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Introduction

This International §randard 1S one of e et of Standards assoctated withr theINetworkfayer

of ISO 7498’s Re

erence Model for Open Systems Interconnection (OSI). It has been

developed within tHe architectural framework defined for the Network layer in ISO 86438.

ISO 8348 defines t
provider operating

e OSI Network Service (NS) in terms of the behaviour of a single NS-
las a “black box" between correspondent NS-users, in accordance with

ISO TR 8509, as illustrated:

Layer 4
NS-user NS-user
Network NSAPS (and above)
Servi T | ~
oTvIce PN >, <> NS primitives
primitives ap; (| r—
NS-provider Layer 3
(and.below)
ISO 8648 defines ah architectural organization that applies to the intérnal functioning of the

NS-provider within| the Network layer. In particular, it providessa’¢ommon set of concepts

and terminology fo|
7498.

- use in Network layer standards which extends and refines those of ISO

This International §tandard provides a further level of\detailed refinement of the description

of the NS-provide
Network service. T|
details of particular

Other standards sp
performing the fun

This International
specifying the use
complete set of Ni
between correspon|
for routing and mar

, by defining the operation of_iftermediate systems in support of the
his definition remains abstract, in the sense that it is independent of the
subnetworks and protocaels,

ecify the use of Netwbrk layer protocols by an intermediate system in
tions defined in.this International Standard.

Standard| complements those defining the Network service and
of protocols for NS provision in end systems, in order to provide a
twork_layer standards covering each segment of the information flow
Hent’ NS users. Other standards deal with associated information flows

I'abvunvut.

©ISO/IEC
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Infor
infor
the re

1 Scope

This Internati
to support the

As the princij

layer service,
functionality

The definition
specify how tlf

The definition

8648), and to
case of the h
harmonizing t

to be specified

This Internati
local area net
standards for

ation exchange between systems — Definiti

nal Standard defines the abstract operation of the refaying functions of a Network entity in an intermediatg
OSI connection-mode Network service.

al means for expressing the definition, the ¢dncept of the Network Internal Layer Service is used. This i
but adapted to expressing the invariants of the information flow within and throughout the layer, rather th
f the layer provided between two serviée daccess points.

includes the invocation of Netwerk-routing functions as a necessary element of the Network relaying funct
ose routing functions are to bewrealized.

of Network relaying fufictions applies both to a subnetwork supporting all elements of the Network Servicg
h Network relay systemiinterconnecting two subnetworks according to any of the three approaches defined
p-by-hop harmonization approach to interconnection, the definition of Network relaying functions appl
he subnetwork senvice(s) to the level of the Network Service. The harmonization functions, which require pr
, are outsidethe-scope of this International Standard.

bnal Standard is intended for use in guiding the design and application of real interworking units and reg
vorks.arld private packet switched networks) which are to support the OSI NS. It is also intended for use in
he Network layer, to ensure that the requirements deriving from the need for Network layer relaying are takg

— Telecommunications an

aying functions of a Network layer intermedia
system

d
pn of
te

system, as needed

similar to an OSI
hn just the external

ons, but it does not

(as defined in ISO
n ISO 8648. In the
es to the result of
otocol mechanisms

| subnetworks (eg,
he development of
n into account.

There are no requirements for conformance to this International Standard.

NOTE — Conformance requircments rclating to Network layer relaying are to be found in the specifications for mappings between the Network Internal

Layer Service a

nd Network protocols.

2 Normative references

The following standards contain provisions which, through reference in this text, constitute provisions of this International Standard. At the
time of publication, the editions indicated were valid. All standards are subject to revision, and parties to agreements based on this
International Standard are encouraged to investigate the possibility of applying the most recent editions of the standards listed below.
Members of IEC and ISO maintain registers of currently valid International Standards.

ISO 7498:198

4, Information processing svstems — Open Systems Interconnection — Basic Reference Model

NOTE — See also CCITT Recommendation X.200 (1993).
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CCITT Recommendation X.213 (1992) | ISO/IEC 8348:1993, Information technology — Open Systems Interconnection — Network
service definition.

ISO/TR 8509:1987, Information processing systems — Open Systems Interconnection — Service conventions.

ISO 8648:1987, Information processing systems — Open Systems Interconnection — Internal organization of the Network layer.

3 Definitions

3.1 Reference model definitions

This International

a) Network layer

b) Networtk service

c) Netwotk service access point

d) Network service access point address
e) Network entity

f) Network relay

g) correspondent Network entities

h) Netwotk connection

i) Netwofk connection endpoint

k) Network function

3.2 Network layer architecture definitions

This International Standard makes use of the following terms defined in ISO 8648:

a) real subnetwork

b) subnetywork

c) interwgrking unit

d) Network relay system
e) intermgdiate system
f) end syqtem

3.3 Service conyentions definitions

This International Btandard makes use of the following-terms defined in ISO/TR 8509:

a) Network service-user

b) Netwotk service-provider
c) primitiye

d) reques{ (primitive)

e) indicatjon (primitive)

f) response (primitive)

g) confirm (primitive)

3.4 Network relaying definitions

For the purposes of thisAnternational Standard the following definitions also apply:

3.4.1 domain: A subset of those open systems containing Network entities, in which there is a common understanding of values for cer-
tain domain-related parameters of NILS primitives.

3.4.2 domain-related parameter: A parameter of NILS primitives that does not have a set of values defined by this International Stan-
dard — whether directly, or indirectly by reference to ISO/IEC 8348 — to be applicable throughout the Network layer.

3.4.3 hop: The communication path supporting the transfer of information by NILS primitives, or by NILS primitives and Network
service primitives, for an instance of communication between two Network entities that are adjacent in the modelling chosen for the
Network layer interconnection.
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4 Abbreviations and names of NILS elementary sequences

4.1 General abbreviations

CO connection-mode

EES extended end system

ENSDU  expedited Network service data unit
ISB internal service bearer

N- Network-

NC Network connection

NHEP Network hop endpoint

NILS Network internal layer service
NISAP Network internal service access point
NS Netwaork service

NSAP twork service access point
NSDU twork service data unit

OSI open systems interconnection

QOS quality of service

4.2 Names jof NILS elementary sequences of primitives for N-connections

The followinf is a summary of the names defined in clause 8 for the elementary sequences of-primitives that are used in defining the
behaviour of [a Network connection according to the Network internal layer service. Each item’includes a brief descripjon of the nature of
the sequence s function, and a reference to the figure defining the sequence.

request aborted (figure 4)
rmal data transfer (figure 7)
EC Ekpedited data confirmation (figure 7)

ED Eikpedited data transfer (figure 7)

ESTAB confirmed (figure 6)

FR nerated flow control, of received data (figure 7)
FT Elxternal flow control, of transmitted data (figure 7)
RC Rleceipt confirmation (figure 7)

RELC C release, generated collision (figure 9)

RELF C release, forwarded (figure 9)

RELG C release, generated (figure 9)

RELX C release, external collision (figure 9)

REQ C request completed (figure 4)

RESC nfirmation of forwarded reset (figure 8)

RESF Fprwarded reset (figure 8)

RESG enerated local reset (figure 8)
RESX ternal local reset (figure 8)
RETRY C establishment retry (figure 5)
RJ1 C request rejected (figure-4)
SD C status discarded (figure 5)
SF C status forwarded'(figure 5)
SG C status generated\(figure 5)

5 The mpdel of relaying by an intermediate system

5.1 Elements df‘the relaying model

This International Standard uses 1SO 8648’s structuring for intermediate systems as the basis for defining the operation of such systems in
supporting the OSI connection-mode Network service.

Figure 1 illustrates, in a form adapted from ISO 8648, the general model of an intermediate system and the information flow through it. That
flow represents, for each instance of Network layer communication handled by the intermediate system, the use made of the Network service
by the NS-users in the end systems connected to the two sides of the intermediate system; the end systems may be connected either directly
or through other intermediate systems. The sides of the intermediate system are labelled A and B for convenience in referring to them.

ISO/IEC 8348 defines the Network service in terms of primitives that occur in end systems, across the upper boundary of the Network layer.
The first task of this International Standard is to provide corresponding definitions to allow discussion and specification of the information
flow that represents those primitives in intermediate systems, and entirely within the Network layer. This is done by defining the Network
internal layer service (NILS), including the correspondence between elements of the NILS and those of the Network service. The NILS is
defined in terms of primitives with associated parameters, of the four types defined (but for OSI layer services) in ISO TR 8509.

The NILS is an abstraction of the interface in an intermediate system between the protocol support for the Network service and the N-
relaying and N-routing functions. It is defined at a level corresponding to ISO 8648’s subnetwork independent convergence protocol
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(SNICP) role. Like the OSI Network service, therefore, it is independent of the details of particular protocols and subnetworks. The
definition of the NILS, however, involves less abstraction from the level of detail that is typical of protocols than does the Network service:
this reflects the role of the NILS as an expression of general Network layer internal mechanisms, as opposed to just the Network layer
functionality that needs to be made visible to an NS user. In figure 1, the items 1A and 1B represent instances of the NILS. Clauses 7 to 9
contain the definition of the NILS.

Item 2 in figure 1 represents the N-relaying function, which relates the elements of the two instances of the NILS. The N-relaying function is
defined in clauses 8 and 9.

1A 1B
j 4
N-protocols o B N-protocols
Aa,Ab ... Ba, Bb). -
Data Link layer Data.Llink layer
Physical layer Physical layer
Figure 1 — Intermediate-system model

Item 3 represents the N-routing function needed to perform the relaying. The N-relaying function’s interface to this is defined inf clause 9.

