneath it, which is provided to (N+1)-entities at the

boundary between the (N)-layer and the (N+1)-layer.
5.2.1.6 (N)-facility: A part of an (N)-service.

5.2.1.7 (N)-function: A part of the activity of (N)-entities.

52.1.8 (N)
(N+1)-entity.

52.1.9 (N)
behavior of (N

5.2.1.10 (N)-
(N)-layer.

5.2.1.11 (N)-
(N)-layer that

5.2.1.12 (N)-
any extra capa

ervice-access-point, (N)-SAP: The point atwhich (N)-services are provided by an (N)-enti
protocol: A set of rules and formats (semantic and syntactic) which determines the commt
)-entities in the performance of (IN)-functions.
entity-type: A description( of a class of (N)-entities in terms of a set of capabilities defined
entity: An active-element within an (N)-subsystem embodying a set of capabilities defined
corresponds to a specific (N)-entity-type (without any extra capabilities being used).

entity-inyocation: A specific utilization of part or all of the capabilities of a given (N)-entity
bilities being used).

[y to an

nication

for the

for the

without

5.2.2 Des¢ription

5.2.2.1 The basic structuring technique in the Reference Model of Open Systems Interconnection is layering.
According to this technique, each open system is viewed as logically composed of an ordered set of (N)-subsystems,
represented for convenience in the vertical sequence shown in Figure 3. Adjacent (N)-subsystems communicate through
their common boundary. (N)-subsystems of the same rank (N) collectively form the (N)-layer of the Reference Model
of Open Systems Interconnection. There is one and only one (N)-subsystem in an open system for layer N. An
(N)-subsystem consists of one or several (N)-entities. Entities exist in each (N)-layer. Entities in the same (N)-layer are
termed peer-(N)-entities. Note that the highest layer does not have an (N+1)-layer above it and the lowest layer does not
have an (N-1)-layer below it.

5.2.2.2 Not all peer-(N)-entities need or even can communicate. There may be conditions which prevent this
communication (for example: they are not in interconnected open systems, or they do not support the same protocol
subsets). Communication among peer-(N)-entities which reside in the same (N)-subsystem is provided by the LSE and
therefore is out of the scope of OSI.

ITU-T Rec. X.200 (1994 E)
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A type is
the same

Open Open Open Open

system A system B system C system S

T
Highest layer
(N + 1)-layer

T
(N)-iayer
A
(N —1)-layer
Lowest layer
Physical media for OSI|
TISO2850-94/d03

Figure 3 — Layering in cooperating open'systems

NOTES

1 The distinction between the type of some object-and an instance of that object is a distinction of signi
a description of a class of objects. An instance of this'type is any object that conforms to this description. ]
type constitute a class. A type, and any instances of this type can be referred to by an individual name.

instance gnd the type to which this instance belongs carry distinguishable names.

where in
FORTRA
an instan

aspects, 4
functions
open sys|
these obg
invocatiof

connectid

For example, given that a programmer has written a computer program, that programmer has generated a ty,
tances of that type are created every\time that particular program is invoked into execution by a cor
N compiler is a type and each occasion where a copy of that program is invoked in a data processing mach
e of that program.

The general concept of instantiation applies within OSI: Consider now an (N)-entity in the OSI context.
type and a collectiomofiinvocations. The type of an (N)-entity is defined by description of the specific

em that providesythe-(N)-layer functions called for by its type for a particular occasion of communication.
ervations that.(IN)-entities refer only to the properties of an association between peer (N)-entities, whilg
h refers to theépecific, dynamic occasions of actual information exchange.

It is”important to note that actual communication occurs only between (N)-entity-invocations at all
n-mode (see 5.3.3), it is only at connection establishment time (or its logical equivalent during a recove

(N)-entiti

ficance for OSI.
he instances of
Each nameable

be of something
nputer. Thus, a
ne one displays

It too, has two
ket of (N)-layer

it is able to perfornt. An invocation of that type of (N)-entity is a specific invocation of whatever it is within the relevant

It follows from
an (N)-entity-

layers. In the
Fy process) that

s are explicitly relevant. An actual connection is always made with a specific (N)-entity-invocation, althd

ugh the request

for connection is often made to an arbitrary (N)-entity (of a specific type). If an (N)-entity-invocation is aware of the name of its
peer-(N)-entity-invocation, it is able to request another connection to that (N)-entity-invocation.

2 It may be necessary to further divide a layer into small substructures called sublayers and to extend the technique of
layering to cover other dimensions of OSI. A sublayer is defined as a grouping of functions in a layer which may be bypassed. The
bypassing of all the sublayers of a layer is not allowed. A sublayer uses the entities and communication services of the layer. The
detailed definition or additional characteristics of a sublayer are for further study.

5.2.2.3 Except for the highest layer, each (N)-layer provides (N+1)-entities in the (N+1)-layer with an (N)-service at
(N)-SAP(s). The properties of (N)-SAPs are described in 5.5. The highest layer is assumed to represent all possible uses
of the (N)-service which are provided by the lower layers.

NOTE - Not all open systems provide the initial source or final destination of data. Such open systems need not contain
the higher layers of the architecture (see Figure 12).
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5.2.2.4 Each service provided by an (N)-layer may be tailored by the selection of one or more (N)-facilities which
determine the attributes of that service. When a single (N)-entity cannot by itself fully support a service requested by an
(N+1)-entity it calls upon the co-operation of other (N)-entities to help complete the service request. In order to
co-operate, (N)-entities in any layer, other than those in the lowest layer, communicate by means of the set of services
provided by the (N-1)-layer (see Figure 4). The entities in the lowest layer are assumed to communicate directly via the
physical media which connect them.

(N + 1)-layer -l I-

(N)-layer

J l (N + 1)-entities

TIS02860-94/d04

Figure 4 — (N + 1)-entities in the (N + 1)-layer
communicate through the (N)-layer

5.2.2.5 The [services of an (N)-layer are provided to the (N+1)-layer usingithe (N)-functions performed within the
(N)-layer and as necessary the services available from the (N-1)-layer.

NOTE - This does not preclude the case where no protocol actien)is required in the (N)-layer to support a given
(N)-facility becguse it is already available at the (N-1)-service boundary. However, null functionality of the complete (N)-pfotocol is
not allowed.

5.2.2.6 An {N)-entity may provide services to one or mere (N+1)-entities and use the services of one pr more
(N-1)-entities| An (N)-service-access-point is the point at which a pair of entities in adjacent layers use or|provide
services (see Higure 7).

5.2.2.7 Cooperation between (N)-entities is governed by one or more (N)-protocols. The entities and protocols within
a layer are illuftrated in Figure 5.

{N)-entities

T
(N)-layer r—

\/ TISC2870-94/d05

Fi VAN L
N7 Ot

Figure 5 — (N)-protocols between (N)-entities
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531
53.1.1
5.3.1.2

5313
5.3.14
53.1.5

5.3.1.6
to anoth

5.3.1.7
5.3.1.8

5.3.1.9
OT more

5.3.1.1¢

5.3.1.11
directio

5.3.1.12
5.3.1.13

ISO/IEC 74

Communication between peer-entities

Definitions

{N)-association: A cooperative relationship among (N)-entity-invocations.

98-1 : 1994(E)

(N)-connection: An association requested by an (N+1)-entity for the transfer of data betweeen two or more
(N+1)-entities. The association is established by the (N)-layer and provides explicit identification of a set of (N)-data-
transmissions and agreement concerning the (N)-data-transmission services to be provided for the set.

(N)-connection-endpoint: A terminator at one end of an (N)-connection within an (N)-service-

multi-endpoint-connection: A connection with more than two connection-endpoints.
correspondent (N)-entities: (N)-entities with an (N-1)-connection between them.

(N)-relay: An (N)-function by means of which an (N)-entity forwards data received from one

access-point.

peer-(N)-entity

ET peer-(IN)-entty.
(N)-data-source: An (N)-entity that sends (N—1)-service-data-units (see 5.6.1.7) on an (N=1)-c

(N)-data-sink: An (N)-entity that receives (N~1)-service-data-units on an (N—1)-connaection?

(N+1)-entities.

(N)-duplex-transmission: (N)-data-transmission in both directions at the same time.?

h is controlled by an (N+1)-entity.2)
(N)-simplex-transmission: (N)-data-transmission in one prefassigned direction.?)

(N)-data-communication: An (N)-function which trarsfers (N)-protocol-data-units (see 5.6.1.

an (N)-protocol, over one or more (N-1)-connections.?)

5.3.1.14
5.3.1.15
5.3.1.14
5.3.1.17

5.3.1.18
not reqy

5.3.2

5.3.2.1
them in

(N)-one-way-communication: (N)-data-communication in one pre-assigned direction.

ired to maintain any logical relationship between (N)-service-data-units.
Description

For information-te_be exchanged between two or more (N+1)-entities, an association is estab
the (N)-layer using-an (N)-protocol.
NOTE - Classes of protocols may be defined within the (N)-protocols.

The rules’and formats of an (N)-protocol are instantiated in an (N)-subsystem by an (N)-entity

connec
the app

ionléss-mode or both. (N)-entities when supporting connection-mode maintain the binding of (N)

a binding with the appropriate (N)-SAPs for delivering the connectionless data to the (N+1)-entities.

(N)-data-transmission: An (N)-facility which conveys (N)-service-data-units fiom one (N+1

(N)-half-duplex-transmission: (N)-data-transmission in either direction, one direction at a timg

(N)-two-way-simultaneous-communication: (N)=data-communication in both directions at the

(N)-two-way-alternate-communication: (N)-data-communication in both directions, one dired

(N)-connection-mode transmission: (N)-data-transmission in the context of an (N)-connection.

(N)-connectionless-mode transmission: (N)-data-transmission not in the context of an (N)-(

pport one or more (N)-protocols. (N)-entities may support (N)-protocols which are connej

onnection.?

-entity to one

; the choice of

B) according to

same time.

tion at a time.

onnection and

ished between

An (N)-entity
ction-mode or
connections to
mode maintain

5.3.2.3 (N+1)-entities can communicate only by using the services of the (N)-layer. There are instances where services
provided by the (N)-layer do not permit direct access between all of the (N+1)-entities which have to communicate. If
this is the case communication can still occur if some other (N+1)-entities can act as relays between them (see Figure 6).

2) These definitions are not for use in this Basic Reference Model, but are for use in other OSI standards.

ITU-T Rec. X.200 (1994 E)
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Relay entity

L

(N + 1)-layer l-

N)

v FN + 1)-entities

-layer

53.24 The
the (N+2)-laye

53.3

5.3.3.1

5.3.3.1.1 An(
using the servi
utilize the sam

5.3.3.1.2 Both
facilities whi

c
service and th}

offered to, an
(N-1)-layer an

5.3.3.1.3 Sinc
are best unde
relationship to

53314 1In ¢
(N)-onnection]
pre-knowledgg

service. This association is established in ways which are not detailed in this Basic Reference Model and compr]

elements:

a)
b)

Modes of communication

Intr¢duction

TIS02880-94/d06

Figure 6 — Communication through a relay

fact that communication is relayed by a chain of (N+1)-entities is known neither by the (N)-laye
.

N)-layer may offer a connection-mode service, a connectionless-mode service, or both, to the (N+
e mode of (N)-service.
the (N)-connection-mode service and the (N)-connectionless-mode service are characterised

(N)-connectionless-mode service, functions may, be provided by the (N)-layer to enhance the
the quality of service seen by the (N+1)-entities over those which are offered to the (N)-layg
d, if necessary, to convert between one mode of service and another.

e connection-mode transmission and conngctionless-mode transmission are complementary conce
'stood in juxtaposition, particularly since connectionless-mode transmission is defined most ¢
the concept of a connection.

rder for (N+1)-entities to~be able to communicate using an (N)-connection-mode servic
ess-mode service it is essential that a pre-arranged association exists between them, constitute
which it is essential<that each (N+1)-entity has of the others in order at least to initiate the us

knowledge‘of the addresses of the peer-(N)-entities involved;

knowledge of a protocol agreed by the peer-(N)-entities for use at least to initiate communication;

)

r nor by

1)-layer,

ce or services provided by the (N--1)-layer. Any instance of transmission between the (N+1)-entities must

by the

they offer to, and the quality of service seen by, the (IN+1)-entities. For both the (N)-connectipn-mode

facilities
r by the

pts, they
pasily in

b

e or an
i by the
e of the
ises four

Knowledge of the availability for communication of the peer-(N)-entities;

d)

knowledge of the quality of service available from the (N)-service.

NOTE - The pre-knowledge constituting a pre-arranged association can be acquired in many ways; some examples are

listed below:

from information acquired manually when contracts are exchanged with a service provider;
from information which a network administration may provide in a directory or enquiry database;
from information that may be learned from previous instances of communication;

from information that may be provided dynamically through the operation of management protocols.

The total pre-knowledge constituting a pre-arranged association is likely to be acquired in a combination of the above

a)
b)
)
d)
ways.
10
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5.3.3.2 Connection mode

5.3.3.2.1 A connection is an association established for the transfer of data between two or more peer-(N)-entities. This
association binds the peer-(N)-entities together with the (N—1)-entities in the next lower layer. The ability to establish
and release a connection and to transfer data over it is provided to the (N)-entities in a given (N)-layer by the next lower
layer as a connection-mode service. The use of a connection-mode service by peer-(N)-entities proceeds through three
distinct phases:

a) connection establishment;
b) data transfer; and
¢) connection release.

5.3.3.2.2 In addition to the clearly distinguishable lifetime exhibited by these phases,a connection has the following
fundamental characteristics:

it involves establishing and maintaining a two or more party agreement concerning the transmission of

data among the peer-(N)-entities concerned, and using the provider of the (N-1)-service;

a)

b) it allows the negotiation between all the parties concerned of the parameters and options t

the transmission of data;

hat will govern

<) resolution and

it provides connection identification by means of which the overheads involyed in address
transmission can be avoided on data transfers;

ber-entities are
trol for those

d) it provides a context within which successive units of data transmitted between the pi
logically related, and makes it possible to maintain sequenceland provide flow coy

transmissions.

