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Foreword

ISO (the International Organization for Standardization) and IEC (the International Electrotechnical Commission) form the
specialized system for worldwide standardization. National bodies that are members of ISO or IEC participate in the
development of International Standards through technical committees established by the respective organization to deal with

particular

fields of technical activity., ISO and IEC technical committees collaborate in fields of mutual interes
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1l organizations, governmental and non-governmental, in liaison with ISO and IEC, also take part in the
information technology, ISO and IEC have established a joint technical committee, ISO/IEC JTC 1.

h1 Standards are drafted in accordance with the rules given in the ISO/IEC Directives, Part 3.
psk of the joint technical committee is to prepare International Standards. Draft Internatignal Standards ad
chnical committee are circulated to national bodies for voting. Publication as an International Standard

at least 75 % of the national bodies casting a vote.

5 drawn to the possibility that some of the elements of this International Standard may be the subject
and IEC shall not be held responsible for identifying any or all such patent rights.

D589 was prepared by Joint Technical Committee ISO/IEC JTC 1, Iuformation technology, Subcommitt
nications and information exchange between systems.
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Introduction

This International Standard is one of a set of International Standards produced to facilitate the interconnection of open systems.
The set of standards covers the services and protocols required to achieve such interconnection.

ocol defined in this International Standard is positioned with respect to other related standards by the laver

The pro
ISO 749

Intermegliate Systems within a routeing domain to exchange configuration and routeing information to faciljtate) th

of the rg

The prgtocol is designed to operate in close conjunction with ISO 9542 and ISO 8473. ISO 9542 is used

connect

using the protocol specified in ISO 8473. The related algorithms for route calculation and maintenance are also des

The inty
types of]
as ISO §

In order
domain
referred
track of|
NPDU

regardle]
travels

uteing and relaying functions of the Network Layer.

vity and reachability between End Systems and Intermediate Systems on individual sybnetworks. Dat

p-domain IS-IS routeing protocol is intended to support large routeing domaing.oonSisting of combinatio

802 LANS.

may be administratively divided into areas. Each system resides in/ exactly one area. Routeing within
to as Level I routeing. Routeing between areas is referred to as\Lével 2 routeing. Level 2 Intermediate Sy

lestined to another area, a Level 1 Intermediate System sends the NPDU to the nearest level 2 IS in its
5s of what the destination area is. Then the NPDU travels via level 2 routeing to the destination area, wh|
ia level 1 routeing to the destination End System.

defined in

8 and by the structure defined in ISO 8648. In particular, it is a protocol of the Network Layer. This protocol permits
e operation

o0 establish

h is carried

ribed.

hs of many
subnetworks. This includes point-to-point links, multipoint links, X.25 subnetworks, and broadcast subnetworks such

to support large routeing domains, provision is made for intra-domain@outeing to be organised hierarchically. A large

an area is
stems keep

the paths to destination areas. Level 1 Intermediate Systems keep track of the routeing within their own afea. For an

own area,

ere it again
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Information technology — Telecommunications and information exchange between
systems — Intermediate System to Intermediate System intra-domain routeing
information exchange protocol for use in conjunction with the protocol for providing
the connectionless-mode network service (ISO 8473)

1 Sclope

This Intprnational Standard specifies a protocol which is used by Network Layer entities operating the protocol gpecified in
ISO 8473 in Intermediate Systems to maintain routeing information for the purpose of routeing within a single routeing
domain.| The protocol specified in this International Standard relies upon the provision of a connéctionless-mode{underlying
service.

This Intg¢rnational Standard specifies:

a) prqcedures for the transmission of configuration and routeing information between-network entities residing in|
Intprmediate Systems within a single routeing domain;

b) thdencoding of the protocol data units used for the transmission of the configuration and routeing information;|
c) prdcedures for the correct interpretation of protocol control informatign;‘and

d) thg functional requirements for implementations claiming conformaiee to this International Standard.
The progedures are defined in terms of

a) thginteractions between Intermediate system Network entities through the exchange of protocol data units;

b) thdinteractions between a Network entity and an undetlying service provider through the exchange of subnetwork service
primitives; and
c) thqg constraints on route determination which inust be observed by each Intermediate system when each hag a routeing
infprmation base which is consistent with-the others.

2 Nprmative references

The following normative documents contain provisions which, through reference in this text, constitute provisions of this
Internatjonal Standard. For‘dated references, subsequent amendments to, or revisions of, any of these publicatjons do not
apply. However, parties-tg-agreements based on this International Standard are encouraged to investigate the pgssibility of
applying the most recenp.editions of the normative documents indicated below. For undated references, the latest edition of the
normatiye document referred to applies. Members of ISO and IEC maintain registers of currently valid Ijternational
Standards.

ISO/TEQ 7498-1:1994, Information technology — Open Systems Interconnection — Basic Reference Model: The Basi¢ Model

ISO/IEC 7498-3:1997, Information technology — Open Systems Interconnection — Basic Reference Model: Naming and
addressing

ISO/TIEC 7498-4:1989, Information processing systems — Open Systems Interconnection — Basic Reference Model — Part 4:
Management framework

ISO/IEC 8208:2000, Information technology — Data communications — X.25 Packet Layer Protocol for Data Terminal
Equipment

D See ISO 8473 and its addendum 3 for the mechanisms necessary to realize this service on subnetworks based on ISO/IEC 8208,
1SO 8802, and the OSI Data Link Service.

© ISO/IEC 2002 — All rights reserved 1
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ISO/IEC 8348:1996, Information technology — Open Systems Interconnection — Network Service Definition

ISO/IEC 8473-1:1998, Information technology — Protocol for providing the connectionless-mode network service: Protocol
specification

ISO/IEC 8473-4:1995, Information technology — Protocol for providing the connectionless-mode network service: Provision of
the underlying service by a subnetwork that provides the OSI data link service

ISO 8648:1988, Information processing systems — Open Systems Interconnection — Internal organization of the Network Layer

ISO/IEC TR 8802-1:1997, Information technology — Telecommunications and information exchange between systems — Local
and metrogolitan area networks — Specific requirements — Part 1: Overview of Local Area Network Standards

ISO/IEC 8802-2:1998, Information technology — Telecommunications and information exchange between systems — Lpcal and
metropolitgn area networks — Specific requirements — Part 2. Logical link control

ISO/IEC 8802-3:2000, Information technology — Telecommunications and information exchange between’ systems — Lpcal and
metropolitgn area networks — Specific requirements — Part 3: Carrier sense multiple access with collision detection
(CSMA/CI) access method and physical layer specifications

ISO/IEC 8802-5:1998, Information technology — Telecommunications and information exchange between systems — Lpcal and
metropolitgn area networks — Specific requirements — Part 5: Token ring access method-and physical layer specificatigns

ISO/IEC 8802-6:1994, Information technology — Telecommunications and information exchange between systems — Lpcal and
metropolitgn area networks — Specific requirements — Part 6: Distributed Queue Dual Bus (DQDB) access method and
physical laper specifications

ISO/TIEC 9814 (all parts), Information technology — Fibre Distributed Data-Interface (FDDI)

ISO 9542:1988, Information processing systems — Telecommunications and information exchange between systems — End
system to |Intermediate system routeing exchange protocol for use in conjunction with the Protocol for provifling the
connectionfess-mode network service (ISO 8473)

ISO/TEC TR 9575:1995, Information technology — Telecommunications and information exchange between systems — OSI
Routeing Framework

ISO/TEC TR 9577:1999, Information technology = Protocol identification in the network layer

ISO/TEC 1$802-1:1995, Information technology — Telecommunications and information exchange between systems|— Local
and metropolitan area networks — Common specifications — Part 1: Medium Access Control (MAC) service definition

ISO/TEC 10165-1:1993, Informdtion technology — Open Systems Interconnection — Management Information Sejvices —
Structure of management information: Management Information Model

ISO/TEC 10165-4:1992, [nformation technology — Open Systems Interconnection — Structure of management information —
Part 4: Guldelines for the definition of managed objects

ISO/IEC 10733:1998, Information technology — Elements of management information related to the OSI Network Layd

~N

ISO/IEC 8!

ISO/IEC 8825-1:1998, Information technology — ASN.1 encoding rules: Specification of Basic Encoding Rules (BER),
Canonical Encoding Rules (CER) and Distinguished Encoding Rules (DER)

ISO/TEC 9646-7:1995, Information technology — Open Systems Interconnection — Conformance testing methodology and
framework — Part 7: Implementation Conformance Statements

ISO/TIEC 10165-6:1997, Information technology — Open Systems Interconnection — Structure of management information:
Requirements and guidelines for implementation conformance statement proformas associated with OSI management

NOTE 1 — ISO/IEC 9646-1:1994 and ISO/IEC 9646-2:1994 supersede ISO/IEC 9646-1:1991 and ISO/IEC 9646-2:1991 respectively. However, when

this International Standard was under development, the previous editions were valid and this International Standard is therefore based on these editions,
which are listed below.

2 © ISO/IEC 2002 — All rights reserved
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ISO/IEC 9646-1:1991, Information technology — Open Systems Interconnection — Conformance testing methodology and
framework — Part 1: General concepts

ISO/IEC 9646-2:1991, Information technology — Open Systems Interconnection — Conformance testing methodology and
framework — Part 2: Abstract test suite specification

3 Definitions

3 1 TRt Aol afiasts
. CICICIIUU IIIUUCT UCTIImuuIins

This Intg¢rnational Standard makes use of the following terms defined in ISO 7498:

ork Layer

ork Service access point

ork Service access point address
ork entity

3.2 etwork layer architecture definitions

This Intgrnational Standard makes use of the following terms defined in ISO) 8648:
a) Subnetwork

b) End system

c) Intgrmediate system

d) Subnetwork service

e) Subnetwork Access Protocol

f) Subnetwork Dependent Convergence Protocol

g) Subnetwork Independent Convergence Protocol

33 etwork layer addressing definitions

This Intg¢rnational Standard makes use of the following terms defined in ISO 8348:
a) Subnetwork address

b) Subnetwork point of attachment

c) Netjvork Entity Title

34 ocal area network definitions

This Intg¢rnational Standard makes use of the following terms defined in ISO 8802:

a) Multi-destination address
b) Meglia aceess control
¢) Broadcast medium

3.5 Routeing framework definitions
This International Standard makes use of the following terms defined in ISO/IEC TR 9575:

a) Administrative Domain
b) Routeing Domain

c) Hop

d) Black hole

3.6 Additional definitions

For the purposes of this International Standard, the following definitions apply:

© ISO/IEC 2002 — All rights reserved 3
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3.6.1 area: A routeing subdomain which maintains detailed routeing information about its own internal composition, and also
maintains routeing information which allows it to reach other routeing subdomains. It corresponds to the Level 1
subdomain.

3.6.2 neighbour: An adjacent system reachable by traversal of a single subnetwork by a PDU.

3.6.3 adjacency: A portion of the local routeing information which pertains to the reachability of a single neighbour ES or IS

over

a single circuit.

Adjacencies are used as input to the Decision Process for forming paths through the routeing domain.

level 2)

3.6.4 circufit: A subset of the local routeing information base pertinent to a single local SNPA. The system-mamagempnt view

of afcircuit is presented in a linkage managed object.

3.6.5 link: [The communication path between two neighbours.

A lifk is “up” when communication is possible between the two SNPAs.

3.6.6 designated IS: The Intermediate system on a LAN, which is designated to perform.additional duties. In particular it

gengrates Link State PDUs on behalf of the LAN, treating the LAN as a pseudonode

3.6.7 pseuflonode: Where a broadcast subnetwork has » connected Intermediateé/systems, the broadcast subnetwork] itself is

condidered to be a pseudonode.

The|pseudonode has links to each of the n Intermediate and End\systems. Each of the ISs has a single link to the
pseydonode (rather than n-/ links to each of the other Intermediate-Systems). Link State PDUs are generated dn behalf
of the pseudonode by the Designated IS. This is depicted below'in figure 1.

3.6.8 broadlcast subnetwork: A subnetwork which supports an;arbitrary number of End systems and Intermediate sysfems and
additjonally is capable of transmitting a single SNPDU to a subset of these systems in response to p single
SN_UNITDATA request.

3.6.9 genefal topology subnetwork: A subnetwork which supports an arbitrary number of End systems and Intermediate
systens, but does not support a convenieft multi-destination connectionless transmission facility, as does a hroadcast
subngtwork.

3.6.10 routeing subdomain: a set of Intermediate systems and End systems located within the same Routeing domain,|

3.6.11 leve] 2 subdomain: the set-ofall Level 2 Intermediate systems in a Routeing domain.

3.6.12 jittdr: a small randomyvariation introduced into the value of a timer to prevent multiple timer expirations in fifferent
systefns from beconiing’synchronised.

15 IS IS IS IS IS
l_p-se_:d-o_
L node L
ES| ~|ES
Figure 1 - Use of a pseudonode to collapse a LAN Topology
4 © ISO/IEC 2002 — All rights reserved
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4 Symbols and abbreviations

4.1 Data units

PDU
SNSDU
NSDU
NPDU
SNPDU

Protocol Data Unit
Subnetwork Service Data Unit
Network Service Data Unit
Network Protocol Data Unit
Subnetwork Protocol Data Unit

ISO/IEC 10589:2002(E)

4.2 ﬂrotocol data units

ESH PD
ISH PD

RD PDU
IIH PD{

LSP
SNP
CSNP

PSNP

43 A

AFI
DSP
IDI
IDP
NET
NPAI
NSAP
SNPA

U

J

=

ISO 9542 End System Hello Protocol Data Unit
ISO 9542 Intermediate System Hello Protocol
Data Unit

ISO 9542 Redirect Protocol Data Unit
Intermediate System to Intermediate System
Protocol Data Unit

Link State Protocol Data Unit

Sequence Numbers Protocol Data Unit
Complete Sequence Numbers Protocol Data
Unit

Partial Sequence Numbers Protocol Data Unit

\ddresses

Authority and Format Indicator

Domain Specific Part

Initial Domain Identifier

Initial Domain Part

Network Entity Title

Network Protocol Addressing Infermation
Network Service Access Point
Subnetwork Point of Attachment

4.4 Miscellaneous

DA
DED
DTE
ES

IS
HDLC
ISDN

FDDI

Dynamically-Assigned
Dynamically-Established Data Link
Data Té€pminal Equipment
End-System

Intérmediate System

High Level Data Link Control
Integrated Services Digital Network
Fiber Distributed Data Interface

L1

L2
LAN
MAC
MAN
MCS
MICS
MOCS
MRCS
NLPID
PSTN
OSIE

Level 1

Level 2

Local Area Network

Media Access Control

Metropolitan Area Network

Management conformance summary
Management information conformance statement
Managed object conformance statement
Managed relationship conformance statement
Network Layer Protocol Identifier

Public Switched Telephone Network

Open Systems Interconnection Environment

© ISO/IEC 2002 — All rights reserved


https://standardsiso.com/api/?name=704b012816bcf13d89c154ad1774229d

ISO/IEC 10589:2002(E)

PCI Protocol Control Information
QoS Quality of Service
SN Subnetwork
SNAcP Subnetwork Access Point
SNDCP Subnetwork Dependent Convergence Protocol
SNICP Subnetwork Independent Convergence Protocol
SRM Send Routeing Message
SSN Send Sequence Numbers
SvC Switched Virtual Circuit
LCegend: ,
End System giz;;nr:dlate
""" ES-IS Protocol Subnetwork\Path
T Level 1 1S-IS Routeinge : > |3-IS\Arch
=" “e. & | evel 2 IS-IS Routeing - Adiiteing Domain
o ® .o eSS 9
-’ S+ |*™ * Interdomain Routeing Boundary
0 L
[ ]
[}
[}
[}

L J
.. P L

Figure 2 Topologies and Systems supported by Intradomain Routeing

5 Typographical conventions

This Internptional Standard makes use of the:following typographical conventions:
a) important terms and concepts appear’in italic type when introduced for the first time;

b) protocpl constants and management parameters appear in sansSerif type with multiple words run together. The first word
is low¢r case, with the first.character of subsequent words capitalised;

c) protocpl field names appear in sansSerif type with each word capitalised; and

d) values|of constants, parameters, and protocol fields appear enclosed in “double quotes”.

6 Ovdryiew of the protocol

6.1 System types

For the purposes of this International Standard, systems are classified according to the following types:

End Systems: These systems deliver NPDUs to other systems and receive NPDUs from other systems, but do not relay
NPDUs. This International Standard does not specify any additional End system functions beyond those supplied by ISO 8473
and ISO 9542.

Level 1 Intermediate Systems: These systems deliver and receive NPDUs from other systems, and relay NPDUs from other

source systems to other destination systems. They route directly to systems within their own area, and route towards a level 2
Intermediate system when the destination system is in a different area.

6 © ISO/IEC 2002 — All rights reserved
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Level 2 Intermediate Systems: These systems act as Level 1 Intermediate systems in addition to acting as a system in the
subdomain consisting of level 2 ISs. Systems in the level 2 subdomain route towards a destination area, or another routeing
domain.

NOTE 2  Operation of a level 2 IS may be restricted on a per circuit basis by setting manualL20nlyMode to "True". This indicates that
the circuit is to be used only for Level 2 traffic. If all circuits in a Level 2 IS have manualL20nlyMode set to "True" then the IS does not
operate as a Level 1 IS in the area.

These systems and their topological relationship are illustrated in figure 2.

6.2

For the purposes of this International Standard, subnetworks are classified according to the following types:

brofudcast subnetworks: These are multi-access subnetworks that support the capability of addressing,a group [of attached

systems with a single NPDU, for instance ISO 8802-3 LANS.
genpral topology subnetworks: These are modelled as a set of point-to-point links each ofiwhich connects ¢xactly two
e several generic types of general topology sub-networks:

multipoint links: These are links between more than two systems, where ‘ene’ system is a primary syste
remaining systems are secondary (or slave) systems. The primary is capable of direct communication wit
secondaries, but the secondaries cannot communicate directly among themselves.

m, and the
any of the

2) |permanent point-to-point links: These are links that stay connectedatvall times (unless broken, or turned of]

management), for instance leased lines or private links.

f by system

3) |dynamically established data links (DEDs): These are links*over connection oriented facilities, for inst

X.21, ISDN, or PSTN networks.

ance X.25,

Dynamically established data links can be used in one of fwo ways:

i) static point-to-point (Static): The callis established upon system management action and cleafed only on
system management action (or failure).

i) dynamically assigned (DA)~The call is established upon receipt of traffic, and brought down on timer
expiration when idle. The address to which the call is to be established is determined dynamijcally from
information in the arriyihg NPDU(s). No IS-IS routeing PDUs are exchanged between ISs on a DA circuit.

NOTE 3| For the operation of the protocol, a permanent point-to-point link and a static point-to-point DED are equivalert (see 7.3.7,
7.3.9).

All subijetwork types are tredted by the Subnetwork Independent functions as though they were connectionless sybnetworks,
using thg Subnetwork Dependent Convergence functions of ISO 8473 where necessary to provide a connectionless fubnetwork

service.
subnetw

The SubnetworkeDependent functions do, however, operate differently on connectionless and connecti
orks.

[opelogies

bn-oriented

Ganisa 3 : St a¥4 Hiaine i#s. This has
certain advantages, as described in ISO/IEC TR 9575. Furthermore, it is desirable for an intra-domain routeing protocol to aid
in the operation of an inter-domain routeing protocol, where such a protocol exists for interconnecting multiple routeing
domains.

6

In order to facilitate the construction of such multi-domain topologies, provision is made for the entering of inter-domain
routeing information. This information is in the form of a set of Reachable Address Prefixes which may be entered either by
System Management, or provided by an inter-domain routeing protocol at the ISs which have links crossing routeing domain
boundaries. The prefix indicates that any NSAPs whose NSAP address matches the prefix may be reachable via the SNPA
with which the prefix is associated. Where this SNPA is connected to a multi-destination subnetwork (e.g., dynamically
assigned DED, broadcast), the prefix also has associated with it the required subnetwork addressing information, or an

© ISO/IEC 2002 — All rights reserved
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indication that it may be derived from the destination NSAP address (for example, an X.121 DTE address may sometimes be
obtained from the IDI of the NSAP address).

The Address Prefixes are handled by the level 2 routeing algorithm in the same way as information about a level 1 area within
the domain. NPDUs with a destination address matching any of the prefixes present on any Level 2 Intermediate System
within the domain can therefore be relayed (using level 2 routeing) by that IS and delivered out of the domain. (It is assumed
that the routeing functions of the other domain will then be able to deliver the NPDU to its destination.)

Where multiple routeing domains are interconnected using this International Standard, the model used is one in which the
boundaries between routeing domains are on the subnetworks which connect the Intermediate systems. A boundary for a
routeing dgrmanT s constructed—by Tmarkimgthe finkage TTaTTagedobjectassoctatedwithacircurtas—bemg extermatDomain
rather than|internal.

NOTE 4 This model also permits the construction of routeing domains whose scope is not limited by the hierarchical nature of network
layer addresp assignment. For example, it is possible to construct a routeing domain, or even a single area, whose area’addresses jare taken
from multiple addressing authorities.

6.4 Addresses

Within a rquteing domain that conforms to this International Standard, the Network entity/titles of Intermediate systems must
meet the rqquirements stated in 7.1.4. It is the routeing domain administrative authority?s-teSponsibility to ensure that such is
the case.

All system§ shall be able to generate and forward NPDUs containing NSAP addtésses in any of the formats specified by ISO
8348. Howgver, the routeing domain’s administrative authority should ascertain‘that NSAP addresses of End systems meet the
requiremerdts set forth in 7.1.4 in order to take full advantage the routes derived by this protocol.

Within such a domain it is still possible for some End systems to have @ddresses assigned which do not conform to thejrules set
forth in 7.].4 provided that they meet the more general requirements of ISO 8348, but these End systems may | require
additional [configuration information to be entered into the Ifitermediate systems and they may obtain inferior [routeing
performangde.

NOTE 5  The procedures whereby the routeing domain administrative authority obtains from an appropriate address authority Intprmediate
system NETs as required by this International Standard, and End System NSAP addresses as recommended by this International Standard are joutside its
scope.

6.5 Fupctional organisation

The intra-domain IS-IS routeing functiens are divided into two groups
- Subnetwork Independent Fufnietions

- Subnetwork DependentFunctions

6.5.1 Subpetwork independent functions

The Subnefwork Independent Functions supply full-duplex NPDU transmission between any pair of neighbour systems. They
are independent’of the specific subnetwork or data link service operating below them, except for recognising two genefic types
of subnetwirls

- General Topology Subnetworks, which include HDLC point-to-point, HDLC multipoint, and dynamically established
data links (such as X.25, X.21, and PSTN links), and

- Broadcast Subnetworks, which include ISO 8802 LAN:S.

NOTE 6 This protocol is intended to operate on any broadcast subnetwork which meets the general requirements listed in 6.7. However,
the remainder of this International Standard specifically addresses ISO 8802 LANs. Other LANs, such as FDDI, are believed to be
adequately covered by the specification for ISO 8802 LANs. Other broadcast subnetworks, such as ISO 8802-6 MANs, may not be
adequately covered at this time.

The following Subnetwork Independent Functions are identified:
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- Routeing. The routeing function determines NPDU paths. A path is the sequence of connected systems and links between
a source ES and a destination ES.

The combined knowledge of all the Network Layer entities of all the Intermediate systems within a routeing domain is
used to ascertain the existence of a path, and route the NPDU to its destination. The routeing component at an Intermediate
system has the following specific functions:

It
It

extracts and interprets the routeing PCI in an NPDU.

performs NPDU forwarding based on the destination address.

hen the destination is unreachable or when the NPDU would have needed to be segmented.and the NPDI
0 segmentation”.

- Congestion control. Congestion control manages the resources used at each Intermediate system.

6.5.2

The sub
indepen:
- Operd|
e d
od
- Opqg
od
e h

e C

Subnetwork dependent functions

network dependent functions mask the characteristics of the subnetweork or data link service from the
lent functions. These include:

tion of the Intermediate system functions of ISO 9542 on the particular subnetwork, in order to
btermine neighbour Network entity title(s) and SNPA address(es);

ptermine the SNPA address(es) of operational Intermediate systems.

ration of the requisite Subnetwork Dependent Convergence Function as defined in ISO 8473, in order to pe
hta link initialisation;
bp by hop fragmentation over subnetw6rks with small maximum SNSDU sizes; and

11 establishment and clearing on dynamically established data links.

6.6 Iesign goals and non-goals

6.6.1

This Int
stated in

Goals

ernational Standard supports the following design requirements. The correspondence with the goals for O
ISO/IEC TR-9575 are noted.

- Network Layer Protocol Compatibility: It is compatible with ISO 8473 and ISO 9542. (See 7.5 of ISO/IEC T

- Sim

as become

or instance
J requested

subnetwork

-form

SI routeing

R 9575),

D 8473 and

plenEnd systems: It requires no changes to End systems, nor any functions beyond those supplied by IS

ISO

F54Z. (d¢ec /.Z. 1T or ISU/IEC TR 557)),

- Multiple Organisations: It allows for multiple routeing and administrative domains through the provision of static
routeing information at domain boundaries. (See 7.3 of ISO/IEC TR 9575)

- Deliverability: It accepts and delivers NPDUs addressed to reachable destinations and rejects NPDUs addressed to
destinations known to be unreachable,

- Adaptability: It adapts to topological changes within the routeing domain, but not to traffic changes, except potentially as
indicated by local queue lengths. It splits traffic load on multiple equivalent paths. (See 7.7 of ISO/IEC TR 9575),
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- Promptness: The period of adaptation to topological changes in the domain is a reasonable function of the domain
diameter (that is, the maximum logical distance between End Systems within the domain) and Data link speeds. (See 7.4
of ISO/IEC TR 9575),

- Efficiency: It is both processing and memory efficient. It does not create excessive routeing traffic overhead. (See 7.4 of
ISO/IEC TR 9575),

- Robustness: It recovers from transient errors such as lost or temporarily incorrect routeing PDUs. It tolerates imprecise
parameter settings. (See 7.7 of ISO/IEC TR 9575),

- Stabil faze Tt ctalarlicoc 100 £t 4109 40 o d eni400% neensadad o o tomologioal chonaac o oot oo ata base
ty--StapiSeSsHHte S—t0—E00aTotteS—Proviaeao-conthy HOHStOPO10 gcarenaRge s CcoRtHY HOH5—q

corrupfions occur,

- Systern Management control: System Management can control many routeing functions via parameter changes, and
inspec} parameters, counters, and routes. It will not, however, depend on system management action for-correct behaviour,

- Simpljcity: It is sufficiently simple to permit performance tuning and failure isolation,

- Maintpinability: It provides mechanisms to detect, isolate, and repair most common errors,that may affect the jrouteing
compuytation and data bases. (See 7.8 of ISO/IEC TR 9575),

- Heterggeneity: It operates over a mixture of network and system types, communication technologies, and topoldgies. It
is capgble of running over a wide variety of subnetworks, including, but not, lifnited to: ISO 8802 LANs, ISO/IEC 8208
and X 25 subnetworks, PSTN networks, and the OSI Data Link Service. (See. 7.1 of ISO/IEC TR 9575),

- Extengibility: It accommodates increased routeing functions, leaving earlier functions as a subset,

- Evolution: It allows orderly transition from algorithm to algorithm¥without shutting down an entire domain,
- Deadlpck Prevention: The congestion control component prevents buffer deadlock,

- Very Large Domains: With hierarchical routeing, and a¥ery large address space, domains of essentially unlimijited size
can be|supported. (See 7.2 of ISO/IEC TR 9575),

- Area Partition Repair: It permits the utilisation ;of level 2 paths to repair areas which become partitioned due tp failing
level 1] links or ISs. (See 7.7 of ISO/IEC TR 9575),

- Determinism: Routes are a function only~of the physical topology, and not of history. In other words, the same fopology
will always converge to the same set{ofiroutes,

- Protedtion from Misdelivery: The probability of misdelivering a NPDU, i.e. delivering it to a Transport entify in the
wrong|End System, is extrem¢ly low,

- Availgbility: For domaintopologies with cut set greater than one, no single point of failure will partition the domain. (See
7.7 of [SO/IEC TR9575),

- Servide ClassesThe service classes of transit delay, expense", and residual error probability of ISO 8473 are syipported
through the optional inclusion of multiple routeing metrics,

- Authemtitatiom:The protocot fsTapabicof Ttarrying i=formmation to- be used for the authemtication of Ttermediate systems
in order to increase the security and robustness of a routeing domain. The specific mechanism supported in this
International Standard however, only supports a weak form of authentication using passwords, and thus is useful only for
protection against accidental misconfiguration errors and does not protect against any serious security threat. In the future,
the algorithms may be enhanced to provide stronger forms of authentication than can be provided with passwords without
needing to change the PDU encoding or the protocol exchange machinery.

D “Expense” is referred to as “cost” in ISO 8473. The latter term is not used here because of possible confusion with the more general
usage of the term to indicate path cost according to any routeing metric.
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6.6.2 Non-goals

The following are not within the design scope of the intra-domain IS—IS routeing protocol described in this International
Standard:

Traffic adaptation: It does not automatically modify routes based on global traffic load,

Source-destination routeing: It does not determine routes by source as well as destination,

Guaranteed delivery: It does not guarantee delivery of all offered NPDUs,

Level 2 Subdomain partition repair: It will not utilise Level 1 paths to repair a level 2 subdomain partition. For full

log

d CO ( Ve ubddoInd cquIrcd

al treatment for all ES implementations: The End system poll function defined in 8.4.5 presumes-that H
e implemented the suggested ES Configuration Timer option of ISO 9542. An End system which does not|
option may experience a temporary loss of connectivity following certain types of topology_changes
hetwork.

6.7 HEnvironmental requirements

For corr
6.7.1
a) Rey|
1y
2)
See
b) Aq
c) Acd
d) Av
6.7.2T
a) Pro
b) Det
c) Pro
d) Pro
e) Pro
con|
f)  Rep
g) The

ect operation of the protocol, certain guarantees are required from the local envirfonment and the Data Link 1

The required local environment guarantees are:

purce allocation such that the certain minimum resource guarantees €an be met, including
memory (for code, data, and buffers)

processing;

12.2.4 for specific performance levels required for conformance

pota of buffers sufficient to perform routeing functigns;

ess to a timer or notification of specific timer expiration; and

ery low probability of corrupting data.

he required subnetwork guarantees for point-to-point links are:

vision that both source and destination systems complete start-up before PDU exchange can occur;
bction of remote start-up;
vision that no old PBUs-be received after start-up is complete;

ision that no PDUS transmitted after a particular startup is complete are delivered out of sequence;

vision that-failure to deliver a specific subnetwork SDU will result in the timely disconnection of the
hection invbeth directions and that this failure will be reported to both systems; and

ortifg '0f other subnetwork failures and degraded sub-network conditions.

nd systems
implement
n its local

Layer.

tubnetwork

fn]]nwing events are “very low prnhnhi]itv” which means that pf-rf‘nrmnn(‘e will be impm‘ted unle

extremely rare, on the order of less that one event per four years

)

Delivery of NPDUs with undetected data corruption.

6.7.3 The required subnetwork guarantees for broadcast links are:

a)
b)

Multicast capability, i.e., the ability to address a subset of all connected systems with a single PDU;

s they are

The following events are “low probability”, which means that they occur sufficiently rarely so as not to impact
performance, on the order of once per thousand PDUs

1)

Routeing PDU non-sequentiality,
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2) Routeing PDU loss due to detected corruption; and

3) Receiver overrun;

¢) The following events are “very low probability”, which means performance will be impacted unless they are extremely
rare, on the order of less than one event per four years

1) Delivery of NPDUs with undetected data corruption; and

2) Non-transitive connectivity, i.e. where system 4 can receive transmissions from systems B and C, but system B cannot
receive transmissions from system C.

674 T

Reporting

The routeinng functions are designed to account for.

6.8 Ful

The Subng
briefly in t
the model

TR 9575, s
functions s

The functig

The routei
- Decisi

- Updat
NOTE 7

- Forwaqg

- Recei

6.8.1 Dec

This proce
separately
Database,
compute sk
the Update

Execution
stored in tl
forward NJ

he following services are assumed to be not available from broadcast links:

f failures and degraded subnetwork conditions that result in NPDU loss, for instance receiver thesefailure

1ctional organisation of subnetwork independent components

twork Independent Functions are broken down into more specific functional ceniponents. These are d
his sub-clause and in detail in clause 7. This International Standard uses a funetignal decomposition adap
bf routeing presented in subclause 5.1 of ISO/IEC TR 9575. The decompositien is not identical to that in

ince that model is more general and not specifically oriented toward a detailed description of intra-domain
ich as supplied by this protocol.

nal decomposition is shown below in figure 3.

g processes are:
n Process

Process
['his comprises both the Information Collection and Information Distribution components in ISO/IEC TR 9575.

ding Process

e Process

sion process

s calculates routes to each’destination in the domain. It is executed separately for level 1 and level 2 routq
within each level for each of the routeing metrics supported by the Intermediate system. It uses the L
which consists ofintermation from the latest Link State PDUs from every other Intermediate system in thg
ortest paths frgm this IS to all other systems in the area — 9 in figure 3. The Link State Data Base is maint
Process.

bf the Decision Process results in the determination of [circuit, neighbour] pairs (known as adjacencies), W
le appropriate Forwarding Information base — 10 — and used by the Forwarding process as paths along
DUs.

5 failure.

escribed
ed from
[SO/IEC
routeing

ing, and
nk State
area, to
hined by

hich are
which to

Several of the parameters in the routeing data base that the Decision Process uses are determined by the implementation.
These include:

- maximum number of Intermediate and End systems within the IS’s area;

- maximum number of Intermediate and End system neighbours of the IS, etc.,

so that databases can be sized appropriately. Also parameters such as

- routeing metrics for each circuit; and

- timers; can be adjusted for enhanced performance. The complete list of System Management setable parameters is
contained in clause 11.

12
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6.8.2 Update process

This process constructs, receives and propagates Link State PDUs. Each Link State PDU contains information about the
identity and routeing metric values of the adjacencies of the IS that originated the Link State PDU.

The Update Process receives Link State and Sequence Numbers PDUs from the Receive Process — 4 in figure 3. It places new
routeing information in the routeing information base — 6 and propagates routeing information to other Intermediate systems
—7 and 8.

General characteristics of the Update Process are:

- Link State PDUs are generated as a result of topological changes, and also periodically. They may alsab¢ generated
indirectly as a result of System Management actions (such as changing one of the routeing metrics for a ciceuit)

- Level 1 Link State PDUs are propagated to all Intermediate systems within an area, but are not propagated out ¢f an area.
- Lewvel 2 Link State PDUs are propagated to all Level 2 Intermediate systems in the domain.
- Link State PDUs are not propagated outside of a domain.