Items 4A and 4B ih figure 1 represent the mappings of the NILS to the protgeol combinations used on the two sides of the intermediate
system. These mappings for OSI standard Network protocols are specified in“ather standards.

NOTES

1 The protocol combinations on the two sides of an intermediate systenizay be different. If there are K such combinations, the relaying moglel implies that
only the K protocol mappings for the NILS need to be specified in orderto cover the full set of K-squared interworking possibilitics.

2 The protocols usedl on a given side of an intcrmediate system midy be combined “vertically”, as occurs when scparate protocols are used inftwo or more of
the roles defined in ISO 8648; or they may be combined. horizontally™, as for instunce when an N-routing-protocol exchange is invoked fn support of a
particular attempt at NC establishment.

3 The OSI abstract fodelling technique means that the NILS primitives at a given side of an intermediate system are to be considered as a difect abstraction
from the NPDUs trajsmitted and received by the~8ystem. Thus items 4A and 4B in figure | truly represent mappings between those NPIDUS and NILS
primitives: they do nbt represent, for example, Network protocol implementations, with the implied possibility that these can intervene, brlow the NILS
interface, in the flow of Network-servicedlevel information represented by the NILS. To the extent that such interventions are observable outside the
intermediate system, the model ascribes them all — apart perhaps from those resulting from protocol violations — to the relaying function shown as item 2.

5.2 Interconnection of intermediate systems

This subclause consider§ how the model of a single intermediate system, introduced in 5.1, is used where multiple Network entities are
interconnected in $upporting an instance of Network layer communication. The concern throughout is with Network layer operation

considered at the 1 defining the
correspondence between the OSI Network service, at end systems, and the operation of the NILS at intermediate systems involved in
supporting the Network service.

The simplest interconnection scenario involving relaying is that shown in figure 2A, where two end systems communicate via a single
intermediate system (representing, for example, a real subnetwork).

The concern with the Network layer only, and with the NS and NILS level of abstraction within that layer, is expressed in a diagrammatic
representation that is simplified and abstracted from that used in figures 1 and 2A. Figure 2C is the representation corresponding to figure
2A, when the relaying function of the intermediate system is isolated for separate consideration.

NOTE 1 — Figure 2B is provided purely to clarify the derivation of figure 2C from figure 2A, by illustrating an intermediate step.

Figures 3A and 3B show a more complex interconnection scenario and its representation. The new feature here is the communication
between two intermediate systems, considered as Network relay systems, via a third intermediate system considered as a subnetwork.
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Transport layer

Network Network
Network layer ‘_gr__. ——
protocols ] protocols

Physical layer

A. ISO 8648 representation. with relay model

. NS NILS< NILS . NS
l—- ] Network I\/ \_/\4 Network ’—‘ I R
| protocols ‘_\J {_J‘ml

B. Network layer elements only, with relaying compopent separated

NS

I_—W NILSN. AN AlLs/———_INS
NN

C. Service-level representation: protocol details abstracted

Figure 2 — End system /.ifitermediate system / end system interconnection

Transport
Network * > * > —1 >
> +“—> +—> +—>
Data Link
Physical
End N 3 End
System Subnetwork N-relay System Subnetwork N-relay System System
A Full architectural model (ISO 8648)
NS NILS NILS NILS NILS NS
I‘— \1(; N \1<x N I_
EES1 RC1 ISB (internal service bearer) RC2 EES2
EES1, EES2: extended end systems RC1, RC2 : relaying components

B. Network layer service-level representation

Figure 3 — Interconnected intermediate systems (Network relay systems and subnetworks)
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Figure 3B contains three different kinds of element, which participate in conveying the information flow through the Network layer and
interface to each other by means of the NILS. These three kinds of element are enough to express any interconnection scenario; they are

described by the following terminology.

a) A relaying component (of an intermediate system) performs the mapping between corresponding NILS primitives at the
its two sides.

interfaces on

b) An extended end system (EES) provides the Network service to an NS user; it maps between Network service primitives at an NSAP

and corresponding NILS primitives at its other interface, which is always to a relaying component.

¢) An internal service bearer (ISB) maps between corresponding NILS primitives at its two interfaces (which are always
components).

NOTE 2 — A relayi
for the Network-layer
Network protocol or p)

interconnection. An ISB or an EES represents parts of the functionality of at least two distinct Network entitiesg 104
fotocols that convey the N-layer information flow between them.

Additional related t¢rms for use in defining and discussing the NILS are as follows.

d) The commuification path represented by an EES or ISB for a single instance of Network layer communication is termed 4
which NILS primitives are exchanged between a reiaying component and an EES or ISB is termed a Net

s point (NISAP).

e) The point at

service accey

NILS primit
(NHEP); thi
For a hop of]
in order to p

ves occurring at a given NISAP and belonging to a single NC are considéreéd to occur at a Network h
is distinct from the NHEP of any other NC, and from the NHEP of any other hop of the same NC, at the §
an NC passing through an EES, the Network connection end point at théNSAP is also termed a Network H
ovide a uniform terminology for use in defining the NILS.
NOTE 3 — The rolefof an NHEP in relation to the NILS is analogous to that of a Network cenacétion end point in relation to the Network sery
The role of a NISAPP in relation to the NILS is analogous to that of an NSARn relation to the OSI Network service. Howe
NSAP, an NISAP feeds no global identification mechanism such as is prowided for NSAPs by Network addresses: NISAPY
modelling abstractipn. Because of this, each Subnetwork Point of Attachmiént (SNPA) of a Network relay system is defined to
with exactly one NISAP; more than one SNPA can be associated with one given NISAP. Many-to-one or many-to-many
NISAPs to SNPAs dlo not occur, by definition.

When only the NILS is considered, the difference between a relaying component and an ISB is simply a reversal of the sens
primitive types. Thht is, request and response primitives areJinputs to an ISB but outputs from a relaying component, and ¢
indication and confirm primitives. When the roles of\the various elements are considered in detail, however, different ele
relaying model are [seen to apply to relaying compenents and to ISBs, and the distinction is seen to relate closely to the chg
modelling intermed|ate systems as Network relay systéms or as subnetworks.

6 Features ofthe Network internal layer service

This clause outline
corresponding ele
the connection-m

nts of the QSI.Network service. Clauses 8 and 9 define how the NILS primitives are used in supporting t
Network(service.

all, theyfeatures of the OSI connection-mode Network service as defined in ISO/IEC 8348, in order t
NS’ between NS-users in end systems. In addition, the NILS offers a number of features related to the opj

The NILS include
provision of the C

with relaying

delling chosen
cther with the

hop.

work internal

op end point
iven NISAP.
op end point,

ice.

er, unlike an
are purely a
be associated
mappings of

b of the basic
pnversely for
ments of the
ices made in

the features provided by the NILS. Clause 7 defines the primitives and parameters of the NILS and relatgs them to the

he features of

support the
eration of the

CO NS and the nee

NILS features that correspond directly to the features of the connection mode Network service are as follows.

a)

user-data between NS-users in end systems interconnected via the intermediate system.

b)
up the NS-provider for the NC, for a certain quality of service.
Normal data transfer: the means of transferring NSDUSs in sequence and transparently on an NC.

c)

d) Flow control: the means by which a receiving N-entity, in an end system or intermediate system, can control the rate at

NC establishment: the means to establish a Network connection through an intermediate system, for the purpose of transferring NS-

QOS negotiation: the establishment of an agreement associated with an NC, between the NS-users and the various N-entities making

which a peer

N-entity may send NS-user-data. (Such flow control between N-entities can result from flow control exerted, by local mechanisms, by

a receiving NS-user in an end system; or can cause flow control to be exerted, again by local mechanisms, on a transmi
in an end system.)

tting NS-user
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1

xpedited data transfer: as a selectable option of the NS-provider, the means of transferring separate expedited NSDUs in sequence

T,

Receipt confirmation: as a selectable option of the NS-provider, the means to convey confirmation that an NS-user has received
certain NSDUs.

NC reset: the means by which an NC can be returned to a defined state with the activities of the two NS-users synchronized, invoked
by either NS-user or by a Network-entity forming part of the NS-provider for the NC.

NC release: the unconditional and therefore possibly destructive release of an NC by either NS-user or by a Network-entity forming

part of the NS-provider for the NC.

Additional features relating to the internal operation of the Network layer are as follows.

j) Conneftion control: the means of exchanging information between intermediate Systems in relation 0 Thd
establighing an NC.

k) Error diagnostics: the means of transferring diagnostic information associated with NC resets and NC release:

1) Accoufting information: the means of transferring information related to the costs of an NC, at NCrrelease.

The quality of] service (QOS) for a Network connection is as defined in ISO/IEC 8348.

Expedited dat
The operation|
phase, items (
7 Primiti
7.1 Definiti

The first and third columns of table 1 define, respectively, the NILS¢primitives, and the parameters associated with each

column provi

The second a:

parameters ar

and its param

of an NC is considered as being divided into three phases: NC establishment-phase, items (a), (b) and (j)
) - (g) and (k) above; and NC release phase, items (h), (k) and (1) above,

ves and parameters of the Network internal layer&ervice

bns of NILS primitives
es references to the definitions of the parameters.

d those of the OSI Network service. This correspondence relates one NS primitive and its parameters to
ters, except in the case of N-DATA where the correspondence is as defined in 7.1.3.