5.3.3.2.
relative
direct tq
cases,
whatevg
explicit
transmi

which call for
re provided by
ations. In these
tion, reserving
objective, and
nnection-mode

B The characteristics of connection-mode transmission are particularly attractive in applications
y long-lived, stream-oriented interactions between entities in stable configurations. Examples a
rminal use of a remote computer, file transfer, and long-tefin attachment of remote job entry st
he entities involved initially discuss their requirements.and agree to the terms of their interag
r resources they may need, transfer a series of related ‘Units of data to accomplish their mutual
y end their interaction, releasing the previously “reserved resources. The properties of co
ksion are also relevant in a wide range of other applications.

5.3.3.2.
provide

pnnections are
nnection at an

4 Connection-mode transmission is accomplished through the use of (N)-connections. (N)-c
d by the (N)-layer between two or more{N)-service-access-points. The terminator of an (N)-cq

(N)-ser

ice-access-point is called an (N)-connection-endpoint. An (N)-connection is provided by the (N

-layer between

two or fnore (N)-service-access-points at therequest of a calling (N+1)-entity in support of the (N+1)-entities attached to

the (N
termed

Lservice-access-points involvedyin the (N)-connection. An (N)-connection with more than tw
h multi-endpoint-connection. (N)<entities with a connection between them are termed corresponde

NOTE - Data transfer usingan (N)-connection-mode service involves the establishment of an (N)-conne

o endpoints is
ht (N)-entities.

ttion prior to the

data tranjsfer. This dynamically sets\up an association between the (N+1)-entities and the (N)-connection-mode service in addition to

the assogiation identified in 5.3:2\This association involves elements which are not part of the pre-arranged associafion described in
5.3.3.1.4, in particular:
a) knowledge.of the willingness of the peer-(N)-entity or entities to undertake a specific communicgtion, and of the
willingness of the underlying service to support it and;
b) _the-ability for the peer-(N)-entities to negotiate and renegotiate the characteristics of the communication.
5.3.3.3| . Connectionless mode

5.3.3.3.1 Connectionless-mode transmission is the transmission of a single unit of data from a source service-access-
point to one or more destination service-access-points without establishing a connection. A connectionless-mode service
allows an entity to initiate such a transmission by the performance of a single service access.

5.3.3.3.2 In contrast to a connection, an instance of the use of a connectionless-mode service does not have a clearly
distinguishable lifetime. In addition,t has the following fundamental characteristics:

a) it requires only a pre-arranged association between the peer-(N)-entities involved which determines the
characteristics of the data to be transmitted, and no dynamic agreement is involved in an instance of the
use of the service;

b) all the information required to deliver a unit of data — destination address, quality of service selection,

options, etc. — is presented to the layer providing the connectionless-mode service, together with the unit
of data to be transmitted, in a single service access. The layer providing the connectionless-mode service
is not required to relate this access to any other access.

ITU-T Rec. X.200 (1994 E) 11
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5.3.3.3.3 As aresult of these fundamental characteristics it may also be true that:

a) each unit of data transmitted is routed independently by the layer providing the connectionless-mode
service; and
b) copies of a unit of data can be transmitted to a number of destination addresses.

5.3.3.3.4 These characteristics of connectionless-mode transmission do not preclude making available to the service user
information on the nature and quality of service which may apply for a single invocation of the service or which may be
observed over successive invocations of the service between pairs of (N)-service-access-points or among a set of (N)-
service-access-points.

5.3.3.3.5 For each layer, the subclauses of clause 7 identify those items which have relevance to the connectionless-
mode service provided by that layer.

5.3.3.3.6 The basic (N)-connectionless-mode service is a service which meets the following conditions:

a) s—noi-reguired-to—exhibit-any - minimum-values—of-the—gua
kequence of (N)-service-data-units need not be maintained and;
b) |t is not required to exhibit peer flow control.
5.3.3.3.7 Any [N)-connectionless-mode service definition should allow the basic service.

5.3.3.3.8 Sincg
requirement fo
the underlying
reflected in the

1S no
stics of
may be

the basic service is not required to maintain the sequence of (N)-service~data-units, ther
r any (N)-layer to provide sequencing functions. However, in real implementations the character
medium or of real subnetworks may offer a high probability of in-sequencé delivery and this
characteristics of the connectionless-mode services offered by higher layers’

5.3.3.3.9 An (
logical relatior
addresses.

N+1)-entity provides no information to the provider of an (N)-conmnectionless-mode service apout the
iships between (N)-service-data-units, apart from the source and “destination (N)-service-access-point-

5.3.33.10 FH
particular func|
this does not in

533311 (]
arranged assod

rom the point of view of the (N+1)-entity this means that'it\is not able to require the (N)-service to|
fion to a sequence of (N)-service-data-units sent by ith\However, from the point of view of the (N
nply any constraint on the functions which support the’service.

apply a
[-layer,

N+1)-entities can communicate using an (N)=c¢onnectionless-mode service provided that there i
iation between them providing knowledge about each other which allows them to do so. This kn

5 a pre-
wledge

should allow
(N)-ervice-dat
protocol in u

he locations of the (N+1)-entities to beldetermined, it should determine the correct interpret
-units by a receiving (N+1)-entity, -and it may define the rates of transfer, rates of response,
between the entities. The knowledge may result from prior agreement between the (N+1)

htion of
and the
Lentities

concerning the| parameters, formats, and options)to be used.

service
over an

5.3.3.3.12  (N+1)-entities may require prior knowledge of the facilities offered by the service and the quality of
which they cah expect to receive frem it in order to choose an (N+1)-protocol to be used for communication
(N)-connectionless-mode service.

534 The felationship between services provided at adjacent layer boundaries

b

5.3.4.1 Ther
(N)-service (c(
the two layer H

a)
b)
c)
d)

are no (architectural constraints on any vertical combination of an (N)-layer providing one
nnection-mode or connectionless-mode) using the other type of (N-1)-service. In principle the se
oundaries can be:

type of
vices at

botirconmection-Tmode Services;
both connectionless-mode services;
the (N)-service a connection-mode service and the (N-1)-service a connectionless-mode service;

the (N)-service a connectionless-mode service and the (N-1)-service a connection-mode service.

5.3.4.2 In order to allow combinations ¢) and d) two architectural elements are required:

a)
b)

a function to provide an (N)-connection-mode service using an (N—1)-connectionless-mode service; and

a function to provide an (N)-connectionless-mode service using an (N-1)-connection-mode service.

These are known as mode conversion functions.

NOTE - Of these functions, function a) requires significant protocol-control-information. For example, there is a need to
identify the connection which is constructed, control its state and provide sequencing of service-data-units. Function b) requires little
or no additional protocol-control-information, rather, it places constraints on the way in which the connection-mode service is used.
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Application of mode conversion functions

Mode conversion functions may be invoked in OSI end systems, or in OSI relay systems (s

invoked in OSI relay systems, the mode conversion functions may either:

a)

(N-1)-connection-mode service in support of an (N)-connection-mode service; or

ee 6.5). When

join an (N)-protocol using the (N-1)-connectionless service and an (N)-protocol using the

b) join an (N)-protocol using the (N-1)-connectionless-mode service and an (N)-protocol using the

(N-1)-connection-mode service in support of an (N)-connectionless mode service.

5.3.5.2 The use of mode conversions between (N-1)-services within a layer is not explicitly constrained by the
Reference Model but, where several (N—1)-services are connected in tandem, the use of mode conversions would be
ordered to minimize the number of mode conversions necessary to arrive at a given composite (N)-service.

5.3.5.3 Where an (N-1)-connectionless-mode service is enhanced to provide a (N)-connection-mode service, a

number
(N-1)-s

5354
(N)-con

same (N

of (N)-connections may be supported by (N—1)-connectionless-mode transmission betw

en the same

Prvice-access-points.

nectionless-mode transmission between a number of different (N)-service-access-pointshmay be su
—1)-connection.

Where an (N-1)-connection-mode service is used to provide an (N)-connectionless-node service,

pported by the

5.4 Identifiers

5.4.1 Definitions

5.4.1.1 | (N)-address: A name unambiguous within the OSIE which is\used to identify a set of (N)-$ervice-access-

points which are all located at a boundary between an (N)-subsystem and‘an (N+1)-subsystem in the same|open system.
NOTE — A name is unambiguous within a given scope when'i identifies one and only one object within that scope.

Unambiguity of a name does not preclude the existence of synonyms.

5.4.1.2 | (N)-service-access-point-address; (N)-SAP-address: An (N)-address that is used to ideptify a single

(N)-SAP.

5.4.1.3 | (N)-address-mapping: An (N)-function which provides the mapping between the (N)-addfesses and the

(N-1)-alldresses associated with an (N)-entity.

54.14

which the entity is attached into a path by which the entity can be reached.

routing: A function within a layer which translates the title of an entity or the service-access-p|

bint-address to

5.4.1.5 | (N)-connection-endpoint-identifier: An identifier of an (N)-connection-endpoint which cdn be used to
identify|the corresponding (N)-connection at an (N)-service-access-point.

54.1.6
scope o

5.4.1.7

endpoin

54.1.8

environ1nent of the correspondent (N+1)-entities.

54.1.9

(N)-connection-endpoint-suffix: A part of an (N)-connection-endpoint-identifier which is uni
an (N)-service-ageess-point.

t-connectionéWhich should accept the data that is being transferred.

(N)-service-connection-identifier: An identifier which uniquely specifies an (N)-connecti

que within the

multi-connection-endpoint-identifier: An identifier which specifies the connection-endpoint of a multi-

bn within the

(N)-protocol-connection-identifier: An identifier which uniquely specifies an individual (N)-connection
within the environment of the multiplexed (N-1)-connection.

5.4.1.10 (N)-entity-title: A name that is used to identify unambiguously an (N)-entity.

54.2

Description

5.4.2.1 An (N)-service-access-point-address identifies a particular (N)-service-access-point to which an (N+1)-entity
is attached (see Figure 7). When the (N+1)-entity is detached from the (N)-service-access-point, the (N)-SAP-address no
longer provides access to the (N+1)-entity. If the (N)-service-access-point is reattached to a different (N+1)-entity, then
the (N)-SAP-address identifies the new (N+1)-entity and not the old one.

5.4.2.2 The use of an (N)-SAP-address to identify an (N+1)-entity is the most efficient mechanism if the permanence
of attachment between the (N+1)-entity and the (N)-service-access-point can be assured.
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5.4.2.3 Interpretation of the correspondence between the (N)-addresses servéd)yby an (N)-entity and the

addresses used

54.2.4 The {

access-point. However, the (N+1)-entity does not know this structure.

5425 If an
(N)-entities, th
different (N+1

5.4.2.6 A routing function translates the (N)-address'of an (N+1)-entity into a path or route by which the (N+1
may be reached.

54277 An(]
(N+1)-entity e
endpoint-iden
(N)-connectio
within the scop

5.4.2.8 The (N)-connection=endpoint-identifier consists of two parts:

a)

:Tﬁer by its supporting (N)-entity. The (N+1)-entity can then distinguish the new connection from 3

Nh-enitv-t (N)-connection-
(N)-entity-title endpoint-identifier

{N)-service- (N)-address

access-point

TiS02890-94/d07

Figure 7 — Entities, service-access-points and identifiers

for accessing (N-1)-services is performed by an (N)-address-mapping function.

tructure of an (N)-address is known by the (N)-entity which is attached to the identified (N)-s

(N+1)-entity has two or more (N)-service-access-points with either the same (N)-entity or
e (N)-entities have no knowledge of this fact. Eaéh (N)-service-access-point is considered to id
entity from the perspective of the (N)-entities.

tablishes an (N)-connection-with another (N+1)-entity, each (N+1)-entity is given an (N)-conj

s accessible at the (N)-service-access-point it is using. This (N)-connection-endpoint-identifier is
e of the (N+1)-entity which will use the (N)-connection.

he (N)=SAP-address of the (N)-service-access-point which will be used in conjuction w
N)-cennection; and

(N-1)-

ervice-

ifferent
ntify a

-entity

N+1)-entity may establish an (N)-connection with another (N+1)-entity by using an (N)-service. When an

ection-
11 other
unique

ith the

b)

an (IN)-connection-endpoint-suiiix which is unique within the scope of the (IN )-service-access-point.

5.4.2.9 A multi-endpoint-connection requires multi-connection-endpoint-identifiers. Each such identifier is used to
specify which connection-endpoint should accept the data which is being transferred. A multi-connection-endpoint-

identifier is uni

que within the scope of the connection within which it is used.

5.4.2.10 The (N)-layer may provide to the (N+1)-entities an (N)-service-connection-identifier which uniquely specifies
the (N)-connection within the environment of the correspondent (N+1)-entities.

5.5

5.5.1

Properties of service-access-points

interact with an (N)-entity.

14
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554 An (N)-entity may concurrently be attached to one or more (N+1)-entities through (N)-service-access-points.

5.5.5 An (N)-service-access-point is attached to only one (N)-entity and to only one (N+1)-entity at a time.

556 An (N)-service-access-noint mav be detached from an (N+1)-entity and reattached to the same or another
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5.5.7 An (N)-service-access-point may be detached from an (N)-eniity and reaitached to the same or another

558 An (N)-service-access -poin is located by means of its (N)-SAP-address. An (N)-SAP-address is used by an

(N+1)-dniily to request an 1nstance of communication.

5.5.9 An (N)-service-access-point may support:
a) (N)-connection-mode service only;

by (N)- connectionless-mode service nnlv

¢} (N)-connection-mode services and (N)-connectionless-mode services conctrrently.

5.5.10 | A single (N +1)-entity may concurrently be using several (N)-connections and an (N)-conndctionless-mode

,,,,, 111y S CRIONMIENS-THOUL

service fthrough one or more (N)-service-access-points to which it is attached.

5.5.11 | (N+1)-entities distinguish between instances of the (N)-connectionless-mode services and the (N)-connection-
mode sprvices offered concurrently through the same (N)-service-access-point by the uniqueness of the interactions
prescribled for these services.

5.6 Data-units

5.6.1 Definitions

5.6.1.1| (N)-protocol-control information: Information exchanged between (N)-entities to co-ordigate their joint
operatign.

5.6.1.2| (N)-user-data: The data transfefred between (N)-entities on behalf of the (N+1)-entities [for whom the
(N)-entjties are providing services.

5.6.1.3| (N)-protocol-data-unit: (A)unit of data specified in an (N)-protocol and consisting of (N)-pgotocol-control-
informdtion and possibly (N)-user-data.

