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INTERNATIONAL STANDARD

ISO 7498-1984 (E)

Information processing systems — Open Systems
Interconnection — Basic Reference Model

0 Introduction

0.1 About this standard

The purpoge of this International Standard Reference Model of
Open Systpms Interconnection is to provide a common basis
for the coopdination of standards development for the purpose
of systems|interconnection, while allowing existing standards
to be pladed into perspective within the overall Reference
Model.

The term Qpen Systems Interconnection {OSl) qualifies stan-
dards for the exchange of information among systems that are
“open’’ to pne another for this purpose by virtue of theirmutual
use of the fapplicable standards.

The fact that a system is open does not implyany particular
systems implementation, technology or means of interconnec-
tion, but refers to the mutual recognition.and support of the ap-
plicable stgndards.

It is also the purpose of this International Standard to identify
areas for dpveloping or improving standards, and to provide a
common reference for maintaining consistency of all related
standards. |1t is not the\intent of this international Standard
either to sgrve as animplementation specification, or to be a
basis for dppraisingthe conformance of actual implementa-
tions, or to|provide a sufficient level of detail to define precisely
the serviceg and protocols of the interconnection architecture.

While the scope of the\general architectural principles required
for 0S| is very broad, this International Stapdard is primarily
concerned withgystems comprising terminals, computers and
associated devices and the means for transferring information
between, stich systems. Other aspects of O§! requiring atten-
tion are described briefly (see 4.2).

Thejustification for development of standardg shall follow nor-
mal administrative procedures even though slich standards are
identified in the Reference Model.

As standards emerge to meet the OSI requirements, a small
number of practical subsets should be defined by the standards
developers from optional functions, to facilltate implementa-
tion and compatibility.

The description of the Reference Model of O$I given in this In-
ternational Standard is developed in stages |

Clause 4 establishes the reasons for Open Systems inter-
connection, defines what is being connegted, the scope of
the interconnection and, describes the modelling principles
used in OSI;

Clause 5 describes the general nature of the architecture of
the Reference Model: namely that it is layered, what layer-
ing means, and the principles used to describe lavers;

Clause 6 names, and introduces the speciffc layers of the ar-
chitecture; and

Rather, this International Standard provides a conceptua! and
functional framework which allows international teams of ex-
perts to work productively and independently on the
development of standards for each layer of the Reference
Model of OSI.

The Reference Model has sufficient flexibility to accommodate
advances in technology and expansion in user demands. This
flexibility is also intended to allow the phased transition from
existing implementations to OSI standards.

NOTE — The Reference Model is expected to be subject to future ex-
pansion. Some anticipated directions of expansion are indicated by
notes or footnotes in this International Standard.

Clause 7 provides the description of the specific layers.

An indication of how the layers were chosen is given in
annex A to this International Standard.

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

In those few cases where a feature is explicitty marked (op-
tional) in the 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).
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0.2 Related OSI standards
Concurrently with the preparation of this International Stan-
dard, work is in progress within ISO on the development of OSI
standards in the following areas :

a) virtual terminal protocols;

b) file transfer, access and management protocols;

¢) job transfer and manipulation protocols;

d) common application services and protocols;

This notation is also used for other concepts in the mode!
which are related to these layers, for example (N)-protocol,
(N + 1)-service.

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 entity, and network-service.

4 Introduction to Open Systems
Interconnection (OSl)

e) presentation layer services and protocols;
f) Session {ayer services and protocols;

g) Transport Layer services and protocols;

h) Network| Layer services and protocols;

j} Data LinK Layer services and protocols;

k) Physical Layer services and protocols; and
m) OSI maIagement protocols.

The first five items in this list relate to the Application and
Presentation Layers of the Reference Model.

In addition, liaison is maintained with CCITT in the develop-
ment of OSI stapdards.

1 Scope and field of application

This Internationgl Standard describes the Reference Model of
Open Systems Ihterconnection. It establishes a framework for
coordinating the development of existing and future'standards
for the interconrfection of systems and is provided-for reference
by those standalds.

This International Standard does not specify services and pro-
tocols for OSI. It is neither an implementation specification for
systems, nor a [basis for appraising the conformance of im-
plementations.

2 Definitions

Definitions of tel

NOTE — The general principles described in clauses 4 and 5 hold for all
layers of the Reference Model, uniess layer specificistat¢ments to the
contrary are made in clauses 6 and 7.

4.1 Definitions

4.1.1 real system : A set-of_One or more conpputers, the
associated software, peripherals, terminals, humah operators,
physical processes, information transfer means| etc., that
forms an autonomous,whole capable of performing|information
processing and/or information transfer,

4.1.2 real open system : A real system which cgmplies with
the requirements of OSI standards in its communjcation with
other real-systems.

41.3 open system: The representation |within the
Reference Mode! of those aspects of a real open [system that
are pertinent to OSI.

4.1.4 application-process : An element within|a real open
system which performs the information processing for a par-
ticular application.

4.2 Open Systems Interconnection envifonment

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

An application-process is an element within an dpen system
which performs the information processing for a pprticular ap-
plication

clauses and sub-clauses. An index of these terms is provided in
an annex B for easy reference.

3 Notation

Layers are introduced in clause 5. An (N)-, {(N+1)- and

(N - 1)- notation is used to identify and relate adjacent layers :
(N)-layer : any specific layer;
(N + T)-layer : the next higher layer;

(N —1)-layer : the next lower layer.

Application-processes can represent manua! processes, com-
puterized processes or physical processes.

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

a) a person operating a banking terminal is a manual
application-process;

b) a FORTRAN program executing in a computer centre
and accessing a remote database is a computerised
application-process; the remote database management
systems server is also an application-process; and
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c) aprocess control program executing in a dedicated com-
puter attached to some industrial equipment and linked into
a plant control system is a physical application-process.

OSl is concerned with the exchange of information between
open systems (and not the internal functioning of each in-
dividual real open system).

As shown in figure 1, the physical media for Open Systems in-
terconnection provides the means for the transfer of informa-
tion between open systems.

1SO 7498-1984 (E)

0Sl! is concerned only with interconnection of systems. All
other aspects of systems which are not related to interconnec-
tion are outside the scope of OSI.

0OSl is concerned not only with the transfer of information be-
tween systems, i.e. transmission, but also with their capability
to interwork to achieve a common (distributed) task. In other
words, OSl is concerned with the interconnection aspects of
cooperation!) between systems, which is implied by the expres-
sion ‘‘systems interconnection’’.

The objective of OSl is to define a set of standards to enable
real open systems to cooperate. A system which complies with

NOTE - Attthis point, only telecommunications media have been con-
sidered. The use of other interconnection media is for further study.

Open
system A

Open
system S

1} Cooperat{on among open systems involves a broad range of activities of which the following have been identified :

Figure 1 — Opensystems connected by physical media

the rquwremen of appii in its cooperation
with other systems is termed a real opep, sygtem.

a) interpyocess, communication, which concerns the exchange of information and the synchronization of activity betwe¢n OS! application-

processes;

b) data representation, which concerns all aspects of the creation and maintenance of data descriptions and data transformations for reformatting

data exchanged between open systems;

¢} 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 OSl 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 be preserved or assured during the operation of the

open systems; and

f) program support, which concerns the definition, compilation, tinking, 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 International Standard covers the elements of OS| aspects of these activities which are essential for early development of 0S| standards.
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4.3 Modelling the OSI environment

The development of OSI standards, i.e. standards for the inter-
connection of real open systems, is assisted by the use of
abstract models. To specify the external behaviour of intercon-
nected real open systems, each real open system is replaced by
a functionally equivalent abstract model of a real open system
called an open system. Only 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 behaviour of these open systems. Only the
external behaviour of open systems is retained as the standard
of behaviour of real open systems. The description of the inter-

The reader not familiar with the technique of abstract modelling
is cautioned that those concepts introduced in the description
of open systems constitute an abstraction despite a similar ap-
pearance to concepts commonly found in real systems.
Therefore real open systems need not be implemented as
described by the Model.

Throughout the remainder of this International Standard, only
the aspects of real systems and application-processes which lie
within the OSI environment are considered. Their interconnec-
tion is illustrated throughout this International Standard as
depicted in figure 2.

nal behaviour Of'[U'PEﬂ'SVStEH'ITiS provided—imtireRefererce
Model only to syipport the definition of the interconnection
aspects. Any real|system which behaves externally as an open

system can be cansidered to be a real open system.

This abstract modelling is used in two steps.

First, basic eleme
concerning their

hts of open systems and some key decisions
brganization and functioning, are developed.

This constitutes the Reference Model of Open Systems Inter-

connection descr

Then, the detailed

bed in this International Standard.

and precise description of the functioning of

the open system

s developed in the framework formed by the

Reference Model| This constitutes the services and protocols
for OS| which are the subject of other International Standards.

It should be emp
itself, specify the
system and, thé
behaviour of real

asized that the Reference Model does not, by
detailed and precise functioning of the open
brefore, it does not specify the external
open systems and does not imply the struc-

ture of the implementation of a real open system.

b Concepts of a layered architecture

5.1 Introduction

Clause 5 sets forth the architectural\concepts that @re applied
in the development of the Refefence Model of Open Systems
Interconnection. Firstly, the concept of a layered afchitecture
(with layers, entities, service-access-points, protocols, connec-
tions, etc.) is described.\Secondly, identifiers are |ntroduced
for entities, service-access-points, and connections. Thirdly,
service-access-points/and data-units are described| Fourthly,
elements of layer ‘operation are described including connec-
tions, transmission of data, and error functions. Then, routing
aspects are introduced and finally, management 3spects are
discussed:

The “concepts described in clause 5 are those rpquired to
describe the Reference Model of Open Systems Interconnec-
tion. However, not all of the concepts described ard employed
in each layer of the Reference Model.

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

Open system A Open system B
3

Aspects of reallopen
systems of

Open system S

Open system C

concern to 0S|

- e — | ——

|
I
|
|
|
[

|
|
i
|
|
|

. -

\- Physical media for OSI

Connections

Figure 2 — Basic elements of OSI
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Four elements are basic to the Reference Model (see figure 2) :
a) open systems;

b) the application-entities which exist within the OS! en-
vironment;

c) the connections (see 5.3) which join the application-
entities and permit them to exchange information (see
note 1); and

d} the physical media for OSI.

1SO 7498-1984 (E)

5.2.1.3 (N)-entity: An active element within an

(N)-subsystem.

5.2.1.4 peer-entities : Entities within the same layer.
5.2.1.5 sublayer : A subdivision of a layer.

5.2.1.6 (N)-service : 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.

NOTES

1 This BJsic Reference Model of Gpen Systems Interconnection is
based on tlhe assumption that a connection is required for the transfer
of data. Arl addendum to this International Standard is currently being
developed to extend the description to cover the connectionless forms
of data trarjsmission which may be found in a wide variety of data com-
municatio% techniques (for example local area networks, digital radio,
etc.) and applications {for example remote sensing and banking}.

2 Security aspects which are also general architectural elements of
protocols dre not discussed in this International Standard.

5.2 Principles of layering
5.2.1 Definitions

5.2.1.1 {N)-subsystem : An element in a hierarchical division
of an opeh system which interacts directly only with elements
in the next higher division or the next lower division of that
open system.