7.1.1 Correspondence between NS and NILS primitives

The “request

an NS primiti

NS primitive;
The correspo
NSAP may

corresponden

NOTES

All primitiV

br indication” parts of the entries/in table 1 are to be read as meaning that an NILS primitive of type reques
and similarly for the ‘response or confirm™ entries.
dence defined heré~is between primitives considered as classes of possible instances. An instance of an

e is a congequence of the definitions in clause 8.

ksofahe OSI CO NS are present in table 1, with corresponding NILS primitives defined.

h transfer and receipt confirmation are provider options of the NILS in the same s¢nSe-as in the CO NS, ISO,

hd fifth columns of table 1, together with 7.1 and 7.1.2, define the basic correspondence between the N

ve either of type request dr of type indication, and an NILS primitive of type indication may also correspo

orrespond to.Zetd, one, or several instances of the corresponding NILS primitives at different NIS

ir co-operation in

IEC 8348.

bove; data transfer

rimitive; the fourth
ILS primitives and
pne NILS primitive
may correspond to

nd to either type of

NS primitive at an
IAPs; that level of

2 Three request / indication pairs of NILS primitives are defined that have no corresponding NS primitives: thesc are NI-CONNECT-PROCEEDING, NI-
PAUSE and NI-CONTINUE. The NILS also has NI-EXPEDITED-DATA response and confirm primitives that have no corresponding NS primitives.

7.1.2 Correspondence between parameters of NS and NILS primitives

For those parameters marked “(=)" in table 1, the value of such a parameter in an instance of an NILS primitive other than NI-DATA is equal
to the value of the parameter of the same name in any corresponding instance of an NS primitive; the NS-provider has a passive role with
respect to these parameters, conveying them unchanged.

For those parameters marked “(*)", the value of such a parameter in an instance of an NILS primitive can be different from the value of the
parameter of the same name in a corresponding instance of an NS primitive; the NS-provider can have an active part in negotiating or
generating these parameters — see clause 9.

NOTE — The parameters of all OSI CO NS primitives except N-DATA are present in table 1, marked “(*)” or *(=)" to define their correspondence with
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NILS parameters; the missing parameters of N-DATA correspond to parameters of NI-DATA as defined in 7.1.3.
7.1.3 Correspondence between N-DATA and NI-DATA primitives
An N-DATA primitive with an NS-User-Data parameter of length L octets corresponds to a sequence of L NI-DATA primitives, as follows:

a) the value of the NS-User-Data-Octet parameter in the nth NI-DATA primitive of the sequence, 0 < n < L+1, is the value of the nth
octet of the NS-User-Data parameter;

b) the value of the NSDU Qualifier parameter in the nth NI-DATA primitive of the sequence, 0 <n <L, is “Normal™;

c) the value of the NSDU Qualifier parameter in the Lth NI-DATA primitive of the sequence is “Last” if the N-DATA primitive does
not contain the Confirmation Request parameter, and otherwise is “Last with Confirmation Request”.

NOTE — The qualiflying symbol “(=)” is used against the parameters of NI-DATA in table I, since the above correspondence conveys, the content of a
corresponding N-DAT|A primitive's parameters without change.
Table 1 — Primitives and parameters of the NILS, and correspondence with OSI connection-mode Nétwork sefvice
NILS primitive NS primitive NILS Parameters Reference Note
NC establishm¢nt
NI-CONNECT N-CONNECT Called Address 7.2.2 =)
request or indicdtion request or indication Calling Address 7.22 (=)
Receipt Gonfirmation Selection 723 *)
Expedited)Data Selection 724 *)
QOS,Parameter Sct 725 (*)
NS-User-Data 728 (=)
NE'Connection Control 7.2.11 3
NI-CONNECT N-CONNECT Responding Address 7.22 =)
response or confirm response or confirm Receipt Confirmation Sclection 723 (=)
Expedited Data Sclection 724 (=)
QOS-Paramecter Set 725 (=)
NS-User-Data 7.2.8 (=)
NI Connection Control 7.2.11 3
NI-CONNECT-PROCEEDING none none 2
request or indicdtion
NC release
NI-DISCONNECT N-DISCONNECT Originator 7.2.6 *)
request or indicdtion request or indication Reason 727 *)
NS-User-Data 7.2.8 =), 1
Responding Address 722 (=), 1
NI Diagnostic 7.2.12 1,3
NI Location 7.2.13 1,3
NI Accounting 7.2.14 1,3
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Table 1 (concluded)
NILS primitive NS primitive NILS Parameters Reference Note
Normal data transfer and
receipt confirmation
NI-DATA request or indication N-DATA request or indication NS-User-Data-Octet 729 (=), 4
NSDU Qualifier 7.2.10 (=), 4
NI-DATA-ACKNOWLEDGE N-DATA-ACKNOWLEDGE none 5
request dr indication request or indication
Flow control
NI-PAUSH request or indication none none 2
NI-CONTINUE request or indication none none 2
Expeditgd data transfer
NI-EXPEDITED-DATA N-EXPEDITED-DATA NS¢User-Data 7.2. =)
request gr indication request or indication
NI-EXPEDITED-DATA none none 2
responsd or confirm
NC reset
NI-RESET] request or indication N-RESET request or indication Originator 7.2.6 *)
Reason 729 *)
NI Diagnostic 7.2.12 1,3
NI Location 7.2.13 1.3
NI-RESET] response or confirm N-RESET response or confirm none 5
NOTES
=) Sge 7.1.2.
*) Sge 7.1:2:
1 This pardnieter is not present in all instances of the primitive: see clause 8 for details.

2 This NILS primitive has no corresponding NS primitive: it is defined as part of the Network layer’s internal support for provision of

the CO NS: see clause 8 for details.

3 This NILS parameter has no corresponding NS parameter: it is defined as part of the Network layer’s internal support for provision of

the CO NS.

4  See 7.1.3 for the correspondence between N-DATA and NI-DATA primitives and their parameters.

5 This Network service primitive has no parameters.
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7.2 Parameters of NILS primitives

The ranges of parameter values are as defined in 7.2.2 to 7.2.14 below. Parameters with names that are not prefixed with “NI” correspond
exactly with parameters of the CO NS as defined in ISO/IEC 8348. Parameters with names prefixed with “NI" are specific to the NILS: 7.2.1
defines some general properties of these (four such parameters are defined, see 7.2.11 10 7.2.14).

7.2.1 NILS-specific parameters

The function of the NILS-specific parameters is to convey information that is not directly reflected in the Network service parameters seen
by NS users in end systems, but that relates to support of the Network service by intermediate systems.

Whereas values of Network service parameters have meanings that are globally defined for the OSI environment by ISO/IEC 8348, it is
possible that values of some NILS-specific parameters will be defined in more restricted domains. Although such domains could be
dependent on particular subnetworks, etc, the need to convey the parameter values across other hops is a subnetwork-independent property of
Network layer relaying, hence the inclusion of these parameters in the NILS. To allow correct interpretation, such a paranjeter value is
considered in generfl to be structured to contain a domain identifier as well as the domain-specific value. (Where a parametet|consists of a
number of subpararpeters, this structuring can apply to each subparameter.) Parameters, or subparameters, of this kifid\are feferred to as
“domain-related (sup)parameters” in the remainder of this International Standard.

Domain identifiers qre Network addresses, as defined in ISO/IEC 8348 (thus including the possibility of Network-entity titles).

A null value, definedl globally for the Network layer, exists for each NILS-specific parameter.
NOTES

n 1SO 9542 or
— e.g. that of

1 The concept of don
ISO/IEC TR 9575, altl
[SO/IEC 8208 — and

ain that is involved here is not limited to that of addressing domains as in ISO/IEE 8348, nor of routing domains as
ough both such domain types could be appropriate in some instances; also likely to be important are protocol domains
hdministrative domains of various kinds.

2 Inclusion in the NILS of the subnetwork-independent function of conveying domain-related gsuf)parameters is particularly related to the ainj (see clause 1)
of guiding the design df future subnetworks and protocols, so that they accommodate better theyrequirements for interworking of heterogencous fubnetworks.

3 Processing of dom
definition. The NILS
dependent level — an(
4 Null values are neq

7.2.2 Addresses

A Called Address,
unchanged through

7.2.3 Receipt Conlf]

A Receipt Confirmiation Selection parameter has one of two possible values, “‘use of Receipt Confirmation” or “no us

Confirmation”.
7.2.4 Expedited D4

An Expedited Data

in-related (sub)parameters is not a subnetwork-independent function, and therefore no details of such processing appeg
efinition is limited to stating that such (sub)parameters can béprocessed in intermediate systems — for example, at
that such processing can cause forwarded values of the (sub)parameters to differ from received values (see, e.g. P2 in 8.]

essary to deal with subnetworks which do not support pdrticular NILS-specific parameters.

Calling Address, or Responding Address parameter takes a Network address as its value. Such values
L hop or relaying component.

rmation Selection

ta Selection

belectionparameter has one of two possible values, ““use of Expedited Data™ or ““no use of Expedited Data™.

7.2.5 QOS-Param

ter’Set

jar in the NILS
a subnetwork-

).

re conveyed

e of Receipt

In connection-mode

a)
b)
c)
d)
e)

transit delay;
protection;
priority.

operation a QOS-Parameter Set parameter consists of a set of subparameters for each of:

throughput (calling to called);
throughput (called to calling);

Table 2 defines the subparameters that are present for each QOS parameter on each type of NI-CONNECT primitive. The table also defines
the correspondence with those ISO/IEC 8348 QOS subparameters for which values are conveyed unchanged through a hop or relaying
system: the same ““(=)" notation as in table 1 is used, see 7.1.2.

