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Information processing systems — Open Systems

interconnection — internai organization of the

Network Layer

0 Introduction

This Internatignal Standard defines an architectural organ-
ization of the [Network Layer of the OS! Reference Model.
It is concerned with the functional organization of Network
Layer entities In open systems, and with the ways in which
this organizatipn can be mapped to "real world” compo-
nents (e.g. “real” networks, switches, transmission media,
etc.). This Intgrnational Standard relates those "real world”
objects which[must be dealt with to a set of abstract ele-
ments. There| may be a variety of mappings between an
abstract elemept and the physical equipment used to realize
it. The description of such mappings requires a clear dis-
tinction betwegn architectural terms and real world terms.

The architectuyal organization defined in this International
Standard identifies and categorizes the way in which func-
tions can be performed within the Network Layer by Net-
work Layer prptocols. In so doing, it provides a uniform
framework for|describing how different Network Layer pro-
tocols, operating either individually or cooperatively, can be

a) simplify the use of Network/Layer protocols to provide
the Network| Service in different situations;

b) limit the iincoordinated proliferation of Network Layer
protocols with overdapping functions; and

c) clarify the requirements for, and guide the development

the Network Layer in both types of entifies; i.e. in end
systems (within which the Network Seryice is provided
to NS users) and in intermediate systems$ (within which
network-entities providing these relay anq routeing func-
tions do_not provide the Network Service|to NS users).

1 Scope and field of applicatidn

This International Standard provides an architectural model
of the OSI Network Layer as a framework for OSI Network
Layer standardization, allowing incorporatjon of existing
networks within the OSI architecture.

This framework encourages the design of rgal subnetworks
that fully support the OSI Network Servicd whilst accom-
modating the participation, in the OSI envirgnment, of other
subnetworks that do not fully support the¢ OS! Network
Service.

This International Standard is intended for use both in the
design and application of Network Layer prptocols, operat-
ing between network-entities either in end $ystems provid-
ing the OSI Network Service, or in intermediate systems
providing the routeing and relay functions.

It shall be used to
a) provide a common set of concepts and |terminology for

use in Network Layer standards (such [standards shall
reference this International Standard);

b) analyse Network | ayer functionality and classify Net-

of, future N Tas.

This detailed internal structure is necessary in the case of
the Network Layer for two reasons:

1. The Network Layer provides its users with a uniform
Network Service, regardless of potentially wide variations
in underlying “real-world” network services, technologies,
and administrative organization. It is important to under-
stand how the underlying components are organized and
interact within the Network Layer, and how they can be
efficiently and effectively used.

2. ISO 7498 specifies that the Network Layer performs
routeing and relaying functions and may contain entities
residing in intermediate systems as well as in end systems.
It is necessary to describe events that take place within

work Layer protocols;

¢) specify how “real networks” should be used in sup-
porting or providing the OSI Network Service, in partic-
ular, in circumstances where multiple “real networks” are
to be interconnected and used.

The organization defined herein does not address Network
Layer management; in particular it is not concerned with the
relationships among Network Layer entities which may be
required for Network Layer management purposes. In ad-
dition, this International Standard does not specify the op-
erational requirements for relay functions in intermediate
systems, nor address how specific combinations of permit-
ted functions might be practically and efficiently utilized.
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2 References

ISO 7498, Information processing systems - Open Systems
Interconnection - Basic Reference Model

Note - See also CC
Open Systems Inter

ITT Recommendation X.200 Reference Model of
connection for CCITT Applications.

1SO 7498/Add. 1, Information processing systems - Open
Systems Interconnection - Basic Reference Model Adden-
dum 1:Connectionless-mode transmission.

ISO 8208, /nformation processing systems - Data commu-

nications - X.25
Equipment.

1SO 8348, Inforn|
nications - Netw

Note - See also C
Definition for Operl
plications.

1ISO 8348/Add.
communications

Packet Level Protocol for Data Terminal

a) OSI Network Layer
b) OSI Network Service
c) OSI network-service-access-point

d) OSI network-service-access-point-address

(network-address)
e) OSI| network-entity
f) network-relay

g) routeing
h) service
j) protocol

k) protocol-control-information

hation processing systems - Data commu-
brk service definition

CITT Recommendation X.213 Network Service
Systems Interconnection (OS/} for CCITT Ap-

, Information processing systems - Data
- Network service definition Addendum 1:

Connectionless-mode transmission.

ISO/TR 8509, /n

formation processing systems - Open Sys-

tems Interconnection - Service conventions.

Note - See also

CCITT Recommendation X.210 Open Systems

Interconnection (O$!) Layer Service Definition Conventions.

1SO 8802 - Part
Communications
Control.

- Part 3, Carrier
tection (CSMA/
Specifications.

- Part 4, Token-

2, Information processing systems - Data
- Local Area Networks - Logical Link

Sense Multiple Access with Collision De-
CD) Access Method and Physical Layer

Passing Bus Access Method and Physical

Layer Specificatigns.