5.2.1.2 (N)-layer : A subdivision of the OSI architecture,
constitutdd by subsystems of the same rank (N).

Open
system A

Open
system B

ty of (N)-entities.

5.2.1.7 (N)-facility : A part of an (N)-service.
5.2 18— H\H—functiom A partoftheactiv
5.2.1.9 (N)-service-access-point {)\TFhe

{N)-services are provided by an (N)-entity t

5.2.1.10 (N)-protocol : A set of rules and
and syntatic) which determines the commy
of (N)-entities in the perfarmance of (N)-fu

5.2.2 Description

The basic.structuring technique in the R
Open Systems Interconnection is layering.
technigue, each open system is viewed as b
posed of an ordered set of subsystems, repy
pierice in the vertical sequence shown in
subsystems communicate through their ¢
Subsystems of the same rank (N) collectivel

point at which
b an (N + 1)-entity.

formats (semantic
nication behaviour
hctions.

eference Model of
According to this
eing logically com-
esented for conve- -
figure 3. Adjacent
bmmon boundary.
form the (N)-layer

of the Reference Model of Open Systems Ipterconnection. An

{N)-subsystem consists of one or several (
axist in each layer. Entities in the same lay§
entities. Note that the highest layer d
(N+ 1)-layer above it and the lowest layer
(N - 1)-layer below it.

Open
system S

Open
system C

N)-entities. Entities
br are termed peer-
pbes not have an
does not have an

A

Highest layer

(N'+ 1)-layer

INlaver
tH ¥

(N = 1)-layer

Lowest layer

Physical media for OS!

Figure 3 — Layering in co-operating open systems
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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, of they
do not support the same protocol subsets).

NOTES

1 The distinction between the type of some object and an instance of
that object is a distinction of significance for OSI. A type is a descrip-
tion of a class of objects. An instance of this type is any object that
conforms to this description. The instances of the same type constitute
a class. A type, and any instanges of this type can be referred to by an
individual name. Each nameable instance and the type to which this in-
stance belongs should carry distinguishable names.

layer which may be bypassed. The bypassing of all the sublayers of a
layer is not allowed. A sublayer uses the entities and connections of its
layer. The detailed definition or additional characteristics of a sublayer

.are for further study. :

Except for the highest layer, each (N)-layer provides
(N + 1)-entities in the (N+ 1)-layer with (N)-services. The
highest layer is assumed to represent all possible uses of the
services which are provided by the lower layers.

NOTES

1 Not all open systems provide the initial source or final destination of
i j rs of the ar-

For example, given
gram, that progran
stances of that are
ed into execution b
and each occasion
processing maching

Consider now an (N
a type and a collecti
by the specific set
stance of that type
within the relevant
calied for by its ty
follows from these

that a programmer has written a computer pro-
mer has generated a type of something where in-
Created every time that particular program is invok-
a computer. Thus, a FORTRAN compiler is a type
where a copy of that program is invoked in a data
one displays an instance.

}-entity in the OS| context. it too, has two aspects,
on of instances. The type of an (N)-entity is defined
pof (N)-layer functions it is able to perform. An in-
bf (N}-entity is a specific invocation of whatever it is
open system that provides the {N)-layer functions
be for a particular occasion of communication. It
observations that {N)-entity types refer only to the

properties of an

ssociation between peer {N)-entities, while an

{N)-entity instance frefers to the specific, dynamic occasions of actual
information exchange.

It is important to nqte that actual communication occurs only between
{N)-entity instanceq at ali layers. It is only at connection establishment

time {or its logical
types are explicitly
specific (N)-entity

uivalent during a recovery process) that {N)-entity
relevant. Actual connections are always made to
nstances, aithough a request for connection may

well be made for arbitrary (N)-entity instances of a specified type.

Nothing in this Intej
for a connection wi

rnational Standard, however, precludes the request
th a specific (named) instance of a peer (N)-entity:

If an (N)-entity insthnce is aware of the name of its peer (N)-entity in-

stance, it should
{N)-entity instance.

be able to request another connection’ to that

2 It may be necessary to further divide a layer into small.substructures

called sublayers ang
dimensions of OSI.

to extend the technique of layering to cover other
A sublayer is defined as a grouping of functionsin a

chitecture (see figures 6 and 13).

2 Classes of service may be defined within the)(N}-services. The
precise definition of the term ‘‘classes of service'\isfor fyrther study.

Each service provided by an (N)-layer:may be tailgred by the
selection of one or more (N)-facilities which deternpine the at-
tributes of that service. When a)single (N)-entity|cannot by
itself fully support a service fequested by an (N +1)-entity it
calls upon the co-operation, of other (N}-entities to| help com-
plete 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 assumgd to com-
municate diréctly via the physical media which conpect them.

The services of an (N)-layer are provided to the (N + 1)-layer,
using\the (N)-functions performed within the (N)-lgyer and as
nécessary the services available from the (N — 1)-layer.

An (N)-entity may provide services to one| or more
(N + 1)-entities and use the services of one| or 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 figure 7).

Co-operation between {N)-entities is governed by one or more
(N)-protocols. The entities and protocols within a [ayer are il-
lustrated in figure 5.

- (N + 1)-entities

{N)-layer

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

{N)-protocol

5.3 Communication between peer-entities
5.3.1 Definitions

5.3.1.1 (N})-connection : An association established by the
{N)-layer between two or more (N + 1)-entities for the transfer
of data.

5.3.1.2 (N)-connection-endpoint : A terminator at one end
of an (N)-gonnection within an (N)-service-access-point.

5.3.1.3 multi-endpoint-connection : A connection with
more than [two connection-endpoints.

5.3.1.4 correspondent (N)-entities : {N)-entities, with an
(N —1)-connection between them.

5.3.1.5 {(N)-relay : An (N)-function by means of which an
(N}-entity [forwards data received from jonhe correspondent
{N}-entity fo another correspondent {N)-entity.

5.3.1.6 (N)-data-source : _‘An
(N — 1)-service-data-units (see
(N — 1)-connection. !

{N)-entity that sends
5.6.1.7) on an

5.3.1.7 (N)-data-sink : An (N)-entity that receives

(N — 1)-seryice“data-units on an {N — 1)-connection. !

Figure 5 — (N)-protocols between (N}-entities

5.3.1.11 (N}-simplex-transmission : (N)-
in one pre-assigned direction\ !

5.3.1.12 (N)-data-comimunication : An (}
transfers (N)-protodol-data-units (see 5.6.1.3

(N)-protocol, over‘one or more {N - 1)-conng

5.3.1.13 AN)-two-way-simultaneous cq

data-transmission

)-function which
) according to an
ctions.

bmmunication :

(N)-data=communication in both directions aLthe same time.

5.3:1.14 (N)-two-way-alternate co
(N)-data-communication in both directions,
time.

munication :
bne direction at a

5.3.1.15 {N)-one-way-communication :{Jl)-data-communi-

cation in one pre-assigned direction.

5.3.2 Description

For information to be exchanged betwed

n two or more

(N + 1)-entities, an association shall be established between

them in the {N)-layer using an (N)-protocol.

NOTE - Classes of protocols may be defined withi
The precise definition of the term “‘classes of prot
study.

This association is called an (N)-connection
are provided by the (N)-layer between two or
access-points. The terminator of an (N)-g
(N)-service-access-point is called an (N)-con
A connection with more than two conneg
termed a multi-endpoint-connection. (N)-en

h the (N)-protocols.
beols’” is for further

(N)-connections
more (N)-service-
onnection at an
hection-endpoint.
tion-endpoints is
ities with a con-

5.3.1.8 (N)-data-transmission : An (N)-facility which con-
veys (N)-service-data-units from one (N + 1)-entity to one or
more (N + 1)-entities. !

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

5.3.1.10 (N)-half-duplex-transmission : (N}-data transmis-
sion in either direction, one direction at a time; the choice of
direction is controlled by an (N + 1)-entity. 1)

nection between them are termed correspondent (N)-entities.

{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)-entity can
act as a relay between them (see figure 6).

The fact that communication is relayed by a chain of
(N + 1)-entities is known neither by the (N)-layer nor by the
(N + 2)-layer.

1} These definitions are not for use in this International Standard but are for use in future OSI standards.
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relay entity

L

(N + 1)-tayer

(N)-layer

(N + 1)-entities

5.4 Identifiers
5.4.1 Definitions
5.4.1.1 title : Al permanent identifier for an entity.

5.4.1.2 title-domain : A subset of the title space of the OSI
environment.

5.4.1.3 title-domain-name : An identifier which uniquely
identifies a title-domain within the OSI environment.

NOTE — Title-donjains of primary importance are the layers. In this
specific case, the title-domain-name identifies the (N)-layer.

5.4.1.4 local-title : A title which is unique within a title-
domain.

5.4.1.5 global-title : A title which is unique within the OSI
environment and [comprises two parts, a title-domain-name and
a local-title.

5.4.1.6 (N)-address: (N)-servicecaccess-point-address :
An identifier whigh tells where an (N)3service-access-point may
be found.

5.4.1.7 (N)—dinictory :<An(N)-function by which the global
title of an (N)-entity is translated into the (N — 1)-address of an
(N — 1)-service-adcess-point to which the {N)-entity is attached.

Figure 6 — Communication through a relay

5.4.1.11 (N)-connection-endpoint:suffix : A part of an
{N)-connection-endpoint-identifier which is unique|within the
scope of an (N)-service-access-point.

5.4.1.12 multi-connection-endpoint-identifier  An iden-
tifier which specifies sthe connection-endpoint df a multi-
endpoint-connection Which should accept the data that is
being transferred:

5.4.1.13 (N)-service-connection-identifier : Anp identifier
which uniguely specifies an (N)-connection within the environ-
ment, of-the correspondent (N + 1)-entities.

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

5.4.1.15 (N)-suffix : A part of an (N)-address whigh is unique
within the {N)-service-access-point.

5.4.2 Description

An (N)-service-access-point-address, or (N)-addresp for short,
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)-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)-address identifies| the new
(N + 1)-entity and not the old one.

The use of an (N)-address to identify an (N + 1)-dntity is the

5.4.1.8 (N)-address-mapping : An {N)-function which pro-
vides the mapping between the (N)-addresses and the
" (N — 1)-addresses associated with an {N)-entity.

5.4.1.9 routing : A function within a layer which translates
the title of an entity or the service-access-point-address to
which the entity is attached into a path by which the entity can
be reached.

5.4.1.10 (N)-connection-endpoint-identifier : An identifier
of an (N}-connection-endpoint which can be used to identify
the corresponding (N)-connection at an {N)-service-access-
point.

most efficient mechanism if the permanence of attachment be-
tween the (N + 1)-entity and the (N)-service-access-point can
be assured. If there is a requirement to identify an (N + 1)-entity
regardless of its current location, then the global-title assures
correct identification.

An (N)-directory is an (N}-function which translates global-
titles of peer (N)-entities into the (N — 1)-addresses through
which they cooperate.