The Current subparameters of NI-CONNECT request and indication primitives correspond both to the Available subparameters of N-
CONNECT indication and to the Target subparameters of N-CONNECT request. The “(*)" notation of table 1 is used to indicate, as per
7.1.2, that values of corresponding subparameters in corresponding instances of NILS and NS primitives can be different: the values are
related as defined in 8.3.1.

10
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Table 2 — QOS-Parameter Set subparameters

QOS parameters

Primitive:

NI-CONNECT request,
NI-CONNECT indication

NI-CONNECT response,
NI-CONNECT confirm

Protection,
Priority

Throughput (calling to called),
Throughput (called to calling),

) Current, *)

) Lowest Quality Acceptable
)

)

=)

Selected (=)

Transit Delay ) Target, (=) Selected (=)
) Current, *)

) Lowest Quality Acceptable (=)

(=), (*) — see7.1.2and 7.2.5.

7.2.6 Origingtor
An Originator parameter has one of three possible values, “NS user”, “NS provider” or “undefined™.
7.2.7 Reaso

A Reason p:lameter has one of the values defined in ISO/IEC 8348, cQustrained according to the value of the aspociated Originator
parameter as 3lso defined in ISO/IEC 8348.

7.2.8 NS-Usgr-Data
An NS-User-Pata parameter has a sequence of octets as its value. In NI-CONNECT and NI-DISCONNECT primitivgs the length of the
sequence is i) the range zero to 128 octets inclusive; in NI-EXPEDITED-DATA the length is in the range one to 32 ocfets inclusive. Such
values are cofveyed unchanged through a hop or relaying Camponent.

7.2.9 NS-Us¢r-Data-Octet

An NS-User-Pata-Octet parameter has a singlé-dctet as its value. Such values are conveyed unchanged through a hop or felaying component
(subject to thg correspondences, in an EES, defined in 7.1.3).

7.2.10 NSDU Qualifier
An NSDU Qualifier parameter has one of three possible values, “Normal™, “Last” or “Last with confirmation reques}”. Such values are
conveyed unghanged through-a‘“hop or relaying component (subject, in an EES, to the correspondence between N-DATA and NI-DATA

primitives defined in 7.1.3)«

7.2.11 NI Cdnnection Control

An NI Conneftioh/Control parameter consists of a number of domain-related subparameters (see 7.2.1), as follows (7.2.1].1 t0 7.2.11.4).

7.2.11.1 NI Additional QOS is a subparameter which conveys information relating to the NS provider’s support for QOS parameters other
than those conveyed in the QOS-Parameter Set parameter. Details are domain-dependent.
NOTE — An example might be a value for maximum connection establishment delay.

7.2.11.2 NI Cost Determinants is a subparameter which conveys information relating to the NS user’s control of costs incurred by the NC.
Details are domain-dependent.

7.2.11.3 NI Authentication is a subparameter which conveys information relating to the authentication of the NS user to intermediate
systems through which the NC might pass. Details are domain-dependent.

7.2.11.4 NI Route Control is a subparameter which conveys information about the route to be followed by the NC. The null value
indicates that there are no constraints on the route; otherwise, details are domain-dependent.

11
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7.2.12 NI Diagnostic
An NI Diagnostic parameter is a domain-related parameter (see 7.2.1) which conveys more detailed information than do Reason parameters

about provider-originated reset or release of an NC. According to the domain identified, this information can be structured as a number of
subparameters. The null value indicates that nc such information is available.

7.2.13 NI Location

An NI Location parameter is a Network entity title identifying the intermediate system or end system that originated the primitive. The null
value indicates that this identification information is not available.

7.2.14 NI Accounting
An NI Accounting parameter is either null, or consists of a number of domain-related subparameters (see 7.2.1) which convey information

relating to the cost off an NC. Different subparameters can identify different domains; according to the domains identified, cost information
can be expressed in njonetary terms or resource-usage measures, or both. The null value indicates that cost information is not-avaiflable.

NOTE — An NI Accqg
involved might allow an

8 Sequences of]

8.1 Introduction

The Network service
information along thi
to define fully the en

a) between the N
b) between the tv
c) between the tv

This does not require
common generic defi

The conventions use
definitions of the eler

Elementary sequence]

of elementary sequen
are contained in 8.5.

8.2 Conventions f]

The generic definitio
time sequence diagra

8.2.1 Naming of elementary sequénces

Each elementary seq

The two sides (NHEJ

unting parameter does not, in general, convey complete information about the NC's cost; however, knowicdge about
Nl-user to determine whether or not the cost information was complete.

primitives

is provided between a given pair of NS-users through a chain of alternating-hops and relaying components.
s chain is expressed by the sequence of primitives, with their associated pacanieters, at each NSAP and NIS
-to-end provision of the CO NS, this International Standard defines thepossible sequences of primitives:
SAP and NISAP of an extended end system (EES);

o NISAPs of an internal service bearer (ISB); and

o NISAPs of a relaying component.

three parallel but separate definitions. The behaviour of.eich of the three kinds of element is essentially the
hition is used together with simple mappings that generate the three specific definitions needed.

H in the generic definition, and the mapping sules for generating the specific cases, are defined in 8.2.
hentary sequences of primitives, relating the two interfaces of an element of the NS-provider, are contained

s are combined together to support Network connections. The terminology and notation used in defining ¢
ces are defined in 8.4. The generic definitions of the sequences of primitives, as combinations of elementar)

pr the generic definition

h of the sequences of NILS primitives is based upon elementary sequences of generic primitives, which an
ms in 8.3.

ence isTramed; a name is in upper case letters, and appears before a colon in the top left corner of its definin

sy 0LNCEP and NHEP) of the relaying component or hop represented in a time sequence diagram are label

the domains

The flow of
AP. In order

same, and a

The generic
n8.3.

bmbinations
sequences,

e defined in

g diagram.

ed A and B,

where A is the callin

Side during NCestabtistmment: 1‘Vidlly Ciclllt.llull_y SCUUCTICTS 1T u.\_yuuub:l;\—ul wth I\aﬁ*’\a\-: to-the-tweo .);J\,a'. but dpply

equally to both directions of information flow between the sides. In such cases, the two sides are doubly labelled on two lines, with A and B
interchanged; the sequence is also doubly named, the name for the A-B interchanged version having a prime (") character appended to the

basic name.

8.2.2 Generic primi

tive names

Arrows in the diagrams represent primitives, with the obvious directional significance. Each arrow is labelled with a generic primitive name
of the form GPRIM.s, where GPRIM is the name of an NILS primitive with its NI-prefix removed, and the suffix s is one of (r, t, r’, t').

8.2.3 Parameter rel

ationships

An arrow may also be marked with [=], or with [Pn] for some number n. These relate to the parameters of the primitive. A primitive marked
[=] always has suffix t or t*, and always appears as the forwarded result of a similar primitive with suffix r or r” at the other side; the [=] mark
means that all the forwarded parameters have the same values as those received. A [Pn] mark refers to a definition, similarly labelled, in the
accompanying text. In addition, any parameters marked (=) in table 1 or table 2 are forwarded unchanged as noted in 7.1.2 or 7.1.3.

12
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824 M of

Mapping ¢ itives to NILS and CQO NS primitives

To interpret a sequence of generic pnmmves for one of the specific contexts, each GPRIM.s name is transformed according to table 3 to the
form n-SPRIM TYPE. The prefix n is either N, for an NS pnmmve at an NSAP of an EES, or NI for an NILS primitive at an NISAP. The

o TN 2 s o 2tV 1 myUnm /. afinad in takla 2

name SPRIM is the same as UFKIM, as defined in tabie 1. The TYPE ucqucbl‘ Cu,) is as defined in table 3.

At an NSAP, generic primitives that have no corresponding NS primitive map to null; similarly, parameters with no corresponding NS
parameter are ignored at the NSAP.

The generic to specific mapping at an NSAP also includes the mapping between N-DATA and NI-DATA primitives, as defined in 7.1.3.

Table 3 — Mapping from generic primitives to NILS and NS

Relaying Calling EES Called EES
unllp\’iﬁei‘lf 1S8 (NSAP = A) (NSAP = B)
at A NI NI N NI
n
atB: NI NI NI N
r: indication request request request
type e confirm response wsponse response
for:
t: request indication indication indication
t: response confirm confirm confirm

8.3 Eleme

htary sequences of primitives for Network confiections

8.3.1 NC elablishment

The elemen
the possible

when the ori

ry sequences for NC establishment phase-dc¢eur in three subphases, as in figures 4 to 6. These subphases
combinations of elementary sequences within each subphase are defined in 8.5.

linal CONNECT .r is not forwarded to the other NISAP or NSAP. (These one-sided sequences are special ¢

occur in succession;

ses of NC release as

Figure 4 deflnes the elementary sequences for NC request subphase. This subphase includes the sequences for rejectinj:and aborting an NC

well as of
occurrence
DISCONNH

Parameters
Figure 5
normal com

of the seque

Parameters

NC establishment.) NC request’subphase is entered on occurrence of the original CONNECT.r; norn
of the forwarded CONNECT.t, with immediate entry to NC proceeding subphase; abnormal ter
CT.r (ABORT) and may,accur on DISCONNECT.t (RJ1, request rejected).

f the primitives in sequences RJ1 and REQ are related by P1 and P2 (see below).

deflines the eleméntary sequences for NC proceeding subphase. This subphase is entered on completion of N

bletion isson-entry to NC confirmation subphase; abnormal termination is by entry to NC release phase, fol
hces irfigure 5. The subphase need not contain any occurrences of these sequences.

al completion is on
mination occurs on

C request subphase;
owing any (or none)

bf\thé CONNECT-.t primitive in the RETRY sequence are related to the original CONNECT.r of the p

eceding NC request

subphase by P2.