5.6.1.4| (N)-service-datatunit: An amount of information whose identity is preserved when transferred between
peer-(N+1)-entities and which is not interpreted by the supporting (N)-entities.

5.6.1.5| expedited/(N)-service-data-unit. (N)-expedited-data-unit: A small (N)-service-data-unit whose transfer is
expedited. The (N)’layer ensures that an expedited-data-unit will not be delivered after any subsequent s¢rvice-data-unit
or expeflited-unit sent on that connection.

5.6.2 Description

5.6.2.1 Information is transferred in various types of data-units between peer-(N)-entities. The data-units are defined
in 5.6 and the relationships among them are illustrated in Figures 8 and 9.

Control Data Combined
(N)-(N)-peer- (N)-protocol-control- (N)-user-data (N)-protocol-
entities information data-unit

Figure 8 — Relationships among data-units
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5.6.2.2 Exce
data-units. The

5.6.2.3 Data

5.7 The

5.7.1 An

(N)-protocol, 1

are used to rec

| (N)-PDU |

(N)-layer
A 4
E;I (N - 1)-PCl I (N—1)-SDU I
(N — 1)-layer
* b 4
| 1 (N-1)-PDU |
TIS02900-94/d08
PC! Protocol-control-information
PDU Protocol-data-unit
SDU Service-data-unit
NOTES

1 This figure assumes that neither segmenting nor blocking of (N)-service-data-units
is performed (see 5.8.1.9 and 5.8.1.11).

2 This figure does not imply any positional relationship between protocol-control-information
and user-data in protocol-data-unit.

3 An (N)-protocol-data-unit may be mapped one-to-one into an (N — 1)-service-dafa-unit,
but other relationships are possible.

Figure 9 — An illustration of mapping between data-<units in adjacent layers

bt for the relationships defined in Figures 8 and>9, there is no overall architectural limit to the
Fe may be other size limitations at specific layers.

may be held within a connection until a:complete service-data-unit is put into the connection.

mature of the (N)-service

N)-service does not necessarily place bounds on the size of (N)-SDUs. The specification
owever, may place specific bounds on the size of (N)-PDUs. Blocking, segmenting, and conca
ncile differences in(the'sizes of SDUs and corresponding PDUs.

5.8 Elements of layér-operation
5.8.1 Definitions
58.1.1 (N)-

(N)-protocol.

5.8.1.2

size of

specific

centralized multi-endpoint-connection: A muiti-endpoint-connection where data sent by the entity

associated with the central connection-endpoint is received by all other entities, while data sent by one of the other
entities is only received by the central entity.

5.8.1.3 decentralized multi-endpoint-connection: A multi-endpoint-connection where data sent by an entity
associated with a connection-endpoint is received by all other entities.

5.8.1.4 multiplexing: A function performed by an (N)-entity in which one (N-1)-connection is used to support more
than one (N)-connection.

NOTE - The term multiplexing is also used in a more resiricted sense to refer to the function performed by the sending
(N)-entity while the term demultiplexing is used to refer to the function performed by the receiving (N)-entity.

16

ITU-T Rec. X.200 (1994 E)


https://iecnorm.com/api/?name=7133de0796958848d770dc5033e878fd

ISO/IEC 7498-1 : 1994(E)

5.8.1.5 demultiplexing: A function performed by an (N)-entity which identifies (N)-protocol-data-units for more
than one (N)-connection within an (N-1)-connection. It is the reverse function of the multiplexing function performed

by the (N)-entity sending the (N—1)-service-data-units.

5.8.1.6 splitting: A function within the (N)-layer by which more than one (N-1)-connection is used
(N)-connection.

to support one

NOTE - The term splitting is also used in a more restrictive sense to refer to the function performed by the sending

(N)-entity while the term recombining is used to refer to the function performed by the receiving (N)-entity.

5.8.1.7
(N)-connection in (N-1)-service-data-units received on more than one (N-1)-connection. It is the reverse
splitting function performed by the (N)-entity sending the (N—1)-service-data-units.

recombining: The function performed by an (N)-entity which identifies (N)-protocol-data-units for a single

function of the

5.8.1.8 flow control: A function which controls the flow of data within a layer or between adjacent layers.

5.8.1.9 segmenting: A function performed by an (N)-entity to map one (N)-service-data-unit

into multiple

(N)-pratocol-data-units.

5.8.1.1¢ reassembling: A function performed by an (N)-entity to map multiple (N)-protocol’data
(N)-seryice-data-unit. It is the reverse function of segmenting.

5.8.1.1
(N)-prqtocol-data-unit.

5.8.1.12 deblocking: A function performed by an (N)-entity to identify multiple’ (N)-service-data-\
containgd in one (N)-protocol-data-unit. It is the reverse function of blocking.

5.8.1.13 concatenation: A function performed by an (N)-entity to map-multiple (N)-protocol-data
(N-1)-4ervice-data-unit.

NOTE - Blocking and concatenation though similar (they both permit grouping of data-units) may
purposes. For instance, concatenation permits the (N)-layer to group one/or several acknowledgement (N)-PDUs wit}

(N)-PDUs containing user-data. This would not be possible with the blocking function only. Note also that the two
combingd so that the (N)-layer performs blocking and concatenation;

5.8.1.14 separation: A function performed by an (N)entity to identify multiple (N)-protocol-data-u
contained in one (N-1)-service-data-unit. It is the revérse function of concatenation.

5.8.1.15 sequencing: A function performed by-the (N)-layer to preserve the order of (N)-service-data
submitted to the (N)-layer.

5.8.1.16 acknowledgement: A function of the (N)-layer which allows a receiving (N)-entity to inf
(N)-entiity of the receipt of an (N)-protocol-data-unit.

5.8.1.1
duplica)

 reset: A function which sets the corresponding (N)-entities to a predefined state with a p
tion of data.

5.8.1.1
selectig

B (N)-protocol-version-identifier: An identifier conveyed between correspondent (N)-entities W
n of the version'of an (N)-protocol.
NOTE - The definition of a new (N)-protocol-version-identifier presupposes a minimal common k

ocol identified by the preceding (N)-protocol-version-identifier. When such a minimal common know
i, the (N)-protocols are considered to be independent and different.

(N)-pro
achieve

units into one

blocking: A function performed by an (N)-entity to map multiple (N)sService-data-ynits into one

nits which are

units into one

serve different
h one (or several)
functions may be

nits which are

units that were

orm a sending

ossible loss or

hich allows the

nowledge of the
fedge cannot be

58.2 Protocol selection and identification

5.8.2.1 Protocol identification is the process of determining the type of protocol being used.

5.8.2.2 One or more (N)-protocols may be defined for the (N)-layer. An (N)-entity may employ one or more

(N)-protocols.

5.8.2.3 Meaningful communication between (N)-entities requires the agreed selection of one (N)-protocol.

5.8.24 (N)-protocol-identifiers name the specific protocols defined. An (N+1)-protocol-identifier cannot be part
of (N)-PCI. Thus, an (N)-service uses (N)-addresses to identify an (N+1)-protocol, as described in Rec. X.650 |
ISO 7498-3.

5.8.2.5 Since not all protocols (either OSI or non-OSI) can be assumed to carry an (N)-protocol-identifier, an
(N)-protocol-identifier cannot be used to distinguish OSI and non-OSI protocols. The proper mechanism to use in these
situations is an (N)-address.
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583 Protocol version selection and identification

5.8.3.1 Protocol version identification

5.8.3.1.1 Protocol version identification is a mechanism to identify the level of a particular protocol being used. The
identification of the protocol version presupposes that the protocol itself has been identified either implicitly or by use of
approved mechanisms.

5.8.3.1.2 It may be convenient, in many cases, to recognize a sub-version id to be carried in (N)-PCI along with the
{N)-protocol-version-id. This allows keeping track of minor evolutions of a given protocol version (e.g. in order to
determine the degree of integration of defect reports, etc.). The decision of whether or not to introduce such a sub-
version id is of the responsibility of specific (N)-layer standards. However, only the (N)-protocol-version-id, regardless
of any additional subversion id, is taken into account in order to determine whether or not communication is possible
between peer-(N)-entities.

5.8.3.2 The geedforaew protocol-version

5.8.3.2.1 The reed for a new protocol version arises from changes made in the protocol. These changes can be:
1) addition of new functions (i.e. not defined in the existing protocol specifications);
2) deletion of existing functions (i.e. which were defined in the existing protocol specifications);
3) Inodiﬁcation of existing functions; or

4) jubstitution of an alternate way to provide existing functions.

5.8.3.2.2 Chanpes made in a protocol will not always imply the need for a new protocel version (or for a new protocol).
A new protocgl version (or new protocol) becomes necessary when these changes lead to a significant fugctional
modification which cannot be compatibly negotiated using the existing protocol specifications so that a real open|system
utilizing the newly specified protocol functions would not be able to communicate with a real open system utilizing the
old specificati

5.8.3.2.3 In such cases, if the two sets of protocol functions sharé at least a common understanding of the grotocol
version identification mechanisms (e.g. conveying, encoding, negotiating protocol version identifiers), they are
considered to be two different versions of the same protocol, otherwise they are considered to be two different prdtocols.

NOTES

1 t is important to note that significant functional modifications are not always coupled to changes to protocol
elements exchanged between pair entities (e.g. modification of the behavior of an (N)-entity due to the introduction of trapsparent
services).

2 t should be noted that new protocel-versions are not directly related to the administrative process of revising|existing
standards. Such p process may or may not lead to a new protocol version depending on the degree of modification which hs taken
place.

5.8.3.3 Negatiation mechanisms

5.8.3.3.1 The pegotiation of_protocol version can only occur in connection-mode communication. An (N)-ptotocol-
version-id field should bedpresent in PDUs relevant to connection establishment. A mechanism for handling grotocol
version identification is'to/determine, by means of the (N)-protocol-version-id, which version should be invoked on a
specific connedtion between the calling and called (N)-entities.

5.8.3.3.2 A calling/(N)-entity sends information of all supported versions to a called (N)-entity. The called (N)-entity
examines whether or not there are any supported versions common to the calling and called (N)-entities. If there is more
than one common version, the latest common version is selected. If there is no common version, the connection
establishment request is refused.

5.8.3.3.3 The sub-version id, when present, is not used in the negotiation mechanisms.

5.8.3.3.4 In connectionless-mode protocols, no negotiation mechanism is provided. Identification of the protocol version
is either implicit (e.g. a priori knowledge) or explicitly conveyed in the PDUs.

5.8.4 Properties of connectionless-mode transmission

5.84.1 All the information required by an (N)-connectionless-mode service to deliver an (N)-service-data-unit
(destination address, quality of service required, options, etc.) is presented to it with the (N)-service-data-unit in a single
logical service access by the sending (N+1)-entity.
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58.4.2 All information related to an (N)-service-data-unit, together with the (N)-service-data-unit itself, is received
from the (N)-service in a single logical service access by the receiving (N+1)-entity.
5842 To prcwde the (N)-connectionless-mode service, the (N)-layer performs functions as described in 5.3.3.3

5.8.4.4 If an (N)-service-daia-unit cannot be accepted by an (N+1)-entity at the time of its arrival at an (N)-service-
access-point, the (N+1)-entity may apply service boundary flow controi (see 5.8.8.4). This may resuit in the discarding

of the (N)-service-data-unit by the (N)-service provider or, where flow control is provided, in the exercise of service

oounaary flow conirol ai ihe bCHUlﬂg UV) service-access- pomt DY the (N) service DI'OV]GCT.

5.8.4.5 An (N)-connectionless-mode service may allow the transmission of copies of an (N)-service-data-unit to a
number of destination (N)-service-access-points. (N)-service-data-units transmitted from a number of source
(N)-service-access-points can be received at one destination (N)-service-access point. The (N)-layer does not assume

any logical relationship between these (N)-service-data-units.

5.8.4.6] No (N)-protocol-control-information is exchanged between (N)-entities concerning the mutual willingness of
the (N-1)-entities to exchange data using an (N)-connectionless-mode service.
NOTES

1 The specific interface mechanism employed by a particular implementation of a confectionless-mode service may
involve [more than one interface exrhanﬁe to m*(‘nmnhqh the sing I 10g_ n

transmigsion. However, this is a local 1mp1ementat10n detail.

hectionless-mode

ical service access necessary-1o initiate a co

2 The transmission of each (N)-service-data-unit by an (N)-connectionless-mode service shguld be entirely

i‘u.cuucu All lllC dUuleblllg auu UUICI llllUlllldllUll lcquucu U)’ h‘: (1 ld)’ﬁl 18] UCI]VCY lnt: UV) 5CYV1L€ u‘ild—um 10 llb Uebunduon
should Be included in the service access for each transmission.

3 It is a basic characteristic of connectionless-mode service that no-negotiation of the parameters fpr a transmission
takes place at the time the service is accessed and no dynamic association is*set up between the parties inolved. However,
considefable freedom of choice can be preserved by allowing most parametér values and options (such as transfef rate, acceptable
error rafe, etc.) to be specified at the time the service is accessed. In a given implementation, if the local (N)-subsystem determines
immedigtely (from information available to it locally) that the requested transmission cannot be performed undpr the conditions
specifiefl, it may abort the transmission, returning an implementation Specific error message. If the same determinatjon is made later,
after thq service access has been completed, the transmission is abandoned, since the (N)-layer is assumed not to have the information
necessafy to take any other action.

5.8.5 Properties of connection-mode transmission

5.8.5.1] An (N)-connection is an association 'established for communication between two or more|(N+1)-entities,
identified by their (N)-addresses. An (N)-connection is offered as a service by the (N)-layer, so that information may be
exchanped between the (N+1)-entities.

5.8.5.2 An (N+1)-entity may haye,simultaneously, one or more (N)-connections with other (N+1)-enjtities, with any
given (N+1)-entity, and with itself.

5.8.5.3] An (N)-connectign'ys established by referencing, either explicitly or implicity, an (N)-addresg for the source
(N-+1)-gntity and an (N)-address for each of one or more destination (N+1)-entities.
NOTE - Thespecific interface mechanism employed by a particular implementation of a connection-mode service may

involve |more than-en€ interface exchange to accomplish the single logical service access necessary to initiate a ponnection-mode
transmigsion. Howeuver, this is a local implementation detail.