- Thqupdate process, through a set of System Management parameters, enforces an uppef,bound on the amount [of routeing
traffic overhead it generates.

6.8.3 [Forwarding process
This prdcess supplies and manages the buffers necessary to support NPDU relaying to all destinations.
It receives, via the Receive Process, ISO 8473 PDUs to be forwarded — 5uin figure 3.

It perfofms a lookup in the appropriate” Forwarding Database — 1¥~ to determine the possible output adjacencief to use for
forwarding to a given destination, chooses one adjacency — 12 *+, generates error indications to ISO 8473 — 14 | jand signals
ISO 9542 to issue Redirect PDUs — 13 .

6.8.4 [Receive process

The Regeive Process obtains its inputs from the folowing sources

- recgived PDUs with the NLPID of Intra-Domain routeing — 2 in figure 3,

- roufeing information derived by the\ES—IS protocol from the receipt of ISO 9542 PDUs — 1 ; and
- 1S 8473 data PDUs handed to'‘the routeing function by the ISO 8473 protocol machine — 3.

- It then performs the apprepriate actions, which may involve passing the PDU to some other function (e.g. to the
Forfvarding Process for forwarding — 5 ).

D" The appropriate forwarding database is selected by choosing a routeing metric based on fields in the QoS Maintenance option field of
ISO 8473.
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Figure 3 - Decomposition of Subnetwork Independent Functions

describes the algorithms and associated (databases used by the routeing functions. The managed obj
efined for System Management purposes.are described in clause 11.

ing processes and databases are used internally by the subnetwork independent functions. Following each p1
itle, in parentheses, is the type.of systems which must keep the database. The system types are “L2”
e system), and “L1” (level 1 Intermediate system). Note that a level 2 Intermediate system is also &
e system in its home area, se_it must keep level 1 databases as well as level 2 databases.

ects and

0CESS Or
(level 2
level 1

Level 1 Shortest Paths Database (L2, L1)

Level 2 Shortest Paths Database (L2)

Level 1 Forwarding Databases — one per routeing metric (L2, L1)

Level 2 Forwarding Database — one per routeing metric (L2)
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7.1 Addresses

The NSAP addresses and NETs of systems are variable length quantities that conform to the requirements of ISO 8348. The
corresponding NPAI contained in ISO 8473 PDUs and in this protocol’s PDUs shall use the preferred binary encoding. Any of
the AFIs and their corresponding DSP syntax may be used with this protocol.

7.1.1 Address structure for intradomain IS-IS routeing

In order to understand the requirements set under the present clause 7.1, it is necessary to view the encoded NSAPs or NETs as
structured according to figure 4, where three fields are distinguished:

a) Arcp Address
b) ID
c) SEI

7.1.2 |NPAI — area address field

An arealaddress is a variable length quantity consisting of the entire high-order part of the NPAI, excluding the ID and SEL
fields.

7.1.3 |NPALI of systems within a routeing domain

This clapse first defines how the NPAI corresponding to NSAP addresses and\Network Entity Titles of systems deployed in a
routeing domain is constructed and second how the NPALI is structured for4ise*by the protocol.

7.1.3.1 |Construction of NPAI from network addresses

NPALI if derived from NSAP addresses and NETs according to*ISO/IEC 8348. The NETs and NSAP addresses are obtained
from thg appropriate addressing authorities.

For these addresses to be correctly interpreted by the protocol in this International Standard it is mandatory that the routeing

domain puthority ensure that whenever the Network address includes a DSP whose syntax is decimal digits, then:
- |ifthe IDI is in the ISO DCC or E.164 format, the decimal syntax DSP must be an odd number of digits;
- | for the other IDI formats the decimal syntax DSP must be an even number of decimal digits.

7.1.3.2 |Structure of the NPAI

The strycture of the ID and SET\fields of the NPAI are interpreted in the following way by the protocol defined in this
Internatjonal Standard:

ID System identifier<= a variable length field from 1 to 8 octets (inclusive). Each routeing domain employing this protocol
shall select a single size for the ID field and all Intermediate systems in the routeing domain shall use this lefgth for the
system IDs af all systems in the routeing domain.

The set of:lD lengths supported by an implementation is an implementation choice, provided that at least one yalue in the
pefmitted' range can be accepted. The routeing domain administrator must ensure that all ISs included in|a routeing
domain are able to use the ID length chosen for that domain

SEL NSAP Selector — a 1-octet field which acts as a selector for the entity which is to receive the PDU (this may be a
Transport entity or the Intermediate system Network entity itself). It is the least significant (last) octet of the NPAI.

NOTE 8 The SEL field is always the last octect of the NPAI, since the rules enforced in 7.1.3.1 guarantee that there will be no pad at the
end of the NPAIL

7.1.4 Administration and deployment of systems in a routeing domain
It is the responsibility of the routeing domain administrative authority to enforce the requirements stated below in this clause

and the rules stated above in 7.1.3.1. These requirements place specific constraints on the NSAP addresses and NETs of
systems deployed in a routeing domain, when these systems operate the protocol defined in this International Standard. The
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protocol defined in this International Standard assumes that these requirements are met, but has no means to verify compliance
with them.

NOTE 9

To interpret correctly the requirements given below, it is necessary to refer to the structure of the NPAI presented in

7.1.3.2 and to the concept of manual area addresses defined in 7.1.5.

7.1.1 and

For correct operation of the routeing protocol defined in this International Standard, the following requirements must be met in
a routeing domain:

a) For all systems in the routeing domain:

1)

2)

3)

b) Additipnal requirements for Intermediate system addresses:

)

¢) Additipnal requirements for area administration:

1)

d) Requifements placed on End systems to be neighbours of a level 1IS:

An End syftem may be a neighbour of a level 1 IS if and only if:

1)

2)

e) Additipnal requirements for Interdorhain routeing:

When [[nterdomain routeing between two routeing domains is assisted through the use of reachable address prefixe

)

16

+———— IDP P DSP

NOTE 10 A consequence of this requirement is that a reachable address prefix may not match any area address of-an.a
ropteing domain. However, an IS is not required to perform any dynamic check to detect if this property is violatedydtue
management misconfiguration.

Egch system in an area must have an unambiguous ID; that is, no two systems (IS or ES) in an.area may use
1D} value.

All systems belonging to a given routeing domain must have NETs or NSAP addresses(whose ID fields are
length.

Edch Level 2 Intermediate system within a routeing domain must have an unambiguous value for its ID field
ng two level 2 ISs in a routeing domain can have the same value in their ID fields.

Np two End systems in an area may have addresses that match in all.but the SEL field.

it area address matches the level 1 IS’s area address’as contained in its own NET, which is always an ent
adjacent IS’s manualAreaAddresses parameter, Of

ity area address matches one of the other entries in the adjacent IS’s manualAreaAddresses parameter.

NOTE 11 The definitions of several entrieshin the adjacent IS’s manualAreaAddresses parameter allow for syst
differing area addresses to be merged under‘ene level 1 IS for the purpose of fabricating a single area. This concept is de
detail under 7.1.5 below.

nd address of any area.in’ one of the routeing domains should match the address of an area in the other
dqmain.

A 4

T
AF| DI (Contents assigned by the addressing authority identified in the IDI

Field, and its associated sub-authorities)
1 |

rea in the
fo system

he same

of equal

; that is,

'y in the

ems with
cribed in

5, then

routeing

F'S

Area Address >< D —F& SEL 2
(variable length) (1<=ID<=8 octets) (1 octet)

NOTE - The diagram shows how this International Standard will parse the NPAI (that is, and address or NET encoded by the
preferred binary encoding of ISO 8348). This protocol uses the fields "Area Address", "ID", and "SEL"

To emphasize that address information is constructed according to ISO 8348/Add.2, the quantities "IDP", "DSP", "AFI", and
"IDI" are also shown; however, they are not explicitly used by this protocol.

Figure 4 — Address Structure for Intra-domain IS-IS Routeing
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Manual area addresses

Within a routeing domain, it is often convenient to associate more than one area address with an area. There are a number of

reasons

why assigning more than one area address may be useful, including the following.

a) There may be more than one addressing authority involved in the assignment of addresses in the routeing domain, yet it is

not

efficient to require a separate area for each addressing domain.

b) At times it may be necessary to reconfigure a routeing domain by dividing an area into two of more areas, or combining a
number of areas into a single area. These reconfigurations could not be done during normal routeing domain operation if
only a single area address per area were permitted.

Therefo

e, this International Standard permits an area to have a number of synonymous area addresses.

The use| of several synonymous area addresses by an IS is accommodated through the use of the managemen

manual
area add
valid ne

[AreaAddresses. This parameter is set locally for each IS by system management; it contains a {ist-of all s

work entity titles for the IS.

Each leyel 1 IS distributes its manualAreaAddresses in its Level 1 LSP’s Area Addresses.field, thus allowing

to creat
through

ut the level 2 subdomain by including it in their Level 2 LSP’s Area Addresses field, thus distributing

on all the area addresses associated with the entire routeing domain. The procedures fotestablishing an adjacency b
level 1 ISs require that there be at least one area address in common between theirtwo manualAreaAddresses li

procedu,
match a

Fes for establishing an adjacency between a level 1 IS and an End system require that the End system’s a
h entry in the IS’s manualAreaAddresses list. Therefore, it is th€ responsibility of System Managemer

that each area address associated with an IS is included. In particular, systefn management must ensure that the are
of all EYs and Level 1 ISs adjacent to a given level 1 IS are included in that IS’s manualAreaAddresses list.

The uni
order th|
System

bn of all area addresses of the ISs in an area may exceed. the configured capacity of one or more ISs in
ht all ISs agree on the area addresses of an area, each,IS-has a parameter maximumAreaAddresses, est
Management. The value of maximumAreaAddresses'is communicated among the ISs in the protocol’s P

checked| to ensure that all ISs in an area have the same value of this parameter. All ISs shall support a value of af
maximymAreaAddresses, although the value mayybe set lower by System Management if desired. Fai
maximymAreaAddresses consistently among the(ISs in an area may cause adjacencies to fail to initialise and/o

become

partitioned.

If the area address field for the destination address of an ISO 8473 PDU — or for the next entry in its source roy
when present — is not listed in the parameter areaAddresses of a level 1 IS receiving the PDU, then the destina
does nof reside in the IS’s area. Such.RDUs will be routed by level 2 routeing.

7.1.6

Encoding of addressing information

This International Standard makes use of four types of address information: NETs, NSAP addresses, area add

address

a) NE

prefixes. The encoding rules for each of them are given below.

I's shall bé\encoded according to the preferred binary encoding specified in ISO 8348.

b) NSAP addresses shall be encoded according to the preferred binary encoding specified in ISO 8348.

parameter
ynonymous

resses associated with the IS. All of the IS’s manualAreaAddresses, when combined with-the IS’s systemID, are

level 2 ISs

b a composite list of all area addresses in use within a given area. Level 2 ISs ‘in tirn advertise the composite list

nformation
etween two
sts, and the
rea address
t to ensure
h addresses

he area. In
hblished by
IDUs and is
least 3 for
ure to set
an area to

teing field,
ion system

resses, and

¢) Thq encoded form of an area address shall be obtained by dropping the last IDLength + [ octets of the prefo
encoding of the corresponding NSAP, where /DLength is equal to the length of the ID field used by the routeing domain.

rred binary

d) The encoded form of an address prefix shall be obtained by encoding the prefix (expressed in its abstract syntax),
according to the preferred binary encoding, unless the end of the prefix falls within the IDP. In this case, each decimal
digit in the prefix shall be encoded as the corresponding semi-octet in the range 0000-1001 and no padding characters
shall be inserted.

7.1.7

Matching an NSAP address with an area address or an address prefix

A destination NSAP address can be matched against either an area address or an address prefix. An area address or an address
prefix which extends into the DSP, shall be compared directly against the encoded NSAP address, including any padding
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characters that may be present; an address prefix which does not extend into the DSP shall be compared against NSAP', which
is obtained from the encoded NSAP address by removing all padding characters that were inserted by the binary encoding.

The existence of a match shall be determined as follows:

a) If the encoded NSAP (or NSAP') contains fewer semi-octets than the encoded area address (or address prefix), then there
is no match.

b) If the NSAP (or NSAP') contains at least as many octets as the area address (or address prefix), and all octets of the
encoded area address (or address prefix) are identical to the corresponding leading octets of the encoded NSAP address (or
NSAP"), there is a match. Otherwise, there is no match.

NOTE 12 RAny implementation of a matching process that satisfies the requirements listed above may be used. The key point is that
matching prpcess must be aware of whether or not the encoded area address or address prefix extends into the DSP, and miust ‘then either
include or exclude padding characters from the encoded NSAP, as defined above.

7.1.8 Cpmparison of addresses

Unless othgrwise stated, comparison of addresses shall be performed on the addresses encoded as_sequences of octgts in the
form specitied in 9.2 or 9.3 as appropriate.

If the encofled addresses are of different lengths and the shorter encoded address is a prefix\of the longer, the shorter afldress is
considered|to be less than the longer.

Otherwise,| the result of the comparison is that obtained by padding the shorter’encoded address (if any) with trailing zero
octets to thee length of the longer, and comparing the two resulting octet sequences as unsigned integers, with the first octet of
each sequephce considered the most significant.

The addrespes to which this procedure applies are NSAP addresses, Network Entity Titles, and SNPA addresses.

7.2 Degision process

This proceps uses the database of Link State information‘to calculate the forwarding database(s), from which the fogwarding
process caf know the proper next hop for each NPDU. The Level 1 Link State Database is used for calculating the|Level 1
Forwarding Database(s), and the Level 2 Link State.Database is used for calculating the Level 2 Forwarding Database(f).

7.2.1 Indput and output
INPUT

- Link State Database — This_database is a set of information from the latest Link State PDUs from all known Intefmediate
systen]s (within this areaffer Level 1, or within the level 2 subdomain, for Level 2). This database is received from the
Updat¢ Process.

- Notifigation of an Event — This is a signal from the Update Process that a change to a link has occurred somewhere in the
domaif.

OUTPUT

- Level ['Forwarding Databases — one per routeing metric
- (Level 2 Intermediate systems only) Level 2 Forwarding Databases — one per routeing metric

- (Level 2 Intermediate systems only) The Level 1 Decision Process informs the Level 2 Update Process of the ID of the
Level 2 Intermediate system within the area with lowest ID reachable with real level 1 links (as opposed to a virtual link
consisting of a path through the level 2 subdomain)

- (Level 2 Intermediate systems only) If this Intermediate system is the “Partition Designated Level 2 Intermediate system”
in this partition, the Level 2 Decision Process informs the Level 1 Update Process of the values of the default routeing
metric to and ID of the “partition designated level 2 Intermediate system” in each other partition of this area.
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7.2.2 Routeing metrics

There are four routeing metrics defined, corresponding to the four possible orthogonal qualities of service defined by the QoS
Maintenance field of ISO 8473. Each circuit emanating from an Intermediate system shall be assigned a value for one or more
of these metrics by System management. The four metrics are as follows:

a) Default metric: This is a metric understood by every Intermediate system in the domain. Each circuit shall have a positive
integral value assigned for this metric. The value may be associated with any objective function of the circuit, but by
convention is intended to measure the capacity of the circuit for handling traffic, for example, its throughput in bits-per-
second. Higher values indicate a lower capacity.

b) Delfiymetric: This IMEtric Measures the 7ansii delay o the associated Circuit. It 1S an optional metric, whichL it Jassigned to
a cifcuit shall have a positive integral value. Higher values indicate a longer transit delay.

c) Expense metric: This metric measures the monetary cost of utilising the associated circuit. It is an opfional m¢tric, which
if agsigned to a circuit shall have a positive integral value”. Higher values indicate a larger monetar§-&xpense.

d) Errpr metric: This metric measures the residual error probability of the associated circuit. It issan’ optional mgtric, which
if agsigned to a circuit shall have a non-zero value. Higher values indicate a larger probability~of undetected efrors on the
circpit.

NOTE 13 The decision process combines metric values by simple addition. It is important, therefore, that the values of thp metrics be
chosen a¢cordingly.

Every Injtermediate system shall be capable of calculating routes based on the default metric. Support of any or all pf the other
metrics [is optional. If an Intermediate system supports the calculation of roltes based on a metric, its update pfocess may
report tHe metric value in the LSPs for the associated circuit; otherwise, the-1S.shall not report the metric.

When cglculating paths for one of the optional routeing metrics, the decision process only utilises LSPs with a valpe reported
for the qorresponding metric. If none of an IS’s circuits has a valugrassociated with one of the optional metrics, then IS shall
not calcylate routes based on that metric.

NOTE 14 A consequence of the above is that a system reachablg via the default metric may not be reachable by another metric.

See 7.4.1 for a description of how the forwarding processyselects one of these metrics based on the contents of the ISQ 8473 QoS
Maintengnce option.

Each of|the four metrics described above may be of two types: an Internal metric or an External metric. Internal metrics are
used to flescribe links/routes to destinations-internal to the routeing domain. External metrics are used to describe |inks/routes
to destipations outside of the routeing derain. These two types of metrics are not directly comparable, except the internal
routes afe always preferred over extetnal routes. In other words an internal route will always be selected even if jan external
route with lower total cost exists.

7.2.3 |Broadcast subnetworks

Instead ¢f treating a bfeadcast subnetwork as a fully connected topology, the broadcast subnetwork is treated as a pseudonode,
with links to each-attached system. Attached systems shall only report their link to the pseudonode. The |designated
Intermedliate systemy; on behalf of the pseudonode, shall construct Link State PDUs reporting the links to all the sysfems on the
broadcaft subngtwork with a zero value for each supported routeing metric?.

The pse : .
pseudonodeID 3551gned by the De51gnated Intermediate system The pseudonodeID is locally unlque to the Designated
Intermediate system.

Designated Intermediate systems are determined separately for level 1 and level 2. They are known as the LAN Level I
Designated IS and the LAN Level 2 Designated IS respectively. See 8.4.5.

D" The path computation algorithm utilised in this International Standard requires that all circuits be assigned a positive value for a metric.

Therefore, it is not possible to represent a “free” circuit by a zero value of the expense metric. By convention, the value 1 is used to indicate
a “free” circuit.

?  They are set to zero metric values since they have already been assigned metrics by the link to the pseudonode. Assigning a non-zero
metric in the pseudonode LSP would have the effect of doubling the actual value.
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An Intermediate system may resign as Designated Intermediate System on a broadcast circuit either because it (or its SNPA on
the broadcast subnetwork) is being shut down or because some other Intermediate system of higher priority has taken over that
function. When an Intermediate system resigns as Designated Intermediate System, it shall initiate a network wide purge of its
pseudonode Link State PDU(s) by setting their Remaining Lifetime to zero and performing the actions described in 7.3.16.4. A
LAN Level 1 Designated Intermediate System purges Level 1 Link State PDUs and a LAN Level 2 Designated Intermediate
System purges Level 2 Link State PDUs. An Intermediate system which has resigned as both Level 1 and Level 2 Designated
Intermediate System shall purge both sets of LSPs.

When an Intermediate system declares itself as designated Intermediate system and it is in possession of a Link State PDU of

the same level issued by the previous Designated Intermediate System for that circuit (if any), it shall initiate a network wide
purge of that (nr f]f\r\cp) Link-State PDL T(c) as-abose-

7.2.4 Links

Two Interrhediate systems are not considered neighbours unless each reports the other as directly reachable)over ong of their
SNPAs. On a Connection-oriented subnetwork (either point-to-point or general topology), the two Intermediate syptems in
question shall ascertain their neighbour relationship when a connection is established and hellonPDUs exchanged. A
malfunctioping IS might, however, report another IS to be a neighbour when in fact it is not. To detect this class of fajilure the
decision prpcess checks that each link reported as “up” in a LSP is so reported by both Intermediate systems. If an Intefmediate
system considers a link “down” it shall not mention the link in its Link State PDUs.

On broadcgst subnetworks, this class of failure shall be detected by the designated IS, which has the responsibility to ascertain
the set of Iptermediate systems that can all communicate on the subnetwork. The designated IS shall include these Inteymediate
systems (amd no others) in the Link State PDU it generates for the pseudonode representing the broadcast subnetwork.

7.2.5 Multiple LSPs for the same system

The Updatg process is capable of dividing a single logical LSP into a sumber of separate PDUs for the purpose of copserving
link bandwidth and processing (see 7.3.4). The Decision Process, 0 the other hand, shall regard the LSP with LSP [Number
zero in a special way. If the LSP with LSP Number zero and remaining lifetime > 0 is not present for a particular sysfem then
the Decisidn Process shall not process any LSPs with non-zero@SP Number which may be stored for that system.

The followjing information shall be taken only from the LSP with LSP Number zero. Any values which may be presen{ in other
LSPs for tHat system shall be disregarded by the Decision Process.

a) The sefting of the LSP Database Overload bit.
b) The vdlue of the IS Type field.

c) The Atea Addresses option field.

d) the setfing of the AttachedFlag bit

7.2.6 Rputeing algorithm overview

7.2.6.1 [he routeing algorithm used by the Decision Process is a shortest path first (SPF) algorithm. Instancds of the
algorithm dre run independently and concurrently by all Intermediate systems in a routeing domain. Intra-Domain routging of a
PDU occugjs on a hop<by~hop basis: that is, the algorithm determines only the next hop, not the complete path, that a data PDU
will take t reach.its,destination. To guarantee correct and consistent route computation by every Intermediate sysfem in a
routeing dqmain, this International Standard depends on the following properties:

a) All Intefimediate systems in the routeing domain converge using identical topology information; and

b) Each Intermediate system in the routeing domain generates the same set of routes from the same input topology and set of
metrics.

The first property is necessary in order to prevent inconsistent, potentially looping paths. The second property is necessary to
meet the goal of determinism stated in 6.6.

7.2.6.2 A system executes the SPF algorithm to find a set of legal paths to a destination system in the routeing domain. The
set may consist of

a) asingle path of minimum metric sum: these are termed minimum cost paths;

b) a set of paths of equal minimum metric sum: these are termed equal minimum cost paths; or

c) aset of paths which will get a PDU closer to its destination than the local system: these are called downstream paths.
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Paths which do not meet the above conditions are illegal and shall not be used. Paths whose metric sum exceeds the value of
the architectural constant MaxPathMetric (see table 2) are also illegal and shall not be used.

7.2.6.3  The Decision Process, in determining its paths, also ascertains the identity of the adjacency which lies on the first
hop to the destination on each path. These adjacencies are used to form the Forwarding Database, which the forwarding
process uses for relaying PDUs.

7.2.6.4  Separate route calculations are made for each pairing of a level in the routeing hierarchy (i.e. L1 and L2) with a
supported routeing metric. Since there are four routeing metrics and two levels some systems may execute multiple instances
of the SPF algorithm. For example,

- if all IS is a L2 Intermediate system which supports all four metrics and computes minimum cost paths for-al| metrics, it
would execute the SPF calculation eight times.

- if ap IS is a L1 Intermediate system which supports all four metrics, and additionally computes . downstream paths, it
woyld execute the algorithm 4 X (number of neighbours + 1) times.

Any implementation of an SPF algorithm meeting both the static and dynamic conformance requirements of clausg 12 of this
Internatjonal Standard may be used. Recommended implementations are described in detail in annpex C.

7.2.7 |Removal of excess paths

When there are more than maximumPathSplits legal paths to a destination,* this set shall be pruned [until only
maximymPathSplits remain. The Intermediate system shall discriminate based upon:

NOTE 1§ The precise precedence among the paths is specified in order to meet th€)goal of determinism defined in 6.6.

- adjphcency type: Paths associated with End system or level “«\reachable address prefix adjacencies are [retained in
preference to other adjacencies

- mefric sum: Paths having a lesser metric sum are retained 11 preference to paths having a greater metric sum{ By metric
sun] it is understood, the sum of the metrics along the patli‘to the destination.

- neighbour ID: where two or more paths are asseciated with adjacencies of the same type, an adjacency wijith a lower
neighbour ID is retained in preference to an adjacency with a higher neighbour id.

- cirquit ID: where two or more paths are\associated with adjacencies of the same type, and same neighbour ID, an
adjqcency with a lower circuit ID is retained in preference to an adjacency with a higher circuit ID, where circyit ID is the
valye of

e | ptPtCircuitID for non-broadcast circuits,
e |IMCircuitlD for broadcast gircuits when running the Level 1 Decision Process, and
e |12CircuitID for broadeadst circuits when running the Level 2 Decision Process.

- 1ANAddress: where'two or more adjacencies are of the same type, same neighbour ID, and same circuit ID (d.g. where a
neighbouring system has multiple LAN adapters on the same LAN) an adjacency with a lower IANAddress is|retained in
preference to @an)adjacency with a higher IANAddress.

7.2.8 |Robustness checks

7.2.8.1 —Computing routes through overloaded Intermediate systems

The Decision Process shall not utilise a link to an Intermediate system neighbour from an IS whose LSPs have the LSP
Database Overload indication set. Such paths may introduce loops since the overloaded IS does not have a complete routeing
information base. The Decision Process shall, however utilise the link to reach End system neighbours since these paths are
guaranteed to be non-looping.

7.2.8.2 Two-way connectivity check
The Decision Process shall not utilise a link between two Intermediate Systems unless both ISs report the link.

NOTE 16 The check is not applicable to links to an End System.
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Reporting the link indicates that it has a defined value for at least the default routeing metric. It is permissible for two end-
points to report different defined values of the same metric for the same link. In this case, routes may be asymmetric.

7.2.9 Construction of a forwarding database

The information that is needed in the forwarding database for routeing metric & is the set of adjacencies for each system N.

7.2.9.1 Identification of nearest level 2 IS by a level 1 IS

Level 1 Infermediate systems need one additional piece of information per routeing metric: the next hop to the nearegt level 2
Intermediafe system according to that routeing metric. A level 1 IS shall ascertain the set, R, of “attached” level 2(Int€rmediate
system(s) fpr metric £ such that the total cost to R for metric £ is minimal.

If there arel more adjacencies in this set than maximumPathSplits, then the IS shall remove excess adjaeencies as des¢ribed in
7.2.7.

7.2.9.2 Betting the attached flag in level 2 intermediate systems

When exeduting the level 2 decision process for each supported metric, level 2 IS shall agcértain whether or not it cpn reach
any destingtions outside its area using that metric. The IS considers itself attached if either:

a) it can feach at least one other area using the coresponding routeing metric, or

b) it has gt least one enabled reachable address prefix with the corresponding metric defined.
Otherwise fhe IS considers itself not attached.

If the IS discovers that it is not attached and attachedFlag was previeusly True, it shall:
- set attachedFlag for metric £ to False;
- regenepate its Level 1 LSP with LSP number zero; and

- compute the “nearest level 2 Intermediate system™ for metric k for insertion in the appropriate forwarding database,
according to the algorithm described in 7.2.9.1 for,Ievel 1 Intermediate systems.

NOTE 17 attachedFlag for each metric & is examined by the Update Process, so that it will report the value in the ATT field of its Link
State PDUs.

If the IS digcovers that it is attached and attachedFlag was previously False, it shall:
- set attachedFlag for metric & to“True”;
- regengpate its Level 1 LSP-with LSP number zero; and

- set the|level 1 forwarding database entry for metric k£ which corresponds to “nearest level 2 Intermediate system” tp “Self”.

7.2.10 Idformation for repairing partitioned areas

An area mdylbecome partitioned as a result of failure of one or more links in the area. However, if each of the partitionf has a
connection 10 The Ievet 2 Subdomail;, T 15 possibic T0 Tepail the partition via e fevet 2 Subdomain, provided that the fevel 2
subdomain itself is not partitioned. This is illustrated in figure 5.

All the systems A—I, R and P are in the same area n. When the link between D and E is broken, the area becomes partitioned.
Within each of the partitions the Partition Designated Level 2 Intermediate system is selected from among the level 2
Intermediate systems in that partition. In the case of partition 1 this is P, and in the case of partition 2 this is R. The level 1
repair path is then established between between these two level 2 Intermediate systems. Note that the repaired link is now
between P and R, not between D and E.
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Figure 5 - Repair of partitioned level 1 area

The Parfition Designated Level 2 Intermediate Systems repair the partition by forwarding NPDUs destined for othgr partitions
of the area through the level 2 subdomain. They do this by acting in theirleapacity as Level 1 Intermediate Systems and
advertis|ng in their Level 1 LSPs adjacencies to each Partition Designated.Level 2 Intermediate System in the| area. This
adjacengy is known as a “Virtual Adjacency” or “Virtual Link”. Thus other Level 1 Intermediate Systems in|a partition
calculat¢ paths to the other partitions through the Partition Designated)Level 2 Intermediate System. A Partition [Designated
Level 2 [Intermediate System forwards the Level 1 NPDUs throughcthe level 2 subdomain by encapsulating them ip ISO 8473
Data NFPDUs with its Virtual Network Entity Title as the soutceé NSAP and the “adjacent” Partition Designatpd Level 2
Intermedliate System’s Virtual Network Entity Title as the destination NSAP. The following sub-clauses describe this in more
detail.

7.2.10.1] Partition detection and virtual level 1 link'creation

Partitior}s of a Level 1 area are detected by the'Level 2 Intermediate System(s) operating within the area. Participption in the
partitior] repair process by a Level 2 Intermedrate system is predicated on the fact that all L2 ISs also function as L1 ISs within
their own area. A partition of a given argalexists whenever two or more Level 2 ISs located in that area are reportdd in the L2
LSPs as|being a “Partition Designated Tsevel 2 IS”. Conversely, when only one Level 2 IS in an area is reported gds being the
“Partitiqn Designated Level 2 IS, then that area is not partitioned. Partition repair is accomplished by the Partition [Designated
Level 2|IS. The election of the Partition Designated Level 2 IS as described in the next subsection must be dond before the
detection and repair process canbegin.

In ordet] to repair a pasfition of a Level 1 area, the Partition designated Level 2 IS creates a “Virtual Network Entity” to
represer]t the partition, The Network Entity Title for this virtual network entity shall be constructed from the firs{ listed area
address |from its £eyel 2 Link State PDU, and the ID of the Partition Designated Level 2 IS, with a selectgr value of
IntradomainRouteingSelector. The IS shall also construct a virtual link (represented by a new Virtual Adjacendy managed
object) fo each(Partition Designated Level 2 IS in the area, with the NET of the partition recorded in the Identifigr attribute.
The virtpdl-inks are the repair paths for the partition. They are reported by the Partition Designated Level 2 IS intp the entire
Level 1 arez by adding the TDof Tach“adjacent™Partition Desigmated Tevet 218 to the tntermediateSystermmNeighbours
field of its Level 1 Link State PDU. The Virtual Flag shall be set “True” for these Intermediate System neighbours. The metric
value for this virtual link shall be the default metric value d(N) obtained from this system’s Level 2 PATHS database, where N
is the “adjacent” Partition Designated Level 2 IS via the Level 2 subdomain. If the computed metric value exceeds the value of
MaxLinkMetric, the IS shall report the value of MaxLinkMetric for the virtual link.

An Intermediate System which operates as the Partition Designated Level 2 Intermediate System shall perform the following
steps after completing the Level 2 shortest path computation in order to detect partitions in the Level 1 area and create repair
paths:

a) Examine Level 2 Link State PDUs of all Level 2 Inter-mediate systems. Search Area Addresses for any address that
matches any of the addresses in partitionAreaAddresses. If a match is found, and the Partition Designated Level 2
Intermediate system’s ID does not equal this system’s ID, then inform the level 1 update process at this system of the
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identity of the Partition Designated Level 2 Intermediate system, together with the path cost for the default routeing metric

to that

Intermediate system.

b) Continue examining Level 2 LSPs until all Partition Designated Level 2 Intermediate systems in other partitions of this
area are found, and inform the Level 1 Update Process of all of the other Partition Designated Level 2 Intermediate
systems in other partitions of this area, so that

1) Level 1 Link State PDUs can be propagated to all other Partition designated level 2 Intermediate systems for this area (via

the lev

el 2 subdomain).

2) All the Partition Designated Level 2 Intermediate systems for other partitions of this area can be reported as adjacencies in

this system’s Level 1 Link State PDUs.

If a partiti
Adjacency
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algorithm ¢

If such a V|
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The Partiti
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link routeing. From this set, the Partition Designated Level 2 IS is selected by choosing the IS for which:

- IS Tyy
- ATT i
- Pindi
- IDist

7.2.10.3
For system

for areah
paritionAr:

partitionAteaAddresses. The set of partitionAreaAdresses is defined as the union of all manualAreaAddre

reported i1l

n has healed, the IS shall destroy the associated virtual network entity and virtual link by deleting thg
The Partition Designated Level 2 IS detects a healed partition when another Partition Designated Devel 2
link in its Level 1 Link State PDU was not found after running the partition detection and ¥irtual link
escribed above.

rtual Adjacency is created or destroyed, the IS shall generate a partitionVirtualLinkChange event.

Flection of partition designated level 2 intermediate system

n Designated Level 2 IS is a Level 2 IS which:

itself as “attached” by the default metric in its LSPs;

itself as implementing the partition repair option;

s as a Level 1 IS in the area;

hable from the IS performing the calculation via Level 1 routeing\without traversing any virtual links; and
lowest ID

n of the Partition Designated Level 2 IS is performed by running the decision process algorithm after the
pcess has finished, and before the Level 2 decision prdcess to determine Level 2 paths is executed.

cuarantee that the correct Partition Designated Level 2 IS is elected, the decision process is run using only t|
the area, and by examining only the Intermediate System Neighbours whose Virtual Flag is FALSE. Th
sion process is a set of all the Level 1 Intétmediate Systems in the area that can be reached via Level 1, no

e (as reported in the Level 1 LSP).s “Level 2 Intermediate System”;
hdicates “attached” by the defaultumetric;

Cates support for the partition repair option; and

ne lowest among the subset of attached Level 2 Intermediate Systems.

Computation of partition area addresses

5 which do notdmplement partition repair, the value of partitionAreaAddresses is identical to the value ¢
ddresses~as “described in 7.2.11.  For systems which do implement partition repair, the
baAddresses is determined as follows. A Level 2 Intermediate System shall compute the

traversal oE

those areas

Virtual
IS listed
creation

Level 1

he Level
e results
h-virtual

bmputed
alue of

set of
SSeS as
h by the

the Level 1 link state PDUs of all level 1 and level 2 Intermediate Systems reachable in the partitio

is so rejected the event manual-AddressDroppedFromArea shall be generated.