- Part 5, Token
Specifications.!

- Part 7, Slotted
Specifications.?

Ring Access Method and Physical Layer

Ring Access Method and-Physical Layer

CCITT Recommgndation X.21, General purpose interface

between data

yerminal equipment and data circuit-

terminating equigment for synchrorious operation on public

data networks.

CCITT Recommendation-X.25, /nterface between data ter-

minal equipment
terminals operati
works.

land data circuit-terminating equipment for
hg_imthe packet mode on public data net-

3.2 Service conventions definitions

3.3 Network Layer-architecture defin

For the purpose 6f this international Standard, 1
definitions apply:

1) service user
m) service provider

n) real subnetwork: A collection of eq
physicalkmedia which forms an autonomou
whichican be used to interconnect real sys
poses ‘of communication.

p) subnetwork: An abstraction of a real su

q) interworking unit: One or more items @

This International Standard makescuse of the following
terms defined in ISO/TR 8509:

tions

he following

Lipment and
whole and
ms for pur-

bnetwork.

f equipment,

or a part of an item of equipment, whose operation pro-

vides a network-relay function (that is, a
which receives data from one correspondd
entity and forwards it to another correspond
entity).

Note - Such equipment may be integrated into a rd
which is being interconnected.

r) relay system: An abstraction of the equ
ing an interworking unit.

s) intermediate system: An abstraction of
providing a network-relay function.

t) data transmission service: The set o
available from a real subnetwork which ma

real system
nt network-
bnt network-

al subnetwork

pment form-

a real system

[ capabilities
y be utilized

SErXG trasoy! e for ¢

se of send-

3 Definitions

3.1 Reference

model definitions

This International Standard makes use of the following
terms defined in ISO 7498:

b aof tho yranl cuibn ho oiira
Dy Gt Ot Cou—Su DRt twoncT o tTht—putp

ing and receiving data.

Note - This service is defined between the points where each user

is connected to and accesses the real subnetwork; e

9. a DTE/DCE

interface, and should not be confused with the notion of a service

at a layer boundary as defined in 1ISO 7498.

' At present at the stage of draft; publication anticipated in due course -
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4 Abbreviations

For the purpose of this International Standard, the following
abbreviations apply:

CO-NS Connection-Mode Network Service
CL-NS Connectionless-Mode Network Service
DCE Data Circuit-terminating Equipment
DTE Data Terminal Equipment

IWu Interworking Unit

LAN Local Area Network

NL Network Layer

NSAP Network-service-access-point

PCI Pro = =i i

SNAcP Su

SNDCP Subnetwork Dependent Convergence Protocol
SNICP  Subnetwork Independent Convergence Protocol
5 Network Layer concepts and terminol-
ogy

This clause gives precise meaning to a number of terms
used in the QSI Network Layer standards which have a
range of interpfetation in more general usage.

5.1 Real world objects and abstract elements

Throughout thjs sub-clause and in clause 8, diagrams are
used to illustr@te various configurations of interest in the
Network Layerl Each diagram has two components. Real
world objects gre depicted at the top of each diagram, while
representation jof the corresponding abstract element is de-
picted at the bottom. Table 1 shows the graphical repres-
entations of the real world objects and abstract elements
used in the diagrams.

In figures 2, 3|and 4, the basic combinations of intercon-
nection of real (world objects (and thus their corresponding
abstract elements) are depicted. From this basiC set of
interconnections, an arbitrary number of permitted” inter-
connections cgn be built up through the repeated and/or
recursive invocgtion of the basic interconnections shown in
figures 2, 3 and 4.

ISO 8648 : 1988 (E)

5.2.1 End system considerations

An end system can communicate with another end system
either

a) directly, without an intervening intermediate system
(see figure 1); or

b) through one or more intervening intermediate systems
(see figure 2).

In this context, "directly” refers to that which involves only
the network-entities in the two communicating end sys-
- teat re intermediate
systems” refers to communication that Gnyolves the per-

Note - In figure
sentation of abst
lustrate OS| layer

5, and those which follow. it) the graphical repre-
act elements contains additional detail (e.g. to il-
5, protocol roles, etc.).

5.2 End systpms and intermediate systems

End systems a
equipment whi

nd intermédjate systems are abstractions of
ch fulfitithe requirements of the OSI stand-

ards necessary
(see ISO 749

to pravide the function of an open system
)~_An intermediate system performs only

formance of a network-relay functiofiCby
network-entities, in addition to the hetwork
two communicating end systems.

one or more
-entities in the

In either case no constraints areplaced on tHe way in which
relays at lower layers (e.g.(data-link-relays or physical-
relays) might be used to(provide communig¢ation between

network-entities.