5.8.5.4| Thesource (N)-address and one or more of the destination (N)-addresses may be the same. Ong or more of the
destinalion(N)-addresses may be the same while the source (N)-address is different. All may be different

5.8.5.5 One (N)-connection-endpoint is constructed for each (N)-SAP-address referenced explicitly or implicitly when
an (N)-connection is established.

5.8.5.6 An (N+1)-entity accesses an (N)-connection via an (N)-service-access-point.
5.8.5.7 An (N)-connection has two or more (N)-connection-endpoints.
5.8.5.8 An (N)-connection-endpoint is not shared by (N+1)-entities or (N)-connections.

5.8.5.9 An (N)-connection-endpoint relates three elements:
a) an (N+1)-entity;
b) an (N)-entity; and

¢) an (N)-connection.
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5.8.5.10 The (N)-entity and the (N+1)-entity related by an (N)-connection-endpoint are those implied by the (N)-SAP-
address referenced when the (N)-connection is established.

5.8.5.11 An (N)-connection-endpoint has an identifier, called an (N)-connection-endpoint-identifier, which is unique
within the scope of the (N+1)-entity which is bound to the (N)-connection-endpoint.

5.8.5.12 An (N)-connection-endpoint-identifier is not the same as an (N)-SAP-address.
5.8.5.13 An (N+1)-entity references an (N)-connection, using its (N)-connection-endpoint-identifier.

5.8.5.14 Multi-endpoint-connections are connections which have three or more connection-endpoints. Two types of
muiti-endpoint-connection are defined:?

a) centralized; and

b) decentralized.

5.8.5.15 Acen i- int- i ion-endpoint. Data sent by the entity associated
with the central|connection-endpoint is received by the entities associated with all other connection-endpoints.|The data
sent by an entify associated with any other connection-endpoint is received by the entity associated with\the central
connection-endpoint.

5.8.5.16 On a|decentralized multi-endpoint-connection, data sent by an (N)-entity associated witly any connpction-
endpoint is recejved by the (N)-entities associated with all of the other connection-endpoints.

5.8.6 Connﬁction establishment and release

5.8.6.1 Introduction

5.8.6.1.1 ANl (N)-connections require establishment and release procedures. These.procedures

— nhay be designed to send (N)-PCI on the same (N)-connection as (N)-user-data (sometimes| called
ip-band);
— 1hay be designed to send (N)-PCI on a different (N)-connection than (N)-user-data (sometimes| called
qut-of-band); or

—  thay be a priori procedures.
A priori procedpres are not the concern of OSI. These procedures may or may not be standardized. In all of thes¢ cases,
the basic propeities of the procedures are the same. Equivalént information is exchanged to initialize and synchrosjize the

state of the correspondent (N)-entities. OSI is only conicerned with in-band and out-of-band establishment and frelease
procedures whigh are standardized.

Table 1 — Funcfions used in Modes of Communication

Rleference (Subclause) Function Connection Connectionless
518.6 Conn Estab. & Rel X
5[8.6.4 Suspend X
5[8.6.5 Resume X
5[8.7 Muxing & Splitting X X
5[8.8.1 Normal Data Transfert X X
5|8.8.2 during Establishment X
5/8.8.3 Flow Control X X
518.84 Expedited X
5[8.8.5 Segmenting X X
Blocking X
Concatenation X X
5.8.8.6 Sequencing X X
5.89.1 Acknowledgement X X
5892 Error Detect & Notif X X
5.89.3 Reset X
59 Routing X X
5.10 Quality of Service XX X

3) Other typed of multi-endpoint-connections are for further study.
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5.8.6.1.2 OSI protocols, operating independently of a given set of instances of communication, may be employed to
control the resources that are required to support those instances of communications. These protocols, which are often
called “out-of-band”, can be used, for example, in support of the establishment of (N)-connections. Information needed
for the establishment of an (N)-connection may be conveyed, not only through the direct (normally called “in-band”)
(N)-protocol, but also as part of a different (N)-layer protocol, common to many instances of communications.

5.8.6.1.3 Non-standard procedures can be allowed in a compatible manner without affecting the operation of the
(N)-protocol or (N+1)-protocol. These non-standard procedures should not affect addressing, quality of service, service
primitives, OSI management, etc.

5.8.6.1.4 Some (N)-protocols may provide for the combining of connection establishment and connection release
protocol exchanges.

5.8.6.2 Connection establishment

5.8.6.2

ing:

a) the availability of an (N—1)-service between the supporting (N)-entities; and

b) both (N)-entities be in a state in which they can execute the connection establishment protgcol exchange.

5.8.6.2L2 If it is not already available, an (N—1)-service has to be established by peer-(N~I)sentities of the (N-1)-layer.
This requires, for the (N—1)-layer, the same conditions as described above for the (N)-layer:

5.8.6.243 The same consideration applies downwards until either an available (lower layer service pr the physical
medium for OSI is encountered.

5.8.6.24 Depending upon the characteristics of the (N-1)-service and-of the establishment proI)col exchange,
the establishment of an (N)-connection may or may not be done ¢n“cConjunction with the establishment of the
(N-1-donnection.

5.8.6.2.5 The characteristics of the (N)-service with regard to-the/establishment of the (N)-connection [vary depending
upon whether or not (N)-user-data can be transferred by.the connection establishment protocol exdhange for each
directipn of the (N)-connection.

5.8.6.2.6 Where (N)-user-data is transferred by the (N)-connection establishment protocol exchange, the| (N+1)-protocol
may take advantage of this to allow an (N+1)-consection to be established in conjunction with the establishment of the
(N)-copnection. This is termed “embedding:df) connection establishment”. If embedding at all layFrs were to be
permitjed, then the length of the user-data parameter in a connection establishment PDU may have to be Indefinite.

5.8.6.2.7 At certain layers the complexity involved in providing arbitrarily long user data fieldd in connection
establishment primitives at every layér.may outweigh any savings that could be accomplished by embedding.

5.8.6.2.8 Embedding between,adjacent layers where there are multiplexing, re-use, or quality of servife enhancement
functigns causes complexitycand redundancy of mechanism. Such additional complexity and redyndancy do not
necessprily cancel out all of the potential advantages of embedding. It is the responsibility of a layer [to decide when
protocpl elements should”be passed in the connection request or in the first data request, provided that adequate
protocpls are defined which allow such a selection.

5.8.6.2.9 If embedding is used, failure of a connection establishment will result in failure of the embedded connection
establishments.

5.8.6.3—€onnectiom Release

5.8.6.3.1 The release of an (N)-connection is normally initiated by one of the (N-+1)-entities associated in it.

5.8.6.3.2 The release of an (N)-connection may also be initiated by one of the (N)-entities supporting it as a result of an
exception condition occurring in the (N)-layer or the layers below.

5.8.6.3.3 Depending upon the conditions, release of an (N)-connection may result in the discarding of (N)-user-data.

5.8.6.3.4 The orderly release of an (N)-connection requires either the availability of an (N—1)-connection, or a common
reference to time (for example, time of failure of the (N-1)-connection and common time-out). In addition, it requires
that both (N)-entities are in a state in which they can execute the connection release protocol exchange. It is important to
note, however, that the release of an (N—1)-connection does not necessarily cause the release of the (N)-connection(s)
which were using it; the (N-1)-connection can be re-established, or another (N—1)-connection substituted.

NOTE — The common reference to time refers to the expiration of time with respect to, or relative to an instance of service.
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5.8.6.3.5 The characteristics of the (N)-service with regard to the release of an (N)-connection can be of two kinds:

a) (N)-connections are either released immediately when the release protocol is initiated [(N)-user-data not

yet delivered may be discarded]; or

b) release is delayed until all (N)-user-data sent previous to the initiation of the release protocol exchange

has been delivered (i.e. delivery confirmation has been received).

5.8.6.3.6 (N)-user-data may be transferred by the connection release protocol exchange.

5.8.6.4 The Suspend function

Suspend is an OSI function provided by the (N)-layer in which a (N-1)-connection can be terminated while the
(N)-connection is preserved. A Suspend function in an (N)-layer may be invoked at the explicit request of an upper layer
when an upper layer entity has knowledge of future activity that indicate that releasing the (N-1)-connection would be
advantageous, or it may be invoked spontaneously within the operation of the (N)-layer based on the occurrence of some
condition (e.g. some period of time with no data transterred) that makes it advantageous to release the (N—1)-conngction.

5.8.6.5

The Resume function

Normal operati¢pn will be resumed as soon as one party or the other is required to communicate across the suspended

(N-1)-connectign. To resume such a connection, the (N)-layer will have to re-establish the (N-1)-c¢onnection.

5.8.7

5.8.7.1
kinds:

5.8.7.2

5.8.7.3

5.8.7.4

one-to-one connection mapping.

58.7.5

5.8.7.6

22

Multiplexing and splitting

Withip the (N)-layer, (N)-connections are mapped onto (N-1)-connections. The.fmapping may be one qf three

a) dne-to-one;
b) many (N)-connections to one (N-1)-connection (multiplexing); and

¢) dne (N)-connection to many {N-1)-connections (splitting)

Multiplexing may be needed in order to:

a) 1hake more efficient or more economic use of the (N-1)-service; and

b) provide several (N)-connections in an environment where only a single (N-1)-connection exists.
Splitting may be needed in order to:

a) improve reliability where more thafrone (N~1)-connection is available;

b) provide the required grade of performance, through the utilization of multiple (N—1)-connections; and

c) dbtain cost benefits by-the utilization of multiple low cost (N-1)-connections each with less than the
required grade of performance.

Multiplexing and splitting each involve a number of associated functions which may not be needed for

The functipns.associated with multiplexing are:

a) identification of the (N)-connection for each (N)-protocol-data-unit transferred ovgr the
—T)-connection, i1 order to ensure that (IN)-user-data from the various multiplexed (IN)-CONnections are
not mixed. This identification is distinct from that of the (N)-connection-endpoint-identifiers and is called

an (N)-protocol-connection-identifier;

b) flow control on each (N)-connection in order to share the capacity of the (N-1)-connection (see 5.8.8.3);
and

¢) scheduling the next (N)-connection to be serviced over the (N-1)-connection when more than one
(N)-connection is prepared to send data.

The functions associated with splitting are:
a) scheduling the utilization of multiple (N—1)-connections used in splitting a single (N)-connection; and

b) resequencing of (N)-protocol-data-units associated with an (N)-connection since they may arrive out of
sequence even when each (N-1)-connection guarantees sequence of delivery (see 5.8.8.6).
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5.8.8 Transfer of data

5.8.8.1 Normal data transfer

5.8.8.1.1 Control information and user data are transferred between (N)-entities in (N)-protocol-data-units. An
(N)-protocol-data-unit is a unit of data specified in an (N)-protocol and contains (N)-protocol-control-information and
possibly (N)-user-data.

5.8.8.1.2 (N)-protocol-control-information is transferred between (N)-entities using an (N-I)-service. (N)-protocol-
control-information is any information that supports the joint operation of (N)-entities. (N)-user-data is passed
transparently between (N)-entities using an {(N—1)-service.

5.8.8.1.3 An (N)-protocol-data-unit has a finite size, which may be limited by the (N-1)-protocol-data-unit size and by
the capabilities of the (N)-protocol. (N)-protocol-data-units are mapped into (N-1)-service-data-units. The interpretation
of an (N)-protocol-data-unit is defined by the (N)-protocol in effect for the (N)-service.

5.8.8.14 An (N)-service-data-unit 1s transferred between an (N+I)-entity and an (N)-entity, through|an (N)-service-
accesstpoint. Each (N)-service-data-unit is transferred as (N)-user-data in one or more (N)-protocol-data{units.

5.8.8.1.5 The exchange of data under the rules of an (N)-protocol can only occur if an instance of the (N—1)-service
exists.[If an instance of the (N-1)-service does not exist, it shall be established before amexchange of data can occur
(see 5.8.6).

5.8.8.1.6 The quality of service agreed when the connection was established is related to the flow of sgrvice-data-units
across [service-access-points.

5.8.8.1.7 Even when blocking takes place it is always within the quality &f service agreed when the |connection was
establighed. There is no case where data will be delayed indefinitely.

5.8.8.2 Data transfer during connection establishment and release

5.8.8.2.1 (N)-user-data may be transferred in the (N)-codnection establishment protocol exchanlge and in the
(N)-comnnection release protocol exchange.

5.8.8.2.2 The connection release protocol exchange may be combined with the connection establifhment protocol
exchange (see 5.8.6) to provide a means for the ‘delivery of a single unit of (N)-user-data between correspondent
(N+1){entities with a confirmation of receipt.

5.8.8.3 Flow control

5.8.8.3.1 If flow control functions are’provided in connectionless-mode, they can operate only on prgtocol-data-units
and service-data-units.

5.8.8.3.2 Two types of flow centrol are identified:

a) peer flow control which regulates the rate at which (N)-protocol-data-units are sent betwleen (N)-entities
supporting_kither (N)-connectionless-mode or (N)-connection-mode transmission. Pe¢r flow control
requires\protocol definitions and is based on protocol-data-unit size; and

b) s€ryice boundary flow control, which regulates the rate at which (N)-service-data-upits are passed
between an (N+1)-entity and an (N)-entity that supports either an (N)-connectipnless-mode or
(N)-connection-mode service. Service boundary flow control is based on (N)-service-data{unit size.

5.8.8.3.3 Tn connectionless-mode transmission, peer 1low control may operate on (N)-PDUs within an (N)-SDU, but not
across (N)-SDU boundaries.

NOTE - It may happen however that peer flow control actually results in de facto action across (N)-SDU boundaries. Such
is the case when a sublayer using a connectionless-mode protocol operates over a sublayer operating a connection-mode protocol.
Successive (N)-SDUs may be carried in connectionless PDUs which are themselves carried in the PDUs of the connection-mode
protocol. Any peer flow control operating on these PDUs thus results in an action across the (N)-SDU boundaries.

5.8.8.3.4 Multiplexing in a layer may require a peer flow control function for individual flows (see 5.8.7.5).

5.8.8.3.5 Peer flow control functions require flow control information to be included in the (N)-protocol-control-
information of an (N)-protocol-data-unit.