Interpretation of the correspondence between the
(N)-addresses served by an (N)-entity and the (N — 1)-addresses
used for accessing (N-—1)-services is performed by an
(N)-address-mapping function.
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- Two particular kinds of (N}-address-mapping functions may

exist within a layer :
a) hierarchical (N)-address-mapping; and
b) (N)-address-mapping by tables.

if an (N)-address is always mapped into only one
(N — 1}-address then hierarchical construction of addresses can
be used (see figure 8}. The {N)-address-mapping function need
only recognize the hierarchical structure of an (N)-address and
extract the (N — 1)-address it contains.

ISO 7498-1984 (E)

b) an (N}-suffix which makes the (N)-service-access-point
uniquely identifiable within the scope of the (N — 1)-address.

Within a given layer, a hierarchical structure of addresses
simplifies (N)-address-mapping functions because of the per-
manent nature of the mapping it presupposes. It is not imposed
by the model in all layers in order to allow more flexibility in
(N)-address-mappings and to cover the case where an
(N)-entity attached to more than one (N — 1)-service-access-
point supports only one (N)-service-access-point.

If the previous condition is not true, i.e. either an {(N)-address

can _he mapped into several (N-1}-addresses, or an’

In this casd, an (N)-address consists of two parts :

a) an (N— 1)-address of the (N)-entity which is supporting
the current (N)-service-access-point of the (N + 1)-entity;

Title —o —_

(N + 1)-entity

(N)-address is not permanently mapped| into the same
(N — 1)-address, then hierarchical constructiop of an address is
not possible and the (N)-address-mapping flunction may use
tables to translate (N)-addresses into. (N — 1){addresses.

(N)-connection-
-~ endpoint-identifigr

(N)-service-
access-point

NOTE — Dashed)arrows refer to identifiers.

{N)-address / | i i

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

{N)-addresses

(N)-layer

{N — 1)-addresses M

Bi Bj Bk Bl

Permanent
mapping

Figure 8 — Hierarchical {N)-address-mapping
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The structure of an (N)-address is known by the (N)-entity An (N)-service-access-point may be detached from an
which is attached to the identified (N)-service-access-point. {N}-entity and reattached to the same or another (N)-entity.
tiowever, the (N + 1)-entity does not know this structure. .

An (N)-service-access-point is located by means of its
(N)-address. An {N)-address is used by an (N + 1}-entity to re-
quest an (N)-connection.

‘t an {N+ 1)-entity has two or more {N)-service-access-points
with either the same {(N)-entity or different (N)-entities, the
{N})-entities have no knowledge of this fact. Each (N)-service-
access-point is considered to identify a different (N + 1)-entity

. -units
from the perspective of the (N)-entities. 5.6 Data

A routing function translates the (N)-address of an 5.6.1 Definitions
{N + 1)-entity into a path or route by which the (N+ 1)-entity
may be reached. 5.6.1.1 (N)-protocol-control-information : Information ex-

An (N + 1)-entity
(N+ 1)-entity by

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

establishes an (N)-connection with another (N + 1)-entity, each

{N+ 1)-entity is g
its supporting
distinguish the n

iven an (N)-connection-endpoint-identifier by
{N)-entity. The (N+1)-entity can then
bw connection from all other {N)-connections

accessible at the (N)-service-access-point it is using. This

(N}-connection-€
scope of the (N

The (N)-connect

ndpoint-identifier shall be unigue within the
- 1)-entity which will use the {(N}-connection.

on-endpoint-identifier consists of two parts :

a) the (N)-

dress of the {N)-service-access-point which

will be used in conjunction with the (N)-connection; and

b) an (N})-
within the sc

A multi-endpo
endpoint-identifi
which connectig
being transferreg
be unigue within
used.

The (N)-layer ma
connection-iden
(N)-connection
(N + 1)-entities.

nnection-endpoint-suffix which is unique
pe of the (N)-service-access-point.

nt-connection requires multi-connection-
brs. Each such identifier is used to specify
n-endpoint should accept the data which is
. A multi-connection-endpoint-identifier shall
the scope of the connection within whick(it\is

provide to the (N + 1)-entities ars{N)-service-
ifier  which uniquely _specifies the
vithin the environment of the correspondent

5.5 Properties of service-acecess-points

An (N+ 1)-entit
access-point wh
an (N)-entity.

U requests (N)services via an (N)-service-
ch permits the (N + 1)-entity to interact with

Both the {N)- ar[d {N ¥+ 1)-entities attached to an (N)-service-

access-point areli

An {N+ 1)-entity

changed between (N)-entities, using an (N — 1)-connection, to
co-ordinate their joint operation.

5.6.1.2 (N)-user-data: The data ‘transferred
(N}-entities on behalf of the (N + 1)-entities for
{N}-entities are providing services:

between
whom the

5.6.1.3 (N)-protocol-data-unit : A unit of data rpecified in
an (N)-protocol and consisting of (N)-protocol-infofmation and
possibly (N)-user-datd,

5.6.1.4 (N)-intetrface-control-information : nformation
transferred_between. an (N + 1)-entity and an (N)-gntity to co-
ordinate their joint operation.

5.6.1.56 (N)-interface-data : Information transferfed from an
{N+1)-entity to an (N)-entity for transmission to a| correspon-
dent (N + 1)-entity over an (N)-connection, or convgrsely, infor-
mation transferred from an {N)-entity to an (N + 1)fentity after
being received over an (N)-connection from a cofrespondent
(N + 1)-entity.

5.6.1.6 (N)-interface-data-unit : The unit of Jnformation
transferred across the (N)-service-access-point between an
(N + 1)-entity and an (N)-entity in a single interaftion. Each
{N)-interface-data-unit contains (N}-interface-control-
information and may also contain the whole or|part of an
(N)-service-data-unit.

5.6.1.7 (N)-service-data-unit : An amount of (N)-interface-
data whose identity is preserved from one pnd of an
(N)-connection to the other.

5.6.1.8 expedited (N)-service-data-unit, (N}fexpedited-
data-unit : A small {N)-service-data-unit whose trrnsfer is ex-

may concurrently be attached to one or more

(N)-service-access-points attached to the same or different

(N)-entities.

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

An (N)-service-access-point is attached to only one (N})-entity

and to only one

(N + 1)-entity at a time.

An (N)-service-access-point may be detached from an

(N + 1)-entity and

(N + 1)-entity.

10

reattached to the same or another

pedited. The {N)-layer ensures that an expedited-data-unit will
not be delivered after any subsequent service-data-unit or ex-
pedited unit sent on that connection.

5.6.2 Description

Information is transferred in various types of data-units be-
tween peer-entities and between entities attached to a specific
service-access-point. The data-units are defined in 5.6.1 and
the relationships among them are illustrated in figures 9 and 10.

Except for the relationships defined in figures 9 and 10, there is
no overall architectural limit to the size of data-units. There may
be other size limitations at specific layers.
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The size of (N}-interface-data-units is not necessarily the same
at each end of the connection.

ISO 7498-1984 (E)

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

Control Data Combined
(N)—(N) {N)-protocol- (N)-user- {N)-protocol-
peer- control- data data-
entities information units
(N+1)—(N) (N)-interface- (N)-interface- (N}-interface-
adjacent control- data data-
layers information unit
~ Figure 9 — Relationships among data-units
(N)-PDU
{N)-layer
(N —1)-PCI (N—-1)-SDU
(N — 1)-layer T *
(N-1)-PDU

otocol-controlinformation
otocol-data-unit
rvice-data-unit

PCi = pl
PDU = p
SDU = sd
NOTES

1 This figu

Fe assumes that neither segmenting nor blocking of (N)-service-data-units is performed (see 5.7.6.5).

2 This figu‘re does not imply any positional relationship between protocol-control-information and user-data in protocol-data-units.

3 An (N)-protocol-data-unit may be mapped one-to-one into an (N — 1)-service-data-unit, but other relationships are possible (see figure 11).

Figure 10 — An illustration of mapping between data-units in adjacent layers

11
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5.7 Elements of layer operation
5.7.1 Definitions

5.7.1.1 (N)-protocol-identi_ﬁer : An identifier used between
correspondent (N)-entities to select a specific (N}-protocol to
be used on a particular (N — 1}-connection.

5.7.1.2 centralized multi-endpoint-connection : A multi-
endpoint-connection where data sent by the entity associated
with the central connection-endpoint is received by all other en-
tities, while data sent by one of the other entities is only re-

5.7.1.11 blocking : A function performed by an {N)-entity to
map multiple (N)-service-data-units into one (N)-protocol-data-
unit.

5.7.1.12 deblocking : A function performed by an (N}-entity
to identify multiple (N)-service-data-units which are contained
in one (N)-protocoi-data-unit. It is the reverse function of
blocking.

5.7.1.13 concatenation: A function performed by an
{N)-entity to map multiple {N)-protocol-data-units into one
(N — 1}-service-data-unit.

ceived by the céntral entity.

5.7.1.3 decentralized multi-endpoint-connection: A
multi-endpoint-gonnection such that data sent by an entity
associated with|a connection-endpoint is received by all other
entities.

5.7.1.4 multiplexing : A function within the (N)-layer by
which one (N - [I)-connection is used to support more than one
{N}-connection.

NOTE — The term multiplexing is also used in a more restricted sense
to refer to the furfction performed by the sending {N)-entity while the
term demuitiplexing is used to refer to the function performed by the
receiving (N)-entity.

5.7.1.5 demultiplexing : The function performed by an
{N)-entity which identifies (N)-protocol-data-units for more
than one (N){connection within (N — 1)-service-data-units
received on a siphgle (N — 1})-connection. It is the reverse func-
tion of the mulfiplexing function performed by the (N)-entity.
sending the (N 1 1)-service-data-units.

5.7.1.6 splittiJg : A function within the (N)-layér by which
more than ong (N - 1)-connection is used to~support one
(N)-connection.

NOTE — The terfn splitting is also used in @ more restrictive sense to

refer to the func

ion performed by the~sending (N)-entity while the

term recombining is used to refer to"the“function performed by the

receiving (N)-enti

Y.

5.7.1.7 recombining :“The function performed by an

(N)-entity whic

identifies (N)-protocol-data-units for a single

{N)-connection [in_{N.—1)-service-data-units received on more
than one (N — 1))-connection. It is the reverse function of the

5.7.1.14 separation : A function performed(by an (N}-entity
to identify multiple (N)-protocol-data-unitsiwhich are contained
in one (N —1)-service-data-unit. It is the .reverse| function of
concatenation. .

5.7.1.15 sequencing : A function performed by the (N)-layer
to preserve the order of (N)-service-data-units thqt were sub-
mitted to the {N}-layer.

5.7.1.16 acknowledgement : A function of the (N)-layer
which allows, a\ receiving (N)-entity to inform[ a sending
(N)-entity of ‘the receipt of an (N)-protocol-data-ufit.

5.7.117  reset : A function which sets the cdrrespondent
{N)=entities to a predefined state with a possible logs or duplica-
tion of data.

NOTE — Blocking and concatenation, though close {o each other
{they both permit grouping of data-units) are different|(see 5.7.1.11
and 5.7.1.13). These two functions may serve different purposes. For
instance, concatenation permits the (N)-layer to group pne or several
acknowledgment (N)-PDUs with one (or several) (N)-PDUs containing
user-data, and this would not be possible with the blogking function
only. Also the two functions may be combined so tha{ the (N)-layer
performs blocking and concatenation.