For example, the real subnetwork which difectly connects
two end systems as depicted in figure 1, may be as simple

as a direct point-to-point link between the tw
or as compléx as an interconnected set of L
works (LANs).

o end systems,
ocal Area Net-

5.2.2.Intermediate system considerations

An intermediate system is an abstraction of

a) a real subnetwork (e.g. see 5.3 and
than one which is directly connected as in

b) an interworking unit, connecting tw
subnetworks (see 5.4 and figure 4 wherd
of two real subnetworks is shown); or

¢) areal subnetwork with an associated in
(see 5.4 and figure 3).

Any combination of the above may be ref
intermediate system.

igure 2) other
5.2.1;

b or more real

only the case

erworking unit

brred to as an

In some cases, it may be useful to identify dnd distinguish
the abstract functionality of a real subnetwofk from that of

an interworking unit. In such circumstanc
terms “subnetwork” and “relay system” ma
spectively, to refer to these specific types
systems. (As described in following 5.3 and

s, the abstract

be used, re-
bf intermediate
5.4.)

~ functions allochtéd to the lowest three layers of the Refer-

ence Model. Interworking units and real subnetworks are
real world examples of equipment fulfilling the intermediate
system role. An end system must additionally provide the
functions of the layers above the Network Layer. A real end
system is any piece of equipment or collection of pieces of
equipment which fulfils this end system role. Network Layer
entities within end systems shall provide the same Network
Layer inter-system communciation functions as those pro-
vided by Network Layer entities in intermediate systems,
with the exception of relaying functions which are per-
formed by intermediate systems only.

The same collection of physical equipment may be capable
of operating as a real end system or as an interworking unit,
or as both simultaneously, depending on the circumstances
of its use. In a particular circumstance the functions being
invoked correspond to those of an abstract end system or
an intermediate system.

5.3 Real subnetworks and subnetworks

A real subnetwork is a collection of equipment and physical
media which forms an autonomous whole and which can
be used to interconnect other real systems for purposes of
communication (see figure 2). Examples of real subnet-
works include

- commonly recognized, carrier supplied public networks;
- privately supplied and utilized networks;

- local area networks (LANs);

- any of the above, with associated interfacing equipment

and/or interworking unit(s), considered together as
forming a real subnetwork.
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Table 1 - Correspondence between real world
objects and abstract elements

Real world Graphical Corresponding Graphical
object representation abstract Representation
of real world element of absiract
object element
Real system System
Real open system Open system
Interworking unit WU Relay-system intermediate
system

Real subnetwork Real Subnetwork Intermediate
subnetwork system

Real end system A End system End system

* Note — For end systems-which are directly connected (see 5.2.1) their interconnection
will be graphically depicted as a single link and not as an intermediate system.
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All the pieces of equipment comprising such a real subnet-
work can be represented by a single abstract subnetwork.
It is important to note that a collection of physical equip-
ment of the types listed above, and represented here as a
"subnetwork”, is commonly called a "network”.

The externally visible properties of some real subnetworks
are described by separate standards and Recommendations
such as the CCITT X.21 circuit-switching and X.25 packet-
switching Recommendations, or the 1SO Local Area Net-
work standards. More than one real subnetwork may be
involved in an interconnection of other real systems. The
term subnetwork” may be apphed recurs:vely to collections

ISO 8648 : 1988 (E)

In the context of the OSI| Network Layer, the abstraction of
the subnetwork-provided functions along with the func-
tions performed within open systems needed to exploit the
subnetwork-provided functions is the subnetwork service.
The subnetwork service incorporates the data transmission
service, or a subset thereof. (See figure 5.)

A subnetwork service may therefore be

a) identical to the OSI Network Service in all instances
of use (see 5.3);

b) different from the OSI Network Service in all instances
of iise:

of subnetworfs—interconnected—r—suech—a—way—that—to—an
attaching systpm, they can be viewed and treated as a single
subnetwork.

A real subnetwork may be realized in such a way that it fully

supports the
supplied by t
real end syste

0SI Network Service; that is, the functions
he real subnetwork, suitably exploited by the
ms that are attached to it, are fully equivalent

in the abstrad
5.5). A real

t to those of the OS! Network Service (see
bnetwork which has this property is referred

to as a subnetwork which supports all elements of the OS!

Network Servjce.

In having the capability to fuily support

the OSI Netwprk Service, a real subnetwork must supply ail
mandatory elgments of the OSI| Network Service. it may

additionally s
Service but is

5.4 Relay s

pply any provider option of the OSI Network
not required to do so.

ystems and interworking units

A relay systenp is an abstraction of a piece of equipment (or

collection of
world as an
working unit
real subnetwd

An interwork

equipment) commonly referred to in the real
nterworking unit. The purpose of an inter-
is to facilitate the interconnection of distinct
rks.

ng unit may reside within the authority of a

real subnetw
other party.

rk suppilier or may be administered by some
n cases where an interworking-unit is phys-

ically separat¢ from the rea! subnetworks\it)interconnects,

the interwor
intermediate

may alsc be

subnetwork b
subnetwork a
presented as
Alternatively ¢
presented as
intermediate

the combined

ing unit may be represented as a separate
ystem (see figure 4). (An interworking unit
ncorporated as an integral part of each real
ping interconnected..\n such a case, each real
nd its associated inteérworking unit may be re-
A single intermediate system (see figure 3a).
bach real subpetwork individually may be re-
hn intermédiate system connected by another
bystem which represents the: functionality of
intervening interworking units (figure 3b).

c) different from the OS! NetworkCSeryice in some in-
stances of use but identical to the-QS| Network Service
in other instances.