5.8.8.3.6 If the size of service-data-units exceeds the maximum size of the (N)-user-data portion of an (N)-protocol-
data-unit, then first segmentation shall be performed on the (N)-service-data-unit to make it fit within the (N)-protocol-
data-units. Peer flow control can then be applied on the (N)-protocol-data-units.
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5.8.8.4 Expedited transfer of data

5.8.8.4.1 An expedited-data-unit is a service-data-unit which is transferred and/or processed with priority over normal
service-data-units. An expedited data transfer service may be used for signalling and interrupt purposes. Expedited data
is only provided in connection-mode transmission.

5.8.8.4.2 Expedited data flow is independent of the states and operation of the normal data flow, although the data sent
on the two flows may be logically related. Conceptually, a connection that supports expedited flow can be viewed as
having two subchannels, one for normal data, the other for expedited data. Data sent on the expedited channel is
assumed to be given priority over normal data.

5.8.8.4.3 The transfer guarantees that an expedited-data-unit will not be delivered after any subsequent normal service-
data-unit or expedited-data-unit sent on the connection.

5.8.8.4.4 Because the expedited flow is assumed to be used to transfer small amounts of data infrequently, simplified
flow control mechanisms may be used on this data flow.

5.8.8.4.5 An expedited (N)-service-data-unit is intended to be processed by the receiving (N+1)-entity with ptiorify over
normal (N)-service-data-units.

5.8.8.4.6 An expedited (N)-SDU is associated with a specific (N)-connection. Expedited data is.defined relative to the
normal data flow of the associated (N)-connection. It is not necessarily expedited with respect to other (N)-conngctions
or the connectigns in higher or lower layers. Expedited data at the (N)-layer will not necessarily be expedited at g lower
layer.

5.8.8.4.7 Expedited data is not destructive and should not be confused with reset‘The receiving entity may de¢ide on
some response, [such as to abort output, which is destructive, but that is a separate step. Further, expedited datq is not
provided as a njethod for providing two streams of traffic at different priority levels. Expedited data is intended for use
in exceptional circumstances; not as part of routine transfer of data.

5.8.8.4.8 Expedited data transmission as defined here does not ogcur with connectionless-mode data transmission.
Although a similar effect may be achieved by requesting different’quality of service parameters, such as lowef delay
time or higher “jpriority”, it is impossible to guarantee delivery béfore “any subsequent normal SDU” by that mear

w

5.8.8.4.9 The cpnstraints imposed by the above clauses are-that the expedited-data-units:
1) have a limited size; and

2) dre subject to separate flow control-mechanisms in each (N)-layer.

5.8.8.4.10 In|general, this latter constraint.neans that some small number of expedited data units (usually one) may be
outstanding at 4 time.

5.8.8.4.11 The consequence ofthese constraints is that, one should use caution in allowing for mapping an (N)-layer
expedited data gervice to an (N&1)Tayer expedited data service:

1) The size limitation can require dependency between layers to match sizes or might require segmenting
nd blocking of expedited (N)-SDUs at the (N-1) layer.

o

] NOTE - If the sender provides for mapping of an expedited service through several layers, e.g. Applidation to

$ession Layers, and there are uniform size restrictions so that there is no segmenting, then the receiving stajion will
operate properly supporting the expedited service on a layer-by-layer basis whether or not it can provide the same
expedited service mapping when it is the sender. Therefore, the size limitations may not have to be formally called
out in a standard.

2) There are likely to be problems in managing the use of the (N-1)-expedited-service if that service is used
by the (N)-layer in the operation of the (N)-protocol and in providing the (N)-expedited-service.

3) Such a mapping should not be done if the (N)-layer performs multiplexing onto (N—1)-connections. Flow
control on expedited at the (N—1) layer can interfere and inhibit expedited on the (N)-connections
multiplexed on the (N-1)-connection.

5.8.8.4.12 In consequence it is preferred that the expedited (N)-SDU be handled entirely by (N)-functions and only
rely on the basic (N-1)-data transfer facility, not on special services of the (N-1)-layer, such as (N-1) expedited-service.
Where the (N)-protocol makes no use of the (N-1)-expedited-service, an exception may occur. In this case, the
(N)-expedited-service-data-unit may then be passed directly through to the (N—1)-expedited-service.
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L |

(N)-PDU (N)-PDU (N)-PDU
a) Neither segmenting nor blocking b) Segmenting/Reassembling
|<~>-:<J | <~>-§<j ) |<~>{CI| | <~>—§{u ) l(N)—F{W | } |
I l l I | L |
(N)-PDU (N £1):SDu
TIS02910-94d09
c¢) Blocking/Deblocking d) Concatenation/Separation

SDU Servi¢e-data-unit
PCI Protopol-control-information
PDU Protopol-data-unit

NOTES

1 This figyre does not imply any potential relationship between protocel-control-information and user-data
in protocol-data-units.

2 Inthe case of concatenation, (N)-protocol-data-unit does netmecessarily include an (N)-service-data-unit.

Figure 10 ~ Relationship between(N)-service-data-units, (N)-protocol-data-units
and (N — 1)-service-data-units within a layer

5.8.9.2 Error|detection and notification

5.8.9.2.1 Error fletection and netification functions may be used by an (N)-protocol to provide a higher probability of
both protocol-dgta-unit error‘detection and data corruption detection than is provided by the (N-1)-service.

5.8.9.2.2 Error |[detection and notification may require that additional information be included in the (N)-pr¢tocol-
control-informatientef (N)-protocol-data-units.

5.8.9.2.3 In connectionless-mode, while the (N)-service provider may attempt to provide a notification upon detection of
data corruption or protocol-data-unit loss, misdelivery etc., it cannot be relied upon to be capable of doing so for every
instance of error detection.

5.8.9.3 Reset
5.8.9.3.1 Some services require a reset function to recover from a loss of synchronization between correspondent

(N)-entities. A reset function sets the correspondent (N)-entities to a predefined state with a possible loss or duplication
of data.

NOTE - Additional functions may be required to determine at what point reliable data transfer was interrupted.

5.8.9.3.2 A quantity of (N)-user-data may be conveyed in association with the (N)-reset function.
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6.1 Specific layers

6 i.i The general structure of the OS] architecture described in clause 5 provides architecturai concepts from which
he Reference Model of Open Systems Interconnection has been derived, making specific choices for the layers and their

/\Av\ tanto

CUHILCIIL

6.1.2 The Reference Model contains seven layers:
a) the Application Layer (layer 7);

b) thePresentationayertayer6é):

7

¢) the Session Layer (layer 5);

d) the Transport Layer (layer 4);

e) the Network Layer (layer 3);

f) the Data Link Layer (layer 2); and
g) the Physical Layer (layer 1).

6.1.3 Thesellayers are iilustrated in Figure 11.

Open Open

System t_ Peer protocol System
Application | —————— < »
Presentaton——— —»| »
Session ———— P <
Transport | ————— ¥ »
Network —> »
DataLlink | —————P
Physical —_ < »

4 T1S02920-94/d 10

L—— Physical media for OSI

Figure 11 — Seven layer reference model and peer protocols

6.1.4 The highest is the Application Layer and it consists of the application-entities that cooperate in the OSI
Environment. The lower layers provide the services through which the application-entities cooperate.

6.1.5 Layers 1 to 6, together with the physical media for OSI provide a step-by-step enhancement of communication
services. The boundary between two layers identifies a stage in this enhancement of services at which an OSI service
standard is defined while the functioning of the layers is governed by OSI protocol standards.
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6.1.6 Not ali open systems provide the initial source or final destination of data. When the physical media for OSI
do not link all open systems directly, some open systems act only as relay open systems, passing data to other open
systems. The functions and protocols which support the forwarding of data are then provided in the lower layers. This is

Open Open
System — . Quetam
S Relay open system System
Application » ¢
Presentation ——————— <
Session —_——» < R
Transport ———» <
Network ~——————» < > >
Data Link ——————; < > < >
Physical EEaa— | »

TISO29p0-94/d11
L— Physical mediafor-OS! —I

Figure i2 — Communication involving relay open sysiems

6.2 The principles used to determine the seven layers in the Reference Model

6.2.1 The following principles have been used to determine the seven layers in the Reference Model [and are felt to
be usefifi for guiding further decisions i the development of OSI standards:

NOTE - It may be difficult to prove that any particular layering selected is the best possible solution. However, there are
general [frinciples which can be applied to the question of where a boundary should be placed and how many bounglaries should be
placed.

a) Do not.create so many layers as to make the system engineering task of describing and |ntegrating the
layers/more difficult than necessary.

b) ~ Create a boundary at a point where the description of services can be small and the number of interactions
across the boundary are minimized.

¢) Create separate layers to handle functions that are manifestly different in the process performed or the
technology involved.

d) Collect similar functions into the same layer.

e) Select boundaries at a point which past experience has demonstrated to be successful.

f)  Create a layer of easily localized functions so that the layer could be totally redesigned and its protocols
changed in a major way to take advantage of new advances in architectural, hardware or software
technology without changing the services expected from and provided to the adjacent layers.

g) Create a boundary where it may be useful at some point in time to have the corresponding interface

standardized.
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h)

NOTES

1 Advantages and drawbacks of standardizing internal interfaces within open systems are not considered in
this Recommendation | International Standard. In particular, mention of, or reference to principle g), should not be
taken to imply usefulness of standards for such internal interfaces.

2 Itis important to note that OSI per se does not require interfaces within open systems to be standardized.
Moreover, whenever standards for such interfaces are defined, adherence to such internal interface standards can in
no way be considered as a condition of openness.

Create a layer where there is a need for a different level of abstraction in the handling of data, for example
morphology, syntax, semantics.

j)  Allow changes of functions or protocols to be made within a layer without affecting other layers; and
k) create for each layer, boundaries with its upper and lower layer only.
Similar principles have been applied to sublayering:
m) [Create further subgrouping and organization of functions to form sublayers within a layer in casds where
distinct communication services need it.
n) [Create, where needed, two or more sublayers with a common, and therefore minimfal functionality to
allow interface operation with adjacent layers; and
p) |allow by-passing of sublayers.
6.3 Layger descriptions
6.3.1 For ¢ach of the seven layers identified above, clause 7 provides:
a) |an outline of the purpose of the layer;
b) |a description of the services offered by the layer to the fayer’above; and
¢) |adescription of the functions provided in the layerand the use made of the services provided by the layer
below.
The descriptiops, by themselves, do not provide a complete\definition of the services and protocols for each layeq. These
are the subject of separate standards.
6.3.2 The [facilities and functions listed in clause 7 for each layer represent the set of architectural possibiities. A
service definitjon derived from these definitionsfor a particular layer may include some, or all of the facilities anfl it may
be characterizgd by none, some or all of the!QoS parameters defined for the layer in clause 7 and in 5.10. A protocol
specification derived from these definitions-for a particular layer may invoke some or all of the functions defined for the
layer. Such a dervice or protocol is constrained to not utilize nor invoke facilities or functions that are not listed.
6.4 Combinations of connection-mode and connectionless-mode
6.4.1 The provision(of) connectionless-mode and connection-mode services in specific layers of the Referencg Model
and the charadteristicsof these services, together with the provision of functions providing for conversion withiy a layer
between one 1hode‘of service and another, should be such as to ensure that it is possible to determine whethelr or not
interworking petwéen open systems is possible. In order to maximize the possibility of interworking and Jto limit

protocol comp

lexity, there is a restriction on the number of layers within which conversion between one mode of service

and the other may take place. This restriction applies to the layers as follows:

a)

b)

30

Special considerations apply to the Physical and Data Link Layers. Connection-mode and connectionless-
mode services are not differentiated for the Physical Layer. The services of the Physical Layer are
determined by the characteristics of the underlying medium and are too diverse to allow categorization
into connection-mode and connectionless-mode operation. Functions in the Data Link Layer must convert
between the services offered by the Physical Layer and the type of Data Link service needed.

Conversion may be provided in the Network Layer to support a network service of a given mode over
a Data Link or subnetwork service of the other mode. This, in conjunction with relaying, provides an
end-to-end network service of a given mode over concatenated subnetworks and/or Data Link services of
either mode (see 5.3.4). Support of such conversions, where they are necessary to provide a given mode
of network service, is a requirement of OSI standards.
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¢) Conversion may be provided in the Transport Layer on condition that this makes use of only limited
additional protocol functions over those required to support a given mode of transport service over the
same mode of network service. Since relaying is not permitted in the Transport Layer, such conversions
can only be applied between end-systems. Support for such conversions is not a requirement of OSI
standards.

d) Conversion in the Session and Presentation Layer is not permitted.

e) No conversion restrictions are imposed at the Application Layer.

NOTE - It is not possible (since a transport protocol operates between end-systems) for a transport protocol to provide the
transport service in an instance of communication between two end-systems utilizing (in that instance of communication) different
modes of network service.

It follows from these restrictions that:

a)

A real open system as defined in 4.1.2 shall support a given mode of transport service over a network

service of the same mode (utilizing conversion within the Network Layer if necessary);
may, in addition, provide conversion in the Transport Layer.

b) A real system which only supports a given mode of transport service by proyiding con

Transport Layer from a network service of the other mode is not fully open as.defined in 4.

transport service over a network service of the same mode.

t exists this restriction need not apply, although the requirements for systems to.be'fully open are as stated in

Configurations of OSI Open Systems

Definitions

OSI End System: An open system, which for a particular instance of communication, is the y

OSI-(N)-Relay System: An open system\ which, for a particular instance of communication,
ctions up to and including functions of theN)-layer and where a relay function is executed within

Properties

The Reference Model is notrestricted to configurations in which only two real open systems p3
of communication nor to‘configurations in which all participating real open systems are cof
by the same physical medium. It also considers configurations in which communication betw
involves other real gpen'systems providing relay functions (see 5.3).

In order to distinguish between the roles of real open systems involved in an instance of commu
stem in which'there is an application-process acting either as final source or destination of dat
nd real open®system for that instance of communication, and a real open system which is pro
at layer-N is termed an OSI (N)-relay system for that instance of communication.

From the point of view of a particular instance of communication a real open system may be ac

a system would be incapable of communicating with a system which only supports the §

NOTE - The restriction that a given mode of transport service has to be supported(by) the same mode of ne
b that systems may communicate without requiring prior agreement on the mode ‘of network service to be used. Where prior

such a system

version in the
1.2, since such
iven mode of

twork service is

item a) above.