In the RETRY sequence, the CONNECT.t primitive may occur at a NISAP different from that for previous such primitives of the same NC.
This sequence does not occur when B is an NSAP in an EES.

Figure 6 defines the single elementary sequence ESTAB for NC confirmation subphase. This subphase is entered on occurrence of the
CONNECT.r’ primitive; normal completion is on occurrence of the forwarded CONNECT.t” primitive; abnormal termination is by entry to
NC release phase without the occurrence of CONNECT.t".

Parameters of the ESTAB primitives are related to each other, and to those in the CONNECT.t primitive of the preceding REQ or RETRY
sequence, by P3 and P4.

13
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Parameter relationships
P1 The parameters of DISCONNECT.t in sequence RJ1 are as follows.
a) Originator is “NS provider”.
b) Reason is one of the “connection rejection ...”” values defined in ISO/IEC 8348.
c) NS-User-Data and Responding Address are absent.
d) Any or all of NI Diagnostic, NI Location and NI Accounting can be present.

P2 Parameters of CONNECT.t in sequence REQ or RETRY are as follows.

a) Receipt Confjrmation Selection is “no use of Receipt Confirmation™ if that was the value in the original CONNECT r; ahd otherwise
can be either fefined value.

b) Expedited D4ta Selection is “no use of Expedited Data™ if that was the value in the original CONNECT. r, and,otherwise can be either
defined valu¢]

¢) For each QQS-Parameter Set parameter, the Current or Available subparameter is related to the, Subparameters in|the original
CONNECT .1|as follows:

1) the valug for Transit Delay is increased by an amount that represents the actual delay expected through the hop or relaying
compone[l, and is less than the value of the Lowest Quality Acceptable subparameter;

2) the valuep for Throughput, in either direction, and for Priority are less than or equdl to the values of the corresponfling original
subparanieters, and greater than or equal to the values of the corresponding Lowest Quality Acceptable subparametery.

d) NI Connecti¢gn Control subparameters can be added if they were absent in‘the original CONNECT.r; if they were present in the
CONNECT .1 they can be deleted or changed, to reflect the operation of the hop or relaying component.

ABORT: A RJ1: A
CONNECT.r CONNECT.r
—_—p ———-
DISCONNECT.r [(P1]
—_—— ]
DISCONNECT.t
NC request aborted NC request rejected

REQ: A B
CONNECT.r
——eee
\ [P2]
o>

CONNECT.t

NC request completed

Figure 4 — NC establishment, NC request subphase

14
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SF: A B SD: A B
CONNECT- CONNECT-
PROCEEDING.r PROCEEDING.r
<
CONNECT-
PROCEEDING.t
NC status discarded
SG: A B RETRY: A B
DISCONNECT.r
e
—
CONNECT-
PROCEEDING.t
(89
[P2]
NC status generated et
CONNECT.t

NC retry

Figure 5 — NC establishment, NC proceeding subphase

ESTAB: A B
CONNECT.r
[P4] // [P3]
-
CONNECT.t

NC confirmed

bphase.

P3 Parameters of CONNECT.r” in sequence ESTAB relate to those of the CONNECT.t of the preceding REQ or RETRY sequence at the
same NHEP as follows.

a) Responding Address is as defined in ISO/IEC 8348.

b) Receipt Confirmation Selection is “no use of Receipt Confirmation” if that was the value in the original CONNECT.t of the preceding
REQ or RETRY, and otherwise can be either defined value.

c) Expedited Data Selection is “no use of Expedited Data” if that was the value in the original CONNECT.t of the preceding REQ or
RETRY, and otherwise can be either defined value.

d) For each QOS-Parameter Set parameter, the value of the Selected subparameter is in the range between the value of the Lowest

Quality Acceptable subparameter and the value of the Current subparameter, inclusive, in the original CONNECT.t.

15
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) NI Connection Control subparameters can be present or absent, according to the operation of any hops and relaying components
between the NHEP at which the CONNECT.r" occurs and the responding NSAP.

NOTE — P3 (b) - (d) are consequences of the CO NS definition in ISO/IEC 8348, either directly (when the CONNECT.r” is an N-CONNECT response), or
indirectly by forwarding of the parameter values unchanged from those in the N-CONNECT response, in accordance with the (=) entries in table 1 and table 2.

P4 NI Connection Control subparameters of the CONNECT.t” primitive in an ESTAB sequence can be added if they were absent from the
CONNECT.r” primitive; if they were present, they can be deleted or changed, to reflect the operation of the hop or relaying component.

8.3.2 Data transfer phase

The elementary sequences for data transfer phase belong to two subphases, transfer subphase and reset subphase, which occur alternately.
The possible combinations of elementary sequence within each subphase are defined in 8.5.3 and 8.5.4.

Figure 7 defines the dlementary sequences for transfer subphase. A transfer subphase is terminated by entry to reset subphasq or to NC
release phase. In either termination case, one or more elementary sequences can remain incomplete; such an incomplete sequénce’ fonsists of
a single DATA.r, EXPEDITED-DATA r, EXPEDITED-DATA.r", PAUSE.r, PAUSE.t or DATA-ACKNOWLEDGE r prinitive.

Df: B A RC": B A
DT: A B RC: A B
DATA.r DATA-
_———>\ (=] ACKNOWLEDGE.r
-~
———
DATA.t 4—/
DATA-
ACKNOWLEDGE+

Normal data transfer Receipt confirmation
FT B A FR B A
FT A B FR A B
PAUSE.r
B B +—
PAUSE.t
CONTINUE.r
—_— <+
CONTINUE.t
External flow control Gencrated flow control
ED|: B A EC": B A
ED. A B EC: A B
EXPEDITED- EXPEDITED-
DATA.r DATA.I
—_
\ [ = ] /
> ]
EXPEDITED- EXPEDITED-
DATA.t DATALt’
Expedited data transfer Expedited data confirmation
Figure 7 — Data transfer, transfer subphase
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Figure 8 defines the elementary sequences involving RESET primitives. A reset subphase can also contain incomplete DT, DT’, ED, or ED’
sequences, and complete or incomplete FT, FR, FT” or FR" sequences. A reset subphase is entered from a transfer subphase on occurrence of
a RESET primitive at either NHEP; this begins one of the sequences of figure 8. Abnormal termination is by entry to NC release phase,
which can leave any elementary sequence incomplete.
PS Parameters of a generated RESET.t primitive are as follows.

a) Originator is “NS provider” or “undefined”

b) Reason is any value consistent with the Originator value.

¢) NI Diagnostic and NI Location can be present or absent (always absent at an NSAP).

RESF": B A RESC": B
RESF: A B RESC: A
RESET.r

—_—P .
\ [=] RESET.r

—
> —

RESET.t’
RESET.t
Forwarded reset Confirmation of forwarded reset
RESX": B A RESG™: B A
RESX: A B RESG: A B
RESET.r (P5]
B
RESET.t
—
. —_—
RESET.t
RESET.r'
External ltocal reset Generated local reset
Figure 8 — Data transfer, reset subphase
8.3.3 NC release phase

Figure 9 defines the elementary sequences for NC release phase. NC release phase is entered on the occurrence of any DISCONNECT
primitive. Apart from the special cases defined in 8.3.1, NC release phase consists of exactly one of these sequences, and is completed when
both primitives of the sequence have occurred.

P6 Parameters of a forwarded DISCONNECT.t primitive are as follows.

a) Originator has the same value as in the original DISCONNECT.r primitive if that is issued at a NISAP, and otherwise (ie, if the
DISCONNECT.r is an N-DISCONNECT request) is “NS user”.

b) Reason has the same value as in the original DISCONNECT.r primitive.

¢) If Originator is “NS user” then NS-User-Data and Responding Address are present and have the same values as in the original
DISCONNECT.r primitive; otherwise they are absent.

d) Any or all of NI Diagnostic, NI Location or NI Accounting can be present.

17
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P7 Parameters of a generated DISCONNECT.t primitive are as follows.

a) Originator is “NS provider” or “undefined”.

© ISO/IEC

b) Reason is “undefined” if Originator is “undefined” and otherwise is one of the “disconnection ... values defined in ISO/IEC 8348.

c) NS-User-Data and Responding Address are absent.

d) Any or all of NI Diagnostic, NI Location or NI Accounting can be present.