When a real subnetwork supports a subnegtwork service of
type b) or c), it is necessary)to/perform adglitional Network
Layer functions in order~to provide the fill OSI Network
Service in all instances: These additional fynctions are per-
formed in the end systems and/or relay systems invoking
the subnetwork service on that real subnetyvork.

A particular case{of a subnetwork connectipn-mode service
of type c¢) as'defined in 5.5 is one in whigh a real subnet-
work is defined so that its access proto¢ol contains the
functions ireeded to support the establishipent and release
of network-connections, but not all the fyinctions needed
to_support data transfer on network-cohnections. En-
hancement protocols will, therefore, be required for such a
subnetwork during the data transfer phas¢ but not during
the establishment or release phases.

5.6 Service types

The OSI Network Service includes two bas|c service types:
a) a connection-mode service (CO-NS); jand

b) a connectionless-mode service (CL-N$) (see ISO 8348
and ISO 8348/Add. 1).

Similarly, a subnetwork may provide eithgr a connection-
mode or connectionless-mode service or bpth. The opera-
tion of Network Layer protocols may enabie either the CO-
or the CL-NS or both to be provided using interconnected
subnetworks that may provide either type pf service in any
combination (see clause 8 and table 2).

For a given instance of communication, the same service
(i.e. connection-mode or connectionles§-mode) is pro-
vided to both NS wusers. Choice qf provision of

5.5 Data transmission service and subnetwork

service

Any real subnetwork supplies a certain coilection of func-

tions to the real systems which use it.

Some real subnet-

works perform functions which are defined to be above the
Network Layer of the OSI architecture (or outside of OSI
entirely); such functions are outside of the scope of this
International Standard. The abstraction of the set of capa-
bilities available at the boundary between a real end system
and a real subnetwork is a data transmission service. Dif-
ferent types of data transmission services are availabie, cor-
responding to different types of real subnetworks (for
example, a packet-switched or circuit-switched data trans-
mission service as defined by CCITT).

connection—modeorconnectiont Network Service
is provided in accordance with clause 6.2 of ISO 7458/Add.
1.

6 Organization of the Network Layer

There are circumstances in which, among real subnetworks
which are interconnected, there are some real subnetworks
that do not fully support the OSi Network Service. As a
result, it is necessary to describe a Network Layer architec-
tural framework for the provision of the OSI Network Ser-
vice using such subnetworks. This International Standard
provides such a framework which can be used in the de-
velopment and application of standards related to real sub-
network interconnection.
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Redl end Real end
system system

/ AN

End system ' End system

Ei

gure 1 — “Direct” communication between end systems
(without an intermediate system)

Real end - Real end
system Redl subnetwork system

I

Intermediate system

End system End system

Figure 2 — End systems communicating through an intermediate system
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Red end Redl subnetwork Red subnetwork Red end

system system
E>>\

Red
/] subnetwork L

%

—— e m_n oo o o w— s
Py iy SE Ry T —p—

End system Intermediate system Intermediate system End rﬁm
) Representation of each real subnetwork and interworking function as an intermediate system

()

Real end Real subnetwork Red subnetwork Regl end

system em

—— ———— —— v ——

Epdsystem Intermediate system Intermediate system Intermediate system End fsystem

b) Representation of combined interworking functions as a separate intermediate system.

Figure 3 — Interconnection of real subnetworks that include integral
interworking unit functionality
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6.1 Factors which influence the Internal organ-
ization of the Network Layer

In the provision of the OSI Network Service, there are cases
in which all of the real subnetworks involved are subnet-
works which support all elements of the Network Service.
In those circumstances the OSI Network Service can be
provided using a single Network Layer protocol in associ-
ation with each subnetwork (see 6.7). In other circum-
stances, however, because of the variation among
subnetwork services, the use of a single Network Layer
protocol with each subnetwork may not be sufficient and
therefore, multiple Network Layer protocols, operating to-

6.2 Description of the possible roles
work Layer protocol

for a Net-

Three roles for Network Layer protocols have been identified
to describe how multiple Network Layer protocols may be
employed to construct the OSI Network Service (see figure

6):

a) in the role of a Subnetwork independent
Protocol (SNICP);

b) in the role of a Subnetwork Dependent
Protocol (SNDCP);

Convergence

Convergence

gether, may have[To be employed {morder 1o reatize the OSt
Network Service.| Hence, for a given combination of inter-

connected end systems and intermediate systems, a partic-
ular Network Laygr protocol may perform all, or only some,
of the functions mecessary to provide the OSI Network Ser-
vice.