5.7.2 Protocol selection

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

Meaningful communication between (N)-entities over an
(N — t)-connection requires the agreed selectjon of one
(N)-protocol.

splitting function performed by the [NJ-enfity sending the
{N - 1)-service-data-units.

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

5.7.1.9 segmenting : A function performed by an (N)-entity
to map one (N)-service-data-unit into multiple (N)-protocol-
data-units.

5.7.1.10 reassembling: A function performed by an
(N)-entity to map muitiple (N)-protocol-data-units into one
(N)-service-data-unit. It is the reverse function of segmenting.

12

(N)-protocol-identifiers name the specific protocols defined.

5.7.3 Properties of connections

An (N)-connection is an association established for com-
munication 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 exchanged be-
tween the (N + 1)-entities.

An (N+ 1)-entity may have, simultaneously, one or more
(N)-connections with other (N + 1)-entities, with any given
(N + 1)-entity, and with itself.
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An (N)-connection is established by referencing, either explicit-
ly or implicitly, an {N)-address for the source (N + 1)-entity and
an (N)-address for each of one or more destination
(N + 1}-entities.

The source (N)-address and one or more of the destination
(N)-addresses may be the same. One or more of the destination
(N)-addresses may be the same while the source (N})-address is
different. All may be different.

One (N)-connection-endpoint is constructed for each
(N)-address referenced explicitly or implicitty when an
(N}-connegtion-is-established

ISO 7498-1984 (E)

On a decentralized multi-endpoint-connection, data sent by an
entity associated with any connection-endpoint is received by
the entities associated with all of the other connection-

endpoints.

5.7.4 Connection establishment and release

The establishment of an (N)-connection by
(N)-layer requires the following :

peer-entities of an

a) the availability of an (N— 1)-connection between the

supporting (N})-entities; and

An (N+1])-entity accesses an (N)-connection via an

{(N)-serviceg-access-point.
An (N)-connection has two or more (N)-connection-endpoints.

An (N)-corjnection-endpoint is not shared by (N + 1)-entities or
(N)-connegtions.

An (N)-comnection-endpoint relates three elements :

a) an [N+ 1)-entity;

b) an|(N)-entity; and

c) an [[N)-connection.

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

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

An (N)-cohnection-endpoint-identifieryis not the same as an
(N)-addre:

An (N + 1-entity references) an
(N)-connegtion-endpoint-identifier.

{N)-connection using its

Multi-endgoint-connections are connections which have three
or more cpnnection-endpoints. Two types of multi-endpoint-
connection are defined! :

b) both {N)-entities be in a state in which they can execute

the connection establishment protocol e

If it is not already available, an {N.—1)-con
established by peer-entities of the {N — 1)-la
for the (N — 1)-layer, the safme conditions a
for the (N)-layer.

change.

hection has to be
er. This requires,
5 described above

The same consideration applies downwards until either an
available connection* or the physical medidm for OSl is en-

countered.

Depending{upon the characteristics of the (N — 1)-service and
of the establishment protocol exchange, the establishment of
an (N)-connection may or may not be done in conjunction with

theléstablishment of the (N — 1)-connection,

The characteristics of the (N)-service wi
establishment of the (N)-connection vary

h regard to the
depending upon

whether or not (N)-user-data can be transferted by the connec-

tion establishment protocol exchange for ea
{N)-connection.

th direction of the

Where (N)-user-data is transferred by the (N)-connection

establishment protocol exchange, the (N
take advantage of this to allow an (N+1)

i+ 1)-protocol may
connection to be

established in conjunction with the establishment of the

{N)-connection.

The release of an {N}-connection is normaily
the (N + 1)-entities associated in it.

initiated by one of

The release of an (N)-connection may also belinitiated by one of

the (N)-entities supporting it as a result of

An exception con-

dition occuring in the (N)-layer or the layers below.

Depending upon the conditions, release of

may-result-inthe discarding of (N)-user-data.

an {N}-connection

a) centralized; and

b) decentralized.

A centralized multi-endpoint-connection has a central
connection-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 entity associated with any other connection-endpoint is
received only by the entity associated with the central
connection-endpoint.

1} Other types of multi-endpoint-connections are for further study.

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, both (N)-entities shall be 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
{(N—1)-connection can be
(N — 1)-connection substituted.

were

reestablished, or

using it; the
another

13
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c) 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 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 exchange is initiated [(N)-user-data not

> - The functions associated with splitting are:
yet delivered may be discarded]; or

utilization of

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

_a) scheduling the
{N—1)-connections used in splitting
{N)-connection; and

multiple
a single

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

b) reseduencing of (N)-protocol-data-units associated

with an (N)-connection since they may arrive out of se-
quence even when each {N — 1)-connection guarantees se-
guence of delivery (see 5.7.6.6).

(N)-user-data may be transferred by the connection release pro-
tocol exchange.

Some (N)-protogois may provide for the combining of connec- :
tion establishmeft and connection release protocol exchanges. 5.7.6 Transfer of data

5.7.5 Multiplexing and splitting 5.7.6.1 Normal data transfer

Within the (N}-layer, (N)-connections are mapped onto
(N — 1)-connectipns. The mapping may be one of three kinds :

Control information and user data‘are transferred between
(N)-entities in (N)-protocol-datazunits. An (N)-prptocol-data-
unit is a unit of data specified.in’an (N)-protocol gnd contains
{N)-protocol-control-information and possibly {N)-lLser-data.

a) one-to-ohe;

b) many (N)-connections to one (N-—1}-connection

(multiplexing); and

(N)-protocol-control<information is  transferredq between
{N)-entities using.the (N - 1)-connection. (N)-protgcol-control-
information is.any information that supports the joint operation
of (N})-entities: (N)-user-data is passed transparenitly between
(N)-entities‘over an (N — 1)-connection.

¢) one {N)-gonnection to many (N — 1)-connections (split-

ting).
Multiplexing may be needed in order to: An (N):=protocol-data-unit has an arbitrary, but |finite, size.
(N)sprotocol-data-units are mapped into (N — 1)-dervice-data-
uhits. The interpretation of an (N)-protocol-data-unit is defined
by the (N)-protocol in effect for the (N — 1)-connegtion.

a) make mpre efficient or more economic use of the
{N — 1)-servige; and

b) provide [several (N)-connections in an environment An
where only g single {N — 1)-connection exists.

(N)-service-data-unit is transferred bdtween an
{N+ 1)-entity and an (N)-entity, through an (N)-seryice-access-
point, in the form of one or more (N)-interface-datp-units. The
(N)-service-data-unit is transferred as (N)-user-data in one or
more (N)-protocol-data-units.

Splitting may bg needed in order to:

a) improve| reliability since than  one

(N — 1)-conngction is available;

more
The exchange of data under the rules of an (N)-protocol can
only occur if an (N-1)-connection exisrs. if an
(N — 1)-connection does not exist, it shall be establ{shed before
"an exchange of data can occur (see 5.7.4).

b} provide {he required grade of performance, through the
utilization of |multiple (N — 1)-conneéctions; and

¢) obtain cpst benefits by the utilization of multiple iow
cost (N — 1)-tonnectionS each with less than the required
grade of performance:

5.7.6.2 Data transfer during connection establishment
and release

. . A . . (N)-user-data may be transferred in the {N)-connection estab-
Multiplexing and splitting each involve a n f ass d . . .
up 9 ping ° umber of associate lishment protocol exchange and in the (N)-connegtion release

functions which munmhe.naedgdiqmnemmgnnmmn_mm
pro :

mapping.

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

The functions associated with multiplexing are:

a) identification of the (N)-connection for each
{N)-protocol-data-unit transferred over the
(N — 1)-connection, in order to ensure that (N)-user-data
from the various multiplexed (N)-connections are not
mixed. This identification is distinct from that of the
(N)-connection-endpoint-identifiers and is called an
(N)-protocol-connection-identifier;

5.7.6.3 Expedited transfer of data

An expedited-data-unit is a service-data-unit which is transfer-
red and/or processed with priority over normal service-data-
units. An expedited data transfer service may be used for
signalling and interrupt purposes.

b) flow control on each (N}-connection in order to share
the capacity of the (N~ 1)-connection (see 5.7.6.4); and
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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 subchan-
nels, one for normal data, the other for expedited data. Data
sent on' the expedited channel is assumed to be given priority
over normal data.

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.

1SO 7498-1984 (E)

"Segmenting may require that information be included in the

(N)-protocol-control-information of an (N)-protocol-data-unit.
Within a layer, {N)-protocol-control-information is added to an
(N)-service-data-unit to form an (N)-protocol-data-unit when
no segmenting or blocking is performed [see figure 11a)l. If
segmenting is performed, an (N)-service-data-unit is mapped
into several {N)-protocol-data-units with added (N)-protocol-
control-information [see figure 11b)].

Conversely, it may be necessary to perform blocking whereby
several (N)-service-data-units with added (N)-protocol-control-
information form an (N)-protocol-data-unit [see figure 11c)l.

Because th¢ expedited flow Is assumed 10 be used to transter
small amounts of data infrequently, simplified flow control
mechanismg may be used on this data flow.

An expedited (N)-service-data-unit is intended to be processed
by the redeiving (N+1)-entity with priority over normal
{N)-service-tlata-units.

5.7.6.4 Flgw control

If flow contiol functions are provided, they can operate only on
protocol-data-units and interface-data-units.

Two types ¢f flow control are identified :

a) peer| flow control which regulates the rate at which
{N)-protdcol-data-units are sent to the peer (N)-entity on
the (N)-gonnection. Peer flow control requires protocol
definitioms and is based on protocol-data-unit size; and

b) (N)-Interface flow control which regulates the(rate at
which [(N})-interface-data are passed between an
(N + 1)-eptity and an (N)-entity. (N)-interface flowcontrol is
based or) the (N)-interface-data-unit size.

Multiplexing in a layer may require a peef, flow control function
for individual flows (see 5.7.5).

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

If the size of service-data-units exceeds the maximum size of
the {N)-usef-data ‘portion of an (N)-protocol-data-unit, then
first segmerjtation shall be performed on the (N)-service-data-
unit to make it fit withi - B Silalt r flow

The Reference Model also permits concatination whereby
several (N)-protocol-data-units are concatendted into a single
(N — 1)-service-data-unit [see figure 11d)}

5.7.6.6 Sequencing

The (N — 1)-services provided by the (N — 1)-layer of the OSI ar-
chitecture may not guarantee delivery of data in the same order
as it was submitted by ‘the (N)-layer. If the (IN)-layer needs to
preserve the order of data transferred through[the (N — 1)-layer,
sequencing mechanisms shall be present in the (N)-layer. Se-
quencing ¢smay require additional (N)-protocol-control-
information.

5.7:7- Error functions

5.7.7.1 Acknowledgement

An acknowledgement function may be [used by peer

(N}-entities using an (N)-protocol to obtain a h
of detecting protocol-data-unit loss than is

igher probability
provided by the

(N —1)-layer. Each (N)-protocol-data-unit trarjsferred between

correspondent (N)-entities is made uniquely idg
the receiver can inform the sender of thd
{N)-protocol-data-unit. An acknowledgement]

ntifiable, so that
receipt of the
function is also

able to infer the non-receipt of (N)-protocol-data-units and take
appropriate remedial action.