7.2.10.4 Encapsulation of NPDUs across the virtual link

ain only

with numerically lowest area address (as described in 7.1.8). If one of the local system’s manualAreaAddresses

All NPDUs sent over virtual links shall be encapsulated as ISO 8473 Data NPDUs. The IS shall encapsulate NPDUs in ISO
8473 Data PDUs as follows:

a) The Source Address field of the encapsulating Data NPDU shall contain the Virtual Network Entity Title of the Partition
Designated Level 2 IS that is forwarding the NPDU over the virtual link

b) The Destination Address field shall contain the Virtual NET of the “adjacent” Partition Designated Level 2 IS
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¢) The SEL field in both addresses shall contain the IntradomainRouteingSelector value.
d) Ifthe PDU to be encapsulated is an ISO 8473 Data or Error PDU the IS shall,

1) Ensure that the header of the encapsulating PDU indicates routeing by the default metric. Routeing by the default
metric may be indicated either by including a QoS parameter with its bits set in accordance with Table 1, or by
carrying no QoS parameter at all [see 7.4.2 item a)]

2) copy the Segmentation Permitted, and Error Report flags from the inner PDU.

3) copy the Lifetime field from the inner NPDU. When the inner NPDU is decapsulated, its Lifetime field shall be set to
the value of the Lifetime field in the outer NPDU.

e) If tq: PDU to be encapsulated is an ISO 8473 Data PDU, the IS shall not segment it before encapsulation, unlgss the total

length of the Data NPDU (including header) exceeds 65512 octets. In that case, the original Data NPDU) shall first be
segmented, then encapsulated. In all cases, the encapsulated Data NPDU may need to be segmented by ISO §473 before
tranfsmission in which case it must be reassembled and decapsulated by the destination Partition Designated Level 2 IS.

f) Ifthe PDU to be encapsulated is an LSP or SNP, the IS shall:
1) |set the Segmentation Permitted flag to “True”;
2) |set the Error Report flag to “False”
3) [set the Lifetime field to 255. When an inner LSP is decapsulated, its remaining-lifetime shall be decremented by half
the difference between 255 and the value of the Lifetime field in the outer NPDU.

The encppsulation is further described as part of the forwarding process in 7.4.3.2. The decapsulation is described a§ part of the
Receive|process in 7.4.4.

7.2.10.5| Encapsulated NPDU Forwarding Mechanism

A level P Intermediate System (including a level 2 IS which dog§ not support the partition repair function) over a |virtual link
has to fprward the encapsulated NPDUs to a destination of partition Designated Level 2 IS. To achieve this, thg level 2 IS
shall petform the following functions:

a) |It shall construct the level 2 forwarding database consisting of the pairs <NET of partition Designated|level 2 IS,
adjacency to the partition Designated level 2 IS>. The NET of the partition Designated level 2 Intermediate System is
constructed from first listed area address from the Area Addresses field and the Partition Designated Level 2
Intermediate System field reportedby*a level 2 LSP stored in a level 2 Link State database, with a selecfor value of
Intradomain-RouteingSelector,

b) |It shall choose the level 2 route'with the longest address prefix match.

7.2.11 |Computation of area addresses

A Levell1 or Level 2 Intermediate System shall compute the values of areaAddresses (the set of area addresses fof this Level
1 area), py forming theunien of the sets of manualAreaAddresses reported in the Area Addresses field of all Lgvel 1 LSPs
with LYP number zerptin the local Intermediate system’s link state database from all ISs which are reachable yia Level 1
routeing.

NOTE 1§ This\iicludes all source systems, whether currently reachable via Level 1 links - both virtual and non-virtual. It also[includes the
local Intdrmediate System's own Level 1 LSP with LSP number zero.

NOTE 19 There is no requirement for this set to be updated immediately on each change to the database contents. It is permitted to defer
the computation until the next running of the Decision Process.

If more than maximumAreaAddresses are present, the Intermediate system shall retain only those areas with numerically
lowest area address (as described in 7.1.8). If one of the local system’s manualAreaAddresses is rejected the event
manualAddressDroppedFromArea shall be generated.

7.2.12 Order of preference of routes
7.2.12.1 If an Intermediate system takes part in level 1 routeing, and determines (by looking at the area address) that a given

destination is reachable within its area, then that destination will be reached exclusively by use of level 1 routeing. In
particular:
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a) Level 1 routeing is always based on internal metrics.

b) Amongst routes in the area, routes on which the requested QoS (if any) is supported are always preferred to routes on
which the requested QoS is not supported.

c) Amongst routes in the area of the same QoS, the shortest routes are preferred. For determination of the shortest path, if a
route with specific QoS support is available, then the specified QoS metric is used, otherwise the default metric is used.

7.2.12.2 If an Intermediate system takes part in level 1 routeing, does not take part in level 2 routeing, and determines (by
looking at the area address) that a given destination is not reachable within its area, and at least one attached level 2 IS is
reachable in the area, then that destination will be reached by routeing to a level 2 Intermediate system as follows:

a) Level [ routeing is always based on internal metrics.

b) Amongst routes in the area to attached level 2 ISs, routes on which the requested QoS (if any) is suppofted ar¢ always
preferged to routes on which the requested QoS is not supported.

¢) Amongst routes in the area of the same QoS to attached level 2 ISs, the shortest route is preferred. For'determinatipn of the
shortegt path, if a route on which the specified QoS is available, then the specified QoS metric is used, otherpise the
defaul{ metric is used.

7.2.12.3 Ifjan Intermediate system takes part in level 2 routeing and the IS determines (by looking at the area address) that the
destination|is reachable within its area, then the destination will be reached either by level-l\or level 2 routeing, as follqws:
a) level 1l routeing is always based on internal metrics;

b) alevel 2 route, if it exists, shall be preferred over a level 1 route that traversés a virtual link. Otherwise, the level 1 route
shall be preferred,;

¢) amongst routes in the area, routes on which the requested QoS (if any) is supported are always preferred to rputes on
which [the requested QoS is not supported;

d) amongst routes in the area of the same QoS, the shortest routes'are preferred. For determination of the shortest path, if a
route With specific QoS support is available, then the specified QoS metric is used, otherwise the default metric is fised.

7.2.12.4 If|an Intermediate system takes part in level 2 routeing and is attached, and the IS determines (by looking at|the area
address) thpt a given destination is not reachable within its-area, forwarding for that destination will select routes as follows:

a) Routed on which the requested QoS (if any) is;sipported are always preferred to routes on which the requested QoS is not
suppoited.

b) Amongst routes of the same QoS, routes'are prioritised as follows:

1) Higlhest precedence: routes whose-destination area address matches the area address of an area inside the [routeing
in (i.e. the route does net,go outside the routeing domain). In case of multiple matching address prefixes the

2) Medium precedence: rodfes constructed from the Reachable Address Prefix information in an LSP which indjcates an
intefnal metric. Inthe.ease of multiple prefixes which match a given destination address which all have internal|metrics,
then|the longest prefix shall be preferred.

3) Lowest precedeénce: routes constructed from the Reachable Address Prefix information in an LSP which indicates an
extefnal mgtric. In the case of multiple prefixes which match a given destination address which all have |external
metilics; then the longest prefix shall be preferred.

¢) For routes with equal precedence as specified above, the shortest path shall be preferred. For determination of the shortest
path, a route supporting the specified QoS is used if available; otherwise a route using the default metric shall be used.
Amongst routes of equal cost, load splitting may be performed.

7.3 Update process

The Update process is responsible for generating and propagating Link State information reliably throughout the routeing
domain.

The Link State information is used by the Decision process to calculate routes.
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Input and output

- Adjacency Database — maintained by the Subnetwork Dependent Functions

- Rea

chable Address managed objects - maintained by System Management

- Notification of Adjacency Database Change — notification by the Subnetwork Dependent Functions that an adjacency has
come up, gone down, or changed cost. (Circuit up, Circuit down, Adjacency Up, Adjacency Down, and Cost change
events)

- AttachedFlag — (level 2 Intermediate systems only), a flag computed by the Level 2 Decision Process indigcating whether
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7.3.3

Use of manual routeing information

Manual routeing information is routeing information entered by System Management. It may be specified in two forms.

a) Manual Adjacencies

b) Reachable Addresses

These are described in the following sub-clauses.
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7.3.3.1 Manual adjacencies

An End system adjacency may be created by System Manage-ment. Such an adjacency is termed a manual End system
adjacency. In order to create a manual End system adjacency, system management shall specify:

a) the (set of) system IDs reachable over that adjacency; and
b) the corresponding SNPA Address.

A manual adjacency is considered to be “active” when all the following conditions are true:

a) The operationalState of the linkage managed object associated with the parent circuit is “Enabled”
b) the ad|acencyState of the managed object associated with the adjacency is “On” and
c) the patent circuit is of type broadcast or its underlying data link is operational.

Whenever p manual adjacency changes from being “inactive” to “active” a signal shall be generated toythe Update pfocess to
cause it to Include the IDs of the manual adjacency in the Level 1 LSPs generated by that system as described in 7.3.7.

Whenever p manual adjacency changes from being “active” to “inactive”, a signal shall be generated to the Update pfocess to
cause it to gease including the IDs of the manual adjacency in the Level 1 LSPs.

NOTE 21 Manual End system adjacencies are not included in a Level 1 LSPs issued on behalf of a pseudonode, since that would
presuppose that all Intermediate systems on a broadcast subnetwork had the same set of mafinaladjacencies as defined for this circuit.

Metrics asgigned to Manual adjacencies shall be internal metrics.

7.3.3.2 Reachable addresses

A Level 2 [ntermediate system may have a number of reach-ableAddress managed objects created by System mandgement.
When a repchableAddress managed object is in operational=State “Enabled” and the linkage managed object agsociated
with its parent Circuit is also in operationalState “Enabled”, the name and each of its defined routeing metrics |shall be
included inf Level 2 LSPs generated by this system.

Metrics asgigned to reachableAddress managed gbjects may be either Internal or External.

A reachablp address is considered to be “actiye” .when all the following conditions are true:

a) The operationalState of the linkage managed object associated with the parent circuit is “Enabled”;
b) the opprationalState of the reachableAddress is “Enabled”; and

c) the patent circuit is of type broadcast or its underlying data link is operational.

Whenever p reachable addsess changes from being “inactive” to “active” a signal shall be generated to the Update pfocess to

cause it to[include the Address Prefix of the reachable address and each of its defined routeing metrics in the Leve] 2 LSPs
generated By that system'as described in 7.3.9.

Whenever p redchable address changes from being “active” to “inactive”, a signal shall be generated to the Update pfocess to
cause it to ¢dase including the Address Prefix of the reachable address in the Level 2 LSPs.

7.3.4 Multiple LSPs

7.3.4.1 Because a Link State PDU is limited in size to ReceiveLSPBufferSize, it may not be possible to include in-
formation about all of a system’s neighbours in a single LSP. In such cases, a system may use multiple LSPs to convey this
information. Each LSP in the set carries the same sourcelD field (see clause 9), but sets its own LSP Number field
individually. Each of the several LSPs is handled independently by the Update Process, thus allowing distribution of topology
updates to be pipelined. However, the Decision Process recognises that they all pertain to a common originating system
because they all use the same sourcelD.

NOTE 22 Even if the amount of information is small enough to fit in a single LSP, a system may optionally choose to use several LSPs to
convey it; use of a single LSP in this situation is not mandatory.
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NOTE 23 In order to minimize the transmission of redundant information, it is advisable for an IS to group Reachable Address Prefix
information by the circuit with which it is associated. Doing so will ensure that the minimum number of LSP fragments need be transmitted
if a circuit to another routeing domain changes state.

7.3.4.2 The maximum sized Level 1 or Level 2 LSP which may be generated by a system is controlled by the values of the
management parameters originatingL1LSPBufferSize or originatingL2LSPBufferSize respectively.

NOTE 24 These parameters should be set consistently by system management. If this is not done, some adjacencies will fail to initialise.

7.3.4.3 The IS shall treat the LSP with LSP Number zero in a special way, as follows:

a) Thq following fields are meaningful to the decision process only when they are present in the LSP with LSRNumber zero:
1) The setting of the LSP Database Overload bit.
2) The value of the IS Type field.

3) The Area Addresses option field. The Area Addresses option shall be present only in an LSP with LSP nyimber zero.
If there are more area addresses than will fit in a single instance of the Area Addresses option field, then the IS shall
place 12 area addresses in each instance of the field except the last.

4) the setting of the AttachedFlag bit

b) When the values of any of the above items are changed, an Intermediate Systenshall reissue the LSP with LEP Number
zer@, to inform other Intermediate Systems of the change. Other LSPs need not-be reissued.

7.3.4.4 |Once a particular adjacency has been assigned to a particular LSP, Number, it is desirable that it not b¢ moved to
another [LSP Number. This is because moving an adjacency from one LSPto another can cause temporary loss of donnectivity
to that gystem. This can occur if the new version of the LSP which ‘¢riginally contained information about thq adjacency
(which now does not contain that information) is propagated before-theé new version of the other LSP (which now dontains the
information about the adjacency).

NOTE 23 An implementation is recommended to ensure that the@umber of LSPs generated for a particular system is within approximately
10 % of fhe optimal number which would be required if all LSPsiwere densely packed with neighbour options. Where possible tlis should be
accomplished by re-using space in LSPs with a lower LSP Namber for new adjacencies.

If it is npcessary to move an adjacency from on€-LSP to another, the SRMflags (see 7.3.15) for the two new LSPs [shall be set
as an atqmic action."

7.3.4.5 |When some event requires changing the LSP information for a system, the system shall reissue that (or those) LSPs
which would have different contents. Jt'is not required to reissue the unchanged LSPs. Thus a single End systen} adjacency
change ¢nly requires the reissuing-ofthe LSP containing the End System Neighbours option referring to that adjagency.

7.3.4.6 |If an LSP becomeg-empty, because all of the adjacencies reported in that LSP no longer exist, it is recommended that
an IS pyrge that LSP. Ad IS“may alternatively choose to reissue it as an empty LSP (i.e. with no options), although purging is
preferablle. An IS shotld-not allow the LSP to age out as this results in having incorrect routing information in all|of the LSP
databasgs.

7.3.5 |Periodic LSP generation

The Update“Process shall perindimllv re-generate and propagate on every circuit with an IS adja(‘en(‘v of the appr, priate level
(by setting SRMflag on each circuit), all the LSPs (Level 1 and/or Level 2) for the local system and any pseudonodes for
which it is responsible. The Intermediate system shall regenerate each LSP at intervals of at most
maximumLSPGenerationinterval, with jitter applied as described in 10.1.

It is not required to synchronise the regeneration of the individual LSPs.

D" If the two SRMflags are not set atomically, a race condition will exist in which one of the two LSPs may be propagated quickly, while
the other waits for an entire propagation cycle. If this occurs, adjacencies will be falsely eliminated from the topology and routes may
become unstable for periods of time potentially as large as maximumLSPGenerationinterval.
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7.3.6 Event driven LSP Generation

In addition to the periodic generation of LSPs, an Intermediate system shall generate an LSP when an event occurs which
would cause the information content to change. The following events may cause such a change.

- an Adj

acency or Circuit Up/Down event

- achange in Circuit metric
- achange in Reachable Address metric
- achange in manualAreaAddresses

- achan

oe in systemID
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an event occurs the IS shall re-generate changed LSP(s) with a new sequence number. If the event necessi
of an LSP which had not previously been generated (for example, an adjacency “Up” event for an adjacend
e accommodated in an existing LSP), the sequence number shall be set to one. The IS shall then prop4
bvery circuit by setting SRMflag for each circuit. The timer maximumLSPGenerationinterval shall not b

lold down timer (minimumLSPGenerationinterval) on the generation of eadhindividual LSP.

eneration of level 1 LSPs (non-pseudonode)

| Link State PDU not generated on behalf of a pseudonode containg the following information in its variab

Area Addresses option — the set of manualAreaAddresses for this Intermediate System.

Intermediate System Neighbours option — the set of Intermediate system IDs of neighbouring Inte
s formed from

t of neighbourSystemIDs with an appended zero octet (indicating non-pseudonode) from adjacencies in
pn circuits of type “ptToPt”, “staticIn”, or “staticOut”, with

hbourSystemType “L1 Intermediate-System”

hbourSystemType “L2 Intermediate System” and adjacencyUsage “Level 1” or “Level 1 and 2”.

5 shall be set to the values of Ilevel 1 metric & of the circuit for each supported routeing metric.
t of [1CircuitlDs for all eircuits of type “Broadcast” (i.e. the neighbouring pseudonode IDs) .

etrics shall be set to_theévalues of Level 1 metric, of the circuit for each supported routeing metric, where k&
t, delay, error, expehse).

t of IDs with afi appended zero octet derived from the Network Entity Titles of all Virtual Adjacencies o
hat the Virtual Flag is set when encoding these entries in the LSP — see 7.2.10.) The default metric shall
hl cost to-the virtual NET for the default routeing metric. The remaining metrics shall be set to the value i
orted.

- Inthe

tated the
y which
gate the
P reset.

e length

rmediate

the state

= one of

this IS.
be set to
dicating

Fnd System Neighbours option — the set of Ids of neighbouring End systems formed from

e The systemlID of the Intermediate System itself, with a value of zero for all supported metrics.

e The set of neighbourSystemIDs from all automatically created adjacencies, in state “Up”, on circuits of type “ptToPt”,
“staticIn”, or “staticOut”, with neighbourSystemType “End system”. The metrics shall be set to the values of Level 1
metricy, of the circuit for each supported routeing metric, where k = one of (default, delay, error, expense).

e The set of neighbourSystemIDs from all system management-created adjacencies in state “Up”, on all circuits, with
neighbourSystemType “End system” The metrics shall be set to the values of Level 1 metric, of the circuit for each
supported routeing metric, where k& = one of (default, delay, error, expense).
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- In the Authentication Information field — if the system’s areaTransmitPassword is non-null, include the
Authentication Information field containing an Authentication Type of “Password”, and the value of the
areaTransmitPassword.

7.3.8 Generation of level 1 pseudonode LSPs

An IS shall generate a Level 1 pseudonode Link State PDU for each circuit for which this Intermediate System is the Level 1
LAN Designated Intermediate System. The LSP shall specify the following information in its variable length fields. In all
cases a value of zero shall be used for all supported routeing metrics

- The Area Addresses option is not present.
NOTE 2¢—Fhts-mformmationtsmotrequired-smee-thesetofarcaaddresses—for-themodetsstmg-thepscudonodeESP-wittatready have been

made avdilable via its own non-pseudonode LSP.

- In the Intermediate System Neighbours option — the set of Intermediate System IDs of neighbeuring Intermediate
Sysfems on the circuit for which this pseudonode LSP is being generated formed from

e Thg Designated Intermediate System’s own systemID with an appended zero octet (indicating nofispseudonodg).

e Thq set of neighbourSystemIDs with an appended zero octet (indicating non-pseudopode) from adjacendies on this
circuit in the adjacencyState “Up”, with

x neighbourSystemType “L1 Intermediate System”
x neighbourSystemType “L2 Intermediate System” and adjacencyUsage “Level 4.
- Inthe End System Neighbours option — the set of Ids of neighbouring Endsystems formed from:

e Thdq set of neighbourSystemIDs from all automatically-created adjaeencies, in state “Up”, on the circuit for] which this
psenidonode is being generated, with neighbourSystemType “Endsystem”.

In fhe Authentication Information field — if the system®s” areaTransmitPassword is non-null, ipclude the
Authentication Information field containing an Authentication Type of “Password”, and the value of the
arepTransmitPassword.

7.3.9 [Generation of level 2 L.SPs (non-pseudonode)

The Level 2 Link State PDU not generated on behalf-of a pseudonode contains the following information in its varfable length
fields:
- In the Area Addresses option — the ‘set of partitionAreaAddresses for this intermediate system as dpscribed in

7.2{10.3

- In the Partition Designated Leyel’\2/IS option — the ID of the Partition Designated Level 2 Intermediate System for the

parIltion.
- In the Intermediate System Neighbours option — the set of Intermediate system IDs of neighbouring Iptermediate
systems formed from;

e Thg set of neighbourSystemIDs with an appended zero octet (indicating non-pseudonode) from adjacenciesfin the state
“UR”, on circuits\of type “ptToPt”, “staticIn”, or “staticOut”, with neighbourSystemType “L2 Intermediate Jystem”.

e Thq set of 12CircuitIDs for all circuits whose linkage managed object is of type “Broadcast”. (i.e. the ndighbouring
psefidoriede IDs)
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- Inthe Prefix Neighbours option — the set of variable length prefixes formed from

e The set of prefixAddresses from all reachableAddress managed objects in operationalState “Enabled”, on all circuits
in state “Up”.

The metrics shall be set to the values of Level 2 metric, for the reachable address.

- In the Authentication Information field — if the system’s domainTransmitPassword is non-null, include the
Authentication Information field containing an Authentication Type of “Password”, and the value of the
domainTransmitPassword.
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7.3.10 Generation of level 2 pseudonode LSPs

A Level 2 pseudonode Link State PDU is generated for each circuit for which this Intermediate System is the Level 2 LAN
Designated Intermediate System and contains the following in-formation in its variable length fields. In all cases a value of
zero shall be used for all supported routeing metrics.

- The Area Addresses option is not present.

NOTE 27 This information is not required since the set of area addresses for the node issuing the pseudonode LSP will already have been
made available via its own non-pseudonode LSP.

— the set of Intermediate System IDs of neighbouring Intermediate

Pis-bemaaene ated formed ‘er\m:

- In the Intermediate System Neighbours option

e The Dgsignated Intermediate System’s own systemID with an appended zero octet (indicating non-pseudonode):

e The sgt of neighbourSystemIDs with an appended zero octet (indicating non-pseudonode) from adjacencie on this
circuit|in the state “Up” with neighbourSystemType “L2 Intermediate System”.

- The Prefix Neighbours option is not present.

- In thel Authentication Information field — if the system’s domainTransmitPassward, is non-null, include the
Authentication Information field containing an Authentication Type of ‘“Password”, and the value| of the
doma|nTransmitPassword.

7.3.11 Ggneration of the checksum

This Internptional Standard makes use of the checksum function defined in ISO'8473.

The sourcd IS shall compute the LSP Checksum when the LSP is generated. The checksum shall never be modified by any
other systen. The checksum allows the detection of memory corruptions*and thus prevents both the use of incorrect [routeing
informatiof and its further propagation by the Update Process.

The checkqum shall be computed over all fields in the LSP which appear after the Remaining Lifetime field. This fleld (and
those appegring before it) are excluded so that the LSP may be aged by systems without requiring recomputation.

As an addftional precaution against hardware failureéy-when the source computes the Checksum, it shall start with|the two
checksum yariables (CO and C1) initialized to whatthey would be after computing for the systemID portion of its Squrce ID.
(This valug is computed and stored when the Network entity is enabled and whenever systemID changes.) The IS shall then
resume Ch¢cksum computation on the conterits of the PDU after the first ID Length octets of the Source ID field.

NOTE 28 All Checksum calculations on the,ESP are performed treating the Source ID field as the first octet. This procedure pr¢vents the
source fromJaccidentally sending out Link State PDUs with some other system’s ID as source.

7.3.12 Initiating transmission

The IS shall store the generated Link State PDU in the Link State Database, overwriting any previous Link State PDU|with the
same LSP Number gengrated by this system. If the generated Link State PDU is of type level 1, the Intermediate System shall
set the SRMflag.foi that LSP over each circuit that has at least one adjacency of neighborSystemType “L1 Intefmediate
System”, or atdledst one adjacency of neighborSystemType “L2 Intermediate System” and adjacencyUsage “Leyel 1” or
“Level 1 and-27, and all virtual links. If the generated Link State PDU is of type level 2, the Intermediate System shall set the
SRMflag for that LSP over each circuit which has at Ieast one adjacency of neighborSystemType “L2 Intermediate System”.

An Intermediate system shall ensure (by reserving resources, or otherwise) that it will always be able to store and internalise its
own non-pseudonode zero th LSP. In the event that it is not capable of storing and internalising one of its own LSPs it shall
enter the overloaded state as described in 7.3.19.1.

NOTE 29 It is recommended that an Intermediate system ensures (by reserving resources, or otherwise) that it will always be able to store
and internalise all its own (zero and non-zero, pseudonode and non-pseudonode) LSPs.
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7.3.13 Preservation of order

When an existing Link State PDU is re-transmitted (with the same or a different sequence number), but with the same
information content (i.e. the variable length part) as a result of there having been no changes in the local topology databases,
the order of the information in the variable length part shall be the same as that in the previously transmitted LSP.

NOTE 30 If a sequence of changes results in the state of the database returning to some previous value, there is no requirement to preserve
the ordering. It is only required when there have been no changes whatever. This allows the receiver to detect that there has been no change
in the information content by performing an octet for octet comparison of the variable length part, and hence not re-run the decision process.

7.3.14 [Fopagation of LSPS

7.3.14.1] The update process is responsible for propagating Link State PDUs throughout the domain (or inthe case|of Level 1,
throughgut the area).

The basjc mechanism is flooding, in which each Intermediate system propagates to all its neighbour Intermedigte systems
except that neighbour from which it received the PDU. Duplicates are detected and dropped.

7.3.14.2] Link state PDUs are received from the Receive Process. The maximum sizescontrol PDU (Link Stdte PDU or
Sequende Numbers PDU) which a system expects to receive shall be ReceiveLSPBufferSize octets. (i.e. the Update process
must provide buffers of at least this size for the reception, storage and forwarding of keceived Link State PDUs anfl Sequence
Numbergs PDUs.) If a control PDU larger than this size is received, it shall be tréated as if it had an invalid checksum (i.e.
ignored py the Update Process and a corruptedLSPReceived event generated).

Upon repeipt of a Link State PDU the Update Process shall perform the following functions:

a) Level 2 Link State PDUs shall be propagated on circuits which have af least one Level 2 adjacency.

b) Leyel 1 Link State PDUs shall be propagated on circuits which hayve-at least one Level 1 adjacency or at least pne Level 2
adjqcency not marked “Level 2 only, and virtual links”.

Cc) Whgn propagating a Level 1 Link State PDU on a broadcast subnetwork, the IS shall transmit to the multi{destination
subhetwork address AlIL1IS.

d) Whgn propagating a Level 2 Link State PDU on _a“broadcast subnetwork, the IS shall transmit to the multi{destination
subhetwork address AlIL2IS.

NOTE 3] When propagating a Link State PDU on.a ‘general topology subnetwork the Data Link Address is unambiguous (hecause Link
State PDs are not propagated across Dynamically(Assigned circuits).

e) An [[ntermediate system receiving a Link ‘State PDU with an incorrect LSP Checksum or with an invalid PDU syntax shall
1) |generate a corruptedLSPReceived circuit event,
2) |discard the PDU.
f) A Imtermediate system reeetving a Link State PDU which is new (as identified in 7.3.16) shall
1) |store the Link State PDU into Link State database, and
2) |mark it asneeding to be propagated upon all circuits except that upon which it was received.

g) When a Intermediate system receives a Link State PDU from source S, which it considers older than the one sfored in the
datdbase for’s, it shall set the SRMflag for S’s Link State PDU associated with the circuit from which the older Link State
PDUGwas received. This indicates that the stored Link State PDU needs to be sent on the link from which the older one
was Teceived.

h) When a system receives a Link State PDU which is the same (not newer or older) as the one stored, the Intermediate
system shall

1) acknowledge it if necessary, as described in 7.3.17,and
clear the SRMflag for that circuit for that Link State PDU.

i) A Link State PDU received with a zero checksum shall be treated as if the Remaining Lifetime were zero. The age, if not
zero, shall be overwritten with zero.
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7.3.14.3 The Update Process scans the Link State Database for Link State PDUs with SRMflags set. When one is found,
provided the timestamp lastSent indicates that it was propagated no more recently than minimumLSPTransmissioninterval,
the IS shall

a) transmit it on all circuits with SRMflags set, and

b) update lastSent.

7.3.15 Manipulation of SRM and SSN flags

For each

ink State PDU, and for each circuit over which routeing messages are to be exchanged (i.e. not on DA
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o flags:

ing Message (SRMflag) — if set, indicates that Link State PDU should be transmitted on that circait."On b
Mflag is cleared as soon as the LSP has been transmitted, but on non-broadcast circuits SRMflaglis only cl
f a Link State PDU or Sequence Numbers PDU as described below.

hall never be set for an LSP with sequence number zero, nor on a circuit whose externalDomain attribute i
2).

5 larger than the dataLinkBlockSize of a circuit over which it is to be propagated/ then no attempt shall be
his LSP over the circuit and an ISPTooLargeToPropagate alarm shall ‘be“generated. This behavior
bd in either of the following ways:

lative sizes of the LSP and the dataLinkBlockSize of the circuit omer which it is to be propagated is check
e SRMflag is to be set. If the LSP size is larger, the SRMflag.is riot set and an ISPTooLargeToPropaga
rated.

lative sizes of the LSP and the dataLinkBlockSize of the-¢ircuit over which it is to be propagated is check
n attempt to transmit the LSP is to be made. If the LSP size is larger the SRMflag is cleared
oLargeToPropagate alarm is generated.

nce Numbers (SSNflag) — if set, indicates that information about that Link State PDU should be inclyj
pence Numbers PDU transmitted on that cigcuit with an associated linkage. When the Sequence Numbers |
hitted SSNflag is cleared. Note that the Partial Sequence Numbers PDU serves as an acknowledgement th
was received.

hall never be set on a circuit whise externalDomain attribute is “True”.

Action on receipt of a link state PDU

ik State PDU is received on a circuit C, the IS shall perform the following functions

m the following.PDU acceptance tests:

the LSP was received over a circuit whose externalDomain attribute is “True”, the IS shall discard the PDJ
a level tIntermediate System receives a level 2 LSP, then the IS shall discard the LSP.

a 1ével'2 Intermediate System receives a level 1 LSP on a circuit with manualL20nlyMode set to “True”,

IS

shall discard the LSP.

roadcast
cared on

K “TI’ue”

made to
may be

ed at the
te alarm

ed at the
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ded in a
PDU has
it a Link

then the

If the ID Length field of the PDU is not equal to the value of the IS’s routeingDomainIDLength, the PDU shall be
discarded and an iDFieldLengthMismatch event generated.

If this is a level 1 LSP, and the Maximum Area Addresses field of the PDU is not equal to the value of the IS’s
maximumAreaAddresses then the PDU shall be discarded and a maximumAreaAddresses-Mismatch event
generated, unless the IS only implements a value of three for maximumArea-Addresses, in which case this check
may be omitted.

If the LSP is received on a broadcast circuit and the source subnetwork address of the LSP does not match the
neighbourSNPAAddress of an adjacency of the same level (e.g. a level 1 LSP with a level 1 adjacency) on the
circuit over which the LSP was received, then the IS shall discard the LSP without generating a event.
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If the LSP is received on a non-broadcast circuit and there is no adjacency of the same level (e.g. a level 1 LSP with a
level 1 or level 1 & 2 adjacency) on the circuit over which the LSP was received, then the IS shall discard the LSP
without generating a event.

7) Ifthis is a level 1 LSP, and the value of areaTransmitPassword or the set of areaReceive-Passwords is non-null,
then perform the following tests:

i. If the PDU does not contain the Authentication Information field then the PDU shall be discarded and an
authenticationFailure event generated.

ii. If the PDU contains the Authentication Information field, but the Authentication Type is not equal to
“Password”, then:

a. Ifthe IS implements the authentication procedure indicated by the Authentication Type whetherthd IS accepts
or ignores the PDU is outside the scope of this International Standard.

b. Ifthe IS does not implement the authentication procedure indicated by the Authentication Type then the IS shall
ignore the PDU and generate an authenticationFailure event.”

iii.] Otherwise, the IS shall compare the password in the received PDU with the\passwords in fhe set of
areaReceivePasswords, augmented by the value of the areaTransmitPassword. If the value ip the PDU
matches any of these passwords, the IS shall accept the PDU for further processing Af the value in the PQU does not
match any of the above values, then the IS shall ignore the PDU and generate @nyauthenticationFailure ¢vent.

8) [f this is a level 2 LSP, and the value of domain-TransmitPassword orthe-set of domainReceive-Pagswords is
hon-null, then perform the following tests:

i If the PDU does not contain the Authentication Information field then the PDU shall be discarded and an
authenticationFailure event generated.

il. If the PDU contains the Authentication Information¢field, but the Authentication Type is nqt equal to
“Password”, then:

a) If the IS implements the authentication procedure indicated by the Authentication Type whether thq IS accepts
or ignores the PDU is outside the scope of thisdnternational Standard.

b) Ifthe IS does not implement the authentication procedure indicated by the Authentication Type then the IS shall
ignore the PDU and generate an authenticationFailure event.”

iii. | Otherwise, the IS shall compare«the' password in the received PDU with the passwords in fthe set of
domainReceivePasswords, augmented by the value of the domainTransmitPassword. If the value jn the PDU
matches any of these passwords, the IS shall accept the PDU for further processing. If the value in thg PDU does
not match any of the above values, then the IS shall ignore the PDU and generate an authenticationFailyre event.

9) [fthisisaLevel 1 LSP and'thé PDU is larger than the local originatingL1LSPBufferSize or this is a Level 2 LSP and
he PDU is larger than the)local originatingL2LSP-BufferSize then an originatingLSPBufferSize-Mismiatch alarm
bhall be generated. Otherwise, if this is a Level 1 LSP and the originatingLSPBufferSize field is prespnt and the
value in the PDU-d0és not match the local value of originatingL1LSPBufferSize or this is a Level 2 [JSP and the
briginatingLSPBufferSize field is present and the value in the PDU does not match the loca] value of
briginatingL2LSPBufferSize then an originatingLSP-BufferSizeMismatch alarm shall be generated. | The PDU
khall be aCeepted for further processing.

If the LSP\has zero Remaining Lifetime, perform the actions described in 7.3.16.4.

If the'source S of the LSP is an IS or pseudonode for which all but the last octet are equal to the systemID of the receiving
Intermediate System, and the receiving Intermediate System does not have that LSP in its database, or has that LSP, but no
longer considers it to be in the set of LSPs generated by this system (e.g. it was generated by a previous incarnation of the
system), then initiate a network wide purge of that LSP as described in 7.3.16.4.

If the source S of the LSP is a system (pseudonode or otherwise) for which the first ID Length octets are equal to the
systemID of the receiving Intermediate system, and the receiving Intermediate system has an LSP in the set of currently
generated LSPs from that source in its database (i.e. it is an LSP generated by this Intermediate system), perform the
actions described in 7.3.16.1.

Otherwise, (the source S is some other system),

1) Ifthe LSP is newer than the one in the database, or if an LSP from that source does not yet exist in the database:
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2)

3)

When

i Store the new LSP in the database, overwriting the existing database LSP for that source (if any) with the
received LSP.

ii. Set SRMflag for that LSP for all circuits other than C.

iii.  Clear SRMflag for C.

iv.  If Cis a non-broadcast circuit, set SSNflag for that LSP for C.

V. Clear SSNflag for that LSP for the circuits associated with a linkage other than C.

If the LSP is equal to the one in the database (same Sequence Number, Remaining Lifetimes both zero or both non-
zero, same checksums):

i. Clear SRMflag for C.
ii. If C is a non-broadcast circuit, set SSNflag for that LSP for C.