In order to unddrstand under what circumstances and in
which ways mulfiple Network Layer protocols may be em-

ployed to provid

b the OS| Network Service, it is useful to

introduce the ndtion of the “role” that a Network Layer
protocol performs when used in a given combination of

systems. A Netv

of the functions
vision of the OSI
by the combinat

ork Layer protocol’s “role” is a definition
t performs when contributing to the pro-
Network Service. The “role” is determined
on in which the protocol is used and its

relationship to anly other protocols which may be operating.

Role is therefore

Note - An element

hlways relative.

n determining the role of a protocol is the defi-

nition of both the afreed service to be provided by the protocol and

the service assumed

to underly it. Any protocol (for the Network or

any other layer) is defined with respect to a specific underlying ser-

vice; part of the de
use of this service.

inition of a protocol is the way in which it makes

c) in the role of a Subnetwork Access Proto

A protocol at the Network Layer may fulfilone
in a particular combination of systems; “the s

ol (SNACP).

pf these roles
hme protocol

may fulfil the same or different roles-in differ¢nt combina-
tions. It is not necessarily the caseythat each role is fulfilled
individually by a separate discrete protocol. The case where

a single Network Layer protocol provides the
Service may be described”as the case wher|
protocol fulfils all of thé.defined protocol roles
of this kind of configuration is described in 6.
7a), 8a), 9a) and_9b). Sub-clauses 6.3 to 6.

0S| Network
e that single
An example
7 and figures
b and figures

10 to 21 inclusive describe configurations in which multiple

Network Layer'protocols are utilized.

The use of‘a)separate, discrete protocol fulfilli

vidual rple in this figure is not a general reqyirement;

example,”a single Network Layer protocol si
fulfilling all Network Layer protocol roles can
thes 0S| Network Service. The notatio
“SNDCP” and "SNAcP” in figure 6 refer to th

hg each indi-
for
multaneously
also provide
s "SNICP”,

case where

separate discrete protocols fulfil each of the SNICP, SNDCP

and SNACcP roles. Those with subscript “1”
functionally equivalent to those with subscript

Routeing and
SNICP 1 relaying SNICP 2
<4———p/ | Subnetwork (see note) Subnetwork | ¢—————>
independent independent
convergence fole ", - _comergence ke
. SNDCP 1 . | Subnetwork dependent Subnetwork dependent < OSNDCP 2

may not be
112”‘
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6.3 Subnetwork access protocols

A protocol fulfilling the SNAcP role operates under con-
straints that are stated explicitly as characteristics of a spe-
cific subnetwork. The operation of such a protocol
contributes to the provision of a subnetwork service which
is specific to the subnetwork concerned; this subnetwork
service may or may not coincide with the 0S|l Network
Service. The way in which such a protocol contributes to
the construction of the OSI Network Service is governed
by the definition of the corresponding subnetwork service
and by the way in which other Network Layer protocols (if
any) choose to make use of that service in a particular con-

figuration.

1SO 8648 : 1988 (E)

6.5.1 Relationship of SNDCP to SNICP

The introduction of the SNDCP role pemmits the assump-
tions made by an SNICP to be decoupled from the detailed
operation of particular SNAcPs, thus accommodating the
desired generality of a protocol fulfilling the SNICP role.

The provision of the underlying capabilities required by an
SNICP using a particular subnetwork service may require
the operation of an explicit protocol (i.e. a protocol involv-
ing the explicit exchanges of protocol control information
between peer network-entities) in the SNDCP role. How-

ever, there may also_be cases where the “protocol” in the

Within a givep subnetwork, there may be reiaying and
routeing functjons which govern the forwarding of infor-
mation entirely] within the subnetwork itself. The perform-
ance of subngtwork routeing and reiaying functions is

associated wi
SNACP role.

the operation of protocols fulfilling the

6.4 Subnetwork independent convergence pro-

SIS

A protocol ful

illing the SNICP role operates to construct

the OSI Netwgrk Service over a well-defined set of under-
lying capabilities which need not be based on the charac-

teristics of any

The specificat
SNICP role b

lying capabiliti
available by th
(or through pr

The choice of

particular subnetwork service.

on of a protocol intended for use in the
ins with a definition of such a set of under-
s which it uses. Such capabilities are made

operation of other Network Layer protocols
vision of the Data Link Service).