An acknowledgement function may require that information be
included in the (N)-protocol-control-information  of
(N}-protocol-data-units.

The scheme for uniquely identifying (N}-protocol-data-units
may also be used to support other functions guch as detection
of duplicate data-units, segmenting and sequpncing.

control can then be applied on the (N)-protocol-data-units.

5.7.6.5 Segmenting, blocking and concatenation

Data-units in the various layers are not necessarily of compati-
ble size. It may be necessary to perform segmenting, i.e. to
map an (N)-service-data-unit into more than one (N}-protocol-
data-units. Similarly, segmenting may occur when (N)-protocol-
data-units are mapped into (N — 1)-interface-data-units. Since it
is necessary to preserve the identity of (N)-service-data-units
on an (N)-connection, functions shall be available to identify
the segments of an (N)-service-data-unit, and to allow the cor-
respondent (N)-entities to reassemble the (N}-service-data-unit.

NOTE — Other forms of acknowiedgement such as confirmation of
delivery and confirmation of performance of an action are for further
study.

5.7.7.2 Error detection and notification

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

Error detection and notification may require that additional in-

formation be included in the (N)-protocol-control-information
of the (N)-protocol-data-unit.
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a)_Neither segmenting nor DIOCKING

b Segmenting/ Reassembting

c) Blocking/Deblocking

SDU = servicg-data-unit

PCI = protogol-control-information
PDU = protogol-data-unit

NOTES

1 This figure dogs not imply any positional relationship-between protocol-control-information and user-data in protocol-data-units.

2 In the case of|concatenation, (N)-protocol-data-unit does not necessarily include an (N)-service-data-unit.

Figure 1

5.7.7.3 Reset

Some services require a reset function to recover from a loss of

(N)-PCI (N)-SDU ‘(N)-PCI (N)-SDU INY-PDU (N)-POU
\K\\\\.k‘!\\~‘ “(/)" \\‘ ’f
[\ - J ~ -
v -~
(N)-PDU (N-1)-SDU

d) Concatenation/Sepayation

— Relationship between (N)-service-data-unit, {(N)-protocol-data-unit and (N —1)-service-data-unit
within a layer

5.8 Routing

A routing function within the (N)-layer enables cothmunication

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.

A quantity of {(N)-user-data may be conveyed in association
with the (N)-reset function.

The reset function may require that information be included in
the (N)-protocol-control-information of the {N)}-protocoi-data-
unit.
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to be relayed by a chain of (N)-entities. The fact that com-
munication is being routed by intermediate (N)-entities is
known by neither the lower layers nor by the higher layers. An
(N}-entity which participates in a routing function may have a
routing table.

5.9 Management aspects of OSI
5.9.1 Definitions

5.9.1.1 application-management : Functions in the ap-
plication layer {see 6.1) related to the management of OSI
application-processes.
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5.9.1.2 application-management-application-entity : An
application-entity which executes application-management
functions.

5.9.1.3 OSI resources : Data processing and data com-
munication resources which are of concern to OSlI.

5.9.1.4 systems-management : Functions in the Applica-
tion Layer related to the management of various OSl resources
and their status across all layers of the OS] architecture.

1SO 7498-1984 (E)

5.9.3.1 Application-management
Application-management relates to the management of OSI
application-processes. The following list is typical of activities
which fall into this category but it is not exhaustive :

a) initialization of parameters representing application-
processes;

b) initiation, maintenance and termination of application-
processes;

c) allocation and de-allacation of QS| resources to

5.9.1.5 systems-management-applieation-entity— A
applicationt-entity which executes systems-management func-
tions.

managemdnt of the (N)-layer partly performed in the (N)-layer
itself acconding to the {N)-protocol of the layer (activities such
as activatipn and error control) and partly performed as a
subset of gystems-management.

5.9.1.6 I%:jler-management: Functions related to the

5.9.2 Intfoduction

Within the| OSI architecture there is a need to recognize the
special proplems of initiating, terminating, and monitoring ac-
tivities and|assisting in their harmonious operations, as well as
handling apnormal conditions. These have been collectively
considered|as the management aspects of the 0S| architecture.
These congepts are essential to the operation of the intercon-
nected open systems and therefore are included in the com-
prehensive| description of the Reference Model described.in
subsequent clauses of this International Standard.

The management activities which are of concern“are those
which imply actual exchanges of information between open
systems. Only the protocols needed to conduct such ex-
changes afe candidates for standardizatien within the OSI
architecturg.

This clause| describes key concepts-relevant to the management
aspects, influding the different categories of management ac-
tivities and the positioning of Such activities within the OSI
architecturg.

egories of.management activities

management activities which imply actual ex-
information between remote management entities

tivities local to particular open systems are outside its scope.

Similarly, not all resources are pertinent to OSI. This Interna-
tional Standard considers only OSI resources, i.e. those data
processing and data communication resources which are of
concern to OSl.

The following categories of management activities are iden-
tified :

a} application-management;
b) systems-management; and

c) layer-management.

application-processes;

d) detection and prevention of IOS! resgurce interference
and deadlock;

e) integrity and commitment control;

f) security controland

g) checkpointing and recovery control.
The protocols for application-management [reside within the

Application{ Layer, and are handled |by application-
management-application-entities.

5:9.3.2 Systems-management
Systems-management relates to the manpgement of OSI
resources and their status across all layers of| the OSI architec-
ture. The following list is typical of activities yvhich fall into this
category but it is not exhaustive :
a) activation/deactivation management which includes :
1) activation, maintenance and tegmination of OSI
resources distributed in open syptems, including
physical media for OSI;

2) some program loading functions;

3) establishment/maintenance/releage of connections
between management entities; and

4) open systems parameter initializatjon/modification;

b) monitoring which includes :

1) reporting status or status changes; and
2) reporting statistics; and
c) error control which includes :

1) error detection and some of the diagnostic func-
tions; and

2) reconfiguration and restart.
The protocols for systems-management reside in the applica-

tion layer, -and are bhandied by systems-management-
application-entities.

17
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5.9.3.3 Layer-management

There are two aspects of layer-management. One of these is
concerned with layer activities such as activation and error con-
trol. This aspect is implemented by the layer protocol to which
it applies.

The other aspect of layer-management is a subset of systems-
management. The protocols for these activities reside within
the Application Layer and are handled by systems-
management-application-entities.

Reference Model of Open Systems Interconnection has been
derived, making specific choices for the layers and their con-
tents.
The Reference Model contains seven layers :

a) the Application Layer (layer 7);

b) the Presentation Layer (layer 6);

c) the Session Layer {layer 5);

d) the Transport Layer (layer 4);

5.9.4 Principl

Several principlgs are important in positioning management
functions in the [Reference Model of Open Systems Intercon-
nection. They inglude the following? :

a) both cenfralization and decentralization of management
functions are|allowed. Thus, the OSI architecutre does not
dictate any particular fashion or degree of centralization of
such functions. This principle calls for a structure in which
each open system is allowed to include any (subset of)
systems-manpgement functions and each subsystem is
allowed to intlude any (subset of} layer-management func-
tions;

b) if it is npcessary, connections between management
entities are gstablished when an open system which has

been operating in isolation from other open systems,
becomes part of the OSI environment.

6 Introduction to the specific OSI layers

6.1 Specific|layers

The general stricture of the OSI architecture described in
clause b providgs architectural concepts from) which the

e) the Network Layer (layer 3);
f) the Data Link Layer (layer 2); and

g) the Physical Layer {layer 1),

These layers are illustrated in“figure 12. The higheslt is the Ap-
plication Layer and it cohsists of the application-gntities that
co-operate in the OSI environment. The lower layers provide
the services through-Which the application-entities [co-operate.

Layers 1 to 6,.together with the physical media for PSI provide
a step-by-step enhancement of communication sgrvices. The
boundarybetween two layers identifies a stage in this enhance-
ment ‘of services at which an OSI service standard is defined,
while the functioning of the layers is governed by (Sl protocol
stahdards.

Not all open systems provide the initial source or fjnal destina-
tion of data. When the physical media for OSI dqg not link all
open systems directly, some open systems act only as relay
open systems, passing data to other open systemg. The func-
tions and protocols which support the forwarding| of data are
then provided in the lower layers. This is illustrated |n figure 13.

1) Other principles are for further study.

18
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6.2 The principles used to determine the seven
layers in the Reference Model

The following principles have been used to determine the seven
layers in the Reference Model and are felt to be useful for
guiding further decisions in the development of OS] standards,

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

a) Do not create so many layers as to make the system

n) Create, where needed, two or more sublayers with a
common, and therefore minimal functionality to allow inter-
face operation with adjacent layers; and

p) Allow by-passing of sublayers.

6.3 Layer descriptions

For each of the seven layers identified above, clause 7 pro-
vides :

a) an outline of the purpose of the layer;

engineering fask of describing and integrating the layers

bl—a-deseription-ef-the-services-offered-by-the layer to the

layer above;.-and

more difficul{

b) Create a

than necessary;

boundary at a point where the description of

services can e small and the number of interactions across

the boundary

are minimized;

c) Create sgparate layers to handle functions that are

manifestly d
technology ir

d) Collects

e) Select bg

ifferent in the process performed or the
volved;

milar functions into the same layer;

undaries at a point which past experience has

demonstrated to be successful;

f) Create a
layer could b
in a major
architectural |
changing thg
adjacent laye

g) Createa
in time to ha

layer of easily localized functions so that the
b totally redesigned and its protocols changed
vay to take advantage of new advances in
hardware or software technology without
services expected from and provided to the
I's;

boundary where it may be useful at some point
ve the corresponding interface standardized;

NOTES

1 Advantages apd drawbacks of standardizing.internal interfaces
within open systems are not considered in this tnternational Standard.
In particular, menttion of, or reference to ‘principle g}, should not be
taken to imply us¢fulness of standards-for.such internal interfaces.

2 It is important|to note that OSI per’se does not require interfaces
within open systgms to be standardized. Moreover, whenever stan-
dards for such intlrfaces are defined, adherence to such internal inter-
face standards cap in no way»be considered as a condition of open-
ness.

h} Create allaver where there is a need for a different level

c) a description of the functions provided in t
the use made of the services provided by the |

The descriptions, by themselves/\da*not provide
definition of the services and protocols for each
are the subject of separate standards.

he layer and
hyer below.

a complete
ayer. These

7 Detailed description of the resulting OSI

architecture
7.1 Application Layer
7.1.1 “Definition

7.1.1.1 application-entity : The aspects of an
process pertinent to OSI.

application-

7.1.1.2 application-service-element: That paft of an ap-

plication-entity which provides an 0S| environmer
using underlying services when appropriate.

7.1.1.3 user-element: The representation of thg

t capability,

t part of the

application-process which - uses those applica'tion-service—

elements needed to accomplish the communicatio
of that application-process.