Ifjthe LSP is older than the one in the database:
i. Set SRMflag for C.
i, Clear SSNflag for C.

storing a new LSP, the Intermediate system shall first ensure that it has sufficient memory resources to both ptore the

LSP and denerate whatever internal data structures will be required to process the ESP-by the Update Process.|If these
resources gre not available the LSP shall be ignored. It shall neither be stored nor acknowledged. When an LSP is igrored for

this reason|the IS shall enter the “Waiting State” (See 7.3.19).

When

atterppting to store a new version of an existing LSP (with the same I-SPID), which has a length less than or|equal to

that of the [existing LSP, the existing LSP shall be removed from the routeing information base and the new LSP stared as a

single

overloaded| IS) will never be ignored as a result of a lack of memory resources.

7.3.15.

When

functions:

a) Perform the following PDU acceptance tests:

1)
2)
3)

If circuif C is a broadcast circuit‘and either

4)

)

6)

36

atonpic action. This ensures that such an LSP (which may be carrying the LSP Database Overload indication|from an

2 Action on receipt of a sequence numbers PDU

a Seguence Numbers PDU (Complete or Partial, see<23.17) is received on circuit C the IS shall perform the fpllowing

If the SNP was received over a circuit whose externalDomain attribute is “True”, the IS shall discard the PDU.,
If a level 1 Intermediate System reccives a level 2 SNP, then the IS shall discard the SNP.

If a level 2 Intermediate System(receives a level 1 SNP on a circuit with manualL20nlyMode set to “True”, th¢n the IS
shal| discard the SNP.

i. this is a level ) PSNP and this IS is not the level 1 designated IS for the circuit C, or
il. this is.a lével 2 PSNP and this IS is not the level 2 designated IS for the circuit C, then
the IS shall diseard the PDU.

If the JD“Length field of the PDU is not equal to the value of the IS’s routeingDomainlDLength, the PDU|shall be
discarded and an iDFieldl engthMismatch event generated

If this is a level 1 SNP, and the Maximum Area Addresses field of the PDU is not equal to the value of the IS’s
maximumAreaAddresses then the PDU shall be discarded and a maximumAreaAddresses-Mismatch event
generated, unless the IS only implements a value of three for maximumArea-Addresses, in which case this check may
be omitted.

If the SNP is received on a broadcast circuit and the source subnetwork address of the SNP does not match the
neighborSNPAAddress of an adjacency of the same level (e.g. a level 1 SNP with a level 1 adjacency) on the circuit
over which the SNP was received, then the IS shall discard the SNP without generating a event.

If the SNP is received on a non-broadcast circuit and there is no adjacency of the same level (e.g. a level 1 SNP with a
level 1 or level 1 & 2 adjacency) on the circuit over which the SNP was received, then the IS shall discard the SNP
without generating a event.
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7) If this is a level 1 SNP and the value of area-TransmitPassword or the set of areaReceive-Passwords is non-null,
then perform the following tests:

i.

ii.

If the PDU does not contain the Authentication Information field then the PDU shall be discarded and an

authenticationFailure event generated.

“Password”, then:

If the PDU contains the Authentication Information field, but the Authentication Type is not equal to

a) If the IS implements the authentication procedure indicated by the Authentication Type whether the IS accepts

or ignores the PDU is outside the scope of this International Standard.

8) I

=

i

b) For
1))

2)
3)
4)

5)

iijf. Otherwise, the IS shall compare the password in the received PDU with the passwords” in
areaReceivePasswords, augmented by the value of the areaTransmitPassword. If the) value ip the PDU

iff. Otherwise, the IS shall compare the password in the received PDU with the passwords in

by I the IS does not implement the authentication procedure indicated by the AUthentication Type then
ignore the PDU and generate an authenticationFailure event.

matches any of these passwords, the IS shall accept the PDU for further processing. If thie\value in the
not match any of the above values, then the IS shall ignore the PDU and generate an authentication-Fai

this is a level 2 SNP, and the value of domain-TransmitPassword or the set of domainReceive-Pa
bn-null, then perform the following tests:

If the PDU does not contain the Authentication Information field then‘the PDU shall be discar
authenticationFailure event generated.

If the PDU contains the Authentication Information field, but, the Authentication Type is nd
“Password”, then:

a) If the IS implements the authentication procedure indicated. by the Authentication Type whether thg
or ignores the PDU is outside the scope of this Internatienal Standard.

b) Ifthe IS does not implement the authentication procedute indicated by the Authentication Type then
ignore the PDU and generate an authenticationFailure event.

domainReceivePasswords, augmented by.the value of the domainTransmitPassword. If the value
matches any of these passwords, the IS shall accept the PDU for further processing. If the value in thg
not match any of the above values, thenrthe IS shall ignore the PDU and generate an authentication-Fai

each LSP reported in the Sequence Nunibers PDU:

Determine if the LSP entry in the\received SNP describes an LSP which is newer than a corresponding sto
performing the operations spécified in 7.3.16.2 and 7.3.16.3.

If the reported value equals.the database value and C is a non-broadcast circuit, Clear SRMflag for C for th
If the reported valueus-@lder than the database value, Clear SSNflag, and Set SRMflag.

If the reported<value is newer than the database value, Set SSNflag, and if C is a non-broadcast cj
SRMflag.

If no database entry exists for the LSP, and the reported Remaining Lifetime, Checksum and Sequend
fields.of.the LSP are all non-zero, create an entry with sequence number 0 (see 7.3.16.1), and set SSNf
entty and circuit C. Under no circumstances shall SRMflag be set for such an LSP with zero sequence num

he IS shall
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that LSP. If

such LSPs were propagated by setting SRMflag it would result in an unnecessary consumption of both bandwidth and memory resources.

¢) If the Sequence Numbers PDU is a Complete Sequence Numbers PDU, Set SRMflags for C for all LSPs in the database
(except those with zero sequence number or zero Remaining Lifetime) with LSPIDs within the range specified for the
CSNP by the Start LSPID and End LSPID fields, which were not mentioned in the Complete Sequence Numbers PDU

(i.e.

7.3.15.3

LSPs this system has, which the neighbour does not claim to have).

Action on expiration of complete SNP interval

The IS shall perform the following actions every CompleteSNPInterval for circuit C:

a) If Cis a broadcast circuit, then

© ISO/IEC 2002 — All rights reserved

37


https://standardsiso.com/api/?name=704b012816bcf13d89c154ad1774229d

ISO/IEC 10589:2002(E)

1)

2)

If this Intermediate system is a Level 1 Designated Intermediate System on circuit C, transmit a complete set of Level 1
Complete Sequence Numbers PDUs on circuit C. Ignore the setting of SSNflag on Level 1 Link State PDUs.

If the value of the IS’s areaTransmitPassword is non-null, then the IS shall include the Authentication Information
field in the transmitted CSNP, indicating an Authentication Type of ‘“Password” and containing the
areaTransmitPassword as the authentication value.

If this Intermediate system is a Level 2 Designated Intermediate System on circuit C, transmit a complete set of Level 2
Complete Sequence Numbers PDUs on circuit C. Ignore the setting of SSNflag on Level 2 Link State PDUs.

If the value of the IS’s domainTransmitPassword is non-null, then the IS shall include the Authentication Information
field in the transmitted CSNP, indicating an Authentication Type of ‘“Password” and containing the
domginTransmitPassword as the authentication value.

A comnplete set of CSNPs is a set whose Start LSPID and End LSPID ranges cover the complete paossible fange of
LSPIDs. (i.e. there is no possible LSPID value which does not appear within the range of one of the .CSNPs in|the set).
Wherp more than one CSNP is transmitted on a broadcast circuit, they shall be separated by afi-interval of| at least
minimumBroadcast-LSPTransmissioninterval.

NOTE 33 An IS is permitted to transmit a small number of CSNPs (no more than 10) with a shorter separation interval, (or ever] “back to
back™), proyided that no more than /000 / minimumBroadcast-LSPTransmissioninterval CSNPs_dre transmitted in any orfe second

period.

b)

7.3.15.4 Action on expiration of partial SNP interval

The

Otherwise (C is a point-to-point circuit, including non-DA DED circuits and virtual-links), do nothing. CSNPs fare only
transnyitted on point-to-point circuits at initialisation.

maxithum sized Level 1 or Level 2 PSNP which may be generated by a system is controlled by the vplues of

originatingL1LSPBufferSize or originatingL2LSPBufferSize respectively. An Intermediate system shall perform the

following dctions every partialSNPInterval for circuit C with jitter:applied as described in 10.1:

a)
1))

2)

If C is|a broadcast circuit, then

If this Intermediate system is a Level 1 Intermediate System or a Level 2 Intermediate Systgm with
manualL20nlyMode “False”, but is not a Level'D Designated Intermediate System on circuit C, transmit a| Level 1
Partlal Sequence Numbers PDU on circuit C, containing entries for as many Level 1 Link State PDUs with SSflag set
as Will fit in the PDU, and then clear SSNflag’ for these entries. To avoid the possibility of starvation, the scan of the
LSP| database for those with SSNflag set-shall commence with the next LSP which was not included in the previous
scan|. If there were no Level 1 Link State PDUs with SSNflag set, do not transmit a Level 1 Partial Sequence INumbers
PDU.

If the value of the IS’s areaTransmitPassword is non-null, then the IS shall include the Authentication Infdrmation
field in the transmitted- \PSNP, indicating an Authentication Type of ‘“Password” and containing the
areaTransmitPassword\asthe authentication value.

If thiis Intermediate-system is a Level 2 Intermediate System, but is not a Level 2 Designated Intermediate System on
circyit C, transmit &, Level 2 Partial Sequence Numbers PDU on circuit C, containing entries for as many Levgl 2 Link
Stat¢ PDUs withySSNflag set as will fit in the PDU, and then clear SSNflag for these entries. To avoid the pgssibility
of starvation;-the scan of the LSP database for those with SSNflag set shall commence with the next LSP which was not
inclyded¢in‘the previous scan. If there were no Level 2 Link State PDUs with SSNflag set, do not transmit a| Level 2
Partlal’Sequence Numbers PDU.

If the value of the IS’s domainTransmitPassword is non-null, then the IS shall include the Authentication
Information field in the transmitted PSNP, indicating an Authentication Type of ‘“Password” and containing the
domainTransmitPassword as the authentication value.

b) Otherwise (C is a point-to-point circuit, including non-DA DED circuits and virtual links)

)

38

If this system is a Level 1 Intermediate system, transmit a Level 1 Partial Sequence Numbers PDU on circuit C,
containing entries for as many Level 1 Link State PDUs with SSNflag set as will fit in the PDU, and then clear
SSNflag for these entries. To avoid the possibility of starvation, the scan of the LSP database for those with SSNflag
set shall commence with the next LSP which was not included in the previous scan. If there were no Level 1 Link State
PDUs with SSNflag set, do not transmit a Partial Sequence Numbers PDU.
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If the value of the IS’s areaTransmitPassword is non-null, then the IS shall include the Authentication Information
field in the transmitted PSNP, indicating an Authentication Type of ‘“Password” and containing the
areaTransmitPassword as the authentication value.

If this system is a Level 2 Intermediate system, transmit a Level 2 Partial Sequence Numbers PDU on circuit C,
containing entries for as many Level 2 Link State PDUs with SSNflag set as will fit in the PDU, and then clear
SSNflag for these entries. To avoid the possibility of starvation, the scan of the LSP data base for those with SSNflag
set shall commence with the next LSP which was not included in the previous scan. If there were no Level 2 Link State

PDUs with SSNflag set, do not transmit a Partial Sequence Numbers PDU.
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all perform the following action every minimumLSPTransmissionInterval with jitter applied)as described

all point-to-point circuits C (including non-DA DED circuits and virtual links) transmit all LSPs that hav|
bn circuit C, but do not clear the SRMflag. The SRMflag will subsequently be cleared by receipt of a
ial Sequence Numbers PDU.

rval between two consecutive transmissions of the same LSP shall be at leastminimumLSPTransmissi
this can only be achieved precisely by keeping a separate timer for each LSP. This would be an unwarrante
hnique which ensures the interval will be between minimumLSPTransmissioninterval and 2 x min
issionInterval is acceptable.

Controlling the rate of transmission on broadcast circuits

ibute minimumBroadcastLSPTransmissionInterval indieates the minimum interval between PDU arr
rocessed by the slowest Intermediate System on the LAN,

SRMflags on an LSP for a broadcast circuit dogsinot cause the LSP to be transmitted immediately.

liate system shall scan the LSP database every minimumBroadcastLSPTransmissionlInterval (with jitte
d in 10.1), and from the set of LSPs which have-SRMflags set for this circuit, one LSP shall be chosen at ra
be multicast on the circuit, and SRMflags cleared.

In practice it would be very inefficient'to/scan the whole database at this rate, particularly when only a few LSPs h4
pmentations may require additional data structures in order to reduce this overhead.

An IS is permitted to transmit,a small number of LSPs (no more than 10) with a shorter separation interval, (or e
ovided that no more than 7/000/minimumBroadcastLSPTransmissionlnterval LSPs are transmitted in any one secor

on, the presence of any)LSPs which have been received on a particular circuit and are queued awaiting
ibit transmission of£ESPs on that circuit. However, LSPs may be transmitted at a minimum rate of one per s

Determining the latest information

até Rrocess is responsible for determining, given a received link state PDU, whether that received PDU

If the value of the IS’s domainTransmitPassword is non-null, then the IS shall include the Authentication

taining the

| in 10.1:

e SRMflag
omplete or
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d SRMflags
en “back to
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processing
econd even
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new, ol

orduplicate information with respect to what is stored in the database

It is also responsible for generating the information upon which this determination is based, for assigning a sequence number
to its own Link State PDUs upon generation, and for correctly adjusting the Remaining Lifetime field upon broadcast of a
link state PDU generated originally by any system in the domain.

7.3.16.1

Sequence numbers

The sequence number is a 4 octet unsigned value. Sequence numbers shall increase from zero to (SequenceModulus - 1).

When a

system initialises, it shall start with sequence number one for its own Link State PDUs."

D' The IS starts with 1 rather than 0 so that the value 0 can be reserved to be guaranteed to be less then the sequence number of any actually
generated Link State PDU. This is a useful property for Sequence Numbers PDUs.
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The sequence numbers the Intermediate system generates for its Link State PDUs with different values for LSP number are
independent. The algorithm for choosing the numbers is the same, but operationally the numbers will not be synchronised.

If an Intermediate system R somewhere in the domain has information that the current sequence number for source S is greater
than that held by S, R will return to S a Link State PDU for S with R's value for the sequence number. When S receives this
LSP it shall change its sequence number to be the next number greater than the new one received, and shall generate a link

state PDU.

If an Intermediate system needs to increment its sequence number, but the sequence number is already equal to
SequenceModulus - 1, the event attemptToExceedMaxi-mumSequenceNumber shall be generated and the IS Network

entity shal
with the hi
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bh sequence number have expired. When it is re-enabled the IS shall start again with sequence number }-

[.SP confusion

e for an LSP generated by a system in a previous incarnation to be alive in the domain and lave the same s
he current LSP.

database consistency among the Intermediate Systems, it is essential to distinguishitwo such PDUs. This
by comparing the checksum in a received LSP or an LSP entry in a received SNPR ‘with the checksum of
emory.

ence numbers match, but the checksums do not and the LSP is not in the €urrent set of LSPs generated by
n the system that notices the mismatch shall treat the LSP as if its Remaining Lifetime had expired. It sh
opies of the LSP, with zero written as the Remaining Lifetime, and)flood the LSP

s in the current set of LSPs generated by the local system théthe IS shall change the LSP's sequence num
mber greater than that of the received LSP and regenerate thie, LSP.

Remaining lifetime field

ource generates a link state PDU, it shall set the Re-maining Lifetime to MaxAge.

stem holds the information for some time before successfully transmitting it to a neighbour, that syst
the Remaining Lifetime field according.to the holding time. Before transmitting a link state PDU to a neig
[1 decrement the Remaining Lifetime il the PDU being transmitted by at least one, or more than one if th
t neighbour is estimated to be.greater than one second. When the Remaining Lifetime field reaches 3

his LSP
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is done
the LSP
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system sha]l purge that Link State PDU from its database. In order to keep the Intermediate Systems’ databases synchjronised,

the purging

If the Rem:
If the Rem
database w
recent. Ot

If the valug

of an LSP due to Remaining Lifetime expiration is synchronised by flooding an expired LSP. See 7.3.16.4,

hining Lifetime in a ree€ived LSP or in an LSP entry in an SNP is zero it shall be processed as described in
aining Lifetime in‘a’received LSP or in an LSP entry in a received SNP is non-zero, but there is an LS
ith the same sequence number and zero Remaining Lifetime, the LSP in the database shall be consider
lerwise, the RDUY with the larger sequence number shall be considered the most recent.

of Reniaining Lifetime is greater than MaxAge, the LSP shall be processed as if there were a checksum err

7.3.16.4.
P in the
ed most

7.3.16.4

.SP)expiration synchronisation

When the Remaining Lifetime on an LSP in memory becomes zero, the IS shall
a) setall SRMflags for that LSP, and
b) retain only the LSP header.

¢) record the time at which the Remaining Lifetime for this LSP became zero. When ZeroAgeL.ifetime has elapsed since the

LSP R

emaining Lifetime became zero, the LSP header shall be purged from the database.

NOTE 36 A check of the checksum of a zero Remaining Lifetime LSP succeeds even though the data portion is not present.

When a purge of an LSP with non-zero Remaining Lifetime is initiated, the header shall be retained for MaxAge.

If an LSP from source S with zero Remaining Lifetime is received on circuit C :
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a) Ifno LSP from S is in memory, then the IS shall

1) send an acknowledgement of the LSP on circuit C, but

2) shall not retain the LSP after the acknowledgement has been sent.
b) Ifan LSP from S is in the database, then

1) 1If the received LSP is newer than the one in the data-base (i.e. received LSP has higher sequence number, or same
sequence number and database LSP has non-zero Remaining Lifetime) the IS shall:

i.  Store the new LSP in the database, overwriting the existing database LSP for that source (if any) with the received
LSP

iil Set SRMflag for that LSP for all circuits other then C.
iif. Clear the SRMflag for that LSP for C.
iy. If C is a non-broadcast circuit, set SSNflag for that LSP for C.

clear SSNflag for that LSP for all circuits associated with that linkage other than C.

<

2) |If the received LSP is equal to the one in the database (i.e. same Sequence Numbey, Reémaining Lifetimeg both zero)
the IS shall

clear SRMflag for C, and
iif if C is a non-broadcast circuit, set SSNflag for that LSP for C

—

3) |If the received LSP is older than the one in the data-base (i.e. received \LSP has lower sequence number) th¢ IS shall
set SRMflag for C, and
il clear SSNflag for C.

—

—

c) If this system (or pseudonode) is S and there is an un-expired®SP from S (i.e. its own LSP) in memory, then th¢ IS
1) | shall not overwrite with the received LSP, but
2) |shall change the sequence number of the unexpired'LSP from S as described in 7.3.16.1,
3) | generate a new LSP; and

4) | set SRMflag on all circuits.

7.3.17 |Making the update reliable

The update process is responsible for.making sure the latest link state PDUs reach every reachable Intermediate Syjstem in the
domain.

On poirt-to-point links the”Intermediate system shall send an explicit acknowledgement encoded as a Partia] Sequence
Numberg PDU (PSNP)containing the following information:

a) soufce’s ID

b) PDU type (Level 1 or 2)
c) seqpence nminber

d) Rerhaining Lifetime

e) chetksum

This shall be done for all received link state PDUs which are newer than the one in the database, or duplicates of the one in the
database. Link state PDUs which are older than that stored in the database are answered instead by a newer link state PDU, as
specified in 7.3.14 above.

On broadcast links, instead of explicit acknowledgements for each link state PDU by each Intermediate system, a special PDU
known as a Complete Sequence Numbers PDU (CSNP), shall be multicast periodically by the Designated Intermediate
System. The PDU shall contain a list of all LSPs in the database, together with enough information so that Intermediate
systems receiving the CSNP can compare with their LSP database to determine whether they and the CSNP transmitter have
synchronised LSP databases. The maximum sized Level 1 or Level 2 Sequence Numbers PDU which may be generated by a
system is controlled by the values of originatingL1LSPBufferSize or originatingL2-LSPBufferSize respectively. In
practice, the information required to be transmitted in a single CSNP may be greater than will fit in a single PDU. Therefore
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each CSNP carries an inclusive range of LSPIDs to which it refers. The complete set of information shall be conveyed by
transmitting a series of individual CSNPs, each referring to a subset of the complete range. The ranges of the complete set of
CSNPs shall be contiguous (though not necessarily transmitted in order) and shall cover the entire range of possible LSPIDs.

The LAN Level 1 Designated Intermediate System shall periodically multicast complete sets of Level 1 CSNPs to the multi-
destination address AlIL1ISs. The LAN Level 2 Designated Intermediate System shall periodically multicast complete sets of
Level 2 CSNPs to the multi-destination address AllL2ISs.

Absence of an LSPID from a Complete Sequence Numbers PDU whose range includes that LSPID indicates total lack of
information about that LSPID.

If an Intermediate system, upon receipt of a Complete Sequence Numbers PDU, detects that the transmitter was out.ofdate, the
receiver shall multicast the missing information.

NOTE 37 Receipt of a link state PDU on a link is the same as successfully transmitting the Link State PDU on that.link, so oncg the first
Intermediatq system responds, no others will, unless they have already transmitted replies.

If an Interrhediate system detects that the transmitter had more up to date information, the receiving Intermediate system shall
multicast a Partial Sequence Numbers PDU (PSNP), containing information about LSPs for, 4vhich it has older information.
This servep as an implicit request for the missing information. Although the PSNP s, \multicast, only the Dgsignated
Intermediate System of the appropriate level shall respond to the
PSNP.

NOTE 38 This is equivalent to the PSNP being transmitted directly to the Designated Intermediate System, in that it avgids each
Intermediatq System unnecessarily sending the same LSP(s) in response. However, it-has' the advantage of preserving the properfy that all
routeing mgssages can be received on the multi-destination addresses, and hence by a LAN adapter dedicated to the multi-dpstination
address.

When a pojnt-to-point circuit (including non-DA DED circuits and virtual links) starts (or restarts), the IS shall
a) set SRMflag for that circuit on all LSPs, and

b) send a|Complete set of Complete Sequence Numbers PDUs on that circuit.

7.3.18 Vhlidation of databases

An Intermddiate System shall not continue to operate for an extended period with corrupted routeing information. Thq IS shall
therefore operate in a fail-stop manner. If afailure is detected, the Intermediate system Network entity shall be disabled until
the failure|is corrected. In the absence‘\of an implementation-specific method for ensuring this, the IS shall perform the
following gt least every maximumLSPGenerationinterval:

a) On expiration of this timer, the IS shall re-check the checksum of every LSP in the LSP database (except those with a
Remaiping Lifetime of z€ro) in order to detect corruption of the LSP while in memory. If the checksum of any LSP is
incorrdcet, the event cofruptedLSPDetected shall be logged, and as a minimum the entire Link State Database|shall be
deleted and action taken to cause it to be re-acquired. One way to achieve this is to disable and re-enable the IS Network
entity.

NOTE 39 On point:te-point links, this requires at least that a CSNP be transmitted

b) On completion of these checks the decision process shall be notified of an event (even if any newly generated L$Ps have
identicat-contents—to—the plcviuua uuco). Fhis—catnses—the—dectston Process to—berumrand—tie—for wcudiug databases re-

computed, thus protecting against possible corruption of the forwarding databases in memory, which would not otherwise
be detected in a stable topology.

¢) The IS shall reset the timer for a period of maximum-LSPGenerationlnterval with jitter applied as described in 10.1.

7.3.19 LSP database overload

As a result of network mis-configuration, or certain transitory conditions, it is possible that there may be insufficient memory
resources available to store a received Link State PDU. When this occurs, an IS needs to take certain steps to ensure that if its
LSP database becomes inconsistent with the other ISs’, that these ISs do not rely on forwarding paths through the over loaded
IS.
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7.3.19.1 Entering the waiting state

When an LSP cannot be stored, the LSP shall be ignored and Waiting State shall be entered. A timer shall be started for
waitingTime, and the Intermediate System shall generate and flood its own LSP with zero LSP number with the LSP Data-
base Overload Bit set. This prevents this Intermediate system from being considered as a forwarding path by other
Intermediate Systems.

It is possible that although there are sufficient resources to store an LSP and permit the operation of the Update Process on that
LSP, the Decision Process may subsequently require further resources in order to complete. If these resources are not available,

the Intermediate system shall then (i.e. during the attempt to run the Decision Process) enter Waiting State until such time as
they are axlabla o d "‘”‘“i:"."‘Tim" Lo e last 1 tha Tlados
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An implementation shall partition the available memory resources between the Level 1 and Level 2 databases! An overload
conditiopn can therefore exist independently for Level 1 or Level 2 (or both). The status attributes |1State and-12State indicate
the condition for the Level 1 and Level 2 databases respectively. On entering Level 1 “Waiting State” theIS shall generate the
ISPL1DatabaseOverload event, and on entering Level 2 “Waiting State” the IS shall génerate the I$PL2Data-
baseOyerload event.

7.3.19.2[ Actions in level 1 waiting state

While i} Level 1 “waiting” state

a) Ifa|Link State PDU cannot be stored, the IS shall ignore it and restart the timer:for waitingTime.
b) ThdIS shall continue to run the Decision and Forwarding processes as normial.

¢) When the waitingTime timer expires, the IS shall:

1) | Generate an ISPL1DatabaseOverload (recovered) event.

2) |Clear the LSP Database Overload bit in its own Level 1(,SP with zero LSP number and re-issue it.
3) |Set the I1State to “On”.

4) [Resume normal operation.

7.3.19.3| Actions in level 2 waiting state

While i} Level 2 “waiting” state

a) Ifa|Link State PDU cannot be stored, the{IS)shall ignore it and restart the timer for waitingTime seconds.
b) ThdIS shall continue to run the Deciston and Forwarding processes as normal.

¢) When the waitingTime timer expires, the IS shall:

1) | Generate an ISPL2DatabaseOverload (recovered) event.

2) |Clear the LSP Database Overload bit in its own Level 2 LSP with zero LSP number and re-issue it.
3) |[Set the I2State to“On”.

4) |Resume normal operation.

7.3.20 | Use of the/link state database

The only portion of the database relevant to the Decision Process is the data portion of the Link State PDUs. The Update
Process [additionally uses the fields Sequence Number, Remaining Lifetime, and variable SRMflag. The [Remaining
Lifetimes in the stored link state PDUs can either be periodically decremented, or converted upon receipt into an internal
timestamp, and converted back into a Remaining Lifetime upon transmission.

7.3.20.1 Synchronisation with the decision process

Since the Update process and the Decision process share the link state database, care must be taken that the Update process
does not modify the link state database while the Decision process is running.

There are two approaches to this. In one approach, the Decision process signals when it is running. During this time, the
Update process queues incoming Link State PDUs, and does not write them into the link state database. If more Link State
PDUs arrive than can fit into the queue allotted while the Decision process is running, the Update process drops them and does
not acknowledge them.
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Another approach is to have two copies of the link state database — one in which the Decision process is computing, and the
other in which the Update process initially copies over the first database, and in which all new Link State PDUs are written.
Additionally, depending on the hashing scheme, it is likely that a second copy of the address hash table will be required, so that
the Update process can do a rehash occasionally for efficiency.

When the Decision process is ready to run again, it locks the new copy of the link state database, leaving the Update process to
copy over the information into the first area, and write new updates while the Decision process runs again The advantage of the
first approach is that it takes less memory. The advantage of the second approach is that Link State PDUs will never need to be
dropped.

NOTE 40
below.

Arrival of § Link State PDU for a system before that system has been put into TENT is permitted. The new Link Stat¢ PDU is
used whenthat system is eventually put into TENT. Similarly, arrival of a new Link State PDU for a systemafter that system
has been pfit into PATHS is permitted. That system has already been completely processed. The arrival-of'the new Link State
PDU is nofed and the decision process re-executed when the current execution has completed. An in~progress executi¢pn of the
decision prpcess shall not be abandoned, since this could prevent the decision process from ever completing.

Arrival of h Link State PDU for a system between that system being put on TENT and being transferred to PATH$ can be
treated as dquivalent to one of the previous two cases (for example, by buffering, or taking.some corrective action).

7.3.20.2 Use of buffers and link bandwidth

Implementptions shall have a buffer management strategy that does not prevent other clients of the buffering servijce from
acquiring Huffers due to excessive use by the Update Process. They shall also ensure that the Update Process does not ¢onsume
all the avaifable bandwidth of links. In particular no type of traffic should-experience starvation for longer than its acceptable

latency. Adceptable latencies are approximately as follows:

- Hello fraffic — Hello timer x 0,5
- Data TJraffic — 10 s.

NOTE 41 The first of these requirements can be met by restricting the Update process to the use of a single buffer on each dircuit for
transmissior]. This may also cause the second requirement to be'met, depending on the processor speed.

7.3.21 Parameters

MaxAge -{ This is the amount of time thdt-may elapse since the estimated origination of the stored Link State PDU by the
sourck before the LSP is considered expired. The expired LSP can be deleted from the database after g further
ZerofAgeL ifetime has expired..MaxAge shall be larger than maximumLSPGenerationinterval, so that a systdm is not
purgdd merely because of laek.of events for reporting Link State PDUs.

MaxAge is an architectura) constant equal to 20 min.

ZeroAgelffetime — This\is the minimum amount of time for which the header of an expired LSP shall be retained affer it has
been [flooded with'zero Remaining Lifetime. A very safe value for this would be 2 x MaxAge. However all that is
requifed is that*the header be retained until the zero Remaining Lifetime LSP has been safely propagated tp all the
neighbours.

ZeroAgel.ifetime is an architectural constant with a value of 1 min

maximumLSPGenerationinterval — This is the maximum amount of time allowed to elapse between generation of Link State
PDUs by a source. It shall be less than MaxAge.

Setting this parameter too fast adds overhead to the algorithms (a lot of Link State PDUs). Setting this pa-rameter too
slow (and not violating constraints) causes the algorithm to wait a long time to recover in the unlikely event that incorrect
Link State information exists somewhere in the domain about the system.

A reasonable setting is 15 min.

minimumLSPGenerationinterval — This is the minimum time interval between generation of Link State PDUs. A source
Intermediate system shall wait at least this long before re-generating one of its own Link State PDUs.
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Setting the interval too slow causes a delay in reporting new information. Setting the interval too fast allows too much
overhead.

A reasonable setting is 30 s.

minimumLSPTransmissioninterval — This is the amount of time an Intermediate system shall wait before further
propagating another Link State PDU from the same source system.
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7.4 FHorwarding process
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originat
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Setting the interval too slow causes a delay in propagation of routeing information and stabilisation of the routeing
algorithm. Setting the interval too fast allows the possibility that the routeing algorithm, under low probability
circumstances, will use too many resources (CPU and bandwidth).
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iteing algorithm when Link State PDUs are lost due to the datagram environment of the Data Link I3
adcast link.

ting the interval too fast results in extra control traffic overhead.
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ting the interval too slow delays convergence of the rofit€ing algorithm when Link State PDUs are lost
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bd by other systems
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warding Databases (Level 1 and 2) — one for each routeing metric
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PDUs to Data Link Layer

7.4.2 Routeing metric selection

The Forwarding process selects a forwarding database for each NPDU to be relayed based on:

the

level at which the forwarding is to occur: level 1 or level 2; and

a mapping of the ISO 8473 QoS Maintenance field onto one of the Intermediate system’s supported routeing metrics.

The former selection is made by examining the Destination Address field of the NPDU. The latter selection is made as follows:
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a) If the QoS Maintenance field is not present in the NPDU, then the IS shall select the forwarding database calculated for
the default metric.

b) Ifthe QoS Maintenance field is present, the IS shall examine bits 8 and 7 of the parameter value octet (QoS format code ).
If the QoS format code represents any other than “00” ( meaning globally unique with strong forwarding ) and “11” (
meaning globally unique with weak forwarding ), then the IS shall select the forwarding database calculated for the default
metric, otherwise

c) The IS shall select a forwarding database by mapping the values of bit 3, 2 and 1 of the parameter value shown in Table 1
and shall proceed as follows;

1) Ifthe QoS format code represents “00”, the IS shall forward based on the slected optional metric.
2) Ifjthe QoS format code represents “11”, the IS shall proceed as follows;
i.| Ifthe IS does not support the selected routing metric, the IS shall forward based on the default nietric;
ii| If the forwarding database for one of the optional routing metrics is selected and the database either floes not
contain an entity for the Destination Address in the NPDU being relayed, or contains ancefitry indicating that the
destination is unreachable using that metric, then the IS shall attempt to forward based upon the default njetric;
iiil Otherwise, forward based on the selected optional metric.
Table 1 — QoS Maintenance bits to routeing metric mappings
bit1 | bit2 | bit3 | Selected Routeing Metric
0 0 0 expense metric
1 0 0 default metric
0 1 1 default metric
0 1 0 expense metric
0 0 1 delay metric
1 1 0 error metric
1 0 1 delay metric
1 1 1 ergor-metric
7.4.3 Forwarding decision

7.4.3.1 Basic operation

Let DEST[= the Network Layer destination address of the PDU to be forwarded, or the next entry in the source routeing field,

if present. It consists of sub-fields Area Address, ID, and SEL.

NOTE 42 The SEL field in the destination-address is not examined by Intermediate Systems. It is used by End Systems to select the proper

Transport erjtity to which to deliver NSDUSs.

This systern’s (the one examining this PDU for proper forwarding decision) address consists of sub-fields area address fand ID.

a)

b)

46

If the Jocal system.typ€ is a level 1 Intermediate system, or the local system type is a level 2 Intermediate sydtem and
AttachedFlagy = Kalse, then:

1) If|the Area Address in the PDU to be forwarded matches any one of the area addresses of this IS, then copsult the
leyel INforwarding database to determine the adjacency which is the next hop on the path to the NPDU’s dedtination.
Fgrward the NPDU on this adjacency.

2) Otherwise, consult the level 1 forwarding database to determine the adjacency which is the next hop on the path to the
nearest level 2 IS in the area, and forward the NPDU on this adjacency.

If the local system type is of iSType “L2 Intermediate System” and AttachedFlag, is “True” (where k means the metric
selected based on the above procedure) then:

1) Ifthe Area Address of the DEST matches any one of the area addresses of this area,

i. If this PDU is a Data PDU of which both SEL fields contain the IntradomainRouteingSelector value and k
means default metric (i.e., this PDU was encapsulated by a Designated partition level 2 IS), consult the level 2
Forwarding database to determine the next hop level 2 IS on the path to the partition Designated level 2 IS.
Forward the NPDU on this adjacency
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NOTE: A level 2 route shall be preferred over a level 1 route that traverses a virtual link.

ii. Otherwise, consult the level 1 forwarding database to determine the adjacency which is the next hop on the path
to the NPDU’s destination. Forward the NPDU on this adjacency.