RELF": B A
RELF: A B RELG: A B
DISQONNECT ¢
] T~ (-1Pe] LP7] (P7)
. —
NN
DISCONNECT t DISCONNECT DISCONNECT.t
Forwarded Generated
RELC": B A
RELC: A B RELX: A B
DIS_( ONNECT.r (P7] DISCONNECT.r DISCONNECT r
— ————————
DISCONNECT
Generated collision External collision
Figure 9 — NC release phase

8.4 Terminology 4

Five methods are de
NISAP.

nd notatjorr‘for combinations of elementary sequences

ined by which pairs of elementary sequences can be combined in constructing the full behaviour of thq NILS at a

The simplest method for combining two elementary sequences s1 and s2 is succession, in which the combined sequence of primitives at A
consists of s1’s sequence of primitives at A followed by s2’s sequence of primitives at A, and similarly at B. This method is applicable in all
phases of an NC. Note that this does not imply, for example, that s2's primitives at B occur at a later time than s1’s primitives at A: the only
sequencing relationships between A and B are those associated with elementary sequences that forward primitives (see figure 10).
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The other fq
combination
below. A gi
orderings; fi

Crossing an
ED’, EC, E(
primitive.

If sl crosses
followed by

If s2 overtaKes s1, the original primitive of s2 follows the original primitive of s1 at A (or B), and the forwarded primit

forwarded p!

Interpolation
sequence. If|
CONTINUH

Interleaving
PAUSE bprin
primitive of

For the NC

A B A B
DISCONNECT.r
—_—
DISCONNECT.r
——————— DISCONNECT.r
e E—
—_—  —
DISCONNECT r CONNECT.t CONNECT.t
— >
DISCONNECT.t DISCONNECT.t
Ti
Logical sequence, RETRY then RELF Possible temporal.sequence
Figure 10 — Example of succession of elementarysequences

ur combination methods apply only during transfer subphase of the data transfer phase of an NC, for a
methods are crossing, overtaking, interpolation and interleavingthey are illustrated in figure 11, and

bure 12 is an example with three crossings, one overtaking andigwd simple successions.

overtaking involve only the transfer-subphase elemenfary’sequences that forward primitives between NH
'“ RC and RC". The two primitives in such a forwarding sequence are referred to as the original primitiv

the forwarded primitive of s1 at B; or similatly with A and B interchanged.

[imitive of s2 at B (or A, respectively):

involves one of the flow contrdl sequences, and either the other flow control sequence at the same NHE
s2 is interpolated in s1 atYA, the primitive or primitives of s2 at A follow the PAUSE primitive of s1, and
primitive of s1; and simitarly with B in place of A.

involves only the.two flow control sequences at a given NHEP: s2 interleaves sl if the PAUSE primitive
hitive of sl andubefore the CONTINUE primitive of sl, and the CONTINUE primitive of s2 occurs a
51.

succession, J‘he set'of possible sequences of primitives is defined with the aid of the notation for regular expressions. The
an NC is deflined’separately, in 8.5.3.

establishment and NC release phases and the reset subphase of an NC, where elementary sequences ar

hy given NC. These
lefined immediately

ven elementary sequence can combine by these methods with tyo or more other sequences, producing more elaborate re-

[EPs: DT, DT’, ED,
e and the forwarded

s2, the original primitive of sl at A is followgd by the forwarded primitive of s2 at A, and the original primitive of s2 at B is

ve of sl follows the

P or any forwarding
are followed by the

f s2 occurs after the
ter the CONTINUE

e combined only by
transfer subphase of
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A B
A B
DATA.r
[
DATA.r DATAr EXPEDITED-
—— :
—— DATA.r
EXPEDITED-
> DATA.t
] .
DATAt DATA.t I
BATA-+
A. Crossing, DT and DT’ B. Overtaking, ED overtakes DT
A B
A B PAUSE.r
RAUSE.r
S DEEEE—_ —
PAUSE.t
DATA.r
L
\ CONTINUE r
——— _—
DATA.t
CONTINUE.r -
—>
CONTINUE.t
C. Interpolation, DT in FT D. interleaving, FR in FT
Figure 11 — Non-successive combinations of elementary sequences
A B
DATA.r DATA.r
DATAr
DATALt
EXPEDITED-
DATAr
———
EXPEDITED-
DATA.t
DATA.t
DATA.t

Figure 12 — Example of multiple combination methods
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A regular expression generates a set of strings of concatenated symbols. As applied here, each symbol denotes a sequence of primitives, or a
set of such sequences; a generated string denotes the sequence of primitives obtained by combining by succession the sequences denoted by
the symbols of the string, taken in order. The notation used is as follows.

a) Expressions are constructed from symbols, parentheses and operators.

b) The name of any elementary sequence defined in figures 4 to 9 is a symbol denoting the relevant elementary sequence.

¢) A name as in (b) followed by a ‘“\” character is a symbol denoting any incomplete form of the elementary sequence.

d) The characters “<” and “>” delimit certain special symbols. The special symbol <> denotes the null string; other special symbols are
described where they appear.

e) Parentheses delimit and group expressions in the usual way.

f) Any symbol is an expression, denoting the string consisting of that symbol.

TR

g) The infix operator “s” expresses concatenation of the expressions which are its operands.

uln

h) The infix operator “I” expresses choice between the expressions which are its operands.

j) The pgstfix operator “*” expresses repetition: the expression (E)* denotes the set of stripgs-formed by concatenat{ng together zero or
more Irings each generated by E.

8.5 Combinations of elementary sequences defining an NC

8.5.1 NC establishment and NC release phases

The combinafions of elementary sequences that can occur in NC establishinent and NC release phases of the NILS for a given NC are
defined by th¢ regular expression:

(<RJ3> {line 1}
| REQ|+ (SFISDISGIRETRY)* + <RJ2> {2}
)* {3}
« (ABORT {4}
33 {5}

| REQ + (SFISDISGIRETRY)* (6}
(<> {74

| ESTAB\+ <ODTB> 18}

| ESTAB + <DT> (9}

) {10}

« (RELFIRELFIRELGIRELCIRELCIRELX) {11}

) {12}

where

a) the spdcial symbol £RI3> represents the elementary sequence RJ1 with the constraint that only NILS primitives] not NS primitives,
occur (that is, the"calling side A is a NISAP);

b) the spgcial (symbol <RJ2> represents one of the elementary sequences RELF’, RELC” or RELG, with the|constraints on the

paramgters’of the DISCONNECT primitives that Originator is “NS provider™ and “*Reason” is one of those for “qonnection rejection
7 asldefinedan IQ(—\'/IF{‘ Q"AQ;

L)

c) the special symbol <ODTB> is as defined later in this subclause;

d) the special symbol <DT> represents the data transfer phase, as defined in 8.5.2.
The subexpression in lines 1 to 3 represents the possibility of retry by N-entities on the calling side of A, after rejection by this hop or
relaying component {1} or by an N-entity on the called side of B {2}. Zero or more such rejections can occur {3} before the final

CONNECT 1.

The remaining three-component subexpression {4 to 12} represents the two possibilities for ending the NC without forwarding the final
CONNECT to B (4 and 5}, plus the forwarding of the CONNECT {6} and the various ensuing possibilities {6 to 11}.

The repetition subexpression on line 6, like that on line 2, defines the NC proceeding subphase; it states that the elementary sequences for
this subphase can occur in succession in any order.

Line 11 defines NC release phase, apart from the special cases occurring earlier in lines 4 and 5: this phase consists of just one of the
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elementary sequences defined in 8.3.3.

Lines 7 to 9 represent what can occur in an NC between NC proceeding subphase and NC release. Line 7 shows that one possibility is
nothing at all: the NC is rejected or disconnected. Line 9 represents successful NC establishment, followed by data transfer phase.

Line 8 represents the case of partial establishment where a confirming CONNECT.r" occurs at NHEP B, but no forwarded CONNECT.t"
occurs at A because of prior termination of the NC confirmation subphase by NC release. In this case, because the NC is fully established at
B’s N-entity, primitives belonging to data transfer phase can occur at B before the NC release takes effect. No such primitive can cause
forwarded primitives to occur at A; <ODTB>, for “one-sided data transfer phase at B”, represents these sequences. <ODTB> is defined in
turn by the regular expression

<ODTB> = (<DTS">+(RESGIRESX"))* +<DTS">+(RESG\IRESX\I<>)

where <DTS"> is as defined in 8.5.4 below.

8.5.2 Data transfer phase, general structure

The data transfer phdse of an NC is built up from alternate transfer subphases and reset subphases. Normal data, ‘expeditefl data and
confirmations of recefpt are forwarded only in transfer subphase; reset subphases provide resynchronization of data transfer |at the two
NHEPs, with possible[discarding of data and receipt confirmations.

The structure of the dqta transfer phase is defined by the expression
<DT> =| (<T>1<>) e« (<R>.<T>)* ¢ (<R> | <R\> | <>)
where <T> and <R> [represent the possible sequences of primitives for transfer and reset subphases respectively; <R\> repres¢nts such a
sequence for an inconjplete reset subphase terminated by the NC release. The possible sequencesfor <T>, <R> and <R\> are defijed in 8.5.3
and 8.5.4.
8.5.3 Data transfer ghase, transfer subphase
This subclause definep the sequences of NILS primitives that represent the functions of normal data transfer, flow control, conflrmation of
receipt, and expedited data transfer. See particularly notes 1 to 9, for explandtions of the relationships between these functions that result
from the defined sequgnces of primitives.
Each transfer subphasf is constructed from the elementary sequences DT, ED, EC, FT, FR and RC, and their “primed” counterpar{s DT, etc.
Both complete and infomplete sequences of these types can occuris defined below. Every complete sequence for normal or expedited data
transfer or receipt corffirmation belongs to a transfer subphasé._Jncomplete sequences, and complete flow control sequences, canj occur also
in reset subphases.
Except for the transfey subphase immediately following*NC establishment, every transfer subphase contains at least one complete DT, DT’,
ED or ED’ sequence;|that is, at least one DATA. t-or EXPEDITED-DATA.t primitive is successfully forwarded. The first transfgr subphase

of an NC can consist ¢nly of incomplete DT, BT\ ED and ED” sequences and complete or incomplete flow control sequences.