7.1.2 Purpose

s objectives

As the highest layer in the Reference Model of O
Interconnection, the Application Layer provides
the application-processes to access the OSI
Hence the Application Layer does not interface

en Systems

means for
nvironment.
ith a higher

of abstraction in the handling of data, for example mor-
phology, syntax, semantics;

i) 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 func-

tions to form sublayers within a layer in cases where distinct
communication services need it;

20

layer. The Application Layer is the sole means for the
application-process to access the OSI environment.

The purpose of the Application Layer is to serve as the window
between correspondent application-processes which are using
the OSI to exchange meaningful information.

Each application-process is represented to its peer by the
application-entity.

All specifiable application-process parameters of each OSl en-
vironment communications instance are made known to the
OSI environment (and, thus, to the mechanisms implementing
the OSI environment) via the Application Layer.
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7.1.3 Services provided to application-processes

Application-processes exchange information by means of
application-entities, application-protocols, and presentation-
services.

As the only layer in the Reference Model that directly provides
services to the application-processes, the Application Layer
necessarily provides all OS! services directly usable by
application-processes.

The application-entity contains one user-element and a set of
application-service-elements. The user-element represents that

1SO 7498-1984 (E)

n) agreement on the procedures for control of data integ-
rity; and

p) identification of constraints on data syntax {character
sets, data structure).

7.1.4 Functions within the Application Layer

The Application Layer contains all functions which imply com-
munication between open systems and are not already per-
formed by the lower layers. These include functions performed
by programs as well as functions performed by human beings.

part of the| application-process which uses those application-
service-elements needed to accomplish the communications
objectives |of that application-process. Application-service-
elements may call upon each other and/or upon presentation
services to|perform their function.

The only means by which user-elements in different systems
may comnpunicate is through the exchange of application-
protocol-dgta-units. These application-protocol-data-units are
generated by application-service-elements.

NOTE — The application services differ from services provided by
other layers|in neither being provided to an upper layer nor being
associated With a service-access-point.

In addition [to information transfer, such services may include,
but are notl limited to the following :

NOTE — Spme of the services listed below are provided by OSI
management.

a) identification of intended communications partners {(for
examplg by name, by address, by definite description, by
generic |description);

b) detgermination of the current availabilityof the intended
commuhication partners;

c) estgblishment of authority to-eommunicate;

d) agrgement on privacy méchanisms;

e) authentication of intended communication partners;
f) detdrmination of\Cost allocation methodology;

g) determination of the adequacy of resources;

h) determination of the acceptable quality of service (for

When a specific instance of an application-grocess wishes to
communicate with an instance of an_@pplitation-process in
some other open system, it must invoke instance of an
application-entity in the Application, Layer pf its own open
system. It then becomes the responsibility of this instance of
the application-entity to establish an associption with an in-
stance of an appropriate-application-entity ih the destination
open system. This process-occurs by invocatipn of instances of
entities in the lower, layers. When the associgtion between the
two application-entities has been established, the application-
process can communicate.

7.1.4.1 ~Grouping of functions in the Application Layer

An application-entity can be structured internglly into groups of
functions. The technique used to express thL structure is not
constrained by this International Standard. Use of one group-
ing of functions may depend on use of somg other functions,
and the active functions may vary during thellifetime of a con-
nection.

The.structuring of application-entities into apgplication-service-
elements and the user-element provides arn organization of
functions in application-entities. Furthermore any given subset
of application-service-elements, along with the user-element,
constitutes an application-entity type. Each japplication-entity
type, and each instance thereof, are unambiguously iden-
tifiable.

An application-process may determine the grouping of func-

tions comprising the application-entity.

Two categories of application-service-elements are recognized:
common-application-service-elements and spgcific-application-
service-elements. Common-application-servige-elements pro-
vide capabilities that are generally useful to a yariety of applica-
tions. Specific-application-service-elements pfovide capabilities

example response time, tolerable error rate, cost vis-a-vis
the previous considerations);

i) synchronization of cooperating applications;

k) selection of the dialogue discipline including the initia-
tion and release procedures;

m) agreement on responsibility for error recovery;

lcqu;lcd to-sat cific applications
(for example, file transfer, data base access, job transfer, bank-
ing, order entry). Application-entities may contain application-
service-elements from both categories, as illustrated in
figure 14.

The partioning of application-service-elements into these two
categories does not imply the existence of two independent
protocols.
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User
element

Common-
application-
service-elements

Specific-
application-
service-element

7.1.4.2 Systems-management and application-

management

Systems-manags
functions are lo|
see 5.9.

ment functions and application-management
bated in the Application Layer. For details,

7.1.4.3 Application Layer management

In addition to sy}
other activities
management (su|
the relationship

stems and application-management, there are
specifically related to Application Layer
ch as activation and error control). See 5.9 for
with other management aspects.

7.2 Presentaftion Layer

7.2.1 Definitions

7.2.1.1 concrefte syntax: Those aspects of the tules used in

the formal speg
representation o

ification of data which embody a specific
that data.

7.2.1.2 transfdr syntax: That concrete syntax used in the

transfer of data

7.2.2 Purpose

The Presentatior
mation that appl
in their commun

between open systems.

Layer:provides for the representation of infor-
jcation-entities either communicate or refer to
cation.

Figure 14 — Application-entity

The Presentation Layer is concerried’only with thg syntax i.e.
the representation of the data and not with its semantics, i.e.
their meaning to the Application-Layer, which is kngpwn only by
the application-entities.

The Presentation Layer provides for a common regresentation
to be used between application-entities. This relieves
application-entities of any concern with the problem of “com-
mon’’ representation of information, i.e. it provides them with
syntax independence. This syntax independenge can be
described‘in two ways :

a) the Presentation Layer provides common| syntactical
elements which are used by application-entitieg; and

b) the application-entities can use any syntpx and the
Presentation Layer provides the transformatign between
these syntaxes and the common syntax needed for com-
munication between application-entities. This transforma-
tion is performed inside the open systems. It is pot seen by
other open systems and therefore has no impact on the
standardization of presentation-protocols.

In this International Standard the approach outlined in b) is
used.
7.2.3 Services provided to the Application Ldyer

The Presentation Layer provides session-services ($ee 7.3} and
the following facilities :

The Presentation Layer covers two complementary aspects of
this representation of information :

a) the representation of data to be transferred between
application-entities; and

b) the representation of the data structure which
application-entities refer to in their communication, along
with the representations of the set of actions which may be

performed on

this data structure.

The complementary aspects of the representation of informa-
tion outlined above refer to the general concept of transfer

syntax.

22

a) transformation of syntax; and

b) selection of syntax.

Transformation of syntax is concerned with code and character
set conversions, with the modification of the layout of the data
and the adaptation of actions on the data structures. Selection
of syntax provides the means of initially selecting a syntax and
subsequently modifying the selection.

Session services are provided to application-entities in the form
of presentation services.
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7.2.4 Functions within the Presentation Layer

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

a) session establishment request;
b) data transfer;
c) negotiation and renegotiation of syntax;

d) transformation of syntax including data transformation,

1SO 7498-1984 (E)

7.24.3 Addressing and multiplexing

There is a one-to-one correspondence between presentation-
address and session-address. There is no multiplexing or split-
ting in the Presentation Layer.

7.2.4.4 Presentation Layer management

The Presentation Layer protocols deal with some management
activities of the layer (such as activation and error control). See
5.9 for the relationship with other management aspects.

formatting—and—special purpose transformations (for

example |compression); and

e) sessjon termination request.

7.2.4.1 Trgnsformation of syntax

The fact that there is or is not actual transformation of syntax
has no impdct on the presentation-protocol.

There are thfee syntactic versions of the data : the syntax used
by the origihating application-entity, the syntax used by the
receiving a;[;plication-entity, and the syntax used between
presentatior}-entities (the transfer syntax). It is clearly possible
that any twd or all three of these syntaxes may be identical. The
Presentatior] Layer contains the functions necessary to
transform between the transfer syntax and each of the other
two syntaxes as required.

There is not|a single predetermined transfer syntax for all OSI.
The transfer| syntax to be used on a presentation-connection(is
negotiated between the correspondent presentation-entities.
Thus, a presentation-entity must know the syntax\.of its
application-¢ntity and the agreed transfer syntax, Only the
transfer syntax needs to be referred to in the Presentation Layer
protocols.

To meet the service requirement specified by the application-
entities durihg the initiation phase, the Bresentation Layer may
utilise any tfansfer-syntax availablé-to it. To accomplish other
service objectives (for example~data volume reduction to
reduce data|transfer cost), syntax transformation may be per-
formed eithgr as a specific syntax-matching service provided to
the application-entities;~or(as a function internal to the Presen-
tation Layen

7.242 Nﬂgotiation of syntax

7.3 Session Layer

7.3.1 Definitions

7.3.1.1 guarantine service/ A‘facility of th
by which an integral number of session-servic
on a session-connection-are-not made availablg
presentation-entity until~explicitly released
presentation-entity.

7.3.1.2 interaction management : A facilit
service which allows correspondent present
control .explicitly whose turn it is to exercisq
functions.

P session-service
p-data-units sent

to the receiving
by the sending

y of the session-
ation-entities to
certain control

7.3.1.3 two-way-simultaneous interacti:ln: A mode of

interaction where both presentation-entities
send and receive.

7.3.1.4 two-way-alternate interaction : A
tion where the presentation-entity with the tu
its correspondent is permitted only to receive

7.3.1.5 one-way interaction : A form of o
way-alternate interaction in which the turn g
changed.

ay concurrently

Imode of interac-
n may send and

beration of two-
an never be ex-

7.3.1.6 session-connection synchronizatipn : A facility of

the session-service which allows presentation-
and identify synchronization points and to
connection to a predefined state and to ag
chronization point.

7.3.2 Purpose

Bntities to define
Feset a session-
Fee on a resyn-

Negotiation of syntax is carried out by communication between
the presentation-entities on behalf of the application-entities to
determine the form that data will have while in the OSI environ-
ment. The negotiations will determine what transformations
are needed (if any) and where they will be performed. Negotia-
tions may be limited to the initiation phase or they may occur
any time during a session.

In OSI, the syntaxes used by application-entities that wish to
communicate may be very similar or quite dissimilar. When
they are similar, the transformation functions may not be
needed at all; however, when they are dissimilar, the Presen-
tation Layer services provide the means to converse and decide
where needed transformations will take place.

The purpose of the Session Layer is to provide the means
necessary for co-operating presentation-entities to organize
and synchronize their dialogue and to manage their data ex-
change. To do this, the Session Layer provides services to
establish a session-connection between two presentation-
entities, and to support orderly data exchange interactions.

To implement the transfer of data between the presentation-
entities, the session-connection is mapped onto and uses a
transport-connection (see 7.3.4.1).

A session-connection is created when requested by a

presentation-entity at a session-service-access-point. During
the lifetime of the session-connection, session services are
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used by the presentation-entities to regulate their dialogue, and
to ensure an orderly message exchange on the session-
connection. The session-connection exists until it is released by
either the presentation-entities or the session-entities. While
the session-connection exists, session-services maintain the
state of the dialogue even over data loss by the Transport
Layer.

A presentation-entity can access another presentation-entity
only by initiating or accepting a session-connection. A
presentation-entity may be associated with several session-
connections simultaneously. Both concurrent and consecutive
session-connections are possible between two presentation-

Simultaneous session-connection establishment requests
typically result in a corresponding number of session-
connections, but a session-entity can always reject an incom-
ing request.