2) Ifthe Area Address of the DEST does not match any area address of this area, consult the level 2 forwarding database
to determine the adjacency which is the next hop on the path to the destination area, and forward the NPDU on this
adjacency. In case of multiple matching address prefixes, the path with the longest prefix shall be chosen.

7.4.3.2  Encapsulation for partition repair

If this Iptermediatesysterts—thePartitonrPestenatedeve or-thispartiton—and-the PPU—isbeinsforwarded onto the
special gdjacency to a Partition Designated Level 2 Intermediate system in a different partition of this area, e€ncdpsulate the
completp PDU as the data field of a data NPDU (i.e., with an additional layer of header), making this system [the Source
address jand the other Partition Designated Level 2 Intermediate system (obtained from the identifier attribute of|the Virtual
Adjacency managed object) the Destination Address field in the outer PDU header. Set the header:of the outer PDU to
indicate|forwarding via the default routeing metric [see 7.2.10.4, item d)]. Then forward the encapsulated PDU as described in
7.4.3.3 helow.

7.4.3.3 | The procedure forward

Choose pither the level 1 or level 2 forwarding database, depending on the destinationNetwork Address in the NADU. From
that datgbase, select the adjacency for the next hop to that destination. If forwarding atlevel 1 for a destination which is not in
the area] choose the adjacency for the nearest Level 2 IS computed as described in(7;2.9.1.

If there pre multiple possible adjacencies, as a result of multiple minimumyeost paths, then one of those adjacencjes shall be
chosen. |An implementation may choose the adjacency at random, ornmay use the possible adjacencies in “round robin”
fashion.

If there {s no entry in the selected forwarding database for the destination Network Address, and the NPDU originatpd from the
local Transport entity and the system has one or more Intermediate System adjacencies, then one of those is chosen at random
(or in “rpund robin” fashion). Otherwise the procedure returfis the value “False”."

NOTE 43 Since the local adjacency database is presloaded into the decision process, there will always be an dntry in the
forwarding database for destinations to which an adjacency exists.

NOTE 44 The PDU to be forwarded may requir¢ fragmentation, depending on which circuit it is to be forwarded over.

7.4.3.4 | Generating redirect PDUs

In additjon to forwarding an NPDU,the IS shall inform the local ISO 9542 protocol machine to generate a Redirect|PDU if the
PDU is peing forwarded onto the.same circuit from which it came, and if the source SNPA address of the NPDU indicates that
the NPDJU was received from‘an’End System.

7.4.4 [Receive process

The Regeive process/is passed information from any of the following sources.

- recgived PDUs with the NLPID of IntraDomain-RouteingPD,

- configuration information from the ISO 9542 protocol machine,

- ISO 8473 data PDUs handed to the routeing function by the ISO 8473 protocol machine.

When an area is partitioned, a level 2 path is used as a level 1 link to repair the partitioned area. When this occurs, all PDUs
(between the neighbours which must utilise a multi-hop path for communication) shall be encapsulated in a data NPDU,
addressed to the IntraDomainRouteingSelector. Control traffic (LSPs, Sequence Numbers PDUs) shall also be encapsulated,
as well as data NPDUs that are to be passed between the “neighbours”.

D" This is done so that a system in the overloaded state will still be able to originate or forward NPDUs. If a system with a partial routeing
information base were prohibited from attempting to forward to an unknown destination, system management would be unable to either
communicate with this system, or route through it, for the purpose of diagnosing and/or correcting the underlying fault.
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NOTE 45 It is not necessary to transmit encapsulated IIH PDUs over a virtual link, since virtual adjacencies are established and monitored
by the operation of the Decision Process and not the Subnetwork Dependent functions.

7.4.4.1 Basic operation

The Receive Process shall perform the following functions on each received PDU:

- Ifitis a Link State PDU, pass it to the Update Process

- Ifitis a Sequence Numbers PDU, pass it to the Update Process

- Ifitis an ITH PDU, pass it to the appropriate Subnetwork Dependent Function

- Ifitisp data NPDU or Error Report for another destination, pass it to the Forwarding Process
- Otherwise, ignore the PDU
7.4.4.2 DPecapsulation
If an ISO| 8473 data NPDU, addressed to this system, is received, and the SEL field of "the address is ¢qual to
IntraDomginRouteingSelector, then the IS shall
- decapdulate the NPDU (remove the outer NPDU header).
- If the decapsulated PDU is an ISO 8473 NPDU, move the “congestion” indications te the decapsulated NPDU, and pass it
to the ISO 8473 protocol machine.
- Otherwise, if the decapsulated PDU is not an ISO 8473 PDU, perform the following steps on the decapsulated PDU:
e Iflit is a link state PDU or Sequence Numbers PDU, pass it to the Update’process;
e  Otherwise, ignore the PDU.
If an [SO 8473-1 Error NPDU, addressed to this system, is received, and the SEL field of the address is pqual to
IntradgmainRouteingSelector, then the IS shall notify this event to System Management and discard this PDU.
7.5 Ropteing constants and parameters
The architdctural constants are described in table 2.
The routeinng parameters settable by System Management are listed for each managed object in clause 11.
Table 2 — Routeing architectural constants
Name Value Description
MaxLinkMetric 63 Maximum value of a routeing metric assignable to a circuit
MaxPathMetric 1023 Maximum total metric value for a complete path
ISO-SAP FE The SAP for ISO Network Layer on ISO 8802-2 LANs. This SAP vglue is
used for transmission and reception of all PDUs of this protocol.
IntradomainRouteingPD 10000011 The Network Layer Protocol Identifier assigned to this protocol, as recorfed in
ISO/TR 9577
IntradojmainReuteingSelector 0 The NSAP selector for the Intermediate System Network entity
S¢quenceiModulus 2132 Size of the sequence number space used by the Update Process
Recjevel SPBufferSize 1492 The size of LSP which all Intermediate systems must be capable of recieying
MaxAge 1200 Number of seconds before LSP considered expired
ZeroAgeLifetime 60 Number of seconds that an LSP with zero Remaining Lifetime shall be retained
after propagating a purge.
ISISHoldingMultiplier 10 The number by which to multiply iSISHelloTimer to obtain Holding Timer
for Level 1 and Level 2 IIH PDUs.
Jitter 25% The percentage of jitter which is applied to the generation of periodic PDUs.
See 10.1 for further information on generating jitter on timers.
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8 Subnetwork dependent functions

The Subnetwork Dependent Functions mask the characteristics of the different kinds of Subnetworks from the Subnetwork
Independent Routeing Functions. The only two types of circuits the Subnetwork Independent Functions recognise are
broadcast and general topology.

The Subnetwork Dependent Functions include:

- The use of the ISO 8473 Subnetwork Dependent Con-vergence Functions (SNDCF) so that this protocol may transmit and
receive PDUs over the same subnetwork types, using the same techniques, as does ISO 8473.
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This infprmation is disseminated to the rest of the routeing domain via Link State PDUs as described in 7.3.3.2. 1

effect o
relayed
forward

subnetwprks (such as an ISO 8208 subnetwork using Dynamic¢ Assignment, a broadcast subnetwork, or a con
subnetwprk) it is necessary to ascertain additional subnetwork dependent addressing information in order to forward

to a suit

In generpl the SNPA address to which an NPDU is\to.be forwarded can be derived from the destination NSAP of th|

may be

However there may be some NSAPs where_this is not possible. In these cases it is necessary to have pre

informa

This is
specifie

given address prefix. The mappingType attribute may be specified as:

explicit

extractl

em) of all adjacent neighbours. This information is held in the Adjacency database. It is used to genstruct
s,

exchange of I[IH PDUs. While it is possible for an Intermediate System to identify that it has~an Intermed
hbour by the receipt of an ISO 9542 ISH PDU, there is no provision within ISO 9542’ to indicate
hbour is a Level 1 or a Level 2 Intermediate System. Specific PDUs (LAN Level 1, LZAN Level 2 and Po
PDUs) are defined to convey this information.

lulti-destination circuits on ISs at a domain boundary

b information (e.g. Link State PDUs) is not exchanged across a routeing domain boundary. All routeing
to a circuit connected to another routeing domain is therefore entéred’ via the Reachable Address manag

I causing NPDUs destined for NSAPs which are included in the addressPrefix of the Reachable Add

to that Intermediate System at the domain boundary. On_reeeipt of such an NPDU the Intermediate s
it onto the appropriate circuit, based on its own Link State information. However in the case of multi

hble SNPA. (This may be the target End system orlan Intermediate system within the other domain.)

possible to perform some algorithmic. manipulation of the NSAP address in order to derive the SNH
ion relating an address prefix to atparticular SNPA address.

hichieved by additional infofmation contained in the reachable address managed object. The mappingTyj
the means by which nextshop subnetwork addressing information can be derived for NPDUs forwarded b

— The SNPA address or set of SNPA addresses is manually pre-configured as an attribute of the reachal
managed objeet:

DI — ThesSNPA is embedded in the IDI of the destination NSAP address according to the format and eng
of [IS©”8348. This SNPA extraction algorithm can be used in conjunction with destination addresses from
F69,E.163, and E.164 addressing subdomains.

prdination with the operation ot the ES—IS protocol (ISO 9542) in order to determine the Network layer addresses (and
Broadcast subnetworks, the subnetwork point of attachment address) and identities (End System ©r Uhtermediate

Link State

ate System
hether the
int-to-point

nformation
ed objects.
his has the
esses to be
ystem shall
destination
nectionless
the NPDU

e NPDU. It
A address.
configured

e attribute
1sed upon a

ble address

oding rules
the X.121,

extractDSP — All or a suffix of the SNPA is embedded in the DSP of the destination address. This SNPA extraction
algorithm requires manual pre-configuration of SNPAMask and sNPAPrefix attributes of the reachable address
managed object. The SNPAMask attribute is a bit mask with 1s indicating the location of the SNPA (suffix) within
the destination NSAP DSP. The part of the SNPA extracted from the NSAP is appended to the SNPAPrefix to form

the next hop subnetwork addressing information.

An example of a set of Reachable Addresses is shown in table 3.

The table is interpreted as follows:

a) For

the ISO DCC prefix 39 123, use the SNPA address X.
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b)
¢)

d)

8.2 Point-to-point subnetworks

This clausd describes the identification of neighbours on both point-to-point links and Static circuits.

The IS shall operate the ISO 9542 protocol, shall be able to receive ISO 9542 ISH PDUs from otherISs, and shall
informatiof so obtained in the adjacency database.

For the X.121 IDI address prefix 37 aaaaa, do not use aaaaa, but use B instead.

For all IDPs based on SNPAs with DNIC D (i.e. with address prefix 37 D), use the address Y (which would probably be a
gateway to a subnetwork with DNIC D).

For any other X.121 IDI (i.e. address prefix 37) — use the SNPA whose address is used as the IDI.

For the ISO ICD prefix 47 0005 CO use the SNPA address formed by concatenating Z with next 6 octets of the DSP
following the 47 0005 CO prefix.

Anything else (“*” in table 3) — use one of the SNPA addresses R, S or T. These would typically be the SNPA addresses of
Level 2 Intermediate Systems through which any other addresses could potentially be reached.

8.2.1

received o

Receipt of ESH PDUs — database of end systems

store the

An IS shalIl enter an End system into the adjacency database when an ESH PDU is received on a circuit. If an ESH PDU is
the same circuit, but with a different NSAP address, the new address(shall be added to the adjacency, with a
separate tirper. A single ESH PDU may contain more than one NSAP address. Whén a new data link address or NSAH address
is added to[the adjacency database, the IS shall generate an adjacencyStateGhange (Up) event on that adjacency.
The IS shall set a timer for the value of Holding Time in the received ESHDPDU. If another ESH PDU is not received [from the
ES before that timer expires, the ES shall be purged from the database; provided that the Subnetwork Independent Functions
associated [with initialising the adjacency have been completed. Otherwise the IS shall clear the adjacency as soon jas those
functions afe completed.
Table 3 — Example of reachable address information
Address Prefix Mapping Type SNPA Address

3p 123 Explicit X

3|7 aaaa Explicit B

3 D Explicit Y

3 extractiPI Extract X.121 SNPA addrss from NSAP IDI

47 00055 CO exfractDSP sNPAPrefix=Z sNPAMask=000000000FFFFFFFFFFFF

* Explicit R,S, T
When the jadjacency is cleared,\the Subnetwork Independent Functions shall be informed of an adjacencyState{Change
(Down) evpnt, and the adjacéncy can be reused after the Sub network Independent Functions associated with bringihg down

the adjacerlcy have been ¢ompleted.

8.2.2 Rgceiving'ISH PDUs by an intermediate system

On receipt
and neighl
a) If the adjacencyState is “Up” and the ID portion of the NET field in the ISH PDU does not match the neigh-bourID of
the adjacency then the IS shall
1)  generate an adjacencyStateChange (Down) event;
2) delete the adjacency; and
3) create a new adjacency with:
i. adjacencyState set to “Initialising”, and
ii. neighbourSystemType set to “Unknown”.
4)  perform the following actions.
50
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b) If the adjacencyState is “Initialising”, and the neighbourSystemType status is “Intermediate System”, the ISH PDU
shall be ignored.

c) If the adjacencyState is “Initialising” and the neighbourSystemType status is not “Intermediate System”, a point-to-
point IIH PDU shall be transmitted as described in 8.2.4.

d) The neighbourSystemType shall be set to “Intermediate System” indicating that the neighbour is an Intermediate
system, but the type (L1 or L2) is, as yet, unknown.

e) The circuitType field shall be set according to Table 4.

8.23 J.Sennj.n.g_l.iﬂ_l’_nu.s_h;un_l.u.tﬂ_medjzte System
An Intemediate System shall cause ISO 9542 to send ISH PDUs whenever a point-to-point circuit is either fir§t'eng

adjacen
by the I

ISH PD
implemg

should b

8.2.4

An IS shall send Point-to-Point ITH PDUs on those Point-to-Point circuits whose externalDomain attribute is set “

ITH PD{
a) the
b) whe
The iSIS
The ITH
a) Thd
b) The
valy
c) Thg
exp
con|
1y
2)
3)
This is d
up to md
size, wi
exchang

y on the circuit transitions to the Down state. ISH PDUs shall continue to be sent periodically at an iaterv
b0 9542 Intermediate System Configuration Timer until an adjacency on the circuit transitions to(the Up sta|

Us are not required to be sent when an adjacency on the circuit is in the Up state and~it is sugges
e ignored.

Sending point-to-point IIH PDUs

J shall be sent when:
[S receives an ISH PDU

never iSISHelloTimer expires
bHelloTimer shall be (re)started upon transmission of thedIH PDU.

shall be constructed and transmitted as follows:

Circuit Type field shall be set according to table 4.

e shall be unique among all the circuits*of this Intermediate system.

first Point-to-point IIH PDU (i.e, that transmitted as a result of receiving an ISH PDU, rather than as a res
ration) shall be padded (with #railing PAD option fields containing arbitrary valued octets) so that t
aining the ITH PDU has a length) of at least maxsize - 1 octets” ) where maxsize is the maximum of

dataLinkBlocksize
originatingL1LSPBufferSize
originatingL2L.SPBufferSize

one to ensure/that an adjacency will only be formed between systems which are capable of exchanging PDU
xsize octets/ In the absence of this check, it would be possible for an adjacency to exist with a lower maxi
h thetresult that some LSPs and SNPs (i.e. those longer than this maximum, but less than maxsize) wi
ed.

NOTE 46— ttTsTrecessary forthe Tmamagertoensure tiratthe—vatue of datatmkBtocksize omacircuit-which—witt-be—used

bled or the
hl specified
fe.

ted that an

ntation not send them in this state. ISH PDUs received on a point-to-point circuit when an adjacency is in the Up state

False”. The

Local Circuit ID field shall be set to a yalue assigned by this Intermediate system when the circuit is cfeated. This

ult of timer
he SNSDU

Us of length
mum block
uld not be

to form an

Intermediate system to Intermediate system adjacency is set to a value greater than or equal to the maximum of the LSPBufferSize
characteristics listed above. If this is not done, the adjacency will fail to initialise. It is not possible to enforce this requirement, since it is not
known until initialisation time whether or not the neighbour on the circuit will be an End system or an Intermediate system. An End system
adjacency may operate with a lower value for dataLinkBlocksize.

d) If the value of the circuitTransmitPassword for the circuit is non-null, then the IS shall include the Authentication
Information field in the transmitted ITH PDU, indicating an Authentication Type of “Password” and containing the

circ

1))

uitTransmitPassword as the authentication value.

The minimum length of PAD which may be added is 2 octets, since that is the size of the option header. Where
possible the PDU should be padded to maxsize, but if the PDU length is maxsize — 1 octets no passing is possible (or

required).
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Table 4 — Setting the value of the circuit type field

iSType Circuit manualL.2OnlyMode Circuit Type Field
Level 1 - Level 1 only (1)
Level 2 “True” Level 2 only (2)
Level 2 “False” Level 1 and 2 (3)

8.2.5 Receiving point-to-point IIH PDUs

8.2.5.1

On receipt
a) Ifthel

b) If the
discar

c) If the
perform the following tests:

1)

2)

3)

8.2.5.2

When a Pq
shall be co
and matchi
(except wh
“True”). H
Level 2, an

On receipt
addresses i

a) Ifama

1)

2)
3)
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PDIJ acceptance tests

If

authenticationFailure event generated.

“I
“F

i.

il.
0
ci

th|
ci

pf a Point-to-Point [TH PDU, perform the following PDU acceptance tests:
IH PDU was received over a circuit whose externalDomain attribute is set “True”, the IS shall discard the

D Length field of the PDU is not equal to the value of the IS’s routeingDomainIDLength, the PDU
led and an iDFieldLengthMismatch event generated.

value of circuitTransmitPassword or the set of circuitReceivePasswords for, this circuit is non-n
the PDU does not contain the Authentication In-formation field then the.PDU shall be discarded

[ the PDU contains the Authentication Informa-tion field, but the“Authentication Type is not
assword”, then:

If the IS implements the authentication procedure indicated by the Authentication Type whether the IS
or ignores the PDU is outside the scope of this International Standard.
If the IS does not implement the authentication proceduresindicated by the Authentication Type then the
ignore the PDU and generate an authenticationFailure. event.”

herwise, the IS shall compare the password ,ini‘the received PDU with the passwords in the
rcuitReceivePasswords for the circuit on which'the PDU was received. If the value in the PDU matchg
bse passwords, the IS shall accept the PDU forfurther processing. If the value in the PDU does not match a
rcuit-ReceivePasswords, then the IS shall ignore the PDU and generate an authenticationFailure event.

IH PDU Processing

int-to-point IIH PDU is receivéd by an Intermediate system, the area addresses of the two Intermediate
hnpared to ascertain the validity of the adjacency. If the two Intermediate systems have an area address in

ere a Level 1 Intermediate system is con-nected to a Level 2 Intermediate system with manualL20nlyM
owever, if they havé\no area address in common, the adjacency is only valid if both Intermediate sys
d the IS shall markthe adjacency as Level 2 Only. This is described in more detail below.

of a Point-to-point [IH PDU, each of the Area Addresses from the PDU shall be compared with the se
h the manualAreaAddresses attribute.

tchis detected between any pair the following actions are taken.

If]

PDU.
shall be

1], then

and an

pqual to

accepts

IS shall

set of
s any of
hy of the

Systems
common

ng values for maximumAreaAddresses, the adjacency is valid for all combinations of Intermediate syst¢m types

ode set
ems are

[ of area

the-Maximum Area Addresses field of the PDU is not equal to the value of the IS’s maximumAreaAd

dresses

then the PDU shall be discarded and a maximumAreaAddresses-Mismatch event generated, unless the IS only
implements a value of three for maximumArea-Addresses, in which case this check may be omitted.

If

the local system is of iSType “L1IntermediateSystem” the IS shall perform the action indicated by table 5.

If the local system is of iSType “L2Intermediate-System” and the Circuit manualL20nlyMode has the value
“False”, the IS shall perform the action indicated by table 6.
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Table 5 — Level 1 state table for matching areas

Circuit Type (1) Adjacency Usage
none (2) Level 1 (3)
Level 1 only Up (4) L1 (5) Accept
Level 2 only Reject (7) (Wrong system) Down (6) (Wrong system)
Level 1 and 2 Up (4) L1 (5) Accept

M

The value of the Circuit Type field in the received PDU.

(2) The adjacency is not in adjacencyState “Up”.
(3) adjacencyUsage is “Level 1”
(4)| The adjacency is accepted and an adjacencyStateChange (Up)” event is generated. If the Adjacency neighbourSystemType was
“Unknown” (i.e. no ISH PDU has yet been received), a point-to-point ITH PDU is also transmitted.
(5)] The adjacencyUsage status is set to “Level 1”
(6)| An adjacencyStateChange (Down)” event is generated, with the specified reason, and the adjacency deleted.
(7)] A wrongSystemType event is generated.
4) |If the local system is of iSType “L2Intermediate-System” and the Circuit manualL20nlyMode ha

b) Ifa
1)

2)

3)

“True”, the IS shall perform the action indicated by table 7.
no match is detected between any pair, the following actions shall be performéd-

If the local system is of iISType “L1Intermediate-System”and the adjacency is not in state “Up”, the IS
the adjacency (if any) and generate an areaMismatch event.

the value

shall delete

If the local system is of iISType “L1IntermediateSystem” and thé adjacency is in state “Up”, the IS shalll delete the

adjacency and generate an adjacencyStateChange (Down — Area Mismatch)” event .

If the local system is of iISType “L2IntermediateSystem”“the IS shall perform the action indicated
(irrespective of the value of manualL20nlyMode for this\Circuit).

c) If the action taken is “Up”, as detailed in the tables referenced above, the IS shall compare the Source ID

PD]
1)

2)

3)

NOTE 4
by this Ir]

J with the local systemID.

If the local Intermediate system has the higher Source ID, the IS shall set the Circuit CircuitlD st
concatenation of the local systemID and-the Local Circuit ID (as sent in the Local Circuit ID field of po
ITH PDUs from this Intermediate Systeny) of this circuit.

If the remote Intermediate system’ has the higher Source ID, the IS shall set the Circuit CircuitlD s
concatenation of the remote system’s Source ID (from the Source ID field of the PDU), and the remo
Local Circuit ID (from the l-ocal Circuit ID field of the PDU).

If the two source IDs ar€ the same (i.e. the system is initialising to itself), the local systemID is used.

The circuitID status. is n0t used to generate the Local Circuit ID to be sent in the Local Circuit ID field of ITH PDU
termediate system,Fhe/Local Circuit ID value is assigned once, when the circuit is created and is not subsequently char

d) If the action taken'is“Accept” and the neighbor System ID in the adjacency does not match the source ID fie

PDI

)
2)

J, or the new; value computed for the circuit ID is different from that in the existing adjacency, the IS shall
generate.an adjacencyStateChange (Down) event, and

delete the adjacency.

by table 8

field of the

atus to the
int-to-point

atus to the
le system’s

transmitted
ged.

Id from the

e) If the action taken is “Up” or “Accept” the IS shall

1)
2)
3)

copy the adjacency areaAddressesOfNeighbour entries from the Area Addresses field of the PDU,
set the holdingTimer to the value of the Holding Time field from the PDU, and
set the neighbourSystemID to the value of the Source ID field from the PDU.
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Table 6 — Level 2 state table for matching areas

Circuit Type (1) Adjacency Usage
none (2) Level 1 (3) Level 1 and 2 (4) Level 2
Level 1 only Up (6) L1 (7) Accept Down (8) (Wrong system) Down (8) (Wrong system)
Level 2 only Up (6) L20 (9) Down (8) (Wrong system) Down (6) (Wrong system) Accept
Level 1 and 2 Up (6) L2 (10) Down (8) (Wrong system) Accept Down (8) (Wrong system)

(1) The value of the Circuit Type field in the received PDU.
(2) The adjacency is not in adjacencyState “Up”.
(3) The adjacency is in state “Up” and the Adjacency adjacencyUsage is “Level 17,

(7) The adjacencyUsage status is set to “Level 17

(9) The adjacencyUsage is set to “Level 2”
(10) The adjacencyUsage is set to “Level 1 and 2”.

(4) The 3adjacency is in state “Up” and the Adjacency adjacencyUsage is “Level 1 and 2”.
(5) The 3djacency is in state “Up” and the Adjacency adjacencyUsage is “Level 2”.

(6) The pdjacency is accepted and an adjacencyStateChange (Up)” event is generated. If the Adjacency neighbourSystemType-was' “Unknown”
(i.e. po ISH PDU has yet been received), a point-to-point IITH PDU is also transmitted.

(8) An adjacencyStateChange (Down)” event is generated, with the specified reason, and the adjacency deleted.

Table 7 — Level 2 only state table for matching areas

Cirfuit Type (1) Adjacency Usage
none (2) Level 1 and 2-(3) Level 2 (4)
Lgvel 1 only Reject (5) (Wrong system) Down (6) (Wréng system) Down (6) (Wrong systerp)
Lgvel 2 only Up (7) L20 (8) Down (6) (Wrong system) Accept
L¢vel 1 and 2 Up (7) L20 (8) Down (6) (Wrong system) Accept

(1) The yalue of the Circuit Type field in the received PDU.
(2) The 3djacency is not in adjacencyState “Up”.

(3) The 3djacency is in state “Up” and the adjacencyUsage is “Level 1 and 2.

(4) The 3djacency is in adjacencyState “Up” and the adjacencyUsage'iss“Level 2.
(5) A wiongSystemType event is generated.
(6) An afljacencyStateChange (Down)” event is generated, with the specified reason, and the adjacency deleted.

(7) The pdjacency is accepted and an adjacencyStateChange (Up)” event is generated. If the Adjacency neighbourSystemType was “Unknown”
(i.e. po ISH PDU has yet been received), a point-to-point IIH PDU is also transmitted.

(8) The adjacencyUsage status is set to “Level 2”

8.2.6 Monitoring point-to-point.adjacencies

The IS sha]l keep a holding timg<(adjacency holdingTimer) for the point-to-point adjacency. The value of the holdimgTimer
shall be sefl to the holding timé-as reported in the Holding Time field of the Pt-Pt ITH PDU. If a neighbour is not heard from in

that time, the IS shall

a) purge It from the database; and

b) generate an adjacencyStateChange (Down) event.

8.3 ISO-8208subnetworks

8.3.1 Network layer protocols

The way in which the underlying service assumed by ISO 8473 is provided for ISO 8208 subnetworks is described in clause 8
of ISO 8473. This defines a set of Subnetwork Dependent Convergence Functions (SNDCFs) that relate the service provided
by specific individual ISO International Standard subnetworks to the abstract “underlying service” defined in 5.5 of ISO 8473.
In particular 8.4.3 describes the Subnetwork Dependent Convergence Functions used with ISO 8208 Subnetworks.
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Table 8 — Level 2 state table for non-matching areas

Circuit Type (1) | Adjacency Usage
none (2) Level 1 (3) Level 1 and 2 (4) Level 2 (5)
Level 1 only Reject (6) (Area Mismatch) | Down (7) (Area Mismatch) | Down (7) (Wrong system) Down (7) (Wrong
system)
Level 2 only Up (8) L20 (9) Down (7) (Wrong system) Down (7) (Wrong system) Accept
Level 1 and 2 Up (8) L20 (9) Down (7) (Wrong system) | Down (7) (Area Mismatch) Accept

(1) The value of the Circuit Type field in the received PDU.
(2) The adjacency is not in adjacencyState “Up”.

(3) Thé
(4) The
(5) The

adjacency is in adjacencyState “Up” and the Adjacency adjacencyUsage is “Level 1.
adjacency is in adjacencyState “Up” and the Adjacency adjacencyUsage is “Level 1 and 2”.
adjacency is in adjacencyState “Up” and the Adjacency adjacencyUsage is “Level 2”.

(6) AnjareaMismatch event is generated.

(7) An
(8) Thg

ISH
(9) Thg

hdjacencyStateChange (Down)” event is generated, with the specified reason, and the adjacency deleted.

adjacency is accepted and an adjacencyStateChange (Up)” event is generated. If the Adjacency neighbourSystémType was “Unkn|
PDU has yet been received), a point-to-point IIH PDU is also transmitted.

adjacencyUsage is set to “Level 2”

own” (i.e. no

8.3.2
8.3.2.1
SVCs s
of ISO
Request

In the
neighbg

In the c4

8.3.2.2

SVC establishment

Use of ISO 8473 subnetwork dependent convergence functions
all be established according to the procedures defined in the ISO 8208/Subnetwork Dependent Convergenc
B473 (this may be on system management action or on arrivahof data depending on the type of circuit]

shall contain a Protocol Discriminator specifying ISO 8473 inthe first octet of Call Userdata.

ase of a static circuit, an SVC shall be established ‘only upon system management action. The I
urSNPAAddress as the called SNPA address.

se of a DA circuit, the call establishment procedures are initiated by the arrival of traffic for the circuit.

Dynamically assigned circuits

A dynamically assigned circuit has multiple ‘adjacencies, and can therefore establish SVCs to multiple SNPAs

several
when an

- In{
NPI

Int
cort

Oth|
the

Exampl

methods that can be used by anJntermediate system to derive the SNPA address to which a call is to be
NPDU is to be forwarded ovér an ISO 8208 subnetwork. These include the following:

ome instances, the SNRA)dddress to which a call is to be established can be derived from the NSAP t
DU is to be forwarded.

ne case where alllthe NSAPs accessible over the ISO 8208 subnetwork have IDIs which are their SNPA adi
ect SNPA can‘be-derived by extracting the IDI, using the “extractIDI” mapping type described in 8.1.

er scenarids may also permit the extraction of the SNPA by examining other parts of the NSAP address. In
‘extractBSP” mapping type may be used as described in 8.1.

s‘ofithe above methods are illustrated in table 3.

t Functions
. The Call

shall use

There are
established

b which an

Hresses, the

these cases

- In other cases, such as when the IDI refers to some other SNPA address which is suboptimally connected to the target
NSAP (or even not connected at all), or when the IDP does not contain an X.121 address at all (e.g. the ISO DCC address
plan), a method not relying upon information in the destination NSAP address must be used.

If it is feasible for the IS to maintain the correspondence between an address prefix and an SNPA (via the Reachable
Address managed object) then the “explicit” mapping type may be used as described in 8.1. This may not always be
desirable because of the need to administer this information individually in each affected Intermediate system.

If a SNARE is available on the subnetwork, then the IS may invoke the appropriate SNARE functions to obtain the
desired SNPA address from the NSAP address in the NPDU to be forwarded.
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This is achieved, as described in 8.1, by additional information contained in the reachableAddress managed object. The
address extraction algorithm may be specified to extract the IDI or DSP portion where the desired portion of the destination
NSAP address is the required X.121 address. An example of a set of Reachable Addresses is shown in table 3.

NOTE 48 If a DA circuit is defined with a reachable address prefix which includes the addresses reachable over a STATIC circuit, the

cost(s) for the DA circuit must be greater than those of the STATIC circuit. If this is not the case, the DA circuit may be used to establish a
call to the remote SNPA supporting the STATIC circuit, which would then (wrongly) assume it was the STATIC circuit.

8.3.2.3 Initiating calls (level 2 Intermediate systems)

When an NPDU is to be forwarded on a dynamically assigned circuit, for destination NSAP address D, the IS shall

a) Calculpte D’s subnetwork address, either as explicitly stated in the reachable address prefix, or as extracted from the
destingtion NSAP address.

1) [If|this system is an ES and there is an entry in the RedirectCache or ReversePathCache for D, Gse-the suljnetwork
address in the cache entry.

2) [If]this system is an ES or Level 2 Intermediate system, and the address matches one of the, listed reachablq address
piefixes (including “*”, if present), the subnetwork address is that specified according t¢ the mappingType [attribute
(efther “explicit”, indicating that the set of addresses in the SNPAAddresses attribute/of that Reachable Adglress are
to|be used, or “Algorithm”, indicating that it is to be extracted from the destination NSAP address using the gpecified
alporithm). If multiple SNPA addresses are specified, and there is already anCadjacency up to one of those SNPA
addresses, then choose that subnetwork address, otherwise choose the subnetwork address with the oldest tifnestamp
as|described in 8.3.2.4.

3) If|the address does not match one of the listed reachable address prefixes (and there is no
8473 Discard PDU function.

“*” entry), invoke{the ISO

b) Scan the adjacencies for one already open to D’s subnetwork ddress/(i.e. reserveTimer has not yet expired). [f one is
found,|transmit the NPDU on that adjacency.

¢) Ifno 4djacency has a call established to the required subnetwiork ddress, but there is a free adjacency, attempt to| etablish
the call using that subnetwork address.

d) Ifther¢ is no free adjacency invoke the ISO 8473 Diseard PDU function.

NOTE 49 Where possible, when an adjacency is reserved (when an SVC has been cleared as a result of the idleTimer expiring, but the
reserveTimler has not yet expired), resources within,the subnetwork service provider should be reserved, in order to minjmise the
probability that the adjacencywill not be able to initiatea call when required.

8.3.2.4  (all attempt failures

The Reachpble Address managed gbjects may contain a set of SNPA addresses, each of which has an associated timhestamp.
The timestgmps shall be initialisg¢dto “infinitely old”.

Some of the SNPAs in thisSet'may be unreachable. If a call attempt fails to one of the SNPA addresses listed, the IS sHall mark
that entry ih the list with.the time of the latest failed attempt. When an SNPA address is to be chosen from the list, thg IS shall
choose the one with the oldest timestamp , unless the oldest timestamp is more recent than recallTimer. If the oldest
timestamp fis moreteeent than recallTimer, all SNPAs in the set shall be assumed temporarily unreachable and no call attempt
is made. The IS(shall instead invoke the ISO 8473 Discard PDU function.

When atteMpting 10 cstabiisi @ conmection 10 a SN SpPecitic SUDNSIWOrK address (not through one of a set of SNPA
addresses), if a call attempt to a particular SNPA address, A, fails for any reason, the IS shall invoke the ISO 8473 Discard
PDU function. Additionally the adjacency on which the call attempt was placed shall be placed in “Failed” state, and the recall
timer set. Until it expires, the IS shall not attempt call establishment for future NPDUs to be forwarded over subnetwork
address A, but instead the IS shall invoke the ISO 8473 Discard PDU function.

When the recall timer expires, the IS shall free the adjacency for calls to a different destination or retry attempts to subnetwork
address A.