a suitable set of underlying capabilities is_

SNDCPT Y utes for manipulat-
ing the subnetwork service. This set of-rules would be im-
plemented in individual end and intermediatg systems where

required, but would not involve any. expligit exchange of

ril

6.5.2 Relationship of SNDCP to the [0S! Network
Service )

In some circums Al vn Ana o Adien
i1 some circumstanees, a pu.uul.ul iniay Oper te ullc\.uy over

a particular subnétwork service (and its associated SNAcP),
and provide capabilities completely equivalent to the OSI
Network Setvice (rather than some set of gapabilities dif-
ferent from\the Network Service, intended [to fulfil the re-
quiremeénts of an SNICP). When used in this manner, the

based upon

a) the types of subnetworks and subnetwork combina-
tions over which the protocol is expected to be used;

b) the technical and economic advantagés:and disad-
vantages asspciated with assuming one_set of underlying
capabilities rpther than another;

c) the likeifhood that the required—capabilities can be
readily consfructed from the operation of other Network
Layer protocpls (or the Data_Link’Service);

d) the degree of complexity of protocol mechanisms in
the SNICP itself which-is justifiable and desirable to sup-
port.

A distinguishing gharacteristic of a protocol acting in the
SNICP role is [that the underlymg capabrhtr% upon whlch
it depends nedd_nat he

protogol ‘is acting to fulfil both the SNIC
Network Service) role and the SNDCP (¢
particular subnetwork service) role simultang

6.6 Relaying and routeing

Relaying functions enable a network-entity|
formation received from one correspondent
to ancther correspondent network-entity.

(provides the
perates over a
bously.

to forward in-
network-entity
Routeing func-

tions determine an appropriate route betyween network-

addresses.

Where muitiple real subnetworks are present in a given

configuration there are two approaches to t
the relaying and routeing functions to indiy
entities. Either

a) the relaying and routeing functions
network-entities outside the real subnet

he allocation of
idual network-

are located in
yorks, in which

case an identifiable interworking unit cchected to the

two real subnetworks performs the func
4); or

ion (see figure

are located in

particular subnetwork service.

6.5 Subnetwork dependent convergence proto-

cols

A protocol fulfilling the SNDCP role by definition operates

over a protocol providing the SNAcCP role.

It is used to

provide the capabilities assumed by a protocol fulfilling the

SNICP role or

filling the SNICP and SNDCP roles.

SNDCP role is

to provide the OSI Network Service by ful-
A protocol in the
constrained by the specific characteristics of

a particular subnetwork service and by the assumptions
made by an SNICP.

network entmes ms:de the real subnetworks in which
case it is considered that an IWU (or IWUs) in each real
subnetwork performs these functions, and the real sub-
networks can be represented, from a routeing and relaying
perspective, as a single abstract subnetwork (see figure
3a).

A combination of real subnetworks with relaying and
routeing functions performed outside of the real subnet-
works may be interconnected to a combination where the
relaying and routeing functions are inside the real subnet-
works if the necessary interworking functions between the
two combinations are provided.

1
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6.7 Single Network Layer protocol fulfilling all
protocol roles

It is a distinguishing characteristic of a subnetwork which
supports all elements of the Network Service that no addi-
tional protocol is required between two corresponding OSl|
end systems or intermediate systems directly connected to
those real subnetworks, on the top of the protocol estab-
lished for using those real subnetworks (e.g. the protocol
described in 1ISO 8208). The Network Layer protocol of a
real subnetwork which has these properties is capable of
conveying, between the appropriate combination of end
and intermediate systems connected to it, all of the infor-
mation necessar
vided.

7 Application of the Network Layer

internal org

Anization

The concepts of| the Internal organization of the Network

Layer presented
ular approaches

n clause 6 can be used to describe partic-
which are used in the interconnection of

subnetworks and which are the subject of OSI standardi-

zation.

Such interconnegction approaches are concerned with the

provision of the
combination of
such as internet

0S| Network Service through the use of a
interconnected subnetworks. Functions,
work relaying and routeing, are combined

with functions performed by the individual subnetworks in

order to provide OS| network-connections or network

connectionless-mode transmissions between end systems
which may or may not be directly attached to the same

subnetwork.

ization of the N

work Layer to the interconnection of sub-

Three approachi for the application of the Internal organt

networks are de

a) interconne
ements of the

b) hop-by-h
works; and

c) the use of

ribed in the following clauses. They are

ction of subnetworks which support all el-
DSI Network Service;

bp harmonization over individual subnet-

An internetworking-protocol approach over

more than one|lsubnetwork.

In the case of a
proaches may be
phases of a netw

Note - The use of]
working protocol i

refer to any specific protocol

7.1 Interconn

connection-mode service, these three ap-
applied independently to each of the three
ork-cennection.

the word mternetworkmg in the term internet-

ection of subnetworks supporting

all elements of the OSI Network Service

The approach of interconnection of subnetworks supporting
all elements of the Network Service assumes that all of the
real subnetworks involved fully support the OSI Network
Service. A single Network Layer protocol is used between
the end and intermediate systems attached to each such
subnetwork to provide the OSI Network Service (see 6.7).
These subnetworks are interconnected by means of relay
and routeing functions (see 6.6) so as to support the OSlI
Network Service end-to-end. In this type of intercon-
nection NSAP-addresses are conveyed by means of the
single Network Layer protocol used.