The session-connection establishment service provides to the
presentation-entities a session-service-connection-identifier
which uniguely specifies the session-connection within the en-
vironment of the correspondent presentation-entities, with a
lifetime which may be greater than the lifetime of the session-
connection. This identifier may be used by the presentation-
entities to refer to the session-connection during the lifetime of
the session-connection, and may also be used by management-

entities.

The initiating gresentation-entity designates the destination
presentation-entity by a session-address. In many systems, a
transport-addregs may be used as the session-address, i.e.,
there is a one-to-one correspondence between the session-
address and the transport-address. In general, however, there
is a many-to-one correspondence between session-addresses
and transport-afidresses. This does not imply multiplexing of
session-connections onto transport-connections, but does
imply that at session-connection establishment time, more than
one presentatign-entity is a potential target of a session-
connection establishment request arriving on a given transport-
connection.

7.3.3 Services provided to the Presentation Layer

The following services provided by the Session Layer are
described belowy :

a) session-gonnection establishment;

b) session-ponnection release;

¢} normal data exchange;

d) quarantipne service;

e) expeditgd data exchange;

f) interaction management;

g) session-gonnection.-synchronization; and

h) exceptign reparting.

7.3.3.1 Session-connectionestablishment

entities for administrative purposes such as accoynting.

7.3.3.2 Session-connection release

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

The release of a session-connection may also bg initiated by
one of the session-entities supporting it.

7.3.3.3 Normal data exchange

The normal data exchange service allows a sending fpresentation-
entity to transfer a session-service-data-unit to| a receiving
presentation-entity. This service allows the receiving
presentation-entity to ensure that it is not ovetloaded with
data.

7.3.3.4 Quarantine service

The quarantine service allows the sending preserjtation-entity
to request that an integral number of session-servige-data-units
{one or more) sent on a session-connection should|not be made
available to the receiving presentation-entity unmtil explicitly
released by the sending presentation-entity. The sending
presentation-entity may request that all data currgntly quaran-
tined be discarded. The receiving presentation-entity receives
no information that data being received has been| quarantined
or that some data was discarded.

7.3.3.5 Expedited data exchange

The expedited data exchange service provides expgdited handl-

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

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

NOTE — The provision for change of session parameters after session-
connection establishment is a candidate for further extension.
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1ng Tor the transier of expedited session-service-data-units. A
specific size restriction is placed on expedited session-service-
data-units. This service may be used by a presentation-entity
any time a session-connection exists.

7.3.3.6 Interaction management

The interaction management service allows the presentation-
entities to control explicitly whose turn it is to exercise certain
control functions.

The service provides for voluntary exchange of the turn where
the presentation-entity which has the turn relinquishes it volun-
tarily. This service also provides for forced exchange of the turn
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where, upon request from the presentation-entity which does
not have the turn, the session-service may force the
presentation-entity with the turn to relinquish it. In the case of
forced exchange of the turn, data may be lost.

The following types of session-service-data-unit exchange in-
teraction are defined :

a) two-way-simultaneous (TWS);
b) two-way-alternate (TWA); and

¢} one-way interaction.

1SO 7498-1984 (E)

7.3.4.1 Session-connection to transport-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 the following cases are
defined :

a) a transport-connection supports several consecutive
session-connections (see figure 15); and

b) several consecutive transport-connections support a
session-connection (see figure 16).

7.3.3.7 Sg¢ssion-connection synchronization

The sessipn-connection synchronization service allows
presentation-entities to

a) defihe and identify synchronization points; and

b) resdt the session-connection to a defined state and
agree 01 a resynchronization point.

The Session Layer is not responsible for any associated check-
pointing or| commitment action associated with synchroniza-
tion.

7.3.3.8 EXception reporting

The exception reporting service permits the presentation-
entities to e notified of exceptional situations not covered by
other serviges, such as unrecoverable session malfunctions:
NOTE — Th¢ following services are candidates for future"eéxtensions :

a) sessipn-service-data-unit sequence numbering;

b) brackets;

¢} stop4go; and

d) secufity.

7.3.4 Fungtions within the Session Layer

The functiops within the'Session Layer are those which shall be
performed by session=entities in order to provide the session-
services.

Most of the_functions requir: re readily impli r-

NOTES

1 It is also possible to consider cases‘in) which one transport-
connection is used to support several sgssion-conngctions (i.e., n-to-1
mapping). In this case peer flow cenirol would pe required in the
Session Layer. This case is for futurg_developmen{ if needed.

2 To implement the mapping"of a session-chbnnection onto a
transport-connection, the Session Layer has to mpp session-service-
data-units into session-protocol-data- units, and seskion-protocol- -data-

units into transport-service-data-units. These mag
the session-entities to_perform functions such as
functions are visible only in the session-protocols,
transparent to,the Presentation and Transport Layi

7.3.4.2 “Session-connection flow control
There is no peer flow control in the Session |
the receiving presentation-entity from being

data, the receiving session-entity applies bac
the transport-connection using the transport

7.3.4.3 Expedited data transfer

The transfer of expedited session-service-data
accomplished by use of the expedited transp!

7.3.4.4 Session-connection recovery
In the event of reported failure of an undgd

necessary to re-establish a transport-connecti

pings may require
begmenting. These
therefore they are
Brs.

ayer. To prevent
overloaded with
pressure across

flow control.

units is generally
Drt service.

rlying transport-

n to support the

connection, the Session Layer may contaE the functions

session-connection, which continues to ex
entities involved notify the presentation-entiti
tion reporting service that service is interrupte
service only as directed by the presentation-
mits the presentation-entities to resynchron
from an agreed state.

t. The session-
es via the excep-
d and restore the
intities. This per-
ze and continue

vices provided. Additional description is given below for the
following functions :

a) session-connection to transport-connection mapping;
b) session-connection flow control;

c) expedited data transfer;

d) session-connection recovery;

e) session-connection release; and

f) Session Layer management.

7.3.4.5 Session-connection release

The Session Layer contains the functions necessary to release
the session-connection in an orderly way, without loss of data,
upon request by the presentation-entities. The Session Layer
also contains the necessary functions to abort the session-
connection with the possible loss of data.

7.3.4.6 Session Layer management
The Session Layer protocols deal with some management ac-

tivities of the layer (such as activation and error control}. See
5.9 for the reiationship with other management aspects.
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Transport-
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Figure 15 — Several consecutive session-connections
Session-
connection
Trahsport-

connections

7.4 Transport Layer

7.4.1 Definitipns

No Transport Layetispecific terms are identified.

O Establishment
, Release

Figare 16 — Several consecutive transport-connections

All protocols defined in the Transport Layer have end-to-end
significance, where the ends are defined as cqrrespondent
transport-entities. Therefore the Transport Layeq is OS| end
open system oriented and transport-protocols operate only be-
tween OSI| end open systems.

7.4.2 Purpose

The transport-service provides transparent transfer of data be-
tween session-entities and relieves them from any concern with
the detailed way in which reliable and cost effective transfer of
data is achieved.

The Transport Layer optimizes the use of the available network-
service to provide the performance required by each session-
entity at minimum cost. This optimization is achieved within
the constraints imposed by the overall demands of all concur-
rent session-entities and the overall quality and capacity of the
network-service available to the Transport Layer.
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The Transport Layer is relieved of any concern with routing
and relaying since the network-service provides network-
connections from any transport-entity to any other, including
the case of tandem subnetworks (see 7.5.1).

The transport functions invoked in the Transport Layer to pro-
vide a requested service quality depend on the quality of the
network-service. The quality of the network-service depends
on the way the network-service is achieved (see 7.5.3).

7.4.3 Services provided to the Session Layer

The Transport Layer uniquely identifies each session-entity by
its transport-address. The transport-service provides the means
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establish, maintain and release transport-connections.
Transport-connections provide duplex transmission between a
pair of transport-addresses.

More than one transport-connection can be established be-
tween 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.

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.

1SO 7498-1984 (E)

to the receiving transport-service-access-point over a
transport-connection. This service is subject to flow con-
trol.

b) The expedited transport-service-data-unit transfer ser-
vice provides an additional means of information exchange
on a transport-connection. The expedited transport-data-
units are subject to their own set of transport-service and
flow control characteristics. The maximum size of expedited
transport-service-data-units is limited.

7.4.3.3 Transport-connection release

The quality| of service provided on a transport-connection
depends on|the service class requested by the session-entities
when estahlishing the transport-connection. The selected
quality of sgrvice is maintained throughout the lifetime of the
transport-connection. The session-entity is notified of any
failure to mhintain the selected quality of service on a given
transport-connection.

The following services provided by the Transport Layer are
described b¢low :

a) trangport-connection establishment;
b) data|transfer; and

¢) trangport-connection release.

7.4.3.1 Transport-connection establishment

Transport-connections are established between sessiohs
entities identified by transport-addresses. The quality of service
of the transpgort-connection is negotiated between the session-
entities and [the transport-service.

At the timeg of establishment of a transport-connection the
class of trangport service to be provided can be selected from a
defined set of available classes of service.

These servige classes are characterized by combinations of
selected values of parametersCsuch as throughput, transit
delay, and cpnnection set-up delay and by guaranteed values of
parameters such as residualserror rate and service availability.

These classgs of servicerepresent globally predefined combina-
tions of pargmeters-controlling quality of service. These classes
of service are“intended to cover the transport-service re-
quirements jof-the various types of traffic generated by the

This service provides the means by which.either session-entity
can release a transport-connection and have the correspondent
session-entity informed of the release.
7.4.4 Functions within the\Transport Layer
The Transport Layer functions may include :

a) mapping transport-address onto netwgrk-address;

b) multiplexing (end-to-end) transport-cpnnections onto
network-connections;

¢l establishment and release of transporttconnections;

d) end-to-end sequence control on individual connec-
tions;

e) end-to-end error detection and any nefessary monitor-
ing 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 fonnections;

j) supervisory functions; and

k) expedited transport-service-data-unit tfansfer.

7.44.1 Addressing

When a session-entity requests the Transport Uayer to establish
a transport-connection with another session-entity identified by

its transport-address, the Transpart | ayer ldetermines the

session-entities.

7.4.3.2 Data transfer

This service provides data transfer in accordance with the
agreed quality of service. When the quality of service cannot be
maintained and all possible recovery attempts have failed, the
transport-connection is terminated and the session-entities are
notified.

a) The transport-service-data-unit transfer service pro-
vides the means by which transport-service-data-units of ar-
bitrary length are delimited and transparently transferred in
sequence from one sending transport-service-access-point

network-address identifying the transport-entity which serves
the correspondent session-entity.

Because transport-entities support services on an end-to-end
basis no intermediate transport-entity is involved as a relay be-
tween the end transport-entities. Therefore the Transport Layer
maps transport-addresses to the network-addresses which
identify the end transport-entities (see figure 17).

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 18).
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Figure 17 — Association of transport-addresses and network-addresses
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7.4.4.2 Conngction multiplexing and splitting

In order to optimize the use of network-connections, the map-
ping of transpoft-connections onto networkfconnections need
not be on a ong-to-one basis. Both splitting and multiplexing
may be performed, namely for optimizing cost of usage of the
network-serviceg.