NOTE 50 If an implementation can store the knowledge of SNPA addresses that have failed along with the time since the attempt was made
in a location other than the adjacency on which the call was attempted, then that adjacency can be used for other calls.
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8.3.3 Reverse path forwarding on DA circuits

Where a subdomain is attached to a Connection-oriented subnetwork by two or more SNPAs, the destination NSAP addresses
within the subdomain may be chosen to be constructed from the address of one of the points of attachment. (It need not be. The
whole subdomain could be multi-homed by using both SNPA addresses, or some other IDP could be chosen; e.g. ISO DCC.)
Traffic to the subdomain from some other SNPA will cause a call to be established to the SNPA corresponding to the
destination NSAP

address in the subdomain. Traffic from the subdomain may use either of the SNPAs depending on the routeing decisions made
by the subdomain. This is illustrated in figure 6.

The subdomain is attached to the connection-oriented subnetwork via SNPAs 4 and B. The addresses on the sub}lomain are
construdted using the SNPA address of B as the IDI. If traffic for C.z is sent from B.x, a call will be established fijom 4 to C.
The rev¢rse traffic from C.z to B.x will cause another call to be established from C to B. Thus two SVCs have’been [established
where ohly one is required.

This prdgblem is prevented by the local system retaining a cache (known as the ReversePathCache)-of NSAP addfesses from
which traffic has been received over each adjacency. When it has traffic to forward over the ¢onnection-oriented ubnetwork,
the IS shall it first check to see if the destination NSAP is in the cache of any of its adjacefeies, and if so forward§ the traffic
over thal adjacency. An NSAP shall only be added to the cache when the remote SNPA @address of the adjacency oyer which it
is received differs from the SNPA address to be called which would be generated by ehecking against the Circuif Reachable
Addressps managed objects. If the cache is full, the IS shall overwrite the least recently used entry. The ReversePqthCache, if
implemgnted, shall have a size of at least one entry. The IS shall purge the cache When the adjacency is taken down (i.e. when

the resgrveTimer expires).

B
ISO 8208 Subnetwork ¢
A

Figure 6 - Example of reverse path forwarding

8.3.4 |Use of ISO 9542 on-I1SO 8208 subnetworks

Static afd DA circuits are.€quivalent to point-to-point links, and as such permit the operation of ISO 9542 as dgscribed for
point-totpoint links in 82

For DA|circuits,«jt, 18 impractical to use ISO 9542 to obtain configuration information, such as the location of Iptermediate
systems] since:this would require calls to be established to all possible SNPA addresses.

The IS ghalDnot send ISO 9542 ISH PDUs on a DA circuit. The IS shall take no action on receipt of an ESH PDU of ISH PDU,
and the circuit shall complete initialisation without waiting for their arrival.

The IS shall not send Point-to-point IIH PDU on DA circuits.
The IS shall ignore receipt of point-to-point IIH PDUs on DA circuits.

8.3.5 Interactions with the update process

A dynamically assigned circuit contains a list of <reachable address prefix, cost, SNPA address> tuples. Also, each
dynamically assigned circuit has a specified call establishment cost measured by callEstablishmentMetric, (where & indexes
the four defined metrics). The call establishment cost is always an internal metric, and is therefore directly comparable with the
reachable address metric only if the reachable address metric is also internal.
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When the circuit is enabled, the Subnetwork Dependent functions in an Intermediate system shall report (to the Update
Process) “adjacency cost change” events for all address prefixes in the circuit reachable address managed object, together with
the reachable address metric & + Delta, increment. If reachable address metric; is internal, then Delta, = callEstab-
lishmentMetric, . If reachable address metric;, is external, then

Deltak =0

This causes this information to be included in subsequently generated LSPs as described in 7.3.3.2. Routeing PDUs (LSPs and
Sequence number PDUs) shall not be sent on dynamically assigned circuits.

NOTE 51 In the following sub-clauses, it is assumed that the Reachable Addresses referenced are only those which have been enabled (i.e.

that have state~On)-and-whese-parent-eiretitis-also-in-state—On=

8.3.5.1 Adjacency creation

After an SYC to SNPA address D is successfully established and a new adjacency created for it (whether it was initiatgd by the
local or thg remote system), if callEstablishment-MetriciIncrement is greater than 0, the IS shall scat-the circuit Rpachable
Address mfinaged objects for all addressPrefixes listed with D as (one of) the SNPAAddress(es).

For Reachgble Addresses with mappingType “Algorithm”, the IS shall construct an implied dddress prefix” from the actual
remote SNPA address D and the address extraction algorithm. The IS shall generate an Adjagency cost change event|for each
such address prefix (both actual and implied) with the Reachable Address metric, (witheut the added callEstablishment-
MetrickIncfement). This causes information that those address prefixes are reachable ‘with the lower cost to be indluded in
subsequent]ly generated LSPs. The effect of this is to encourage the use of already established SVCs where possible.

8.3.5.2 Adjacency deletion

When the fadjacency with sSNPAAddress D is freed (reserveTimer has expired, or the adjacency is deleted byl System
Managemept action) then if callEstablishment-Metric Increment is-greater than 0, the IS shall scan the Circuit Rgachable
Address mpnaged objects for all those with mappingType explicit’and (one of) their SNPAAddresses equal to D). The IS
shall generpte “Adjacency cost change” events to the Update Progess for all such address prefixes with the Reachable[Address
metric;, + Pelta, increment (where Delta, is the same as -défined above). For Reachable Addresses with an algprithmic
extraction mappingType for which it is possible to construct an implied address prefix as above, the IS shall gerjerate an
adjacencyStateChange” event for that implied prefix.

A cost chapge event shall only be generated when'the”count of the number of subnetwork addresses which have an esfablished
SVC changes between 1 and 0.

8.3.5.3 Circuit call establishment in¢rement change

On a dynamically assigned circuit,-when system management changes the Circuit callEstablishmentMetricyIncrement for
that circuitf the IS shall generateadjacency cost change events” for all address prefixes affected by the change (i.e. those for
which callq are not currently “€stablished”).

The IS shall scan all the R€achable Address managed objects of that Circuit. If the Reachable Address has an algorithnjic

extraction mappingLype, the IS shall generate an “adjacency cost change” event for that adjacencyld with the Rgachable
Address métricg #:the new value of Delta, . If (based on the new value of callEstablishmentMetric,Increment) the Rgachable

Address has mappingType “explicit”, the IS shall scan all the adjacencies of the circuit for an adjacency with SNPAAddress
equal to ( 1o £ 414 n'\ID/\ /\AArAbbr\b £filhot D Lokl Addyrace £ o o L o ds fornand tha 1Q chboll erate an

e 0T tiC—OoTNT 7 v~ S5—orthatIceacRaore—xaafeSS——Ho—Stuer ouuvvuv] HS—ToHfRa—tRe—To—SHtrr ST

“adjacency cost change” event for that adjacencyld with the reachable address metric; + the new value of Delta; (based on the
new value of callEstablishmentMetric Increment).

8.3.5.4  Reachable address cost change

When the metric;, attribute of a reachableAddress in operationalState “Enabled” is changed by system management, the IS
shall generate cost change events to the Update process to reflect this change.

D j.e. some address prefix which matches the addressPrefix of the Reachable Address, and which would generate the SNPA Address D
when the extraction algorithm is applied.
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If the reachableAddress has mappingType “explicit”, the IS shall scan all the adjacencies of the circuit for an adjacency
with SNPAAddress equal to (one of) the SNPAAddresses of that reachable address. If one or more such adjacencies are
found, the IS shall generate an adjacencyCostChange event for that reachableAddressld with the new reachable address
metric;. If no such adjacency is found the IS shall generate an “adjacency cost change” event for that reachableAddressid
with the new reachable address metric;.

If the reachableAddress has an algorithmic extraction mappingType, the IS shall generate an adjacencyCostChange
event for that name with the new reachable address metric, + Delta, (based on the new value of callEstablishment-
MetrickIncrement). In addition, for all adjacencies of the circuit with an SNPAAddress for which an implied address prefix
can be generated for this reachable address, the IS shall generate an adjacencyCostChange event for that implied address
prele a]llﬁ lilC IICTW lCdLild‘UiC d.d(.‘llcbb ITICU ibk.

8.3.5.5 | Disabling a reachable address

When afreachableAddress managed object is disabled via management action, the IS shall generatg-an adjacgncy-Down
event to|the Update process for the adjacencyld of that reachable address and also for any implied prefixes associated with
that readhable address.

8.3.5.6 | Enabling a reachable address

When a[reachableAddress is enabled via system management action, the IS shall genérate adjacencyCostChange events
as descr]bed for reachable address cost changes in 8.3.5.4 above.

8.4 Broadcast subnetworks

8.4.1 (Enabling of broadcast circuits

When tHe broadcast circuit is enabled on an Intermediate system the“IS shall perform the following actions.

a) Corpmence sending IIH PDUs with the LAN ID field set-to‘the concatenation of its own systemID and its locally assigned
one|octet Local Circuit ID.

b) Solfcit the End system configuration as described.in)8.4.6

c) Stait listening for ISO 9542 ESH PDUs and@¢cquire adjacencies as appropriate. Do not run the Designated Intermediate
System election process.

d) Aftgr waiting iSISHelloTimer x 2 seconds, run the Level 1 and or the level 2 designated intermediate syst¢m election
progess depending on the Intermediate system type.

8.4.2 |[Broadcast subnetwork IIH PDUs

All Integmediate systems orbroadcast circuits (both Level 1 and Level 2) shall transmit LAN IIH PDUs as describgd in 8.4.4.
Level 1|Intermediate syS§tems shall transmit only Level 1 LAN IIH PDUs. Level 2 Intermediate Systems on circuits with
manualL.20nlyModg‘set to the value “True”, shall transmit only Level 2 LAN IIH PDUs. Level 2 Intermediate [systems on
circuits with manualll20nlyMode set to the value “False”, shall transmit both.

Level n| LAN\ITH PDUs contain the transmitting Intermediate system’s ID, holding timer, Level n Priority and manual-
AreaAddresses, plus a list containing the IANAddresses of all the adjacencies of neighbourSystemType “Ln Intermediate

System’ L35 nAinr\nnnuS{-nGn “Triﬁ Licaian g’ oo ST TN oo 4l

1rait
oo e o Yy OtatC— I trart ST O O P— ) O totr S-CTTrotTe:

The Circuit Type field shall be set according to Table 4. In a level 1 I[IH PDU the Circuit Type shall be either 1 or 3. In a level
2 IIH PDU the Circuit Type shall be either 2 or 3.

LAN IIH PDUs shall be padded (with trailing PAD option fields containing arbitrary valued octets) so that the SNSDU
containing the ITH PDU has a length of at least maxsize - I octets" where maxsize for Level 1 IIH PDUs is the maximum of

- dataLinkBlocksize
- originatingL1LSPBufferSize

D" The minimum length of PAD which may be added is 2 octets, since that is the size of the option header. Where possible the PDU should
be padded to maxsize, but if the PDU length is maxsize-1 octets no padding is possible (or required).
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and for Level 2 ITH PDUs is the maximum of

- dataLinkBlocksize
- originatingL2LSPBufferSize

This is done to ensure that an adjacency will only be formed between systems which are capable of exchanging PDUs of length
up to maxsize octets. In the absence of this check, it would be possible for an adjacency to exist with a lower maximum block
size, with the result that some LSPs and SNPs (i.e. those longer than this maximum, but less than maxsize) would not be
exchanged.

NOTE 52 An example of a topology where this could occur is one where an extended LAN is constructed from LAN segments with

different maximum block sizes. If, as a result of mis-configuration or some dynamic reconfiguration, a path exists between two Jut
systems on geparate LAN segments having a large maximum block size, which involves transit of a LAN segment with a smallet
block size, Ipss of larger PDUs will occur if the Intermediate systems continue to use the larger maximum block size. It is-better to
bring up theladjacency in these circum-stances.

Level 1 Infermediate systems shall transmit Level 1 LAN ITH PDUs to the multi-destination address AlICA1Ss, and al
on that address. They shall also listen for ESH PDUs on the multi-destination address AllintermediateSystems. TI
neighbour [ntermediate systems shall contain only Level 1 Intermediate Systems within the safne area. (i.e. Adjacg
neighbournSystemType “L1 Intermediate System”.)

Level 2 Oply Intermediate systems (i.e. Level 2 Intermediate systems which have tHe~Circuit with an associated|
manualL20nlyMode characteristic set to the value “True”) shall transmit Level 2 LAN IIH PDUs to the multi-de
address Al|L2ISs, and also listen on that address. The list of neighbour Intermediate systems shall contain only
Intermediate systems. (i.e. adjacencies of neighbourSystemType “L2 Intermediate System”.)

Level 2 Infermediate systems (with manualL20nlyMode “False™) shall petform both of the above actions. Separate
and Level P LAN ITH PDUs shall be sent to the multi-destination addresses AlIL11Ss and AlIL2ISs describing the n
Intermediate systems for Level 1 and Level 2 respectively. Separate adjacencies shall be created by the receipt of Ley
Level 2 LAN IIH PDUs.

8.4.2.1

On receipt pf a Broadcast [IH PDU, perform the following PDU acceptance tests:
a) Ifthe IIH PDU was received over a circuit whose-externalDomain attribute is “True”, the IS shall discard the PD

b) If the [D Length field of the PDU is not equal to the value of the IS’s routeingDomainIDLength, the PDU
discarded and an iDFieldLengthMismatch event generated.

c) If the|value of circuitTransmitRassword or the set of circuitReceivePasswords for this circuit is non-n
perform the following tests:

)

2)

ii.

3)

8.4.2.2

IH PDU acceptance tests

If| the PDU does not“centain the Authentication Information field then the PDU shall be discarded
authenticationFaijlure-cvent generated.

Ifjthe PDU contains the Authentication Information field, but the Authentication Type is not equal to “Pa
then

If the JS implements the authentication procedure indicated by the Authentication Type whether the IS
orvignores the PDU is outside the scope of this International Standard.

brmediate
naximum
refuse to

S0 listen
ie list of
ncies of

linkage
stination
Level 2

Level 1
pighbour
el 1 and

U.
shall be

hll, then

and an

ssword”,

accepts

ignore the PDU and generate an authenticationFailure event.”

Otherwise, the IS shall compare the password in the received PDU with the passwords in the

T theTSdoes ot mptement the authentication procedure ndicated by the Authrentication Typethemthe IS shall

set of

circuitReceivePasswords for the circuit on which the PDU was received. If the value in the PDU matches any of
these passwords, the IS shall accept the PDU for further processing. If the value in the PDU does not match any of the

circuitReceivePasswords, then the IS shall ignore the PDU and generate an authenticationFailure event.

Receipt of level 1 ITH PDUs

On receipt of a Level 1 LAN ITH PDU on the multi-destination address AlIL1ISs, the IS shall perform the following tests:
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a) Compare each of the area addresses, from the Area Addresses field of the received IIH PDU with the set of area
addresses in the manualAreaAddresses attribute. If a match is not found between any pair (i.e. the local and remote
system have no area address in common), the IS shall reject the adjacency and generate an areaMismatch event.

b) if the Maximum Area Addresses field of the PDU is not equal to the value of the IS’s maximumAreaAddresses then
the PDU shall be discarded and a maximumArea-AddressesMismatch event generated, unless the IS only implements a
value of three for maximumAreaAddresses, in which case this check may be omitted. If the above tests succeed, the IS
shall accept the adjacency and set the Adjacency neighbourSystemType to “L1 Intermediate System”.

8.4.2.3  Receipt of Level 2 IIH PDUs

On recelpt of a Level 2 LAN ITH PDU on the multi-destination address AlIL21Ss, the IS shall accept the adjacency,[and set the
Adjacency neighbourSystemType to “L2 Intermediate System”.

8.4.2.4 | Existing adjacencies

When a|Level n LAN IIH PDU (Level 1 or Level 2) is received

from an|Intermediate system for which there is already an adjacency with

a) the pdjacency neighbourSNPAAddress equal to the MAC Source address of the PDU, and

b) the |[Adjacency neighbourSystemID equal to the Source ID field from the PDU and

¢) the| neighbourSystemType equal to “Ln Intermediate System”, thé& IS shall update the holdingTimer,
prigrityOfNeighbour and areaAddressesOfNeigh-bour according to thesvalues in the PDU.

8.4.2.5 | New adjacencies

8.4.2.5.1 When
a) Level n LAN IIH PDU (Level 1 or Level 2) is received (fromi\Intermediate system R), and
b) there is no adjacency for which the adjacency neighbourSNPAAddress is equal to the MAC Source address qf the PDU;

and

the IS shall create a new adjacency. However, if there 1S insufficient space in the adjacency database, to permit the cfeation of a
new adjjicency the IS shall instead perform the agfions described in 8.4.3.

The IS dhall

—

a) set peighbourSystemType to “In Intermediate System” (where 7 is the level of the ITH PDU),

b) set the holdingTimer, priorityOfNeighbour, neighbour-SystemID and areaAddressesOfNeighbour according to the
valyes in the PDU., and

c) set the neighbourSNPAAddress according to the MAC source address of the PDU.

The IS ¢hall set the adjacencyState of the adjacency to “initialising”, until it is known that the communication bgtween this
system gnd the sotirce of the PDU (R) is two-way. However R shall be included in future Level n LAN IIH PDUs ftransmitted
by this dystem.

When R|réports the local system’s SNPA address in its Level n LAN IIH PDUs, the IS shall

d) set the adjacency’s adjacencyState to “Up”, and

e) generate an adjacencyStateChange (Up)” event.

8.4.2.5.2 The IS shall keep a separate holding time (adjacency holdingTimer) for each “Ln Intermediate System” adjacency.
The value of holdingTimer shall be set to the holding time as reported in the Holding Time field of the Level n LAN IIH
PDUs. If a neighbour is not heard from in that time, the IS shall

a) purge it from the database; and
b) generate an adjacencyStateChange (Down) event.
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8.4.2.5.3 If a Level n LAN IIH PDU is received from neighbour N, and this system’s IANAddress is no longer in N’s ITH
PDU, the IS shall

a) set the adjacency’s adjacencyState to “initialising”, and
b) generate an adjacencyStateChange (Down) event.

8.4.3 Insufficient space in adjacency database

If an IS needs to create a new Intermediate system adjacency, but there is insufficient space in the adjacency database, the
adjacency of nelghbourSystemType “Ln Intermedlate System with lowest | X mtermedlateSystem Prlorlty (or if more than
one adjace C { e lowest
priority) sHall be purged from the database If the new adjacency would have the lowest pr10r1ty, 1t shall be ignotad, and a
rejectedAdljacency event generated.

If an old a¢jacency must be purged, the IS shall generate an adjacencyStateChange (Down) event for ¢that' adjacengy. After
the Subnetwork Independent Functions issue an “adjacency down complete”, the IS may create a new adjacency.

8.4.4 Transmission of LAN ITH PDUs

A Level 1 1S shall transmit a Level 1 LAN ITH PDU immediately when any circuit whose-externalDomain attribute iy “False”
has been efabled. A Level 2 Intermediate System shall transmit a Level 2 LAN IIH PDU_-A Level 2 Intermediate System shall
also transnfit a Level 1 LAN IIH PDU unless the circuit is marked as manualL20nlyMede “True”.

The IS shall also transmit a LAN IIH PDU when at least 1 second has elapsed.singe the last transmission of a LAN ITH PDU of
the same type on this circuit by this system and:

a) iSISHElloTimer seconds have elapsed” since the last periodic LAN ITH PDU transmission.

The Hplding Time is set to ISISHoldingMultiplier x iSISHelloTimer. For a Designated Intermediate System the|value of
dRISIBHelloTimer? is used instead of iSISHelloTimer: The Holding Time for this PDU shall therefore He set to
ISISHpldingMultiplier x dRISIS-HelloTimer seconds) “This permits failing Designated In-termediate Systems to be
detect¢d more rapidly,

or

b) the coptents of the next IIH PDU to be transmitted would differ from the contents of the previous IIH PDU transmitted by
this syptem, or

c) this syptem has determined that it is to become or resign as LAN Designated Intermediate System for that level.

To minimige the possibility of theTIH PDU transmissions of all Intermediate systems on the LAN becoming synchroniised, the
hello timer] shall only be reset-when a IIH PDU is transmitted as a result of timer expiration, or on becoming or resigning as
Designated Intermediate System.

Where an [ntermedidte)system is transmitting both Level 1 and Level 2 LAN IIH PDUs, it shall maintain a separate timer
(separately|jittered)-for the transmission of the Level 1 and Level 2 ITH PDUs. This avoids correlation between the Leyel 1 and
Level 2 ITH PDUs and allows the reception buffer requirements to be minimised.

If the value of the circuitlransmitPassword for the circuit is non-null, then the IS shall include the Authentication
Information field in the transmitted IIH PDU, indicating an Authentication Type of ‘“Password” and containing the
circuitTransmitPassword as the authentication value.

8.4.5 LAN designated intermediate systems

A LAN Designated Intermediate System is the highest priority Intermediate system in a particular set on the LAN, with
numerically highest MAC source SNPAAddress breaking ties. (See 7.1.8 for how to compare LAN addresses.)

D Jitter is applied as described in 10.1.
? In this case jitter is not applied, since it would result in intervals of less than one second.
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There are, in general, two LAN Designated Intermediate Systems on each LAN, namely the LAN Level 1 Designated
Intermediate System and the LAN Level 2 Designated Intermediate System. They are elected as follows.

a) Level 1 Intermediate systems elect the LAN Level 1 Designated Intermediate System.

b) Level 2 Only Intermediate systems (i.e. Level 2 Intermediate Systems which have the Circuit manualL20nlyMode
characteristic set to the value “True”) elect the LAN Level 2 Designated Intermediate System.

¢) Level 2 Intermediate systems (with manualL20nlyMode “False”) elect both the LAN Level 1 and LAN Level 2
Designated Intermediate Systems.

Th trTL Jdaot £ talo 2] Jd L1iad thal 1 Lt P2 BT £ 4 4+l lhall Tt ,l't t
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of the agpropriate type as follows.

d) For|the LAN Level 1 Designated Intermediate System, it is the set of Intermediate systems from which LAN Level 1 IITH
PDUs are received and to which Level 1 adjacencies exist in adjacencyState “Up”. When theJlocal syptem either
becpmes or resigns as LAN Level 1 Designated Intermediate System, the MS~ shall generate a
IANLevel1DesignatedintermediateSystemChange event. In addition, when it becomes, EAN Level 1 |Designated
Intgrmediate System, it shall perform the following actions.

1) | Generate and transmit Level 1 pseudonode LSPs using the existing End system configuration.

2) |Purge the Level 1 pseudonode LSPs issued by the previous LAN Level 1 Designated Intermediate Systen] (if any) as
described in 7.2.3.

3) | Solicit the new End system configuration as described in 8.4.6.

e) For|the LAN Level 2 Designated Intermediate System, it is the set of Intermediate systems from which LAN Level 2 ITH
PDUs are received and to which Level 2 adjacencies exist in adjacencyState “Up”. When the local syptem either
becpmes or resigns as LAN Level 2 Designated ., Intermediate System, the IS shall generate a
IANLevel2DesignatedIntermediateSystemChange event\In addition, when it becomes LAN Level 2 |Designated
Intgrmediate System, it shall perform the following actions\

1) Gernjerate and transmit a Level 2 pseudonode LSP.

2) Purpe the Level 2 pseudonode LSPs issued by~the previous LAN Level 2 Designated Intermediate System|(if any) as
des¢ribed in 7.2.3.

When ap Intermediate system resigns as IbVAN Level 1 or Level 2 Designated Intermediate System it shall perform|the actions
on Link|State PDUs described in 7.2.3¢

The IS |shall run the Level 1 and/or the Level 2 Designated Intermediate System election process (depending on the
Intermegliate system type) whenever an IIH PDU is received or transmitted as described in 8.4.4. (For these pyrposes, the
transmigsion of the systems-own IIH PDU is equivalent to receiving it). If there has been no change to the infgqrmation on
which tle election is perforined since the last time it was run, the previous result can be assumed. The relevant information is

f) the pet of Intermediate system adjacency states;

g) the pet of Intermediate System priorities (including this system’s); and
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adjacency on the circuit.

An Intermediate system shall not declare itself to be a LAN Designated Intermediate system of any type until it has at least one
“Up” End system (not including manual adjacencies) or Intermediate system adjacency on the circuit. (This prevents an
Intermediate System which has a defective receiver and is incapable of receiving any PDUs from erroneously electing itself
LAN Designated Intermediate System.)

The LAN ID field in the LAN ITH PDUs transmitted by this system shall be set to the value of the LAN ID field reported in the
LAN IIH PDU (for the appropriate level) received from the system which this system considers to be the Designated
Intermediate System. This value shall also be passed to the Update Process, as the pseudonode ID, to enable Link State PDUs
to be issued for this system claiming connectivity to the pseudonode.
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If this system, as a result of the Designated Intermediate System election process, considers itself to be designated Intermediate
System, the LAN ID field shall be set to the concatena\tion of this system’s own system ID and the locally assigned one octet
Local Circuit ID.

8.4.6 Soliciting the ES configuration

When there is a change in the topology or configuration of the LAN (for example the partitioning of a LAN into two segments
by the failure of a repeater or bridge), it is desirable for the (new) Designated Intermediate System to acquire the new End
system configuration of the LAN as quickly as possible in order that it may generate Link State PDUs which accurately reflect
the actual configuration. This is achieved as follows

When the ¢ircuit is enabled, or the Intermediate system detects a change in the set of Intermediate systems on-the)LAN, or a
change in [the Designated Intermediate System ID, the IS shall initiate a poll of the ES configuration by jpetforming the
following dctions.

a) Delay|a random interval between 0 and iSISHelloTimer. (This is to avoid synchronisation with other Intermediate
systens which have detected the change.)

b) If (and only if) an Intermediate System had been removed from the set of Intermediate gysteins on the LAN,

reset the entryRemainingTime field in the neighbour-SystemIDs adjacency datdbase record of all adjacenciep on this
circuit{to the value

(iSISHelloTimer + pollIESHelloRate) x iSISHoldingMultiplier

or the pxisting value whichever is the lower. (This causes any End systems which are no longer present on the LAN to be
rapidly timed out, but not before they have a chance to respond to the pall.)

¢) Transtpit iISISHoldingMultiplier ISH PDUs for each NET possessed by the Intermediate system with a Suggg¢sted ES
Configuration Timer value of pollESHelloRate at an intervalvbetween them of iSISHelloTimer and a holding time of
iSConfigurationTimer x iSISHoldingMultiplier.

d) Resunje sending ISH PDUs at intervals of iSConfiguration-Timer with a Suggested ES Configuration Timer value of
defaultESHelloTimer.

8.4.7 Regceipt of ESH PDUs — database of end systems

An IS shal] enter an End system into the @djacency database when an ESH PDU is received from a new data link addr¢ss. If an
ESH PDUis received with the same (data link address as a current adjacency, but with a different NSAP address, [the new
address shdll be added to the adjacéngy, with a separate timer. A single ESH PDU may contain more than one NSAP|address.
When a mew data link address) or NSAP address is added to the adjacency database, the IS shall gengrate an
adjacencyfStateChange (Up)@event on that adjacency.

The IS shall set a timer forsthe value of the Holding Time field in the received ESH PDU. If another ESH PDU is not freceived
from the BfS before.that'timer expires, the ES shall be purged from the database, provided that the Subnetwork Ind¢pendent
Functions 3ssociatédwith initialising the adjacency have been completed. Otherwise the IS shall clear the adjacency ag soon as
those functjonséaré completed.

When the adjacency is clearcd, the subnetwork Independent Functions shiall be informed of an adjacencystateChange
(Down) event, and the adjacency can be re-used after the Subnetwork Independent Functions associated with bringing down
the adjacency have been completed.

8.4.8 Broadcast subnetwork constants

The Intradomain IS-IS protocol exploits multicast capabilities for all IS-IS protocol exchanges on broadcast subnetworks. To
ensure interoperability all systems on a given broadcast subnetwork must use the same multi-destination address bindings.

For ISO 8802 subnetworks that supports 48 bit MAC addresses, 48 bit MAC addressing and the multi-destination address
bindings in table 9 below shall be used.
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Table 9 — Architectural constants for use with ISO 8802 subnetworks

Multi-destination Address Binding Description

AlIL1ISs 01-80-C2-00-00-14 The multi-destination address  “All L1 Intermediate
Systems”

AlIL2ISs 01-80-C2-00-00-15 The multi-destination address “All L2 Intermediate
Systems”

AlllntermediateSystems 09-00-2B-00-00-05 The multi-destination address “All Intermediate Systems”
used by ISO 9542

AllEndSystems 09-00-2B-00-00-04 The multi-destination address “All End Systems” used by
ISU 705

9 Structure and encoding of PDUs

This clapse describes the PDU formats of the Intra-Domain IS—IS routeing protocol.

9.1 (eneral encoding rules

Octets i a PDU are numbered starting from 1, in increasing order. Bits in a octet are @uimbered from 1 to 8, where|bit 1 is the
least significant bit and is pictured on the right. When consecutive octets are used“to represent a number, the Jower octet
number has the most significant value.

Fields njarked Reserved (or simply R) are transmitted as zero, and ignoredlon receipt, unless otherwise noted.

Values gre given in decimal. All numeric fields are unsigned integers,unless otherwise noted.

9.2 Encoding of network layer addresses

Networlf Layer addresses (NSAP addresses, NETs, area addresses and Address Prefixes) are encoded in PDUs accofding to the
preferrefl binary encoding specified in ISO

8348; the entire address, taken as a whole is represented explicitly as a string of binary octets. This string is conyeyed in its
entirety [in the address fields of the PDUs. Th¢ rules governing the generation of the preferred binary encoding are described in
ISO 8348. The address so generated is encoded with the most significant octet (i.e. the AFI) of the address being the first octet
transmitfed, and the more significant sefi-octet of each pair of semi-octets in the address is encoded in the more| significant
semi-ocfet of each octet (i.e. in the high.erder 4 bits). Thus the address / 371234 is encoded as shown in figure 7.

No. of Octets

3 7 1
2 1
3 4 1

Figure 7 - Address encoding example

9.3 Eneoding of SNPA addresses

SNPA addresses (e.g. LAN Address) shall be encoded according to the rules specified for the particular type of subnetwork
being used.

In the case of an ISO/IEC 8802 (except for ISO/IEC 8802-6 DQDB) or ISO/IEC 9314 subnetwork, the SNPA address is the
48-bit MAC address encoded as a sequence of six octets according to the “hexadecimal representation” of MAC addresses
specified in ISO/IEC 10039. The SNPA address of an ISO/IEC 8802-6 DQDB shall be encoded as a sequence of eight octets
containing 4-bit address type subfield, variable length padding subfield and variable length MAC service access point address
subfield according to the “hexadecimal representation”.

NOTE 53 In this encoding the first bit of the binary representation of the SNPA address is the least significant bit of the first octet in the
encoded sequence.
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9.4 PDU types

The types of PDUs are:

- Level I LANIS to IS Hello PDU
- Level 2 LAN IS to IS Hello PDU
- Point-to-Point IS to IS Hello PDU

- Level 1 Link State PDU

- Level P Link State PDU

- Level | Complete Sequence Numbers PDU

- Level P Complete Sequence Numbers PDU

- Level | Partial Sequence Numbers PDU

- Level P Partial Sequence Numbers PDU

These are described in the following subclauses.

9.5 Leyel 1 LAN IS to IS hello PDU

This PDU [s multicast by Intermediate systems on broadcast circuits to the multizdestination address AlIL1ISs. The pyrpose of
this PDU ik for Intermediate systems on broadcast circuits to discover the.identity of other Level 1 Intermediate sygtems on
that circuit] Trailing Pad option fields are inserted to make PDU Lengthyequal to at least maxsize - 1 where maxsige is the

maximum f
- dataL|nkBlocksize

- originatingL1LSPBufferSize
(see 8.4.2),

Intradgmain Routeing Protocol
Discriminator

Length Indicator

Versiop/Protocol ID Extension

ID Length

R | R]R]| PDUPype

Version

Reserved

Maxjimum Arega Addresses

Rgserved/Circuit Type

Source ID

Holding Time

No. of Oetets
1

— e = e e e e

ID Length
2

PDU Length

R | Priority

LANID

2
1
ID Length + 1

VARIABLE LENGTH FIELDS

VARIABLE

- Intradomain Routeing Protocol Discriminator — architectural constant (see table 2)

- Length Indicator — Length of the fixed header in octets

- Version/Protocol ID Extension — 1
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- ID Length — Length of the ID field of NSAP addresses and NETs used in this routeing domain. This field shall take on

one

of the following values:

An integer between 1 and 8, inclusive, indicating an ID field of the corresponding length
The value zero, which indicates a 6 octet ID field length

The value 255, which means a null ID field (i.e. zero length)

All other values are illegal and shall not be used.

- PD

NOTE 54 Bits 6, 7 and 8 are Reserved, which means they are transmitted as 0 and ignored on receipt
- Version -1
- Reserved — transmitted as zero, ignored on receipt

- Ma
Sys

only

- Rej
1 aff

will

2 tr

NOTE 51

- Soyrce ID - the system ID oftransmitting Intermediate system

- Hol
- PD
- Re

Lev
Intg

L Type (bits I through 5) —15.

Kimum Area Addresses — number of area addresses permitted for this ISs area,,ds derived from the
em Management parameter maximum-AreaAddresses. This field shall take on of the following values:

An integer between 1 and 254 inclusive, indicated a corresponding number of area addresses supported.

The value zero, which is treated upon reception as if it were equal to three, and which the IS may use if]
a value of 3 for maximumAreaAddresses.

served/Circuit Type — Most significant 6 bits reserved (Transmitted as zero, ignored on receipt). Low ord
d 2) indicate:

0 — reserved value (if specified the entire PDU shall be ighoted)
1 — Level 1 only

2 — Level 2 only (sender is Level 2 Intermediate system with manualL20nlyMode set “True” for this
use this link only for Level 2 traffic)

3 —both Level 1 and Level 2 (senderzis:level 2 Intermediate system, and will use this link both for Level
ffic)

In a LAN Level 1 ITH PDU th¢ Circuit Type shall be either 1 or 3.

ding Time — Holding Timer to be used for this Intermediate system
) Length — Enfire length of this PDU, in octets, including header

served/Priority — Bit 8 reserved (Transmitted as zero, ignored on receipt). Bits 1 through 7 — priority for
el I¢ Designated Intermediate System. Higher number has higher priority for being LAN Level 1

alue of the

it supports

er bits (bits

circuit, and

and Level

being LAN
Designated

rinediate System. Unsigned integer.

- LAN ID - a field composed the system ID (1-8 octets) of the LAN Level 1 Designated Intermediate System, plus a low
order octet assigned by LAN Level 1 Designated Intermediate System. Copied from LAN Level 1 Designated

Inte

rmediate System’s [IH PDU.