12

7.2 Hop-by-hop harmonization

The approach of hop-by-hop harmonization involves a
subnetwork combination which includes at least one real
subnetwork which does not support all elements of the
Network Service. In this approach, the subnetwork service
of each subnetwork which does not support all elements of
the Network Service is “harmonized” such that it is identical
to the OSI Network Service. The additional functions which
are necessary to transform the subnetwork service to the
OSi Network Service may, in general, include functions that
mask certain features of the subnetwork service, as well as
functions that extend or enhance the subnetwork service.
ization func-
tions will requ:re the operation of one or more discrete pro-
tocols fulfilling the SNICP and, possibly;.the §NDCP roles,
on top of the SNACP protocols.

When each subnetwork is thus harmonized tp support the
required OS| Network Service, the harmonized subnetwork
services are interconnected by means of routding and relay
functions so as to support the required Network Service
end-to-end. NSAP-addresses are conveyed pn each sub-
network, either as PCliwithin the SNAcCP or as PCl within
the SNDCP or SNICP)) " The choice of the protocol which
conveys addressing information depends upon the
functionality of.the underlying real subnetworks.

An important.consequence of this interconnection approach
is as follows: When the hop-by-hop harmonizati
across a, given subnetwork, all real end systems and any
interworking units connected to that real supnetwork are
required to support the same protocol(s) us¢d to provide
the hop-by-hop harmonization in order to ensure the pos-
sibility of communication between all end systems.

7.3 Use of an
proach

internetworking prptocol ap-

The internetworking protocol approach defifes protocols
capable of operating over a series of interconnected sub-
networks and over different types of subnetwprk. The OSI
Network Service may then be provided by utilizing a single
protocol of this type operating in the role pf an SNICP
across a number of interconnected subnetworks and inter-
mediate systems. An internetworking protocol, as any
SNICP, must rely on some defined set of capabilities over
which it is to operate. The specification of puch a set of
capabilities is an essential part of the specification of an
internetworking protocol. It is an important consideration
in the selection of subnetworks over which [that internet-
working protocol can be used.

ade about the
: ate in the var-
ious mternetworklng protocol functions and thus the degree
of complexity of the internetworking protocol itself. For
example, an intermediate system may provide such func-
tions as internetwork flow control, or functions to segment
protocol data units, reassemble protocol data units which
have previously been segmented, or both.

In practice various design choices may be m

An internetworking protocol may be used over a subnet-
work whose subnetwork service is not the same as the de-
fined set of capabilities over which the internetworking
protocol was specified to operate. In such cases, a protocol
operating in the SNDCP role (i.e. an explicit protocol or
simply a set of rules for manipulating the subnetwork ser-
vice) is used to transform the subnetwork service to the
capabilities which the SNICP requires. The internetworking
protocol can then be operated over the SNDCP and SNAcP
of the subnetwork (or of each of the subnetworks involved
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in an interconnection). NSAP-addresses in this case are
conveyed over all the involved subnetworks as an element
of the internetworking protocol.

When this approach to subnetwork interconnection is used,
the possibility of communication between real systems, real
end-systems and interworking units connected to real sub-
networks can only be ensured in those cases where these
systems use the same internetworking protocol.

7.4 Combinations of approaches for intercon-
necting subnetworks

1ISO 8648 : 1988 (E)

the respective role. Where it is indicated that one or more
of these protocols may be absent, one or more of the re-
maining protocols provide all the necessary functions that
would have been provided by the absent protocols.

The figures summarized in table 2 depict particular combi-
nations of protocols which are utilized in the Network Layer
at a given instant of communication. Such combinations
occur for connection-mode transmission at any time during
which a network-connection exists between the real end
systems shown in the figures. Where the CL-NS is being
provided between the real end systems, such combinations
may occur at any time that a connectionless-mode transfer
H 4 pu |

With the application of the three different methods de-
scribed in 7.1 7.3 for the interconnection of real subnet-
works, it will, if principle, be possible that in a combination

LN “AVIRATARERAAV I

Note - Because the figures apply only to a given ir

Istant during data

of interconnecied subnetworks any combination of the dif-
ferent methodg may be employed. In a combination ap-
proach where |an internetworking protocol is utilized, but
does not operdte end-to-end, the internetworking protocol
acts as a harmgnization protocol over a number of hops.

transmission, different scenarios can apply to diffgrent phases of a
connection-mode service.