7.4.4.3 Phasgs of operation

The phases of pperation-within the Transport Layer are :

a) establisirment phase;

Figure 18 — Association of one network-address with several transport-addresses

provided by the Network Layer. The following flinctions may
be performed during this phase :

a) obtain a network-connection which best|matches the
requirements of the session-entity, taking intolaccount cost
and quality of service;

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

c) establish the optimum transport-protgcol-data-unit
size;

d} select the functions that wilt be operationa upon enter-
ing the data transfer phase;

b) data transfer phase; and
c) release phase.

The transfer from one phase of operation to an other will be
specified in detail within the protocol for the Transport Layer.

7.4.4.4 Establishment phase

During the establishment phase, the Transport Layer
establishes a transport-connection between two session-
entities. The functions of the Transport Layer during this phase
shall match the requested class of service with the services

28

e) map transport-addresses onto network-addresses;

f) provide identification of different transport-connections
between the same pair of transport-service-access-points
(connection identification function); and

g) transfer of data.

7.4.4.5 Data transfer phase

The purpose of the data transfer phase is toﬂtransfer transport-
service-data-units between the two session-entities connected
by the transport-connection. This is achieved by the transmis-
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sion of transport-protocol-data-units and by the following func-
tions, each of which is used or not used according to the class

of service se

lected in the establishment phase :

a) sequencing;

b) blocking;

c) concatenation;

d) segmenting;

1SO 7498-1984 (E)

containing communicating application-entities and the func-
tional and procedural means to exchange network-service-
data-units  between transport-entities over  network-
connections.

It provides to the transport-entities independence from routing
and relay considerations 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

e) multiplexing or splitting;

used to provide network-connections.

f) flow gontrol;

g} error|detection;

h) error|recovery;

j) expedited data transfer;

k) trans[:ort-service-data—unit delimiting; and

m) trangport-connection identification.

7.4.4.6 Release phase

The purposg of the release phase is to release the transport-
connection. |t may include the following functions :

a) notification of reason for release;
b) idenJ:fication of the transport-connection released;, and

¢c) transfer of data.

7.4.47 Transport Layer management

The Transport Layer protocols deal with some management ac-
tivities of the layer {such as activation and error control). See
5.9 for the r¢lationship with other.fmanagement aspects.

7.5 Netwprk Layer

7.5.1 Definitions

7.5.1.1 subnetwork : A set of one or more intermediate
open systems‘which provide relaying and through which end

tocols used to support the network-service ‘between the OSl|

Any relay functions and hop-by-hop service e|’~£ancement pro-

end open systems are operating below thelra
within the Network Layer or below,

7.5.3 Services providedto the Transport

The basic service of the Network Layer is

port Layer, i.e.

Layer

to provide tne

transparent transfer of data between transpdrt-entities. This
service allows thesstructure and detailed contgnt of submitted
data to be determined exclusively by layers abgve the Network

Layer.

All services are provided to the Transport Layer at a known

cost.

The Network Layer contains functions necessafy to provide the

Transport Layer with a firm Network/Transp
dary which is independent of the underlying

media in all things other than quality of servicg
work Layer contains functions necessary tg

brt Layer boun-
ommunications
. Thus the Net-
mask the dif-

ferences in the characteristics of different tfansmission and

subnetwork technologies into a consistent net

The service provided at each end of a netwo
the same even when a network-connectior
subnetworks, each offering dissimilar services

NOTE — It is important to distinguish the specialize
“’service’”’ within the OSI| Reference Model from it:
suppliers of private networks and carriers.

work service.

k-connection is
spans several
(see 7.5.4.2).

d use of the term
common use by

The quality of service is negotiated betwee

the transport-

entities and the network-service at the time of ¢stablishment of

a network-connection. While this quality of

rvice may vary

from one network-connection to another it wil| be agreed for a
given network-connection and be the same ak both network-

open systems may establish network-connections.

NOTE — A subnetwork is a representation within the OSI| Reference
Model of a real network such as a carrier network, a private network or
a local area network.

7.5.1.2 subnetwork-connection : A communication path
through a subnetwork which is used by entities in the Network
Layer in providing a network-connection.

7.5.2 Purpose

The Network Layer provides the means to establish, maintain
and terminate network-connections between open systems

connection-endpoints.

The following services or elements of services
Network Layer are described below :

a) network-addresses;

b) network-connections;

provided by the

¢} network-connection-endpoint-identifiers;

d) network-service-data-unit transfer;

e) quality of service parameters;
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f) error notification;

g) sequencing;

h) flow control;

i) expedited network-service-data-unit transfer;
k) reset; and

m) release.

Some of the s¢|
that :

1) the usef has to request the service; and

2) the network-service provider may honour the request or
indicate that the service is not available.

7.5.3.1 Netwprk-addresses

Transport-entitfes are known to the Network Layer by means of
network-addregses. Network-addresses are provided by the
Network Layer|and can be used by transport-entities uniquely
to identify other transport-entities, i.e. network-addresses are
necessary for |transport-entities to communicate using the
network-serviceé. The Network Layer uniquely identifies each of
the end open bystems (represented by transport-entities) by

A network-conhection provides the means of transferring data
between transport-entities identified by network-addresses.
The Network Uayer provides the means to establish, maintain
and release nefwork-connections.

A network-connection is point-to-point.

More than ong network-connection\ may exist between the
same pair of network-addresses,

7.5.3.3 Network-connection-endpoint-identifiers

The Network Layer provides to the transport-entity a network-
connection-endipoint-identifier which uniquely identifies the
network-conndction-end-point with the associated network-

7.5.3.5 Quality of service parameters

The Network Layer establishes and maintains a selected quality

“of service for the duration of the network-connection.

The quality of service parameters include residual error rate,
service availability, reliability, throughput, transit delay (in-

cluding variations), and delay for

establishment.

7.5.3.6 - Error notification

reported to the transport-entities.

network-connection

k Layer are

Error notification may or may not lead 'to the rglease of the
network-connection, according to thé’specificatjon of a par-

ticular network-service.

7.56.3.7 Sequencing

The Network Layer may provide sequenced

delivery of

network-service-data-units over a given network-connection

when requested By ‘the transport-entities.

7.5.3.8 Flow control

A transport-entity which is receiving at one end
connection can cause the network-service to sto

bf a network-
b transferring

network-service-data-units across the service-pccess-point.
This flow control condition may or may not be gropagated to

the other end of the network-connection and thu
to the transmitting transport-entity, according to
tion of a particular network-service.

5 be reflected
the specifica-

7.5.3.9 Expedited network-service-data-unit transfer

(optional)

The expedited network-service-data-unit transfér is optional
and provides an additional means of information gxchange on a

network-connection.
service-data-units is subject to a different set
service characteristics and to separate flow cont

The transfer of expedited network-

of network-
ol.

The maximum size of expedited network-servicd-data-units is

limited.

7.5.3.10 Reset {optional)

address.

7.5.3.4 Network-service-data-unit transfer

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 con-
tent is maintained by the Network Layer.

No limit is imposed on the maximum size of network-service-
data-units.

The network-service-data-units are transferred transparently
between transport-entities.
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The reset service is optional and when invoked causes the
Network Layer to discard all network-service-data-units in tran-
sit on the network-connection and to notify the transport-entity
at the other end of the network-connection that a reset has

occurred.

7.5.3.11 Release

A transport-entity may request release of
connection. The network-service does not g
delivery of data preceding the release request and

a network-
uarantee the
still in transit.

The network-connection is released regardless of the action

taken by the correspondent transport-entity.
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7.5.3.12 Receipt of confirmation

A transport-entity may confirm receipt of data over a network-
connection. The use of receipt confirmation service shall be
agreed by the two users of the network-connection during con-
nection establishment.

The service is an optional service that may not always be
available.

7.5.4 Functions within the Network Layer

1SO 7498-1984 (E)

work Layer to use the services of the Data Link Layer to control
the interconnection of data-circuits (see 7.6.4.10 and 7.7.3.1).

The control of interconnection of data-circuits {which are in the
Physical Layer) from the Network Layer requires interaction
between a network-entity and a physical-entity in the same
open system. Since the Reference Model permits direct interac-
tion only between adjacent layers, the network-entity cannot
interact directly with the physical-entity. This interaction is thus
described through the Data Link Layer which intervenes
transparently to convey the interaction between the Network
Layer and the Physical Layer.

Network Laygerfuncrions provide for the wide variety of ton-

figurations pupporting network-connections ranging from
network-conhections supported by point-to-point configura-
tions, to netyork-connections supported by complex combina-
tions of subnetworks with different characteristics.

NOTE — In ordler to cope with this wide variety of cases, network func-
tions should bp structured into sublayers. The subdivision of the Net-
work Layer intp sublayers need only be done when this is useful. In par-
ticular, sublayering need not be used when the access protocol to the

subnetwork sypports the complete functionality of the OSI Network -

Service.
The following are functions performed by the Network Layer :
al routingg and relaying;
b} netwprk-connections;
c) network-connection muitiplexing;

d} segmenting and blocking;

This representation is an abstract representatign of something
happening inside an open system and which goes not model
the functioning of real open systems and as such has no impact
on the standardization of OSI protocols.

NOTE — When Network Layer functions are perforfned by combina-
tions of several individual subnetworks, the specificatjon of routing and
relaying functions could be'fatilitated by using subldyers, isolating in-
dividual subnetworks rodting and relaying functions from internetwork
routing and relaying, fubctions.

However, when/Subnetworks have access protocols supporting the
complete functionality of the OS| network service, there need be no
sublayeringin the Network Layer.

7.54.:2 Network-connections

This function provides network-connectjons between
transport-entities, making use of data-link-cgnnections pro-
vided by the Data Link Layer.

e) error

f} error

detection;

ecovery;

A network-connection may aiso be provided
connections in tandem, i.e. using several ing
works in series. The interconnected individu
may have the same or different service capabilit

Bs subnetwork-
ividual subnet-
bl subnetworks
es. Each end of

g}l sequeéncing;
h) flow tontrol;
i} expedijted data transfer;
k} reset;
m) servite selection; and

n} network layer management.

a subnetwork-connection may operate with a different subnet-
work protocol.

The interconnection of a pair of subnetwotks of differing
qualities may be achieved in two ways. To il!ust'l'ate these, con-
sider a pair of subnetworks, one of high quality pnd the other of
low quality :

a) The two subnetworks are interconnectef as they stand.
The quality of the resulting network-connection is not
higher than that of the lower quality sTbnetwork {see

figure 19).

7.5.4.1 Routing and relaying

Network-connections are provided by network-entities in end

open systems but may involve intermediate open systems:

which provide relaying. These intermediate open systems may
interconnect subnetwork-connections, data-link-connections,
and data-circuits (see 7.7). Routing functions determine an ap-
propriate route between network-addresses. In order to set up
the resulting communication, it may be necessary for the Net-

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

The choice between these two alternatives depends on the
degree of difference in quality, the cost of enhancement, and
other economic factors.

1) This service is included in the network service only to support existing features of CCITT Recommendation X.25.
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