- VARIABLE LENGTH FIELDS - fields of the form:

No. of Octets

CODE 1
LENGTH 1
VALUE LENGTH
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Any codes in a received PDU that are not recognised shall be ignored.
Currently defined codes are:

e Area Addresses — the set of manualAreaAddresses of this Intermediate System.

x CODE - 1
x LENGTH - total length of the value field.
x VALUE -
No. of nl‘fgtc
Address Length 1
Area Address Address Length
i j
Address Length 1
Area Address Address Length

o Agddress Length — Length of Area Address in octets.
o Atea Address — Area address.

e Intermediate System Neighbours — The set of Intermediate systems“-on this LAN to which adjacepcies of
neighborSystemType “L1 Intermediate System” exist in state “Up” or ‘mitialising” (i.e. those from which Leyel 1 ITH
PDUs have been heard). This is permitted to appear more than once.

Two types of codes are defined:

a)| Intermediate System Neighbors with 6 octet MAC address

x CODE - 6
x LENGTH - total length of the value field in octets
x VALUE -
No. of Octets
LAN Address 6
i i
| LAN Address | 6

o LAN Address (6 octet fength) — 6 octet MAC Address of Intermediate System neighbour.

b) Intermediate System Neighbors with variable length SNPA address
x CODE -7

x LENGTH < fotal length of the value field in octets

x VALUE=>

No. of Octets

Lan Address Length 1
LAN Address LAN Address
(variable length) Length
i j
LAN Address LAN Address
(variable length) Length

e LAN Address Length — length of SNPA address of Intermediate System neighbors.

e LAN Address (variable length) — variable length SNPA address of Intermediate System neighbors
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This variable length field shall not be used for the Intermediate System Neighbor of which SNPA address length is 6

octets.

e Padding — This option may occur more than once. It is used to pad the PDU to at least maxsize - 1.

x CODE - 8.

x LENGTH - total length of the value field (may be zero).
x VALUE - LENGTH octets of arbitrary value.

¢ Authentication Information — information for performing authentication of the originator of the PDU.

X CODE — 10.

x VALUE —

Authentication Type 1

x LENGTH — variable from 1-254 octets

No. of Octets

Authentication Value VARIABLE

e |Authentication Type — a one octet identifier for the type of authentication to be edrried out. The following values

are defined:

— RESERVED
— Cleartext Password
254 — RESERVED

NN — O

b5 — Routeing Domain private authentication method

o [Authentication Value — determined by the value of the authéntication type. If Cleartext Password as defiined in this

This P

International Standard is used, then the authentication valu¢-is an octet string.

9.6 J:evel 2 LAN IS to IS hello PDU

is multicast by Intermediate systems on breadcast circuits to the multi-destination address AllL2ISs. The| purpose of

this PDU is for Intermediate systems on broadcastleircuits to discover the identity of other Level 2 Intermediate [systems on

that circpit. Trailing Pad options are inserted to'take PDU Length equal to at least maxsize - 1 where

- datgLinkBlocksize
- originatingL2LSPBufferSize

(see 8.4)2).

Intradomain Routeing Protocol
Discriminator

No. of Octets
1

© ISO/IEC 2002 — All rights reserved

Lengthindicator 1
Verpion/Pratocol ID Extension 1
ID Length 1
R RZ] R | PDIIType 1
Version 1
Reserved 1
Maximum Area Addresses 1
Reserved/Circuit Type 1
Source ID ID Length
Holding Time 2
PDU Length 2
R | Priority 1
LANID ID Length + 1
VARIABLE LENGTH FIELDS VARIABLE
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main Routeing Protocol Discriminator — architectural constant (see table 2)

- Length Indicator — Length of fixed header in octets

- Version/Protocol ID Extension — 1

- ID Length — Length of the ID field of NSAP addresses and NETs used in this routeing domain. This field shall take on

one of

the following values:

e Aninteger between 1 and 8, inclusive, indicating an ID field of the corresponding length

o T
o TI

All other v

- PDU

NOTE 56

- Versid

- Reser

P PEEIE BT T B 111 1
C VdlUuC ZCT0, WIICIT HIAICALCS d U OCLCL T TICIA ICTIZUL

e value 255, which means a null ID field (i.e. zero length)

hlues are illegal and shall not be used.

Type (bits 1 through 5) — 16.

Bits 6, 7 and 8§ are Reserved, which means they are transmitted as 0 and ignored on receipt.
n-1

ved — transmitted as zero, ignored on receipt

- Maxiﬂlum Area Addresses — number of area addresses permitted forthis ISs area, as derived from the valy

Syste
e A

o Ti
only a

NOTE 57

- Reser

1 and ]
e (
o ]
o 2
will us
e 3
2 traff}

NOTE 58

- Sourc

Management parameter maximumArea-Addresses. This field shall take on of the following values:
h integer between 1 and 254 inclusive, indicated a corresponding number of area addresses supported.

e value zero, which is treated upon reception as if it were equal to three, and which the IS may use if it
value of 3 for maximumAreaAddresses.

['his field is ignored on receipt.

ved/Circuit Type — Most significant 6 bits‘reserved (Transmitted as zero, ignored on receipt). Low order
P) indicate:

- reserved value (if specified the entire PDU shall be ignored)
- Level 1 only

- Level 2 only (sender is™Level 2 Intermediate System with manualL20nlyMode set “True” for this cir
e this link only for Letel 2 traffic)

- both Level 1 and\[-evel 2 (sender is Level 2 Intermediate System, and will use this link both for Level 1 a

c)
n a LAN Leyel 2 ITH PDU the Circuit Type shall be either 2 or 3

P |D'-the system ID of transmitting Intermediate System

e of the

supports

bits (bits

buit, and

hd Level

- Holding Time — Holding Timer to be used for this Intermediate System

- PDU Length — Entire length of this PDU, in octets, including header

- Reserved/Priority — Bit 8 reserved (Transmitted as zero, ignored on receipt). Bits 1 through 7 — priority for being LAN
Level 2 Designated Intermediate System. Higher number has higher priority for being LAN Level 2 Designated
Intermediate System. Unsigned integer.

- LAN ID - a field composed the system ID (1-8 octets) of the LAN Level 2 Designated Intermediate System, plus a low
order octet assigned by LAN Level 2 Designated Intermediate System. Copied from LAN Level 2 Designated
Intermediate System’s ITH PDU.
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- VARIABLE LENGTH FIELDS — fields of the form:

No. of Octets

CODE

1

LENGTH

1

VALUE

LENGTH

Any codes in a received PDU that are not recognised shall be ignored.

Currently defined codes are:

ISO/IEC 10589:2002(E)

e | Area Addresses — the set of manualAreaAddresses of this Intermediate system.

x CODE -1
x LENGTH - total length of the value field.
x VALUE -
No. of Octets
Address Length 1
Area Address Address Length
i i
Address Length 1
Area Address Address Length

- Address Length — Length of area address in octets.

- Area Address — Area address.

NOTE 59 This option field may be omitted, and is ignored on receipt if present.

¢ [Intermediate System Neighbours — The(set of Intermediate systems on this LAN to which adjgcencies of
neighborSystemType “L2 Intermediate System?’ exist in state “Up” or “Initialising” (i.e. those from which Ilevel 2 IIH
PDUs have been heard). This is permitted to.appear more than once.

Tw¢ types of codes are defined:

x CODE -6

x VALUE —

a) Intermediate System Neighbors with 6 octet MAC address

x LENGTH - totallength of the value field in octets

No. of Octets

LAN Address

| 6

AN AJdd

| E

RN

D7 Yy 2 Yaarcoss

o LAN Address (6 octet length) — 6 octet MAC Address of Intermediate System neighbour.

b) Intermediate System Neighbors with variable length SNPA address

x CODE -7

x LENGTH - total length of the value field in octets

x VALUE-
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No. of Octets

Lan Address Length 1
LAN Address LAN Address
(variable length) Length
i i
LAN Address LAN Address
(variable length) Length

° LAN Address | Dngfh — ]Pngfh of SNPA _address of Intermediate System npighhnrq

e LAN Address (variable length) — variable length SNPA address of Intermediate System neighbors
This vfriable length field shall not be used for the Intermediate System Neighbor of which SNPA address ler
octets.
e  Radding — This option may occur more than once. It is used to pad the PDU to at least maxsize - 1.
x CODE - 8.
x LENGTH - total length of the value field (may be zero).
x VALUE — LENGTH octets of arbitrary value.
e  Authentication Information — information for performing authentication of the originator of the PDU.
x CODE — 10.
x LENGTH — variable from 1-254 octets
x VALUE —
No. of Octets
Authentication Type 1

Autheftication Value VARIABLE

- Authenti
defined:

0 — RESE
1 — Cleart
2-254 — K
255 — Roy

- Authenti
Internation

9.7 Point-to-peint IS to IS hello PDU

This PDU

Cation Type — a one octet identifier for\the type of authentication to be carried out. The following v4
RVED

ext Password

[ESERVED

iteing Domain private authentication method

cation Value — determined by the value of the authentication type. If Cleartext Password as define
h| Standard is uséd, then the authentication value is an octet string.

istransmitted by Intermediate systems on nonbroadcast circuits, after receiving an ISH PDU from the n

system. Its

gth is 6

lues are

| in this

pighbour

purpose is to determine whether the neighhmlr isalevell oralevel 2 Intermediate System Tmi]ing pad

options

are inserted to make PDU Length equal to at least maxsize - I where maxsize is the maximum of

- dataLinkBlocksize

- originatingL1LSPBufferSize

- originatingL2LSPBufferSize

(see 8.2.3).
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No. of Octets

Intradomain Routeing Protocol 1
Discriminator
Length Indicator 1
Version/Protocol ID Extension 1
1D Length 1
R | R | R | PDUType 1
Version 1
Reserved 1
MaximumT ATea AddIesses t
Reserved/Circuit Type 1
Source ID ID Length
Holding Time 2
PDU Length 2
Local Circuit ID 1
VARIABLE LENGTH FIELDS | VARIABLE

- Intradomain Routeing Protocol Discriminator — architectural constant (see table2)
- Length Indicator — Length of fixed header in octets
- Version/Protocol ID Extension — 1

- ID Length — Length of the ID field of NSAP addresses and NETs used in this routeing domain. This field shall take on
one|of the following values:

e | Aninteger between 1 and 8, inclusive, indicating an ID.field of the corresponding length
e | The value zero, which indicates a 6 octet ID field length

e | The value 255, which means a null ID field (i.e. Zero length)
All othef values are illegal and shall not be used.
- PDU Type — (bits 1 through 5) — 17.
NOTE 60 Bits 6, 7 and 8 are Reserved, which means they are transmitted as 0 and ignored on receipt.
- Version -1
- Resgerved — transmitted as zero, ignored on receipt

- Makimum Area-Addresses — number of area addresses permitted for this ISs area, as derived from the yalue of the
System Managemient parameter maximumArea-Addresses. This field shall take on of the following values:

o | An iriteger between 1 and 254 inclusive, indicated a corresponding number of area addresses supported.

e | Tho value zero, which is treated upon reception as if it were equal to three, and which the IS may use if| it supports
only a value of 3 for maximumAreaAddresses.

- Reserved/Circuit Type — Most significant 6 bits reserved (Transmitted as zero, ignored on receipt). Low order bits (bits
1 and 2) indicate:

e 0 —reserved value (if specified the entire PDU shall be ignored)
e 1—Levellonly

e 2 —Level 2 only (sender is Level 2 Intermediate system with manualL20nlyMode set “True” for this circuit, and
will use this link only for Level 2 traffic)

e 3 —both Level 1 and Level 2 (sender is Level 2 Intermediate system and will use this link both for Level 1 and Level
2 traffic)
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- Source ID — the system ID of transmitting Intermediate system

- Holding Time — Holding Timer to be used for this Intermediate system

- PDU Length — Entire length of this PDU, in octets, including header

- Local Circuit ID — 1 octet unique ID assigned to this circuit when it is created by this Intermediate system.

- VARIABLE LENGTH FIELDS - fields of the form:

L £ otk
INOT OT"OTCTCES

CODE 1
LENGTH 1
VALUE LENGTH

Any codesin a received PDU that are not recognised shall be ignored.
Currently defined codes are:

e  Area Addresses — the set of manualAreaAddresses of this Intermediate systerm

xCODE -1
x LENGTH - total length of the value field.
x VALUE -
No. of Octets
Address Length 1
Area Address Address Length
i i
Address Length 1
Area Address Address Length

- Address [Length — Length of area address in octets.
- Area Address — Area address.

. Radding — This option may Oc¢tr more than once. It is used to pad the PDU to at least maxsize - 1.

x CODE - 8.
x LENGTH - total lengthiof the value field (may be zero).
x MALUE — LENGTH0octets of arbitrary value.

e  Authentication Information — information for performing authentication of the originator of the PDU.

X CODE—> 10.
x LENGTH — variable from 1-254 octets
x VALUE —

No. of Octets
Authentication Type 1
Authentication Value VARIABLE

- Authentication Type — a one octet identifier for the type of authentication to be carried out. The following values are
defined:

0 — RESERVED

1 — Cleartext Password
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2-254 — RESERVED

255 — Routeing Domain private authentication method

- Authentication Value — determined by the value of the authentication type. If Cleartext Password as defined in this
International Standard is used, then the authentication value is an octet string.

9.8 Level 1 link state PDU

Level 1 Link State PDUs are generated by Level 1 and Level 2 Intermediate systems, and propagated throughout an area. The
contentyof the—tevettTEmk—StatePBTmdicates—the—state—of —the—adjacences—toTeighbourTmtermediate—§ystems, or
pseudonpdes, and End systems of the Intermediate system that originally generated the PDU.

No. of Octets

Intradomain Routeing Protocol 1
Discriminator
Length Indicator 1
Vergion/Protocol ID Extension 1
1D Length 1
R | R R]| PDUType 1
Version 1
Reserved 1
Maximum Area Addresses 1
PDU Length 2
Remaining Lifetime 2
LSP ID ID Length + 2
Sequence Number 4
Checksum 2
P | ATT | LSPDBOL | IS Type | 1
VARIABLE LENGTH FIELDS VARIABLE

- Intradomain Routeing Protocol Discrimindtor — architectural constant (see table 2)
- Length Indicator — Length if fixed header in octets
- Version/Protocol ID Extension =1

- ID Length — Length of the.D field of NSAP addresses and NETs used in this routeing domain. This field shall take on
onelof the following values:

e [An integer between 1 and 8, inclusive, indicating an ID field of the corresponding length
e [The value-zefo, which indicates a 6 octet ID field length

e | The value 255, which means a null ID field (i.e. zero length)

All othe} values are illegal and shall not be used.

- PDU Type (bits 1 through 5) — 18.
- Version -1
- Reserved — transmitted as zero, ignored on receipt

- Maximum Area Addresses — number of area addresses permitted for this ISs area, as derived from the value of the
System Management parameter maximumArea-Addresses. This field shall take on of the following values:

e  Aninteger between 1 and 254 inclusive, indicated a corresponding number of area addresses supported.
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The value zero, which is treated upon reception as if it were equal to three, and which the IS may use if it supports
only a value of 3 for maximumAreaAddresses.

- PDU Length — Entire Length of this PDU, in octets, including header.

- Remaining Lifetime — Number of seconds before LSP considered expired

- LSP ID - the system ID of the source of the Link State PDU. It is structured as follows:

No. of Octets

Source ID ID Length

Pseudonode ID 1

LYP Number 1

- Sequeé

- Chech

- P/ATT

=]
A

x Bit 4 - th

x Bit 5 - th

x Bit 6 - th

x Bit 7 - th

U

Datab:
throug|

nce Number — sequence number of LSP

/LSPDBOL/IS Type
- Bit 8, indicates when set that the issuing Intermediate System supports the Partition Repair optional funct

[T - Bits 7-4 indicate, when set, that the issuing Intermediate System is”Jattached’ to other areas using:
e Default Metric

b Delay Metric

b Expense Metric

e Error Metric.

SPDBOL — Bit 3 — A value of 0 indicates ho LSP Database Overload, and a value of 1 indicates that

h the originating system.

5 Type — Bits 1 and 2 indicate thé:itype of Intermediate System — One of the following values:

sum — Checksum of contents of LSP from Source ID to end. Checksum is computed fasjdescribed in 7.3.1].

the LSP

se is Overloaded. An LSP with this bit set'will not be used by any decision process to calculate routes to ajother IS

x 0 — Unusgd value
x 1 —(i.e. pit 1 set) Level 1 Intertnediate system
x 2 — Unuspd value
x 3 — (i.e. Yits 1 and 27sef) Level 2 Intermediate system.
- VARIABLE'\EENGTH FIELDS - fields of the form:
LN . £ O0ct ts
CODE 1
LENGTH 1
VALUE LENGTH

Any codes in a received LSP that are not recognised are ignored and passed through unchanged.

Currently defined codes are:

76

Area Addresses — the set of manualAreaAddresses of this Intermediate system. For non-pseudonode LSPs this
option shall always be present in the LSP with LSP number zero, and shall never be present in an LSP with non-zero LSP
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number. It shall appear before any Intermediate System Neighbours or End System Neighbours options. This option
shall never be present in pseudonode LSPs.

x CODE -1
x LENGTH - total length of the value field.
x VALUE —
No. of Octets
Address Length 1
Area Address Address Length
i i
Address Length 1
Area Address Address Length

- Address Length — Length of area address in octets.

- Area Address — Area address.
o |originatingLSPBufferSize — the local value for originatingl. 1 LSPBufferSize

This may appear only once in an LSP with any LSP number. It shalk appear before any Intermedipte System
Neighbours or End System Neighbours options.

NOTE 61 It is recommended that this option be used only in the LSP withl LSP number zero. However, the presence ¢r absence of
this option in any LSP shall not be required.

x CODE - 14
x LENGTH -2
x VALUE - 512-1492

. Intermediate System Neighbours — Intermediate system and pseudonode neighbours.

Thif is permitted to appear more than once,.and"in an LSP with any LSP number. However, all the Intermedidte System
Neighbours options shall precede the End;System Neighbours options. i.e. they shall appear before any End System

Neighbours options in the same LSP andnho End System Neighbours options shall appear in an LSP with|lower LSP
nunpber.

x CODE - 2.
x LENGTH - 1 plus a multiple of (IDLength+5).
x VALUE —

No. of Octets

Virtual Flag 1
0| IVE | DefadltyMetric | 1
S| VE | Deélay Metric | 1
S | VE |#Expense Metric | 1
S| VE Error Metric 1
Neighbor ID ID Length + 1
i !
0 | VE | Default Metric | I
S| VE | Delay Metric | !
S | VE | Expense Metric | !
S| IVE Error Metric 1
Neighbor ID ID Length +1

- Virtual Flag is a Boolean. If equal to 1, this indicates the link is really a Level 2 path to repair an area partition. (Level 1
Intermediate Systems would always report this octet as 0 to all neighbours).
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- Default Metric is the value of the default metric for the link to the listed neighbour. Bit 8 of this field is reserved. Bit 7

of this

field (marked I/E) indicates the metric type, and shall contain the value “0”, indicating an Internal metric.

- Delay Metric is the value of the delay metric for the link to the listed neighbour. If this IS does not support this metric it
shall set bit “S” to 1 to indicate that the metric is unsupported. Bit 7 of this field (marked I/E) indicates the metric type,
and shall contain the value “0”, indicating an Internal metric.

- Expense Metric is the value of the expense metric for the link to the listed neighbour. If this IS does not support this
metric it shall set bit “S” to 1 to indicate that the metric is unsupported. Bit 7 of this field (marked I/E) indicates the metric
type, and shall contain the value “0”, indicating an Internal metric.

- Erro
shall s
and sh

- Neig
by an
Desig
Interm|

e E
numbe
Only 4

X
X
X

h1] contain the value “0”, indicating an Internal metric.

hbour ID. For Intermediate System neighbours, neighbour ID field consists of the neighbout/system’s ID,
octet containing the value zero. For pseudonode neighbours, the first ID Length octets is the LAN
ated Intermediate System’s ID, and the last octet is a non-zero quantity defined by, the LAN Level 1 Dg
cdiate System.

nd System Neighbours — End system neighbours This may appear more than‘once, and in an LSP with
r. See the description of the Intermediate System Neighbours option above-for the relative ordering cof
djacencies with identical costs can appear in the same list.

CODE - 3.
[ ENGTH - 4, plus a multiple of IDLength.
VALUE —

No. of Octets

irtual Flag

I/E

Default Metric

I/E

I/E

Expense Metric

njn|iun|o

I/E

1
1
Delay Metric | 1
1
1

Error Metric

N

tighbor 1D ID Length

N

|
i
bighbor 1D | ID Length

- Defaul
Bit 7 (m:

- Delay
metric it

unsuppo

- Expen

Metric is the value ofthe/default metric for the link to each of the listed neigh-bours. Bit 8 of this field is §
irked I/E) indicates the metric type, and shall contain the value “0”, indicating an internal metric.

Metric is the valu€ of the delay metric for the link to each of the listed neighbours. If this IS does not sup
shall set the. bit“S™ to 1 to indicate that the metric is
ted. Bit 7\(marked I/E) indicates the metric type, and shall contain the value “0”, indicating an internal mety

Metric is the value of the error metric for the link to the listed neighbour. If this IS does not supportthisjmetric it
et bit “S” to 1 to indicate that the metric is unsupported. Bit 7 of this field (marked I/E) indicates the, metric type,

followed
Level 1
signated

hny LSP
istraints.

eserved.

port this

iC.

be-Metric is the value of the expense metric for the link to each of the listed neighbours. If this IS does no

this metri

and shall

1poeeQY

contain the value “0”, indicating an internal metric.

support
ric type,

- Error Metric is the value of the error metric for the link to each of the listed neighbour. If this IS does not support this
metric it shall set the bit “S” to 1 to indicate that the metric is unsupported. Bit 7 (marked I/E) indicates the metric type, and
shall contain the value “0”, indicating an internal metric.

- Neighbour ID — system ID of End system neighbour.

e Authentication Information — information for performing authentication of the originator of the PDU.

x CODE — 10.
x LENGTH — variable from 1-254 octets
x VALUE —

78
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No. of Octets
Authentication Type 1
Authentication Value VARIABLE

- Authentication Type — a one octet identifier for the type of authentication to be carried out. The following values are
defined:

0 — RESERVED
1 — Cleartext Password

2-254 + RESERVED

255 — Routeing Domain private authentication method

- Autheptication Value — determined by the value of the authentication type. If Cleartext Password as defined in this
Internatfonal Standard is used, then the authentication value is an octet string.

9.9 evel 2 link state PDU
Level 2 |Link State PDUs are generated by Level 2 Intermediate systems, and propagated’throughout the level 2 dpmain. The
contenty of the Level 2 Link State PDU indicates the state of the adjacencies to neighbour Level 2 Intermediate Pystems, or

pseudonodes, and to reachable address prefixes of the Intermediate system that originally generated the PDU.

No. of Octets

Intradomain Routeing Protocol 1
Discriminator
Length Indicator 1
Vergion/Protocol ID Extension 1
1D Length 1
R | R | R | PDUType 1
Version 1
Reserved 1
Maximum Area Addresses 1
PDU Length 2
Remaining Lifetime 2
LSP ID ID Length + 2
Sequence Number 4
Checksum 2
P | ATT | LSPDBOL JCIS Type | 1
VARIABLE LENGTHFIELDS | VARIABLE

- IntrpdomainRouteing Protocol Discriminator — architectural constant

- Lengthindicator — Length of fixed header in octets

- Version/Protocol ID Extension — T

- ID Length — Length of the ID field of NSAP addresses and NETs used in this routeing domain. This field shall take on
one of the following values:

e Aninteger between 1 and 8, inclusive, indicating an ID field of the corresponding length
e  The value zero, which indicates a 6 octet ID field length

e  The value 255, which means a null ID field (i.e. zero length)

All other values are illegal and shall not be used.
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- PDU Type (bits 1 through 5) — 20.

NOTE 62 Bits 6, 7 and 8 are Reserved, which means they are transmitted as 0 and ignored on receipt.

- Version -1

- Reserved — transmitted as zero, ignored on receipt

- Maximum Area Addresses — number of area addresses permitted for this ISs area, as derived from the value of the
System Management parameter maximumArea-Addresses. This field shall take on of the following values:

e A integer between 1 and 254 inclusive, indicated a corresponding number of area addresses supported.
e The value zero, which is treated upon reception as if it were equal to three, and which the IS may use1f’it
only ajvalue of 3 for maximumAreaAddresses.
NOTE 63 This field is ignored on receipt.
- PDU length — Entire Length of this PDU, in octets, including header.
- Remalining Lifetime — Number of seconds before LSP considered expired
- LSP ID — the system ID of the source of the Link State PDU. It is structured as follows:
No. of Octets
Jource ID ID Length
Psejudonode 1D 1
L§P Number 1
- Sequgnce Number — sequence number of LSP
- Checltsum — Checksum of contents of LSP from Sousce ID to end. Checksum is computed as described in 7.3.1].
- P/ATT/LSPDBOL/IS Type
e P|Bit &, indicates when set that the issuing Intermediate System supports the Partition Repair optional funct
e AJT - Bits 7-4 indicate, when set;that the issuing Intermediate System is ‘attached’ to other areas using:
NOTH 64 These bits are ignored on_receipt.
x Bit 4 - the Default Metric
x Bit § - the Delay Metric
x Bit { - the Expense Metric
x Bit 7 - the Error Metric.
e L$PDBOL-"BIit 3 — A value of 0 indicates no LSP Database Overload, and a value of 1 indicates that
Databgse is Qverloaded. An LSP with this bit set will not be used by any decision process to calculate routes to af
through the originating system.

supports

the LSP
jother IS

e IS Type —Bits 1 and 2 indicate the type of Intermediate System — One of the following values:

X 0 — Unused value

x1—¢(

i.e. bit 1 set) Level 1 Intermediate system

x 2 — Unused value
x 3 — (i.e. bits 1 and 2 set) Level 2 Intermediate system.

NOTE

80

65 In a Level 2 Link State PDU, IS Type shall be 3.
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- VARIABLE LENGTH FIELDS — fields of the form:

No. of Octets

CODE 1
LENGTH 1
VALUE LENGTH

Any codes in a received LSP that are not recognised are ignored and passed through unchanged.

Currently defined codes are:

e | Area Addresses — the set of partitionArea-Addresses of this Intermediate system, if the system suppofts partition
repdir, otherwise the set of areaAddresses of the IS. For non-pseudonode LSPs this option shall always$ be present in the
LSR with LSP number zero, and shall never be present in an LSP with non-zero LSP number. It shall appear|before any
Intgrmediate System Neighbours or Prefix Neighbours options. This option shall never beCpresent in pseudonode
LSHs.

x CODE -1
x LENGTH - total length of the value field.
x VALUE —
No. of Octets
Address Length 1
Area Address Address Length
i i
Address Length 1
Area Address Address Length

- Address Length — Length of area address in octets.

- Area Address — Area address.

o | Partition Designated Level 2 Intermediate System — ID of Designated Level 2 Intermediate Sysfem for the
parfition. For non-pseudonode LSPs issued’by Intermediate Systems which support the partition repair optiorjal function
and| which are currently ATTACHEDB, this option shall always be present in the LSP with LSP number zer¢, and shall
nevgr be present in an LSP with non~zero LSP number. It shall appear before any Intermediate System Neighbours or
Prefix Neighbours options. This option shall never be present in pseudonode LSPs.
x CODE - 4.

x LENGTH - IDLength
x VALUE - systemiD of Partition Designated Level 2 Intermediate System for the partition.
o |originatingliSPBufferSize — the local value for originatingL2LSPBufferSize

This may»appear only once in an LSP with any LSP number. It shall appear before any Intermedipte System
Neighbours or Prefix Neighbours options.

NOTE 66 It is recommended that this option be used only in the LSP with LSP number zero. However, the presenge or absence
of this option in any LSP shall not be required.

x CODE - 14
x LENGTH -2
x VALUE - 512 - 1492

e Intermediate System Neighbours — Intermediate system and pseudonode neighbours.
This is permitted to appear more than once, and in an LSP with any LSP number. However, all the Intermediate System

Neighbours options shall precede the Prefix Neighbours options. i.e. they shall appear before any Prefix Neighbour
options in the same LSP and no Prefix Neighbour options shall appear in an LSP with lower LSP number.
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X
X
X

CODE -2.
LENGTH - 1 plus a multiple of (IDLength+5).
VALUE —

No. of Octets

Virtual Flag

I/E

Default Metric

I/E

I/E

1

1
Delay Metric 1
Expense Metric | !
1

njunjnnjo

I/E

Error Metric

N

pighbor 1D ID Length + 1

I/E

Default Metric

I/E

I/E

Expense Metric

njniun|o

I/E

1
Delay Metric | 1
1
1

Error Metric

N

pighbor ID ID Length +1

82

- Virtu

Intermiediate Systems would always report this octet as 0 to all neighbours).

- Defajlt Metric is the value of the default metric for the link to the listed*neighbour. Bit 8 of this field is reserv

of this

- Dela
shall s
and sh

- Expgnse Metric is the value of the expense metric_for the link to the listed neighbour. If this IS does not sup

metric

type, and shall contain the value “0”, indicating an‘Internal metric.

- Erro
shall s
and sh

- Neig

last odtet is 0. For pseudongde neighbours, the first ID Length octets is the LAN Level 2 Designated Inte
System’s ID, and the last ectet is a non-zero quantity defined by the LAN Level 2 Designated Intermediate Systen{.

3 Rrefix Neighbeurs — reachable address prefix neighbours

Neigh
same 1

This nFy appear more than once, and in an LSP with any LSP number. See the description of the Intermediate

bl Flag is a Boolean. If equal to 1, this indicates the link is really a Level 2 path to repair an area partition.

field (marked I/E) indicates the metric type, and shall contain the value “0”, indicating an Internal metric.
 Metric is the value of the delay metric for the link to the listed neighbour. If this IS does not support this

h1] contain the value “0”, indicating an Internal metrics

it shall set bit “S” to 1 to indicate that the metric is unsupported. Bit 7 of this field (marked I/E) indicates tH

Metric is the value of the error metric“for the link to the listed neighbour. If this IS does not support this
h11 contain the value “0”, indicating an Internal metric.

hbour ID — For Intermediate System neighbours, the first ID Length octets are the neighbour’s system ID

oufs ‘option above for the relative ordering constraints. Only adjacencies with identical costs can appe
st:

Level 1

bd. Bit 7

metric it

et bit “S” to 1 to indicate that the metric is unsupported.\Bit 7 of this field (marked I/E) indicates the mefric type,

port this
€ metric

metric it

et bit “S” to 1 to indicate that the\metric is unsupported. Bit 7 of this field (marked I/E) indicates the mefric type,

and the
'mediate

System
hr in the

x CODE -5.
x LENGTH - Total length of the VALUE field.
x VALUE —
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No. of Octets

0 | IVE | Default Metric | !
S| I/E | Delay Metric | 1
S | I/E | Expense Metric | 1
S| I/E Error Metric 1
Address Prefix Length 1
Address Prefix [ Address Prefix
Length / 2]

Address Prefix Length 1

Address Prefix [ Address Prefix
Length /2]

- Default Metric is the value of the default metric for the link to each of the listed neigh-bours:’ Bit 8 of this field is
resdrved. Bit 7 (marked I/E) indicates the metric type, and may be set to zero indicating an intgrnal metric, or may be set to
1 indicating an external metric.

. Dray Metric is the value of the delay metric for the link to each of the listed neighbours. If this IS does not upport this
metyic it shall set the bit “S” to 1 to indicate that the metric is unsupported. Bit 7-(marked I/E) indicates the etric type,
and|may be set to zero indicating an internal metric, or may be set to 1 indicating‘an’external metric.

- Expense Metric is the value of the expense metric for the link to eaCh of the listed neighbours. If this IS does not
support this metric it shall set the bit “S” to 1 to indicate that the metrje_is unsupported. Bit 7 (marked I/E) ifdicates the
metfic type, and may be set to zero indicating an internal metric, or may be set to 1 indicating an external metrig.

- Efror Metric is the value of the error metric for the link to each of the listed neighbour. If this IS does not gupport this
metyic it shall set the bit “S” to 1 to indicate that the metric:ds-unsupported. Bit 7 (marked I/E) indicates the mnetric type,
and|may be set to zero indicating an internal metric, or may, be set to 1 indicating an external metric.

- Adldress Prefix Length is the length in semi-octéfs of the following prefix. A length of zero indicates a| prefix that
matches all NSAPs.

- Address Prefix is a reachable address prefix-encoded as described in 7.1.6. If the length in semi-octets is odd, the prefix
is phdded out to an integral number of octets with a trailing
zerg semi-octet.

Notk that the area addresses listed\in the Area Addresses option field of Level 2 Link State PDU with LSP nymber zero,
are understood to be reachable address neighbours with cost zero. They are not listed separately in the Prefix Neighbours
optjons.

¢ [Authentication/nfermation — information for performing authentication of the originator of the PDU.

x CODE —10:
x LENGTH)*— variable from 1-254 octets
x VALUE —

No. of Octets
Authenticatiomr Type T

Authentication Value VARIABLE

- Authentication Type — a one octet identifier for the type of authentication to be carried out. The following values
are defined:

0 — RESERVED

1 — Cleartext Password

2-254 — RESERVED

255 — Routeing Domain private authentication method

- Authentication Value — determined by the value of the authentication type. If Cleartext Password as defined in
this International Standard is used, then the authentication value is an octet string.
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9.10 Level 1 complete sequence numbers PDU

No. of Octets

Intradomain Routeing Protocol 1
Discriminator
Length Indicator 1
Version/Protocol ID Extension 1
ID Length 1
R | R | R | PDUType 1
Version T
Reserved 1
Maxjimum Area Addresses 1
PDU Length 2
Source ID ID Length + 1
Start LSP ID ID Length +2
End LSP ID ID Length +2
VARIABLE LENGTH FIELDS VARIABLE

- Intrad
- Lengt
- Versig

- IDLe
one of]

o A
o TI
o TI

All other v.
- PDU
NOTE 67

- Versig
- Reser

- Maxi
Syste

. A

Type (bits 1 through 5) — 24.

bmain Routeing Protocol Discriminator — architectural constant (see table 2)
h Indicator — Length of fixed header in octets
n/Protocol ID Extension — 1

hgth — Length of the ID field of NSAP addresses and NETs%used in this routeing domain. This field shal
the following values:

h integer between 1 and 8, inclusive, indicating an ID_field of the corresponding length
e value zero, which indicates a 6 octet ID field length

e value 255, which means a null ID field (i.e. z€ro length)

hlues are illegal and shall not be used.

Bits 6, 7 and 8§ are Reserved, which means they are transmitted as 0 and ignored on receipt.
n-1
ved — transmitted’as zero, ignored on receipt

um Area Addresses — number of area addresses permitted for this ISs area, as derived from the vali
Manageitient parameter maximumArea-Addresses. This field shall take on of the following values:

Lnvinteger between 1 and 254 inclusive, indicated a corresponding number of area addresses supported.

take on

le of the

e  The value zero, which is treated upon reception as if it were equal to three, and which the IS may use if it supports

only a

value of 3 for maximumAreaAddresses.