Itimate source

makes use of
the (N)-layer.

irticipate in an
nected to one
een real open

hication, a real
h is termed an
viding a relay

ing in the role

an OST end system or an OST (N)-relay system, but it does not necessarily act in the same way for all instances

of communication in which it is involved. These different views of the same open system may appear successively, or
even simultaneously when the open system is engaged in several communications with the same or different open

systems

6.5.2.4

In configurations involving OSI-(N)-relay systems, the Reference Model considers the case

where several

subnetworks (see 7.5.1) are used in tandem or in parallel (see 7.5.2.3). This involves routing and relaying functions to
establish connections through such networks of OSI-(N)-relay systems. Such functions, which support the forwarding of
data through OSI-(N)-relay systems, are provided in the lower three layers (see 6.1) or in the Application Layer.

6.5.2.5

In the context of distributed applications, relaying may be performed in application-entities.

6.5.2.6 Thus transport-entities are only involved in instances of communication where the open systems act as OSI
end systems or as OSI-(N)-relay systems when the relaying function occurs in the Application Layer.
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7 Detailed description

7.1

7.1.1 Definitions

7.1.1.1 application-entity: An active element, within an application process, embodying a set of capabilities which is
pertinent to OSI and which is defined for the Application Layer, that corresponds to a specific application-entity-type
faxritlaniit oy avinn aamahilitiag hatng s AN

Lwiuiuutl dll_y CAUAa bd})aUllJlle Utllly Uded ).

7.1.1.2 abstract syntax: The specification of Application-protocol-data-units by usin
independent of the encoding technique used to represent them.

7.1.2 Purpose

7.1.2.1  As the highest layer in the Reference Model of Open Systems Interconnection, the Application Layer‘provides
the sole meank for the application process to access the OSIE. Hence the Application Layer has no boundary with a

the app access t
higher layer.

7.1.2.2 The|aspects of an application process which need 1o be taken into account for the ‘purpose of [OSI are
represented by one or more application-entities.

7.1.2.3 An ppplication-entity represents one and only one application process in_the -OSIE. Different application
processes majy| be represented by application-entities of the same application-entity-type» An application procesy may be
represented by a set of application-entitites: each application-entity in this set may/be, but need not be, of fifferent
application-enfity-type.

7.1.3 Seryices provided by application-entities
7.1.3.1 General

7.1.3.1.1 Application-processes exchange information by means, of application-entities which use application-grotocols
and presentatipn services.

7.1.3.1.2 As the only layer in the Reference Model that directly provides services to the application-procesgses, the
Application Lpyer necessarily provides all OSI services directly usable by application-processes.

7.1.3.1.3 Thege exists no Application Layer service in the sense of (N)-layer service in that there is neither 4 general
service provided to an upper layer nor a relation to a service-access-point.

NOTE - The related concept of OSI-service, defined in ISO/IEC 10731, is applicable in the Application Layer.
7.1.3.2 Connection-mode facilities

In addition to information transfer, such facilities may include, but are not limited to the following:

a) |identification of the intended communication partners (for example by name, by address, by|definite
description, by generic description);

b) [determination of the acceptable quality of service (for example response time, tolerable error rte, cost
Vis-a-vis the previous considerations),

¢) synchronization of cooperating applications;

d) agreement on responsibility for error recovery;

€) agreement on security aspects (e.g. authentication, access control, data integrity);
f)  selection of mode of dialogue; and

g) identification of abstract syntaxes.
7.1.3.3 Connectionless-mode facilities

7.1.3.3.1 Where appropriate for connectionless-mode operation, equivalent facilities to those provided for connection-
mode operation are provided in the Application Layer to application-processes.
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7.1.3.3.2 In addition to information transfer, such facilities constituting the scrvice may include, but are
the following:
a) identification of intended communication partners;
b) establishment of authority to communicate;
¢) authorization of intended communication partners;
d) determination of the acceptable quality of service; and
IR iAot i nntinm AF ahotrennt cuntavas
<) IACHUTILALIVUIL U1 audliatl DYIIAALS
7.14 Functions within the Application Layer
7.1.4.1 The Application Layer contains all those functions which imply communication in either mode

between open

systems that are not already performed by the lower layers. These include functions performed by programs as well as
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apsmission by the peer entities with which they may need to communicate.

Groupings of functions in the Application Layer

f the application-association.

Presentation Layer

Definitions

2R RRIZUAVERS

ation of that data.

presentation context: An association'of an abstract syntax with a transfer syntax.

Purpose

communjicate or refer to in their communication.

7.2.2.2
entities.
i.e. it prq

7.2.2.3
transfer.
commun

The Presentation Layer provides for common representation of the data transferred betwee

vides them with'syntax independence.

abstract

concrete syntax: Those aspects of the rules used inythe formal specification of data which emb

transfer syntax: The abstract and concrete syntax used in the transfer of data between open syst|

The Presentation Layer (provides for the representation of information that application-

This relieves application-entities of any concern with the problem of “common” representation o)

The PreSentation Layer ensures that the information content of the Application Layer data is prg
Coopetating application-entities are responsible for determining the set of abstract syntaxes they €
ication’ The Presentation Layer is informed of the abstract syntaxes that are to be employed. Knoy
syntaxes to be used by the application-entities, the Presentation Layer is responsible for seled

ommumcate

Cation-entity can be structured internally into Application Layer objects representing groups of functions. Use
ouping of functions may depend on use of some other functions, and the active functions may vary during the

bdy a specific

CImns.

entities  either

h application-
f information,

served during
mploy in their
ving the set of
ting mutually

acceptab

7.2.3
7.2.3.1

7.2.3.2

le transfer syntaxes.

NOTE - Presentation-entities have no role in determining the set of abstract syntaxes to be used by the appl

Services provided to the Application Layer

The Presentation Layer provides the following facilities:

a) identification of a set of transfer syntaxes;
b) selection of transfer syntax; and
c) access to session services.

ication-entities.

Identification of a set of transfer syntaxes provides one or more means of representing an abstract syntax.
Selection of transfer syniax provides the means of initially selecting a transfer syntax and subsequently modifying the
selection.
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7.2.3.3 Session services are provided to application-entities in the form of presentation services.

7.2.3.4

In connectionless-mode, segmentation and resassembly are not provided in the Presentation Layer. Thus, the

size of presentation-service-data-units is limited by the size of presentation-protocol-data-units and presentation-
protocol-control-information.

7.2.4

Functions within the Presentation Layer

The Presentation Layer performs the following functions to help accomplish the presentation-services:

a) negotiation and re-negotiation of transfer syntax;
b) representation of the abstract syntax chosen by the application-entities in the transfer syntax negotiated or
renegotiated, including format and special purpose transformations (for example, data compression);
¢) restoration of previously negotiated syntaxes on the occurrence of certain events; and
d) [use of session-services.
7.2.4.1 Repfesentation of abstract syntax

7.2.4.1.1 App
that these abst

NOTE — Within a real open system, data defined in terms of an abstract syntax will be répresented within the loc

environment by|a local concrete syntax. A transformation may be necessary between the local conefete syntax and the transf

Thus, in comm
the originating

the presentatior]

syntaxes are nol

7.2.4.1.2 The
protocol.

7.2.4.1.3 The

used on a preg

72414 Inc

ract syntaxes are represented in appropriate transfer syntaxes for communication to‘take place.

inication between real open systems there are three concrete syntax versions ofithe data: the concrete synta

visible within the OSIE.

fact that there is or is no actual transformation of conefete’ syntax has no impact on the pres

entation-connection is negotiated between the cerféspondent presentation-entities.

nnectionless-mode, the transfer syntax is selected, but cannot be negotiated.

7.2.4.2 Negptiation of transfer syntax

7.2.4.2.1 Neg

entity provide

72422 1Ing
to represent a

5 the name of an abstract syftax for which a transfer syntax is required.

eneral, there may be more than one combination of abstract syntax and transfer syntax. It may be

to represent fnore than one_abstiract syntax. Each combination of abstract syntax and transfer syntax is

presentation g

use of an abst

7.2.4.3 Add

act syntax-

ressing and Multiplexing

There IS no m Hiinlaxinge

7.3

7.3.1

7.3.1.1
control explic

ication-entities agree on the abstract syntaxes that will be used for their communication. It is n|

hpplication-entity, the concrete syntax used by the receiving application-entity--and the concrete syntax used
-entities (the transfer syntax). It is clearly possible that any or all of thesesyntaxes be identical. The local

ptiation (or selection) of transfef syntax takes place between two presentation-entities when an app

Specific absiract syrnitax by one or more transfer syntaxes; also it may be possible to use one transfg

ontext. From the'viewpoint of the application-entity, a presentation context represents a specifig

Fcessary

hl system
br syntax.
t used by
between
concrete

tntation-

e is not a single predetermined transfer syntax for*all OSI. In connection-mode, the transfer synfax to be

lication-

possible
r syntax
called a
distinct

alitiia a-thaP Atatian-d—aiias
P s O Sprtt e Tr Tosthratd o =a y O

Session Layer

Definitions

itly whose right it is to exercise certain session-services.

token management: A facility of the session-service which allows correspondent presentation-entities to

7.3.1.2 duplex mode: A mode of interaction where both presentation-entities may concurrently send and receive

normal data.

7.3.1.3 half-duplex mode: A mode of interaction where, at a given instance, only one of the two correspondent
presentation-entities is allowed to send normal data.
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7.3.1.4 session-connection synchronization: A facility of the session-service which allows presentation-entities to
define and to identify synchronization points and to reset a session-connection to a predefined state and to agree on a
resynchronization point.

7.3.2 Purpose

7.3.2.1 The purpose of the Session Layer is to provide the means necessary for cooperating presentation-entities to
organize and to synchronize their dialogue and to manage their data exchange. To do this, the Session Layer provides
services to establish a session-connection between two presentation-entities, to support orderly data exchange
interactions, and to release the connection in an orderly manner.

7.3.2.2 The only function of the Session Layer for connectionless-mode communication is to provide a mapping of
transport-addresses to session-addresses.

7.3.2.3 A session-connection is created when requested by a presentation-entity at a session-service-access-point. The
session-conhection-e istsuntibitis released b ithe 2 esentation-cntities—o he co ..-..

7.3.2.4 | The initiating presentation-entity designates the destination presentation-entity by a session-addreps. In general,
there is p many-to-one correspondence between the session-addresses and transport-addresses. 'This dges not imply
multiplexing of session-connections onto transport-connections, but does imply that at session-connection jestablishment
time, mare than one presentation-entity is a potential target of a session-connection establishment request| arriving on a
given trgnsport-connection. However, when needed, there may be a one-to-one correspondence between the session-
address gnd the transport-address.

7.33 Services provided to the Presentation Layer

7.3.3.1 | General

7.3.3.1.1] In connection-mode, the services provided by the Session Layer‘are described below:
a) session-connection establishment;

b) session-connection release;

¢) normal data transfer;

d) expedited data transfer;

e) token management;

f) session-connection synchronization;

g) exception reporting;

h) activity management;

j)  typed data trapsfer; and

k) resynchronization.

7.3.3.1.2 In connecfionless-mode, the Session Layer provides the following services:
a) _connectionless-mode transmission using the transport-connectionless-mode service; and

b)¢ , exception reporting.

7.3.3.1.3 In connectionless-mode, segmentation and resassembly are not provided in the Session Layer. Thus, the size of
session-service-data-units is limited by the size of session-protocol-data-units and session-protocol-control-information.

7.3.3.2 Session-connection establishment

7.3.3.2.1 The session-connection establishment service enables two presentation-entities to establish a session-
connection between them. The presentation-entities are identified by session-addresses used to request the establishment
of the session-connection.

7.3.3.2.2 The session-connection establishment service allows the presentation-entities to determine cooperatively the
unique values of session-connection parameters at the time the session-connection is established.

7.3.3.2.3 The session-connection establishment service provides a session-connection identification parameter which
allows the presentation-entities to identify the session-connection.
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7.3.3.3 Session-connection release

7.3.3.3.1 The session-connection release service allows presentation-entities to release a session-connection in a orderly
way without loss of data. It also allows either presentation-entity to request at any time that a session-connection be
aborted; in this case, data may be lost.

7.3.3.3.2 A session-connection may also be aborted by one of the session-entities supporting it.

7.3.3.4 Normal data transfer

The normal data transfer service allows a sending presentation-entity to transfer a session-service-data-unit to a receiving
presentation-entity.

7.3.3.5 Expedited data transfer

The expedited data transfer service provides expedited handling of the transfer of expedited session-service-d

A specific siz,

ata-units.

E restriction is placed on expedited session-service-data-units.

7.3.3.6 ToKen management

The token ma4
control functi

DNS.

7.3.3.7 Session-connection synchronization

7.3.3.7.1 The

a)
b)

7.3.3.7.2 Any
session-servig

7.3.3.7.3 The
synchronizati

7.3.3.7.4 Symmetric synchronization allows synchronization points to be set independently on the two directio

flow.

7.3.3.8 Exq

The exceptiot

session-connection synchronization service allows presentation-entities;
to define and identify synchronization points; and

to reset the session-connection to a defined state and agree on a resynchronization point with the
of the loss of data.
e provider.

Session Layer is not responsible for any assogiatéd checkpointing or commitment action associ
b

eption reporting

reporting service permits, the’presentation-entities to be notified of exceptional situations.

7.3.3.9 Activity management

The activity

serveral conss
Activities carl

cutive acfivities during a session-connection. An activity may also span more than one session-co
also be:interrupted and then resumed on the same or a subsequent session-connection.

7.3.3.10 Typed Data Transfer

nagement service allows the presentation-entities to control explicitly whose turn it)is to exercis

semantics which session-service users may give to, their synchronization points are transpare

oncept allows sesSion-service users to distinguish logical pieces of work called activities. Each
consists of one or more dialog units. Only one activity is allowed on a session-connection at a time, but thers

e certain

potential

ht to the

ated with

ns of the

activity
may be
nection.

The typed data transfer service allows a sending presentation-entity to transfer a session-service-data-unit to a receiving
presentation-entity independent of the provisions of token management.

7.3.3.11 Res

ynchronization

Resynchronization may be initiated by either session-service user. It sets the session-connection to a defined state and
therefore includes reassignment of tokens and setting the synchronization point serial number to a new value.

Resynchroniz

734

7.3.4.1

ation may purge undelivered data.