The sequences RC anfl RC” can occur only if the value of the Receipt Confirmation Selection parameter in the CONNECT.t” primjitive of NC
establishment phase Was “use of Receipt.Confirmation”.

The sequences ED, EP’, EC and"EG’ can occur only if the value of the Expedited Data Selection parameter in the CONNECT.t” primitive of
NC establishment phgse was Zuse-of Expedited Data”.

The elementary sequgncés’combine by all the methods of 8.4, according to the following rules.

a) Succession Elementary sequences of any type can combine by succession in any order, subject to the constraints that at any time in a
given transfer subphase:

1) the number of EC sequences is equal to or one less than the number of complete ED sequences, and similarly for EC” and ED";

2) the number of RC sequences is less than or equal to the number of complete DT sequences that convey NSDU Qualifier “Last
with confirmation request”; and similarly for RC” and DT".

b) Crossing All possible crossing combinations can occur: that is, any of (DT, ED, EC", RC’) can cross any of (DT", ED’, EC, RC),
except that rule (al) excludes crossing of ED and EC, and of ED" and EC"; and there is no constraint on the occurrence of multiple
crossing.

¢) Overtaking For each direction of transfer independently:

1) no sequence can overtake another of the same type;
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2)

overtake ED".

d) Interpolation The following interpolation combinations can occur:

1)
2)
3)
4)
5)
6)

a
a

any, and any number, of (DT, ED, ED’, EC, EC", RC,RC") in FT or in FR";
any, and any number, of (DT", ED, ED", EC, EC’, RC, RC") in FR or in FT";
FRin FT, FR"in FT";
FTin FR, FT " in FR";

limited number of DT in FT or in FR";
limited number of DT in FT” or in FR

ISO/IEC 10028 : 1993 (E)

a sequence of a given type can overtake one of a different type except that DT cannot overtake ED, and similarly DT” cannot

where the combinations in (3) and (4) can only occur where they do not result in the interpolated sequence being interpolated in
another of its own type; and where the number of interpolated sequences in (5) and (6) is zero when the flow control sequence starts

with ]

select

e) Interl
NOTES

1

confirmations
DATA respon

Rule (al) i

baving  FR and FT may be interleaved in either order, and similarly FR"and FT".

mplics that an ENSDU can be transmitted in a given direction only if any previously transmitted ENSDUs have all been

¢ and confirm, the cffcct of this is to express flow control of expedited data transfer that is jnternal to the Network layer.

2 Rule (a2) is the basic consistency rule for receipt confirmation: a confirmation of receipt cannot be_transmitted before the correspo

been received,

3 Rule(cl)i
confirmations

4 Rule (c2)

data may be fq

5 Rule (c2)
direction.

6 Rule(d)e
the fact that th

7 Atarelayi
after receipt th

8 At a NISA
issued; howev

9 The flow g
an entity cap:

bf receipt is preserved, so that they can be correlated with confirmation requests simply by counting.

rwarded before it, but not vice versa.

hlso implies that there is no inherent mutual ordering betwéeh confirmations of receipt and normal data or ENSDUs

presses the flow control of normal data: with rule (¢);it implies the independence of flow control in the two directions.
E transfer of ENSDUs and confirmations of receipt is unaffected by this flow control.

ere of NI-PAUSE indication, until the flow-control sequence has been completed by receipt of an NI-CONTINUE indicat

br, such data cannot continue to arrive indefinitely after the flow control request.

ontrol is therefore of a simplé stop-go kind, but taking account of the time taken for a flow control request to propagate t

hops and relay| systems (see 9.2. 1)

Transfer subphase is terminated by entry to reset subphase or to NC release phase. Both of these are destructive transiti
transfer-subghase sequences to remain incomplete. Occurrence of incomplete sequences is governed by rules (a) to (e)
convention that incomplete sequences are considered to be completed in an appropriate order at the points where the ne
is started. In|particutar, rule (c1) implies that an incomplete sequence of a given type other than flow control is never fol
sequence of the.same type in the same transfer subphase. Conversely, an incomplete sequence at one NHEP can be fol
sequence (of a different type) only if sequences of the second type can overtake those of the first.

NI-PAUSE indication, and is of the order O(d * t) when the flow control sequence starts with NI-PAUSE.re
bd transit delay value for the NC and t is the selected throughput for the direction B to A (case 5) or A toyB{

plics that normal data is forwarded in sequence, and that expedited NSDU5 areforwarded in their own separate scquenc

mplics that ENSDUs arc expedited with respect to data belonging to normal NSDUSs; that is, an ENSDU received after 4

hg component, for example, rules (d1) and (45 exclude the interpolating of DT” in FT: in other words, no NI-DATA req

P of an ISB or EES on the othef\hahd, rules (d1) and (d5) allow some NI-DATA indications to occur after an NI-PA

le of acting upon it.(Thisis suitable for its intended purpose of expressing the possibility of back pressure flow contr

huest, where d is the
tase 6).

onfirmed, and that the

can only be transmitted after receipt of the corresponding ENSDUSs. Since there are no CONS primitives corresponding to NI-EXPEDITED-

hding data has actually
E; also that the order of
given octet of normal
forwarded in the same
Rule (d) also expresses
best can be issued at A
on.

USE request has been

rough a subnetwork to
bl propagating through

ns, which can cause
hbove, subject to the
i subphase or phase
owed by a complete
owed by a complete

8.5.4 Data transfer phase, reset subphase

The essential characteristic of the reset service is its resynchronization of data transfer, including receipt confirmations. This is assured by the
division of data transfer phase into alternating transfer and reset subphases, the subphases being synchronized between the two NHEPs. The
effect can be stated as follows.

a) Any two primitives of the types DATA.t, EXPEDITED-DATA.t and DATA-ACKNOWLEDGE., occurring in the same transfer
subphase at one NHEP of a hop or relaying component, derive from corresponding DATA.r, EXPEDITED-DATA.r or DATA-
ACKNOWLEDGE.r primitives which belong to the same transfer subphase as each other at the other NHEP.

b)

Any two primitives of the types DATA.t, EXPEDITED-DATA.t and DATA-ACKNOWLEDGEL, occurring in different transfer

subphases at one NHEP of a hop or relaying component, derive from corresponding DATA.r, EXPEDITED-DATA.r or DATA-
ACKNOWLEDGE.r primitives which belong to different transfer subphases, in the same order, at the other NHEP.
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See annex C for explanatory examples.

8.5.4.1 Simple resets

The simplest reset subphase consists either of the forwarded reset elementary sequence RESF followed by its confirmation RESC, or of one
of the local reset sequences at A combined (by succession) with another such sequence at B. Figure 13 shows the forwarded reset case and
one of the other possibilities.

The complete set of these basic reset subphase sequences is:

a) RESF+«RESC

b) RESF’+RESC’
c¢) RESX «RESX’
d) RESG « RESG~
e) RESX « RESG
f) RESG « RESX~

N

Note that the absende of forwarding between the two NHEPs in combinations (c) to (f) means that the order of suceession| of the two
constituent sequences is immaterial: each of (c) to (f) could equally well have been written with the constituents in thetopposite order.

A B A B
RESET.r RESET.r
 Ea— —_— > >
\ RESET.t
—b
RESET.t RESET.r
" —
RESET.I RESETY’
¢ [ —————
RESET.t'
A. Forwarded reset and its confirmation B. External reset colliding with gencrated reset
Figure 13-— Basic reset examples

8.5.4.2 Multiple regets

The possibility of myltiple resets in close suctession, together with the absence of a sequenced forwarding relationship between ¢onfirmation
primitives at the two NHEPs, gives rise tolan) additional set of more complex combinations of elementary sequences for the respt subphase.
Each such combinatjon starts with one ‘of the basic combinations. This is followed, at either NHEP or both, by zero or morel DATA.r or
EXPEDITED.r primftives which are_not forwarded at the other NHEP, but are discarded as a result of a following reset sequence; flow
control primitives cpn also occuf,.This pattern of one-sided transfer subphase activity terminated by reset can be repeateq. Figure 14
illustrates such a combination; the final DT” sequence in the figure indicates the start of the following transfer subphase, which|delimits the
reset subphase.

The full set of possitjle séquences for the reset subphase is defined by the following expression, which includes the six basic conjbinations as
its first term.

<R> = (FCIFC I(XIG)*(XIG") )+ (<DTS>+<DTS>+ (FCIF+C")
| <DTS> « (XIG)
I<DTS™> « (X'IG")
) *
where
a) F,C, X, and G are abbreviations of the names of the elementary sequences RESF, RESC, RESX and RESG respectively.
b) <DTS>, for “discarded transfer subphase”, represents a succession of zero or more incomplete DT and ED sequences and complete
FT and FR sequences, with possibly one incomplete FT and / or FR sequence not followed by another FT or FR respectively. The
usual succession, interpolation and interleaving rules for transfer subphase apply (crossing and overtaking are not relevant since no

sequences involve primitives at the other NHEP).

c) Primed symbols have the usual meaning, interchanging the NHEP labelling in the elementary sequences to represent the opposite
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direction of flow.

A reset subphase is terminated by entry to NC release phase. In that case, the combination of elementary sequences can be any non-empty
truncated combination generated by the above expression.