8.1 Single data-link/single subnetwork inter-

8 Intercon

The figures in

scenarios, illus
ization of the
clauses. Tabl¢
terms of the ty
whether the C{

Note - The same
and CL-NS, althg
of service provide

In these figur
"SNACcP” refer

nection scenarios

his clause show a variety of interconnection
rating the application of the Internal organ-
Network Layer described in the preceding
2 summarizes these depicted scenarios in
pes of subnetwork service being used and
D- or CL-NS is being provided.

real subnetwork may be able to provide the CO-NS
ugh in any instance of data transmission, the mode
d will be the same for both subnetwork users.

bs, the notations “"SNICP”, "SNDCP” and
to individually identifiable protocols fulfiling

Table 2. ~/Summary of interconnection scenarios

connection

Figures 7 and 8 respéctively depict the range
for interconnection over

a) a single-data-link;
b) a single‘'subnetwork.

Two cases,

T)-'use of a single Network Layer protocol

of possibilities

and

2) use of multiple Network Layer protocol$, are illustrated

for both of these configurations.

The term single data-link covers a range off
as described in 5.2.1.

configurations

Subnetwork Subnetwork O0Si Network Reference

service offered service offered Service to scenario

by subhet A by subnet B be provided
N/A N/A CO—NS or CL-NS 7

C/L or C/0 N/A CL—NS or CO—-NS 8

c/0 c/0 CO—-NS 9,10,11
c/L c/L CL—NS 9,12,13
c/0 c/0 CL—NS 14,15
c/L c/L CO—NS 16,17
c/L c/0 CL—NS 18,19
c/L c/0 CO—-NS 20,21

Key: N/A — Not applicable, no subnetwork present in this case

C/0 — Connection—mode service

C/L — Connectionless—mode service

13
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8.2 Interconnections involving subnetworks
which support all elements of the Network
Service

Figure 3 illustrates the interconnection of subnetworks as
described in 7.1, both for the case where the real subnet-
works are interconnected without a separate IWU (figure
9a) and for the case where a separate IWU is used (figure
9b) (see 5.2). In this scenario, either

a) both subnetworks offer a CO-subnetwork service and
are used to provide the CO-NS; or

b) both subne

are used to provide the CL-NS.

8.3 Interconne¢tions involving multiple protocol
combinations

Figures 10 to 21 depict interconnections where hop-by-hop
harmonization or the use of an internetworking protocol is
required. In thesq scenarios, the same or different types of
subnetwork servige are used to provide either a CO-NS or
a CL-NS.

A number of possjble situations exist for each scenario de-
picted. As an example, figure 10 illustrates three different
cases in which| the CO-NS is provided over the
CO-subnetworks @ising hop-by-hop harmonization.

Figure 10a) shows two real subnetworks being intercon-
nected without a separate IWU. In this case, one of the
subnetworks is a subnetwork which supports all elements
of the Network Service and thus a single Network Layer
protocol is used with that subnetwork. Figure 10b) shows
two real subnetworks interconnected via a separate IWU
where again, one of the subnetworks is a subnetwork which
supports all elements of the Network Service. In figure 10c),
no subnetworks which support all elements of the Network
Service are involved and several protocols in the Network
Layer are used with each subnetwork.

Figures 11 to 21 inclusive illustrate a case of the various

i nection scenarios which are summarized in
table 2. In each of these figures, only the case| where mul-
tiple Network Layer protocols are operating-with each sub-
network is actually shown. (This is the case which parallels
the case of figure 10c).) However;{each scgnario could
equally be illustrated to show the. case where one of the
subnetworks is a subnetwork which supports [all elements
of the Network Service (thesé\are the cases which paraliel
those in figures 10a) and(10b)). An importapt aspect to
note in figures 11 to 21¢is'that SNDCPs and SNAcPs indi-
cated on either side of@an IWU are not necessarily identical
protocols. Howevely in the case of the use of an SNICP
when using the_internetworking protocol apprpach in fig-
ures 11, 13, 15,47, 19 and 21 the SNICP on dither side of
an IWU is by definition the same protocol.

14
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Readi end
system Reol SUbnetVlork system
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| | | |
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R Network Layer protocol \ad—.
} __|¢ il » 13
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1 1

a) Use of single Network Layer protocol

Real end Real end
system Real-subnetwork system

. R N

N SNicP* R 4
=7 SNAGP o

b) Possible use of several protocols

Figure 7 — Provision of CO-NS or CL-NS over a single data-link
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system Real subnetwork system
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|
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Network Layer Network Layer
3 protocol >l < protocol 3
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1 1
a) Use of a single Network Layer protocol
Real end Real end
bystem Redl subnetwork system
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*May not be present in ofl instances
| |
4 i NP ' 4
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AP SNACP R < SNACP s
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b) Possible use of several protocols

Figure 8 — Provision of CO-NS or CL-NS over a single subnetwork
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a) Direct connection without separate interworking units
R:;’slt::‘d Real subnetwork WU Real subnetwork R:;Slt::‘d
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[ } r A
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| I Lo |
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| P b |
I | L {
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4 1
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b) Use of a separate interworking unit

Figure 9 — Interconnection of subnetworks utilizing a single NL protocol
to provide the CO-NS or CL-NS over two CO- or CL- subnetworks
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