Functions within the Session Layer

The functions within the Session Layer are those which shall be performed by session-entities in order to

provide the session-services. When providing the connectionless-mode service, the Session Layer provides a one-to-one
mapping of Session-connectionless-mode-transmissions onto transport-connectionless-mode-transmissions.
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7.3.4.2 Most of the functions required are readily implied by the services provided. Additional description is given
below for the following functions:

a)
b)

session-connection to transport-connection mapping; and

session-connection flow control.

7.3.4.3 Session-connection to transpert-connection mapping

There is a one-to-one mapping between a session-connection and a transport-connection at any given instant. However,
the lifetime of a transport-connection and that of a related session-connection can be distinguished so that a transport-
connection supports several consecutive session-connections.

7.3.4.4 Session-connection flow control

There is no peer flow control in the Session Layer. To prevent the receiving presentation-entity from being overloaded

with data, the receiving session-entity applies back pressure across the transport-connection using the transport flow
control.

7.4 Transport Layer

7.4.1 Definitions

No Trangport Layer specific terms are identified.

7.4.2 Purpose

7.4.2.1 | The transpori-service provides transparent transfer of data between-Session-entities and relieves them from any
concern with the detailed way in which reliable and cost effective transferof data is achieved.

7.4.2.2 | The Transport Layer optimizes the use of the available network-service to provide the performange required by
each segsion-entity at minimum cost. This optimization is achieved within the constraints imposed By the overall
demandq of all concurrent session-entities and the overall quality and capacity of the network-service ayailable to the
Transpoft Layer.

7.4.2.3 | All protocols defined in the Transport Layer have end-to-end significance, where the ends gdre defined as
transpor| entities having transport associations. Therefore, the Transport Layer is OSI end open systen oriented and
transport{-protocols operate only between OSI end'open systems.

7.4.2.4 | The Transport Layer is relieved of\any concern with routing and relaying since the network-sefvice provides
data transfer from any transport-entity to‘any other, including the case of tandem subnetworks (see 7.5.1).

7.4.2.5 | The transport functions invoked in the Transport Layer to provide a requested service quality flepend on the
quality qf the network-service. The.quality of the network-service depends on the way the network-servie is achieved
(see 7.5.B).

7.4.3 Services provided to the Session Layer

7.4.3.1 | Introduction

7.4.3.1.1 The Transport Layer uniquely identifies each session-entity by its transport-address. When providing the
connectipuless-mode service, the Transport Layer provides a connectionless-mode service which maps|a request for
transmissionof-a—transpe sepvice-duta-untt-entoarequestto-theconnectionless-medenetwork—service—n connection-

mode, the transport-service provides t

connecti

ons provide duplex transmission between a pair of session-entites (through transport-SAPs).

he means to establish, maintain, and release transport-connections. Transport-

7.4.3.1.2 More than one transport-connection can be established between the same pair of transport-addresses. A
session-entity uses transport-connection-endpoint-identifiers provided by the Transport Layer to distinguish between
transport-connection-endpoints.

7.4.3.1.3 The operation of one transport-connection is independent of the operation of all others except for the
limitations imposed by the finite resources available to the Transport Layer.

7.4.3.1.4 The quality of service provided on a transport-connection depends on the service class requested by the
session-entities when establishing the transport-connection. The selected quality of service is maintained throughout the
lifetime of the transport-connection. The session-entity is notified of any failure to maintain the selected quality of
service on a given transport-connection.
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7.43.1.5 Inc
a)
b)
c)
d)
e)

onnection-mode, the following facilitigs provided by the Transport Layer are described below:
transport-connection establishment;
transport-connection release;
data transfer;
expedited data transfer; and

suspend facility.

7.4.3.1.6 In connectionless-mode, segmentation and resassembly are not provided in the Transport Layer. Thus, the size
of transport-service-data-units is limited by the size of transport-protocol-data-units and transport-protocol-control-

information.

7.4.3.2 Transport-connection establishment

7.4.3.2.1 Tra

of service of {he transport-connection is negotiated between the session-entities and the transport-service.

7.4.3.2.2 At
selected from

7.4.3.2.3 The

transit delay,
availability.

7.4.3.2.4 These classes of service represent globally predefined combinations- of/ parameters controling

service. Thes
generated by

7.4.3.3 Transpoert-connection release

This facility

corresponden|

7.4.3.4 Dat

This facility |
be maintaine
entities are n

a)

b)

7.4.3.5 Ex!)edited Data

nsport-connections are established between session-entities identified by transport-addresses. {Th

he time of establishment of a transport-connection the class of transport-service to be provide]
a defined set of available classes of service.

se service classes are characterized by combinations of selected values of parameters such as thy
and connection set-up delay and by guaranteed values of parameters such asresidual error rate an

e classes of service are intended to cover the transport-service requiréments of the various types
the session-entities.

provides the means by which either session-entity\can release a transport-connection and
t session-entity informed of the release.

a transfer

provides data transfer in accordance with.the agreed quality of service. When the quality of servi
1 and all possible recovery attempts-have failed, the transport-connection is terminated and thg
tified.

The transport-service-data-unit-transfer service provides the means by which transport-service-(

service-access-point _to, the receiving transport-service-access-point over a transport-connect
service is subject to flow control.

The expedited transport-service-data-unit transfer service provides an additional means of inf
exchange omva transport-connection. The expedited transport-data-units are subject to their oy
transport=sérvice and flow control characteristics. The maximum size of expedited transport-sery
units islimited.

e quality
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An expedited service is provided by the Transport Layer. However, it should be used in accordance with the constraints
described in 5.8.8.3.

7.4.4

7.4.4.1

Functions within the Transport Layer

General

7.4.4.1.1 In connection-mode, the Transport Layer functions may include:

a)
b)
)
d)
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mapping transport-address onto a network-address;
multiplexing (end-to-end) transport-connections onto network-connections;
establishment and release of transport-connections;

end-to-end sequence control on individual connections;
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e) end-to-end error detection and any necessary monitoring of the quality of service;
f) end-to-end error recovery;
g) end-to-end segmenting, blocking, and concatenation;
h) end-to-end flow control on individual connections;
j)  supervisory functions;
k) expedited transport-service-data-unit transfer; and

1)  suspend/resume.

7.4.4.1.2 In connectionless-mode, the Transport Layer provides the following functions to support connectionless-mode
transmis§Tom:

a) mapping between transport-addresses and network-addresses;

b) mapping end-to-end transport-connectionless-mode transmissions on to network-connecfionless-mode
transmissions;

NOTE - There may be specific situations where performing conversion from connection-mode to
connectionless-mode operation in the Transport Layer can be justified and may)thus be permitted provided that this
requires only limited extensions to existing protocols. In such cases it is‘aCeepted that communication using such
conversions can only take place betweeen OSI end systems supporting them (see 6.4).

c) end-to-end error detection and monitoring of the quality of service;

d) transport-service-data-unit delimiting; and

e) supervisory functions.
7.4.4.2 | Addressing

7.4.4.2.1 When a session-entity requests the Transport Layer to establish a transport-connection [with another
session-gntity identified by its transport-address;\the Transport Layer determines the network-address identifying the
transport-entity which serves the correspondent session-entity.

7.4.4.2.2| Because transport-entities support services on an end-to-end basis no intermediate transport-entify is involved
as a relay between the end transport-entities. Therefore the Transport Layer maps transport-addresses to| the network-
addresse$ which identify the end transport-entities (see Figure 13).

Sessiori-entity End transport-address Session-entity
Or - 20)
Transport-entity End network-address Transport-entity

o~ 5

Network-Layer

T1S02940-94

Figure 13 — Association of transport-addresses and network address

7.4.4.2.3 One transport-entity may serve more than one session-entity. Several transport-addresses may be associated
with one network-address within the scope of the same transport-entity. Corresponding mapping functions are performed
within the transport-entities to provide these facilities (see Figure 14).
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Session-entity A Transport-addresses Session-entity B
o O
S Transport-entity ’
C\‘ Network-
2 address
Network-entity
TIS02950-94/d13

Figure 14 — Association of one network address with several transport addresses

7.4.4.3 Connection multiplexing and splitting
In order to optimize the use of network-connections, the mapping of transport-connections onto)network-connections
need not be op a one-to-one basis. Both splitting and multiplexing may be performed, namely for)optimizing the cost of
usage of the network-service.
7.4.4.4 Phdses of operation
In connectiontmode operation, the phases of operation within the Transport Layerare:

a) | establishment phase;

b) | data transfer phase; and

c) | release phase.
The transfer from one phase of operation to another is specified indetail within the protocol for the Transport Layer.
7.4.4.5 Establishment phase
During the establishment phase, the Transport Layer establishes a transport-connection between two session-entities.
The functiong of the Transport Layer during this phase match the requested class of service with the services [provided
by the Network Layer. The following functions can'be performed during this phase:

a) | obtain a network-connection which best matches requirements of the session-entity, taking intq account

cost and quality of service}

b) | decide whether multiplexing or splitting is needed to optimize the use of network-connections;

¢) | establish the optithumn transport-protocol-data-unit size;

d) | select the functions that will be operational upon entering the data transfer phase;

e) | map transport-addresses onto network-addresses;

f) | provide identification of different transport-connections between the same pair of transpor{-service-

acCess-points (connection identification function); and
g) transfer of data.

7.4.4.6 Data transfer phase

The purpose of the data transfer phase is to transfer transport-service-data-units between the two session-entities
connected by the transport-connection. This is achieved by the transportation of transport-protocol-data-units and by the
following functions, each of which is used or not used according to the class of service selected in the establishment

phase:
a)
b)
©)
d)
40

sequencing;
blocking;
concatenation;

segmenting;

ITU-T Rec. X.200 (1994 E)


https://iecnorm.com/api/?name=7133de0796958848d770dc5033e878fd

ISO/IEC 7498-1 : 1994(E)

e) multiplexing or splitting;

f) flow control;

g) error detection;

h) error recovery;

j)  expedited data transfer;

k) transport-service-data-unit delimiting; and

m) transport-connection identification.

7.4.4.7 Release phase

The purpose of the release phase is to release the transport-connection. It may include the following functions:

a) notification of reason for release;

b) identificaton of the transport-connection released; and

¢) transfer of data.

7.4.4.8 |Transpert Layer management

The Transport Layer protocols deal with some management activities of the layer (such asjactivation and grror control).
See clause 8 and ITU-T Rec. X.700 | ISO 7498-4 for the relationship with other management aspects.

7.5 Network Layer

7.5.1 Definitions

7.5.1.1 [real subnetwork: A collection of equipment and physical media which forms an autonomoyps whole and
which cah be used to interconnect real systems for the purpose of data transfer.

7.5.1.2 |subnetwork: An abstraction of a real subnetwork.
NOTES

1 A subnetwork is a representation within the ‘OSI Reference Model of a real network such as a carfier network, a
private nefwork, or a local area network.

2 A subnetwork may itself be an open system, although this is not necessarily always the case. See ISO B648 — Internal
Organizatjon of the Network Layer.

7.5.1.3 |subnetwork-connection: A communication path through a subnetwork which is used by dntities in the
Network|Layer in providing a network<connection.

7.5.2 Purpose

7.5.2.1 [The Network Layeér provides the functional and procedural means for connectionless-mode or connection-
mode trahsmission among ‘transport-entities and, therefore, provides to the transport-entities independence ¢f routing and
relay corfsiderations.

7.5.2.2 | The Network Layer provides the means to establish, maintain, and terminate network-connecfions between
open sy§tems~centaining communicating application-entities and the functional and procedural meany to exchange
network-seryice-data-units between transport-entities over network-connections.

7.5.2.3 It provides to the transport-entities independence from routing and relay consideration associated with the
establishment and operation of a given network-connection. This includes the case where several subnetworks are used
in tandem (see 7.5.4.2) or in parallel. It makes invisible to transport-entities how underlying resources such as data-link-
connections are used to provide network-connections.

7.5.2.4 Any relay functions and hop-by-hop service enhancement protocols used to support the network-service
between the OSI end systems are operating below the Transport Layer, i.e. within the Network Layer or below.

753 Service provided to the Transport Layer

7.5.3.1 Introduction

7.5.3.1.1 The basic service of the Network Layer is to provide the transparent transfer of data between transport-entities.
This service allows the structure and detailed content of submitted data to be determined exclusively by layers above the
Network Layer.
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7.5.3.1.3 The Network Layer contains functions necessary to provide the Transport Layer with a firm
k/Transport Layer boundary which is independent of the underlying communications media in all things other

than quality of service. Thus the Network Layer contains functions necessary to mask the differences in the
characteristics of different transmission and subnetwork technologies into a consistent network service.
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NOTE - it is imporiant to distinguish the specialized use of the term “service” within the OSI Reference Model from its
common use by suppliers of private networks and carriers.
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establishment of a network-connection. Whlle this quality of service may vary from one network-connection to another
it will be agreed for a given network-connection and be the same at both network-connection-endpoints.

7.5.3.1.6 In cpnnection-mode, the facilities provided by the Network Layer are described below:
a) [ network-addresses;
b) | network-connections;
¢) | ne
d) | network-service-data-unit transfer;
e) | quality of service parameters;
f) | error notification;
g) | expedited network-service-data-unit transfer ;
h) | reset;
j) | release; and
k) | receipt of confirmation.

7.5.3.1.7 Some of these facilities are optional. This means that;
a) | the user has to request the facilities; and

b) | the network-service provider may honou¥the request or indicate that the service is not available.

7.5.3.1.8 In gonnectionless-mode, the facilities, provided by the Network Layer, operating among networK-service-
access-points| are:

a) | transmission of network-service-data-units of a defined maximum size;
b) | quality of service parameters; and

¢) | local error notificafion:

7.5.3.2 Network-addresses

Transport-entitics are kilown to the Network Layer by means of network-addresses. Network-addresses are prdvided by
the Network |Layer<and can be used by transport-entities to identify uniquely other transport-entities, i.e. petwork-
addresses arel necessary for transport-entities to communicate using the network-service. The Network Layer [uniquely
identifies eagh\0f"the end open sysiems (represented by transport-entities) by their network-addresses. Thiy may be
independent of the addressing needed by the underlaying layers.

7.5.3.3 Network-connections

7.5.3.3.1 A network-connection provides the means of transferring data between transport-entities identified by
network-SAP-addresses. The Network Layer provides the means to establish, maintain and release network-connections.