9 Auton

Much of the
definitions o
applies parti
principally

information.
forwarding d

9.1 NC establishment

9.1.1 NC re|

RESET.t *

———————» RESET.t
RESET.r" ——P>

DATAr ——————Pp

RESET.r ———————P
¢——— RESET.!

RESETt 4—

/4'——"‘— DATA.r
DATAt <

Sequences  RESG + RESG’+ DT\« RESX™ DT’

Figure 14 — Multiple resets in one reset subphase

pmous behaviour of relaying components

Network-relaying function of an Intermediate System in support of Network connections is already de
F elementary sequences of primitives and theirédmbinations, including figures 4 to 9, and the parameter ma
ularly to sequences representing successful forwarding of information. This clause completes the definition
ith those sequences in which the refaying component takes an active part, as opposed to passively
Parameters, and QOS-Parameter Sét-subparameters, that are marked (=) in table 1 or table 2 are fo
f those parameters is not explicithyndescribed below.

quest subphase

A relaying

elementary sequence) or to’reject it by returning an NI-DISCONNECT request (RJ1 elementary sequence). The decisior]
is taken on the basis ofl(:

— routirjg capabilities
— QOS fcapabilities in relation to received QOS parameter values

Lomponent, onereeeiving an NI-CONNECT indication, decides whether to forward it as an NI-CONN

fined by clause 8’s
pings P1 to P7: this
in doing so it deals
forwarding received
warded unchanged;

ECT request (REQ
to forward or reject

’ 1 ! f
— ManageTment (TE; ToCdl TCSUUTCTC-USagT 1T VCTS)

(The ABORT elementary sequence occurs, instead of REQ or RJ1, when NI-DISCONNECT indication is received before the relaying
component has issued the second primitive of REQ or RJ1.)

Considered at the NILS level, the primary purpose of the routing function is to determine which NISAP of the Network relay system is to be
used for forwarding the NC request. In addition, the routing function can cause the forwarded values of QOS-Parameter Set and NI
Connection Control parameters to differ from the received values.

The routing function takes as input:

— the received Called Address parameter
— the received Calling Address parameter

— there

ceived Expedited Data Selection and Receipt Confirmation Selection parameters

— the received QOS-Parameter Set parameter
— the received NI Connection Control parameter
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— local information

and if successful it re

turns:

— identification of the NISAP on which to forward the NC request
— (possibly) modified Current QOS subparameters
— (possibly) modified NI Connection Control subparameters

NOTES

1 If more than one sui

table route exists, decision between them is part of the routing function.

© ISO/IEC

2 A single invocation of the routing function in a real system will normally also return information relevant to the subnetwork protocol(s) used in forwarding
the NC request, including information about local and remote SNPAs. However, such information is outside the scope of this International Standard.

3 In the terminology of

sition of the two functio

4 Details of how routi
routing information acd
intermediate systems an

If the routing functio

8.3.1 and P1. The Re

“connectipn rejection — NSAP address unknown / permanent condition™
“connectipn rejection — NSAP unreachable / transient condition”
“connectipn rejection — NSAP unreachable / permanent condition™
“connectipn rejection — QOS not available / transient condition”
“connectipn rejection — QOS not available / permanent condition™
“connectipn rejection — reason unspecified / transient condition”
“connectipn rejection — reason unspecified / permanent condition”

When NI-CONNEC]
reflect any negotiatio|

NOTE — The constra

support some QOS valul

9.1.2 NC proceedin

On receiving an NI-(

sequences respective

support transfer of N

request primitives (S

NOTE — NI-CONNE]
prematurely timing out

The RETRY elemenfary sequenee occurs when, on receiving an NI-DISCONNECT indication primitive at NISAP B, a relayin
determines that anotHer feasible'route exists via an NISAP B”. The NISAP, and the route selected, can be the same as or differe
determined for the pfeceding"NI-CONNECT request. This route determination is as in the initial REQ sequence for NC establi
9.1.1 above, but the Ipcal information input to the routing function can additionally include information in the parameters of, or d
the received NI-DISCONNECT. (If there is no feasible route, the NC request is rejected: RELF”, or possibly RELC’, elementary

9.1.3 NC confirmat

the OSI Routeing Framework, ISO/IEC TR 9575, the routing function just described as relevant to the NILS is in_effeg
s F1 and F2 identified in ISO/IEC TR 9575.

hg decisions are made are outside the scope of this International Standard. Such details include (but are not limited to)
essible to the relaying component, algorithms for route sclection, and mechanisms for exchanging fouting informa
i other systems. Aspects of some of these are covered in other International Standards.

h fails, so that no NISAP is determined via which the NC request can be forwarded: the'NC request is re
hson parameter indicates the reason for failure, as one of:

request is forwarded, the values of the Current subparameters of its QOS-Parameter Set parameter (see 8
h by the relaying component.

nts on QOS subparameter values, 8.3.1 P2 (d), mcaft-that a relaying component cannot forward NI-CONNECT if it
E within the original range. In that case, the NC request will be rejected, as above.

b subphase

"ONNECT-PROCEEDING indication' primitive, a relaying component can forward it or discard it (SF, SD
y: 8.3.1). Which of these occfrs)is determined in part by the protocol support at NISAP A (some protoc
[-CONNECT-PROCEEDING primitives) and in part as a local matter. Generation of NI-CONNECT-PR
[5 elementary sequence) is Similarly determined by a combination of protocol support and local decision.

CT-PROCEEDING cfin b€ used, eg in conjunction with NI Additional QOS (7.2.11.1), to prevent an intermediate
in NC establishmeritatf€émpt that involves hops with long establishment delays.

L the compo-

the nature of
ion between

jected as in

3.1, P2 (d))

is unable to

elementary
bls may not
CEEDING

system from

component
from those

;1
shment, see

trived from,

ion subphase

bequence.)

The ESTAB elementary sequence is as defined in 8.3.1, P3 and P4. Forwarding of the NI Connection Control parameter can be affected by
the relaying component: if originally absent, it can be added to the forwarded NI-CONNECT response; if originally present, it can be
deleted, or the subparameters can be changed or added to, to reflect the operation of the relaying component.

9.2 Data transfer

phase

9.2.1 Transfer subphase

A relaying component plays no active part in individual DT, DT", ED, ED", EC, EC", FT, FT’", RC AND RC" elementary sequences (8.3.2).

A relaying component can generate NI-PAUSE request and NI-CONTINUE request primitives, giving rise to FR and FR" elementary
sequences, according to local conditions: these conditions can include increases in buffering usage resulting from FT” or FT elementary
sequences respectively.
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NOTE — This flow control is an abstract expression of the means of exerting back-pressure: it implies no commitment to any particular implementation
strategy.

The order in which a relaying component generates request primitives — NI-DATA, NI-EXPEDITED-DATA, NI-DATA-

ACKNOWLEDGE, NI-PAUSE, and NI-CONTINUE — is a local matter, subject to the rules in 8.5.3 for combination of the transfer
subphase elementary sequences.

9.2.2 Reset subphase

A relaying component determines when to issue NI-RESET response primitives according to local criteria (RESC, RESC’, RESX, RESX"
elementary sequences: 8.3.2, 8.5.4).

A relaying component generates NI-RESET request primitives, other than those that result from forwarding received NI-RESET indication

primitives, if|{local conditions cause failures in maintaining the normal features of transfer subphase but do not cause.th
(RESG, REYG" elementary sequences). The Originator parameter value is “NS provider” and the Reason paramis
“congestion”|or “reason unspecified”. The NI Diagnostic and NI Location parameters can be absent or, otherwise}take

additional in

9.3 NC relg

On receiving
forwards it ag

a colli

a)

b) aloca

c) in NC

d) in NC|

NOTE — An

A relaying
DISCONNE
elementary s

Inability to T
value in an N

“«
“«
“

“

Apart from t}

In all generdted NI-DISCONNECT request primitives the Originator parameter value is “NS provider”, and the NI

Location par

rmation about the generated reset.

ase

an NI-DISCONNECT indication primitive during NC establishment phase or data transfer phase, a
an NI-DISCONNECT request primitive (RELF, RELF” elementary sequences: 8.3.3, P6) unless:

ding NI-DISCONNECT indication is received (RELX sequence); or

condition causes a generated NI-DISCONNECT request (RELC, RELGC’ el¢mentary sequences; see below)
request subphase, the received primitive completes an ABORT elefentary sequence; or

proceeding subphase, a RETRY elementary sequence is appropriate (9.1.2).

NI-DISCONNECT indication primitive received in NC release phase completes the phase (RELC, RELC’, RELX elemer
CT indication primitives, if local conditions result in inability to establish or maintain the NC (RJ1, RE
quences: 8.3.3, P7).

bute an NC during NC establishment is(dealt with in 9.1.1; for other failures during NC establishment th
[-DISCONNECT request generated.at NISAP A is one of:

Connection rejection — permafient condition”

Connection rejection — transient condition”

Connection rejection — _QQS not available / permanent condition™
Connection rejection +\QOS not available / transient condition™.

ese cases of NCrejéction, the Reason parameter value is as defined in P7 (b).

hmeters can-be absent or, otherwise, take values that provide additional information about the generated rele

E NC to be released
ter value is either
values that provide

elaying component

or

tary sequences).

tomponent generates NI-DISCONNECT request: primitives, other than those that result from forwarding received NI-

LG, RELC, RELC’

e Reason parameter
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