7.5.3.3.2 A network-connection is point-to-point.

7.5.3.3.3 More than one network-connection may exist between the same pair of transport-entities (through the network-
SAP-addresses).

7.5.3.4 Network-connection-endpoint-identifiers

The Network Layer provides to the transport-entity a network-connection-endpoint-identifier which uniquely identifies
the network-connection-endpoint with the associated network-S AP-address.
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7.5.3.5 Network-service-data-unit transfer

7.5.3.5.1 On a network-connection, the Network Layer provides for the transmission of network-service-data-units.
These units have a distinct beginning and end and the integrity of the unit’s content is maintained by the Network Layer.

7.5.3.5.2 In connection-mode, no limit is imposed on the maximum size of network-service-data-units.
7.5.3.5.3 The network-service-data-units are transferred transparently between transport-entities.
7.5.3.6 Quality of service parameters

7.5.3.6.1 The Network Layer establishes and maintains a selected qualilty of service for the duration of the network-
connection.

7.5.3.6.2 The quality of service parameters include residual error rate, service availability, reliability, throughput, transit
delay (including variations), and delay for network-connection establishment.

7.5.3.7 [EtTor notification
7.5.3.7.1 [Unrecoverable errors detected by the Network Layer are reported to the transport-entities.

7.5.3.7.2 [Error notification may or may not lead to the release of the network-connection, according to the [specification
of a parti¢ular network-service.

7.5.3.8 |[Expedited network-service-data-unit transfer

7.5.3.8.1 [The expedited network-service-data-unit transfer is optional and provides’ an-additional means of information
exchange|on a network-connection. The transfer of a expedited network-service-data<units is subject to a different set of
network-4ervice characteristics and to separate flow control.

7.5.3.8.2 [The maximum size of an expedited network-service-data-unit is limited.

7.5.3.8.3 [This service is an optional service that may not always be available.

7.5.3.9 |Reset

The reset| facility is optional and when invoked causes the Network Layer to discard all network-service{data-units in
transit onf the network-connection and to notify the transport-entity at the other end of the network-conrection that a
reset has pccurred.

7.5.3.10 |Release

7.5.3.10.] A transport-entity may request release of a network-connection. The network-service does pot guarantee
delivery ¢of data preceding the release request and still in transit. The network-connection is released regardless of the
action taken by the correspondent trapsport-entity.

7.5.3.10.1 This facility is optional and may not always be available.

7.5.3.11 |Receipt confirmation

7.5.3.11.1 A transport-entity may confirm receipt of data over a network-connection. The use of the receipt
confirmation serviceds‘agreed by the two users of the network-connection during connection establishment.

7.5.3.11.2  ThisService is optional and may not always be available.¥

7.5.4 Funetions within the Network Layer

7.5.4.1 Introduction

7.5.4.1.1 Network Layer functions provide for the wide variety of configurations supporting network-connections
ranging from network-connections supported by point-to-point configurations to network-connections supported by
complex combinations of subnetworks with different characteristics.

NOTE - In order to cope with this wide variety of cases, network functions should be structured into sublayers. The

subdivision of the Network Layer into sublayers need only be done when this is useful. In particular, sublayering need not be used
when the access protocol to the subnetwork supports the complete functionality of the OSI network-service.

4) This service is included in the network-service only to support existing features of ITU-T Rec. X.25.
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7.5.4.1.2 The following are functions performed by the Network Layer:
b) network-connections;

¢) network-connection multiplexing;

d) seomentine and blockine:
a) segmentn g and bloCKin g,

e) error detection;
f) error recovery;

g) sequencing;

j)  expedited data transfer;

k) | reset;
m) | service selection;

n) | mapping between network-addresses and data-link addresses;

p) | converting from data-link-connection-mode service to network-connectionless-mode service;
q) | enhancing a data-link-connectionless mode service to p.

r) | network layer management.

7.54.2 Royting and relaying

7.5.4.2.1 Network-connections are provided by network-entities in OSI end systems and by intermediate oper]

which bprovide relavine. These intermediate open sy natwn

systems
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connections, and data-circuits (see 7.7). Routing functions determine.an appropriate route between network-add
order to set up the resulting communication, it may be necessary for the Network Layer to use the services of]
Link Layer td control the interconnection of data-circuits (see 7.6.4.10 and 7.7.3.1).

7.5.4.2.2 The control of interconnection of data-circuits\(which are in the Physical Layer) from the Netwo
requires interpction between a network-entity and a physical-entity in the same open system. Since the Referen
permits direc| interaction only between adjacent layers, the network-entity cannot interact directly with the
entity. This ipteraction is thus described through-the Data Link Layer which intervenes transparently to co
interaction between the Network Layer and the Physical Layer.

resses. In
the Data

rk Layer
te Model
physical-
nvey the

.7.5.4.2.3 Thip representation of the conirel of data-circuit interconnection is an abstract representation. It is a local

matter in an ppen system. It does not model the functioning of real open systems and as such has no impa
standardizatign of OSI protocols.

NOTE - When Network Layer functions are performed by combinations of several individual subnetw
specification of routing and relaying functions could be facilitated by using sublayers, isolating individual subnetworks r
relaying functipns from int€tnetwork routing and relaying functions. However, when subnetworks have access protocols
the complete fynctionality of the OSI network service, there need be no sublayering in the Network Layer.

7.5.4.3 Network-connections

ct on the

orks, the
uting and
upporting

7.5.4.3.1 Thi
provided by the Data Link Layer.

7.5.4.3.2 A network-connection may also be provided as subnetwork-connections in tandem, i.e. using several
individual subnetworks in series. The interconnected individual subnetworks may have the same or different service

capabilities. Each end of a subnetwork-connection may operate with a different subnetwork protocol.

7.5.4.3.3 The interconnection of a pair of subnetworks of differing qualities may be achieved in two ways. To
these, consider a pair of subnetworks, one of high quality and the other of low quality:

illustrate

a) The two subnetworks are interconnected as they stand. The quality of the resulting network-connection is

not higher than that of the lower quality subnetwork (see Figure 15).

b) The lower quality subnetwork is enhanced to equal the higher quality subnetwork and the subnetworks
are then interconnected. The quality of the resulting network-connection is approximately that of the

higher quality subnetwork (see Figure 16).
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The choice between these iwo aliernatives depends on the degree of difference in quality, the cost of enhancement, and
other economic factors.

4 N 7 N
I l ' l Low guality
k J J network connection
N N T1502960-94/d14
Low quality subnetwork High quality subnetwork

Figure 15 — Interconnection of a low quality and a high quality subnetwork

High quality

J network conngction

hok
oy

High quality subnétwork

Low quality subnetwork T1502970-94/d15

Enhanced subnetwork

Figure 16 — Interconnection of an enhaned low quality subnetwork
and a high quality subnetwork

7.5.4.4 |Network-connection multiplexing

7.5.4.4.1|This function may be used\te multiplex network-connections onto data-link-connections in order to optimize
their use.

7.5.4.4.2|In the case of subnetwork-connections in tandem, multiplexing onto individual subnetwork-conpections may
also be pgrformed in orderto optimize their use.

7.5.4.5 |Segmenting and blocking

The Network”Laver may seoment and/or block network-service-data-units for the purpose of facilitating the transfer.
However, the network-service-data-unit delimiters are preserved over the network-connection.

7.5.4.6 Error detection

Error detection functions are used to check that the quality of service provided over a network-connection is maintained.
Error detection in the Network Layer uses error notification from the Data Link Layer. Additional error detection
capabilities may be necessary to provide the required quality of service.

7.5.4.7 Error recovery

This function provides for the recovery from detected errors. This function may vary depending on the quality of the
network service provided.
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7.5.4.8 Sequencing

This function provides for the sequenced delivery of network-service-data-units over a given network-connection when

-

ed bv
€4 Dy

a transport-entity.

7.5.4.9 Flow control

If flow control is required, this function may need to be performed.

7.54.10 Ex

pedited data transfer

This function provides for the expedited data transfer facility.

7.54.11 Re

7.54.12 Se

set

vice selection

This function allows service selection to be carried out to ensure that the service provided at each énd of a|network-
connection is| the same when a network-connection spans several subnetworks of dissimilar quality;
7.5.4.13 Network Layer management
The Networl Layer protocols deal with some management activities of the layer (such, as activation and erroq control).
See clause 8 pnd ITU-T Rec. X.700 | ISO 7498-4 for the relationship with other management aspects.
7.6 Datta Link Layer
7.6.1 Definitions
No Data Link Layer specific terms are identified.
7.6.2 Pufpose
7.6.2.1 Th¢ Data Link Layer provides functional®and procedural means for connectionless-mod¢ among
network-entifies, and for connection-mode for the establishment, maintenance, and release data-link-connectiops among
network-entifies and for the transfer of data-link-service-data-units. A data-link-connection is built upon one r several
physical-confections.
7.6.2.2 The Data Link Layer detects and possibly corrects errors which may occur in the Physical Layer.
7.6.2.3 In pddition, the Data Link\Layer enables the Network Layer to control the interconnection of dafa-circuits
within the PHysical Layer.
7.6.3 Sefvice provided to the Network Layer
7.6.3.1 In ¢gonnectiofi-mode, the facilities provided by the Data Link Layer are:
a) | data-link-addresses;
b) | data-link-connection;
¢) data-link-service-data-units;
d) data-link-connection-endpoint-identifiers;
e) error notification;
f)  quality of service parameters; and
g) reset.
7.6.3.2 In connectionless-mode, the facilities provided by the Data Link Layer are:
a) data-link-addresses;
b) transmission of data-link-service-data-units of a defined maximum size; and
c) quality of service parameters.
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7.6.3.3 Data-link-addresses

Network-entities are known to the Data Link Layer by means of data-link-addresses. Data-link-addresses are provided
by the Data Link Layer and can be used by network-entities to identify other network-entities which communicate using
the data link service. A data-link-address is unique within the scope of the set of Open Systems attached to a common
Data Link Layer. The notion of a data-link-address is distinct from that of a data-link-service-access-point-address
(DLSAP address).

7.6.3.4 Data-link-connection

A data-link-connection provides the means of transferring data between network-entities identified by data-link-
addresses. A data-link-connection is established and released dynamically.

7.6.3.5 Data-link-service-data-units

7.6.3.5.1 The Data Link Layer allows exchange of data-link-service-data-units over a data-link-connection or exchange
of data-lijk—service—data—units (that bear no relation to any other data-link-service-data-units) using the copnectionless-
mode datg-link-service.

7.6.3.5.2 The size of the data-link-service-data-units may be limited by the relationship between the.physical-connection
error rate and the Data Link Layer error detection capability.

7.6.3.6 Data-link-connection-endpoint-identifiers

If needed, the Data Link Layer provides data-link-connection-endpoint-identifiers that’can be used by a ngtwork-entity
to identify a correspondent network-entity.

7.6.3.7 Error notification

Notification is provided to the network-entity when any unrecoverable error is detected by the Data Link Lajyer.

7.6.3.8 (uality of service parameters

Quality of service parameters may be optionally selectable. The Data Link Layer establishes and maintaips a selected
quality of| service for the duration of the data-link-connection. The quality of service parameters include mean time
between detected but unrecoverable errors, residual error rate (where errors may arise from alteration, loss| duplication,
misordering, misdelivery of data-link-service-data~pnits, and other causes), service availability, transjt delay and
throughput.

7.6.3.9 ([Zeset
The netwgrk-entity can force the datatlink-entity-invocation into a known state by invoking the reset facility.

7.64 frunctions within the Data Link Layer

In connection-mode and connectionless-mode, the functions performed by the Data Link Layer are:
h)  data-link-service-data-unit mapping;
b) identification and parameter exchange;

)<~ control of data-circuit interconnection;

\zJ

d) error detection;
e) routing and relaying; and
f) data Link Layer management.
In connection-mode, the following functions are also performed by the Data Link Layer:
a) data-link-connection establishment and release;
b) connection-mode data-link data transmission;
¢) data-link-connection splitting;
d) sequence control;

e) delimiting and synchronization;
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f) flow control;
g) error recovery; and

h) reset.

In connectionless-mode, the following function is also performed by the Data Link Layer:
a) connectionless-mode data-link data transmission.

7.64.1 Data-link-connection establishment and release

These functions establish and release data-link-connections on activated physical-connections. When a physical-
connection has multiple endpoints (for example multipoint connection) a specific function is needed within the Data
Link Layer to identify the data-link-connections using such a physical-connection.

7.64.2 Connectionless-mode data-link-data transmission

The connectipnless-mode data-link-data transmission provides the means for the transmission of data-link-seryice-data-
units betweer] data-link-service-access-points without establishing a data-link-connection.

7.6.4.3 Data-link-service-data-unit mapping

This function|maps data-link-service-data-units into data-link-protocol-data-units on a one-to-one’basis.
NOTE - More general mappings are for further study.

7.6.4.4 Data-link-connection splitting

This function|performs splitting of one data-link-connection onto several physical-eoninections.

7.6.4.5 Delimiting and synchronization

These functigns provide recognition of a sequence of physical-service-data-units (i.e. bits, see 7.7.3.2) transmitted over
the physical-¢onnection, as a data-link-protocol-data-unit.

NOTE - These functions are sometimes referred to as framirg:
7.6.4.6 Seduence control
This function|maintains the sequential order of data-link-Service-data-units across a data-link-connection.

7.6.4.7 Ernor detection

This function| detects transmission, format-and operational errors occurring either on the physical-connectios, or as a
result of a malfunction of the correspondént data-link-entity.

7.6.4.8 Error recovery

This function attempts to recover from detected transmission, format and operational errors and notifies the [network-
entities of errprs which are unrecoverable.

7.6.4.9 Flow control

In connectiop-mode) each network-entity can dynamically control (up to the agreed maximum) the rate at|which it
receives datatlink<service-data-units from a data-link-connection. This control may be reflected in the rate |at which
the Data Link Layer accepts data-link-service-data-units at the correspondent data-link-connection-endpoint. In
connectionless-mode, there is service boundary flow control, but no peer flow control.

7.6.4.10 Identification and parameter exchange

This function performs data-link-entity identification and parameter exchange.

7.6.4.11 Reset

This function performs a data-link reset forcing the data-link-entity-invocation to a known state.

7.6.4.12 Control of data-circuit interconnection

This function conveys to network-entities the capability of controlling the interconnection of data-circuits within the

Physical Layer.
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