- PDU Length — Entire Length of this PDU, in octets, including header

- Source ID — the system ID of Intermediate System (with zero Circuit ID) generating this Sequence Numbers PDU.

- Start LSP ID —the LSP ID of first LSP in the range covered by this Complete Sequence Numbers PDU.

- EndL

SP ID — the LSP ID of last LSP in the range covered by this Complete Sequence Numbers PDU.

- VARIABLE LENGTH FIELDS - fields of the form:
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No. of Octets

CODE 1
LENGTH 1
VALUE LENGTH

Any codes in a received CSNP that are not recognised are ignored.

Currently defined codes are:

e LSP Entries — This may appear more than once. The option fields, if they appear more than once, shall appear
sorted into ascending LSPID order.

x CODE -9
x LENGTH - total length of the value field.
X VALUE — a list of LSP entries of the form:

No. of Octets

Repmaining Lifetime 2
LSP ID ID Length + 2
LSP|Sequence Number | 4
Checksum 2
| |
| |
Remaining Lifetime 2
LSP ID ID Length + 2
LSP|Sequence Number | 4
Checksum 2

- Remajning Lifetime — Remaining Lifetime of LSP.

- LSP ID — system ID of the LSP to which this entry refeérs.
- LSP Sequence Number — Sequence numberof-L.SP.

- Checkisum — Checksum reported in LSPR.

The entifies shall be sorted into ascending LSPID order (the LSP number octet of the LSPID is the least significant octet).

¢ | Authentication Information — information for performing authentication of the originator of the PDU.

x CODE — 10.
x LENGTH — %ariable from 1-254 octets
x VALUE —

No. of Octets
Authentication Type 1

Auggentication Value VARIABLE

- Authentication Type — a one octet identifier for the type of authentication to be carried out. The following values
are defined:

0 — RESERVED

1 — Cleartext Password

2-254 — RESERVED

255 — Routeing Domain private authentication method

- Authentication Value — determined by the value of the authentication type. If Cleartext Password as defined in
this International Standard is used, then the authentication value is an octet string.
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9.11 Level 2 complete sequence numbers PDU

No. of Octets

Intradomain Routeing Protocol 1
Discriminator
Length Indicator 1
Version/Protocol ID Extension 1
ID Length 1
R | R | R | PDUType 1
Version T
Reserved 1
Maxjimum Area Addresses 1
PDU Length 2
Source ID ID Length + 1
Start LSP ID ID Length +2
End LSP ID ID Length +2
VARIABLE LENGTH FIELDS VARIABLE

- Intradpmain Routeing Protocol Discriminator — architectural constant (see table 2)

- Length Indicator — Length of fixed header in octets

- Versig

- IDLe
one of]

o A
o TI
o TI

All other v
- PDU
NOTE 68
- Versig

- Reser

- Maxiﬂlum Area Addresses — number of area addresses permitted for this ISs area, as derived from the valy

Syste
e A

Type (bits 1 through 5) — 25.

n/Protocol ID Extension — 1

hgth — Length of the ID field of NSAP addresses and NETs%used in this routeing domain. This field shal
the following values:

h integer between 1 and 8, inclusive, indicating an ID_field of the corresponding length
e value zero, which indicates a 6 octet ID field length

e value 255, which means a null ID field (i.e. z€ro length)

hlues are illegal and shall not be used.

Bits 6, 7 and 8§ are Reserved, which means they are transmitted as 0 and ignored on receipt
n-1

ved — transmitted’as zero, ignored on receipt

Manageitient parameter maximumArea-Addresses. This field shall take on of the following values:

h integer between 1 and 254 inclusive, indicated a corresponding number of area addresses supported.

take on

e of the

e The value zero, which is treated upon reception as if it were equal to three, and which the IS may use if it supports

only a

value of 3 for maximumAreaAddresses.

NOTE 69 This field is ignored on receipt.

- PDU Length — Entire Length of this PDU, in octets, including header

- Source ID — the system ID of Intermediate System (with zero Circuit ID) generating this Sequence Numbers PDU.

- Start LSP ID —the LSP ID of first LSP in the range covered by this Complete Sequence Numbers PDU.

- End LSP ID — the LSP ID of last LSP in the range covered by this Complete Sequence Numbers PDU.
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- VARIABLE LENGTH FIELDS - fields of the form:

No. of Octets

CODE 1
LENGTH 1
VALUE LENGTH

Any codes in a received CSNP that are not recognised are ignored.

Currently defined codes are:

e | LSP Entries — this may appear more than once. The option fields, if they appear more than once, shall-afjpear sorted
intd ascending LSPID order.

x CODE -9
x LENGTH - total length of the value field.
X VALUE — a list of LSP entries of the form:

No. of Octets

Repmaining Lifetime 2
LSP ID ID Length + 2
LSP|Sequence Number | 4
Checksum 2
i i
I |
Remaining Lifetime 2
LSP ID ID Length + 2
LSP|Sequence Number | 4
Checksum 2

- Remajning Lifetime — Remaining Lifetime of LSP.

- LSP I — the system ID of the LSP to which this ehtry refers.
- LSP Sequence Number — Sequence number.of LSP.

- Checksum — Checksum reported in ESP:

The entifies shall be sorted into aseending LSPID order (the LSP number octet of the LSPID is the least significant octet).

e | Authentication Infermation — information for performing authentication of the originator of the PDU.

x CODE — 10.
x LENGTH.—¢Variable from 1-254 octets
X VALUE=¥

No. of Octets
Authentication Type 1
Authentication value VARIABLE

- Authentication Type — a one octet identifier for the type of authentication to be carried out. The following values
are defined:

0 — RESERVED

1 — Cleartext Password

2-254 — RESERVED

255 — Routeing Domain private authentication method

- Authentication Value — determined by the value of the authentication type. If Cleartext Password as defined in
this International Standard is used, then the authentication value is an octet string.
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9.12 Level 1 partial sequence numbers PDU

No. of Octets

Intradomain Routeing Protocol 1

Discriminator

Length Indicator

Version/Protocol ID Extension

ID Length

R | R | R | PDUType

Version

Reserved

Max]

imum Area Addresses

[ NS I

PDU Length

Source ID ID Length + 1

VARIA

BLE LENGTH FIELDS VARIABLE

- Intrad
- Lengt

- Versid

- IDLe
one of]

e A
o TI
o TI

All other v
- PDU
NOTE 70
- Versig

- Reser

- Maxi:]:um Area Addresses — number of area addresses permitted for this ISs area, as derived from the valy

Syste
e A

o TI
only a

Type (bits 1 through 5) — 26.

bmain Routeing Protocol Discriminator — architectural constant (see table 2)
n Indicator — Length of fixed header in octets

n/Protocol ID Extension — 1

ngth — Length of the ID field of NSAP addresses and NETs used in-this routeing domain. This field shal
the following values:

h integer between 1 and 8, inclusive, indicating an ID field of the €orresponding length
e value zero, which indicates a 6 octet ID field length

e value 255, which means a null ID field (i.e. zero length)

hlues are illegal and shall not be used.

Bits 6, 7 and § are Reserved, which means they are transmitted as 0 and ignored on receipt.
n-1

ved — transmitted as zefoy ignored on receipt

Management pataimeter maximumArea-Addresses. This field shall take on of the following values:
h integer between 1 and 254 inclusive, indicated a corresponding number of area addresses supported.

e valuéizero, which is treated upon reception as if it were equal to three, and which the IS may use if it
value of 3 for maximumAreaAddresses.

take on

e of the

supports

- PDU Length — Enfire Length of this PDU, 1n octets, including header

- Source ID - the system ID of Intermediate system (with zero Circuit ID) generating this Sequence Numbers PDU.

- VARIABLE LENGTH FIELDS - fields of the form:

No. of Octets

CODE 1
LENGTH 1
VALUE LENGTH

Any codes

88

in a received PSNP that are not recognised are ignored.
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Currently defined codes are:

LSP Entries — this may appear more than once. The option fields, if they appear more than once, shall appear sorted
into ascending LSPID order.

x CODE -9
x LENGTH - total length of the value field.
X VALUE - a list of LSP entries of the form:

No. of Octets

Remaining Lifetime 2
LSP ID D Length + 2
LSP|Sequence Number | 4
Checksum 2
i i
Repmaining Lifetime 2
LSP ID ID Length + 2
LSP|Sequence Number | 4
Checksum 2
- Remajning Lifetime — Remaining Lifetime of LSP.

-LSP I

-LSP §

- Check

D — the system ID of the LSP to which this entry refers.
equence Number — Sequence number of LSP.

sum — Checksum reported in LSP.

The entifies shall be sorted into ascending LSPID order (the &SP number octet of the LSPID is the least significant of

Authentication Information — information fer performing authentication of the originator of the PDU.

x CODE — 10.
X LENGTH — variable from 1-254 octéts
x VALUE —
No. of Ogctets
Authentication Type 1

Authentication Value VARIABLE

- Authenticatiopn-Type — a one octet identifier for the type of authentication to be carried out. The folloy
are defined:

0 —RESERVED

1 <= Cleartext Password

2254 — RESERVED

255 — Routeing Domain private authentication method

ctet).

ing values

- Authentication Value — determined by the value of the authentication type. If Cleartext Password as defined in

this International Standard is used, then the authentication value is an octet string.
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9.13 Level 2 partial sequence numbers PDU

No. of Octets

Intradomain Routeing Protocol 1
Discriminator
Length Indicator 1
Version/Protocol ID Extension 1
ID Length 1
R | R | R | PDUType 1
Version T
Reserved 1
Maxjimum Area Addresses 1
PDU Length 2
Source ID ID Length + 1
VARIABLE LENGTH FIELDS VARIABLE
- Intradpmain Routeing Protocol Discriminator — architectural constant (see table 2)
- Length Indicator — Length of fixed header in octets
- Versign/Protocol ID Extension — 1
- ID Length — Length of the ID field of NSAP addresses and NETs used invthis routeing domain. This field shal
one oflthe following values:
e Aninteger between 1 and 8, inclusive, indicating an ID field of the corresponding length
e  The value zero, which indicates a 6 octet ID field length
e  The value 255, which means a null ID field (i.e. zeroJength)
All other vhlues are illegal and shall not be used.
- PDU Type (bits 1 through 5) — 27.
- Versign -1
- Resenved — transmitted as zero,lignored on receipt

- MaXill’Ium Area Addresses 3— number of area addresses permitted for this ISs area, as derived from the valy

Syste
e A

o TI
only a

NOTE

Management pardnteter maximumArea-Addresses. This field shall take on of the following values:
h integer betwéen-1 and 254 inclusive, indicated a corresponding number of area addresses supported.

e value zerg, which is treated upon reception as if it were equal to three, and which the IS may use if it
value of'3 for maximumAreaAddresses.

71~ This field is ignored on receipt.

take on

e of the

supports

- PDU Length — Entire Length of this PDU, in octets, including header

- Source ID — the system ID of Intermediate system (with zero Circuit ID) generating this Sequence Numbers PDU.

- VARIABLE LENGTH FIELDS - fields of the form:
No. of Octets
CODE 1
LENGTH 1
VALUE LENGTH

Any codes

920

in a received PSNP that are not recognised are ignored.
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Currently defined codes are:

LSP Entries — this may appear more than once. The option fields, if they appear more than once, shall appear sorted
into ascending LSPID order.

x CODE -9
x LENGTH - total length of the value field.
X VALUE - a list of LSP entries of the form:

No. of Octets

Remaining Lifetime 2
LSP ID D Length + 2
LSP|Sequence Number | 4
Checksum 2
i i
Repmaining Lifetime 2
LSP ID ID Length + 2
LSP|Sequence Number | 4
Checksum 2
- Remajning Lifetime — Remaining Lifetime of LSP.
- LSP I — the system ID of the LSP to which this entry refers.
- LSP Sequence Number — Sequence number of LSP.
- Checlsum — Checksum reported in LSP. The entries shall be sorted into ascending LSPID order (the LSP num
the LSPID is the least significant octet).
e | Authentication Information — information for.performing authentication of the originator of the PDU.
x CODE — 10.
x LENGTH — variable from 1-254 octets
x VALUE —
No. of Octets
Authentication Type 1

Authentication Value VARIABLE

- Authentication Type'=" a one octet identifier for the type of authentication to be carried out. The folloy
are defined:

0 — RESERVED

1 — Cleattext Password

2-254~+ RESERVED

255=- Routeing Domain private authentication method

ber octet of

ing values

defined in

-AAuthentication Value — determined by the value of the authentication type. If Cleartext Password ag

a andard d Q a Q tat ctrino

< atoharDtaiaatra H s o e e-aH < catio v-arte a-octet-5tHRE-

10 System environment

10.1 Generating jitter on timers

When PDUs are transmitted as a result of timer expiration, there is a danger that the timers of individual systems may become
synchronised. The result of this is that the traffic distribution will contain peaks. Where there are a large number of
synchronised systems, this can cause overloading of both the transmission medium and the systems receiving the PDUs. In
order to prevent this from occurring, all periodic timers, the expiration of which can cause the transmission of PDUs, shall
have “jitter” introduced as defined in the following algorithm.

© ISO/IEC 2002 — All rights reserved

91


https://standardsiso.com/api/?name=704b012816bcf13d89c154ad1774229d

ISO/IEC 10589:2002(E)

CONSTANT

Jitter = 25;

(* The percentage jitter as defined in the architectural constant Jitter *) (see table 2)

Resolution = 100;
(* The timer resolution in ms *)

PROCEDURE Random(max : Integer): Integer;
(* This procedure delivers a Uniformly distributed
random integer R such that 0 <R < max *)

RPaPalnh ot ke st niheeAIh &L VIR I
P UCLLUURNL VWAallUIIUI{ UIIC. TIICECT)

(*

PROCEDURE CurrentTime(): Integer

(*

PROCEDURE

Definelitte

edTimer(baseTimeValuelnSeconds:

Integer; expirationAction : Procedure);

VAR
baseTimeV
: Integer;

alue, maximumTimeModifier, waitTime

nextexpirafion : Time;

BEGIN
baseTimeV

/ Resolutiop;

maximum

alue := baseTimeValuelnSeconds * 1000

imeModifier := baseTimeValue * Jitter /

100; (* Compute maximum possible jitter *)

WHILE 1y
B
( *
ra)
R
w
ne

(*

nning DO

EGIN

First compute next expiration time *)
ndomTimeModifier :=
indom(maximumTimeModifier);

xtexpiration := CurrentTime() +swaitTime;
Then perform expiration Action'*)

expirationAction;

W
END (* of]
END (* of]

Thus the
“SendHell

aitUntil(nextexpiration);
Loop *)
Definelittered Timer*)

This procedure waits the specified number of ms and then returns *)

This procedure returns the current time in ms*)

hitTime := baseTimeValue -randomTimeModifier;

call “DefinelitteredTimer(HelloTime, SendHello-PDU);” where “HelloTime” is 10 s, will cause th
PDU” tobeperformed at random intervals of between 7,5 and 10 s. The essential point of this algorithm is

e action
that

the value off “randomTimeModifier” is randomised within the inner loop. Note that the new expiration time is set imnpediately

on expirati

n ofithe last interval, rather than when the expiration action has been completed.

The time resolution shall be less than or equal to 100 ms. It is recommended to be less than or equal to 10 ms. The time
resolution is the maximum interval that can elapse without there being any change in the value of the timer. The periodic trans-
mission period shall be random or pseudo-random in the specified range, with uniform distribution across similar
implementations.

10.2 Resolution of timers

All timers specified in units of seconds shall have a resolution of no less than +1 s.

All timers specified in units of ms shall have a resolution of no less than 10 ms.
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10.3 Requirements on the operation of ISO 9542

This International Standard places certain requirements on the use of ISO 9542 by Intermediate systems which go beyond
those mandatory requirements stated in the conformance clause of ISO 9542. These requirements are

a) The IS shall operate the Configuration Information functions on all types of subnetworks supported by the IS. This
includes:

1)
2)
3)

the reception of ESH PDUs on all types of circuits;
the transmission of ISH PDUs on broadcast circuits; and
the transmission and reception of ISH PDUs on point-to-point circuits.

b) Thd

c¢) Wh

nunperically lowest Network Entity title shall be chosen as the NET placed in the ISO 9542 PDU.-This minimis

usa
titlg

IS shall enable the “All Intermediate Systems” multi-destination subnetwork address.
en sending ISH PDUs, or redirecting an End system to a neighbour Intermediate system, as déseribed in

be in the End systems by ensuring that all ISs identify themselves and each other to ESs using)the same Nety
S.

If the a
number
ISs shal

11 S

11.1 ¢
The ope
clause is

Generic

The con

Annex K contains a number of definitions which are intended to be incorporated in ISO/IEC 10165-5. In those ca

GDMO
definitig

10.4 quuirements on the operation of ISO 8473

a partition repair functions described in 7.2.10 are implemented by the Intérmediate system, then the IS
of End system functions of ISO 8473 (such as NPDU reassembly) as wellas the Intermediate system fung
therefore conform to both the End system and Intermediate system reqairements of ISO 8473

bystem management

beneral
ration of the Intra-domain IS—IS routeing funefions may be monitored and controlled using System Managyg

the management specification for this Intetnational Standard in the GDMO notation as defined in ISO/IE]
managed object and attribute definitions.are imported from ISO/IEC 10165-5 and from ISO/IEC 10733.

fainment hierarchy for this International Standard is illustrated below in figure 8.

imported definition cannpot be found by consulting ISO/IEC 10165-5, or conflicts with the definition in A
n in Annex E shall be@sed.

7.4.3.3, the
es memory
work Entity

requires a
tions. Such

tment. This
C 10165-4.

es where a
hnex E, the
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-11.2

[} [}
[} [}
: Network |
| Entity |
| |
[} [}
| |
: CLNS :
! (ISO/IEC 10589 | !
: Package) :
| Defined in ISO/IEC 10733] | Level 2 Only !
I I I \
: T i
: L :
: : | Linkage [ ; ; ; |
Deéstlr:atlon : (ISO/IEC 10589 Lo Deilnatlon AC}_/lrtual :
ystem : Package) Lo rea jacency i
I D b !
[} [}
T [}
[} [}
[} [}
| |
. I Reachable
Adjacency : Address i
[} [}
| |
[} [}
e 1
Figure 8 - Containment and naming hierarchy
GDMO definition
--11.2.1 Common GDMO definitions
--11.2.1.1|{Behaviours
supplyValyeOnCreate-B BEHAVIOUR

DEFINED AS

Vhilue is supplied either by the(protocol machine if the MO is automatically created, or supplied via the QREATE

This attribute specifies the interval between certain events in the operation of the protocol state machine. If the value
off this attribute-iS.changed to a new value while the protocol state machine is in operation, the implementatjon shall
take the nec€ssary steps to ensure that for any time interval which was in progress when the corresponding jattribute
wis changed, the next expiration of the that interval takes place the specified time after the original starf of that
inferval, \or immediately, whichever is later. The precision with which this time shall be implemented shal]l be the
c-as that associated with the basic operation of the timer attribute;

resettingHoldingTimer-B BEHAVIOUR
DEFINED AS

94

This attribute specifies the interval between certain events in the operation of the protocol state machine. If the value
of this attribute is changed to a new value while the protocol state machine is in operation, the implementation shall
take the necessary steps to ensure that for any time interval which was in progress when the corresponding attribute
was changed, the next expiration of that interval takes place no later than the expiration of the interval in progress or
the specified interval, whichever is sooner. The precision with which this time shall be implemented shall be the
same as that associated with the basic operation of the timer attribute;
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replaceOnlyWhileDisabled-B BEHAVIOUR
DEFINED AS

This attribute shall only permit the REPLACE operation to be performed on it while the MO is in the Disabled

Operational State. An attempt to perform a REPLACE operation while the MO is in the Enabled Operation State shall

fail with the generation of the constraintViolation specific error.;

resourceLimiting-B BEHAVIOUR
DEFINED AS

This attribute places limits on some "resource". In general implementations may allocate resources up t

9:2002(E)

o this limit

when the managed object is enabled and it may be impossible to change the allocation without first disabling and re-

--11.2.1

address]
WITH
MAT(
BEHA
DEF
REGIS

authenti
DERIY
BEHA
DEH
REGIS

network]
WITH
MAT(
REGIS

--11.2.1

constrai
CONT
WITH
BEHA

DEF

Clld‘Ulillg LllC luauagcd Ubjcbl. TllCleUlC Lilib IllLCllldLiUllai Slalldald Ulll)’ ICLlLliIUb lilal il blla‘ll 1UC PUDDPU}C U
REPLACE operation on this attribute while the MO is disabled. However some implementations jiay

the attribute at any time, but it shall not be decreased below the currently "used" value of the resource
attempt to perform a REPLACE operation fails either because the MO is enabled, or because-an attemj
made to decrease the value, the REPLACE operation shall fail with the generation of the gofistraintViolat
error.;

.2 Common attributes

refix ATTRIBUTE

IATTRIBUTE SYNTAX ISIS.AddressPrefix;

HES FOR EQUALITY, SUBSTRINGS;

VIOUR addressPrefix-B BEHAVIOUR

NED AS An Area Address of a destination area or a prefix for a reachable address;;
TERED AS {ISIS.aoi addressPrefix (98)};

CationFailures ATTRIBUTE

[ED FROM "Rec. X.723 | ISO/IEC 10165-5":nonWrappingCounter;
VIOUR authenticationFailures-B BEHAVIOUR

INED AS Count of authentication Failure events;;

TERED AS {ISIS.aoi authenticationFailures (117)};

FntityTitle ATTRIBUTE

ATTRIBUTE SYNTAX ISIS.NAddréss;

HES FOR EQUALITY;

TERED AS {ISIS.aoi networkEntityTitle (88)};

.3 Common parameters

ntViolation PARAMETER

EXT SPECIFIC-ERROR;

SYNTAX ISIS]Null;

VIOUR constraintViolation-B BEHAVIOUR

NEDAS
Thespecific error returned on failure of a REPLACE operation when the MO prohibits such operations u

perform a
be able to

change the allocation of resources without first disabling the MO. In this case it is permitted to inctease the value of

Where an
bt has been
on specific

nder certain

conditions, for example while the MO is in the disabled operational state,;;

REGIS

notificat

TERED AS {ISIS.proi constraintViolation (10)};

ionReceivingAdjacency PARAMETER

CONTEXT EVENT-INFO;

WITH

SYNTAX ISIS.LocalDistinguishedName;

BEHAVIOUR notificationReceivingAdjacency-B BEHAVIOUR
DEFINED AS The local managed object name of the adjacency upon which the NPDU was received;;

REGIS

notificat

TERED AS {ISIS.proi notificationReceivingAdjacency (11)};

ionIDLength PARAMETER

CONTEXT EVENT-INFO;

WITH

SYNTAX ISIS.IDLength;
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BEHAVIOUR notificationlDLength-B BEHAVIOUR
DEFINED AS The IDLength specified in the ignored PDU;;
REGISTERED AS {ISIS.proi notification]DLength (12)};

notificationAreaAddress PARAMETER
CONTEXT EVENT-INFO;
WITH SYNTAX ISIS.AreaAddress;
BEHAVIOUR notificationAreaAddress-B BEHAVIOUR
DEFINED AS The Area Address which caused MaximumAreaAddresses to be exceeded;;
REGISTERED AS {ISIS.proi notificationAreaAddress (13)};

notificatiofAreaAddresses PARAMETER
CONTEXT EVENT-INFO;
WITH SYNTAX ISIS.AreaAddresses;
BEHAVIDUR notificationAreaAddresses-B BEHAVIOUR
DEFINED AS The set of Area Address from the neighbour’s ITH PDU;;
REGISTHRED AS {ISIS.proi notificationAreaAddresses (29)};

notificatioSourceld PARAMETER
CONTEXT EVENT-INFO;
WITH SYNTAX ISIS.Sourceld;
BEHAVIDUR notificationSourceld-B BEHAVIOUR
DEFINED AS The source ID of the LSP;;
REGISTHRED AS {ISIS.proi notificationSourceld (14)};

notificatiofMaximumAreaAddresses PARAMETER
CONTEXT EVENT-INFO;
WITH SYNTAX ISIS.MaximumAreaAddresses;
BEHAVIDUR notificationMaximumAreaAddresses-B BEHAVIOUR
DEFINED AS The maximum area addresses field of the received PDU;;
REGISTHRED AS {ISIS.proi notificationMaximumAreaAddresses (28)};

notificationfVirtualLinkChange PARAMETER
CONTEXT EVENT-INFO;
WITH SYNTAX ISIS.VirtualLinkChange;
BEHAVIDUR notificationVirtualLinkChange-B BEHAVIOUR
DEFINED AS
This indicates whether the event was generated as a result of the creation or deletion of a Virtual Link between two
L¢vel 2 Intermediate Systems.s;
REGISTHRED AS {ISIS.proi notificationVirtualLinkChange (15)};

notificatiofVirtualLink Address-PARAMETER
CONTEXT EVENT-INFQ,
WITH SYNTAX ISIS:NAddress;
BEHAVIDUR notificationVirtualLink Address-B BEHAVIOUR
DEFINED AS
The Network Entity Title of the Level 2 Intermediate System at the remote end of the virtual link;;
REGISTHRED AS {ISIS.proi notificationVirtualLinkAddress (16)};

notificationSystemld PARAMETER
CONTEXT EVENT-INFO;
WITH SYNTAX ISIS.Systemld;
BEHAVIOUR notificationSystemld-B BEHAVIOUR
DEFINED AS The system ID of the source system generating the notification;;
REGISTERED AS {ISIS.proi notificationSystemld (19)};

notificationVersion PARAMETER
CONTEXT EVENT-INFO;
WITH SYNTAX ISIS.Version;
BEHAVIOUR notificationVersion-B BEHAVIOUR
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DEFINED AS The version number reported by the other system;;
REGISTERED AS {ISIS.proi notificationVersion (23)};

notificationDesignatedIntermediateSystemChange PARAMETER
CONTEXT EVENT-INFO;
WITH SYNTAX ISIS.DesignatedISChange;
BEHAVIOUR notificationDesignatedIntermediateSystemChange-B BEHAVIOUR
DEFINED AS The direction of the change in Designated Intermediate System status of this system;;
REGISTERED AS {ISIS.proi notificationDesignatedIntermediateSystemChange (24)};

CONTEXT EVENT-INFO;

WITH [SYNTAX ISIS.OverloadStateChange;

BEHANIOUR notificationOverloadStateChange-B BEHAVIOUR
DEFINED AS The direction of the change in Overload status;;

REGISTERED AS {ISIS.proi notificationOverloadStateChange (25)};

reservedName PARAMETER
CONTEXT SPECIFIC-ERROR;
WITH|SYNTAX ISIS.Null;
BEHANIOUR reservedName-B BEHAVIOUR
DEFINED AS

REGISTERED AS {ISIS.proi reservedName (27)};

notificafionLSPHeader PARAMETER
CONTEXT EVENT-INFO;

WITH

BEHAMIOUR notificationLSPHeader-B BEHAVIOUR
DEFINED AS The header of the LSP;;
REGISTERED AS {ISIS.proi notificationLSPHeader(30)};

-11.2.

--11.2.2.1 Basis ISIS package attached to ¢cLNS managed object

cLNSIS

BEHANMIOUR cLNSISISBasicImporfedAlarmNotifications-B BEHAVIOUR

DEF

The specific error returned on failure of a create operation using a name reserved for other purposes.;;

SYNTAX ISIS.OctetString;

P Conditional packages attached to objects defined in ISO/IEC 10733

[SBasic-P PACKAGE

NED AS

Imports the communicatipnsAlarm notification from ISO/IEC 10165-2. It is used to report the followifg protocol
events:

pDUDiscard:
Generated wheén an 8473 data PDU is discarded. In addition to the parameters specified by ISO/IEC 10733, the local
adjacencyld of the adjacency upon which the NPDU was received shall be reported in the additionallnforrpation field
using_“the notificationReceivingAdjacency parameter. The significance sub-parameter of eachl item of
additionallnformation shall be set to the value "false" (i.e. not significant) so that a managing system receiving the
event report will be less likely to reject it.

ISPL1DatabaseOverload:

Generated when the 11State of the system changes between On and Waiting or Waiting and On. The resulting state,
shall be reported in the additionallnformation field using the notificationOverload-StateChange parameter and in the
case of Waiting the Sourceld of the LSP which precipitated the overload shall be reported in the
additionallnformation field using the notificationSourceld parameter. The significance sub-parameter of each item of
additionallnformation shall be set to the value "false" (i.e. not significant) so that a managing system receiving the
event report will be less likely to reject it. The value ISIS.ISPL1DatabaseOverload shall be reported in the
specificProblems parameter. The probable-Cause shall be set to NLM.resourceAtOrNearingCapacity. The
perceivedSeverity shall be set to Major’. A subsequent communicationsAlarm with a perceivedSeverity value of
"Cleared" shall not be generated. No other fields or parameters shall be used, with the exception of further parameters
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in the additionallnformation field. The occurrence of this event shall be counted by the ISPL1Database-Overloads
counter.

manualAddressDroppedFromArea:
Generated when one of the manualareaAddresses assigned to this system is ignored when computing
partitionAreaAddresses or arcaAddresses because there are more than MaximumAreaAddresses distinct Area
Addresses. The ignored Area Address shall be reported in the additionallnformation field using the
notificationAreaAddress parameter. The significance sub-parameter of each item of additionallnformation shall be set
to the value "false" (i.e. not significant) so that a managing system receiving the event report will be less likely to
reject it. The event is generated once for each Area Address in manualAreaAddresses which is dropped. It is not
g T T T T T o Tt nction of
dippping the Area Address and not the state of being dropped, which causes the event to be generated), The value
S.manualAddressDroppedFromArea shall be reported in the specificProblems parameter. The probableCapse shall
bg set to NLM.configurationOrCustomisationError. The perceived-Severity shall be set to Major’ /A subsequent
cdmmunicationsAlarm with a perceivedSeverity value of "Cleared" shall not be generated()Ne other fields or
pdrameters shall be used, with the exception of further parameters in the additional-Informatien”field. The ocfurrence
off this event shall be counted by the manual AddressDroppedFromAreas counter.

cqrruptedLSPDetected:
Generated when a corrupted Link State PDU is detected in memory. The value ISES.corruptedLSPDetected|shall be
reported in the specificProblems parameter. The probableCause shall (be “set to NLM.corruptData. The
pdrceivedSeverity shall be set to "Minor’. A subsequent communicationsAlarm with a perceivedSeverity value of
"(fleared" shall not be generated. No other fields or parameters shall be used,with the exception of further pafameters
in|the additionallnformation field. The occurrence of this event is counted'by the corruptedLSPsDetected counter.

atfemptToExceedMaximumSequenceNumber:
Gegnerated when an attempt is made to increment the sequence umber of an LSP beyond the maximum fequence
nymber. The value ISIS.attemptToExceedMaximumSequenceNumber shall be reported in the specificHroblems
pdrameter. The probableCause shall be set to NLM.communicationsProtocolError. The perceivedSeverity shall be set
to["Major’. A subsequent communications-Alarm with-a perceivedSeverity value of "Cleared" shall not be g¢nerated.
Np other fields or parameters shall be used, with the’exception of further parameters in the additionallnfgrmation
figld. The occurrence of this event is counted by the attemptsToExceedMaximumSequenceNumber counter.

iJFieldLengthMismatch:
Generated when a PDU is received withja different value for ID field length to that of the receiving Intefmediate
system. The received ID LENGTH *and SOURCE ID are reported in the additionallnformation field using the
ndtificationIDLength and notificationSourceld parameters respectively. The significance sub-parameter of epach item
of{ additionallnformation shall.be _set to the value "false" (i.e. not significant) so that a managing system recefving the
eVent report will be less_likely to reject it. The value ISIS.iDFieldLengthMismatch shall be reportedl in the
specificProblems parameter) The probableCause shall be set to NLM.configurationOr-CustomisationErfor. The
pdrceivedSeverity shall\be set to Major’. A subsequent communicationsAlarm with a perceivedSeverity value of
"(fleared" shall not/be-generated. No other fields or parameters shall be used, with the exception of further pafameters
in|the additionallhformation field. The occurence of this event is counted by the iDFieldLengthMismatches cdunter.

mpximumAre2AddressesMismatch:
Generated when a PDU is received with a different value for maximumAreaAddresses from that of the receiving
Inermediate system. The received Maximum Area Addresses and Source ID are reported in the addi-
tignallnformation field using the notificationMaximumAreaAddresses and notificationSourceld pafameters
respectively. The significance sub-parameter of each item of additionallnformation shall be set to the value "false"
(i.e. not significant) so that a managing system receiving the event report will be less likely to reject it. The value
ISIS.MaximumAreaAddressesMismatch shall be reported in the specificProblems parameter. The probableCause
shall be set to NLM.configurationOrCustomisationError. The perceivedSeverity shall be set to ’Major’. A subsequent
communicationsAlarm with a perceivedSeverity value of "Cleared" shall not be generated. No other fields or
parameters shall be used, with the exception of further parameters in the additionalln-formation field. The occurence
of this event is counted by the MaximumAreaAddressesMismatches counter.

ownLSPPurge:

Generated when a zero aged copy of a system’s own LSP is received from some other system. This represents an
erroneous attempt to purge the local system’s LSP. The value ISIS.ownLSPPurge shall be reported in the
specificProblems parameter. The probableCause shall be set to NLM.communicationsProtocolError. The
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perceivedSeverity shall be set to ’Minor’. A subsequent communicationsAlarm with a perceivedSeverity value of

"Cleared" shall not be generated. No other fields or parameters shall be used, with the exception of further
in the additionallnformation field. The occurrence of this event is counted by the ownLSPPurges counter.

originatingL SPBufferSizeMismatch:

Generated when a Level 1 LSP or Level 2 LSP is received which is larger than the local

parameters

value for

originatingl. 1 LSPBufferSize or originatingL2LSPBufferSize respectively or when a Level 1 LSP or Level2 LSP is
received containing the originatingLSPBufferSize option and the value in the PDU option field does not match the
local value for originatingl.1LSPBufferSize or originatingl 2L SPBufferSize respectively. The contents of the LSP

header are reported in the additionallnformation field using the notificationLSPHeader parameter. The s

ignificance

ISH

cLNSIS
DEF

ATTRIBUTES

versi
iSTy]
syste
maxi

bu‘U‘paldlllClCI Uf ca\,h il.Ulll Uf addiLiUlldlIllfUlllldLiUll bllall 1UC SCL WU “Falbc” \i.C. 110t biglliﬁballl} SU LllaL
system receiving the event report will be less likely to reject it. The value ISIS.originatingl SPBufferSiz
shall be reported in the specificProblems parameter. The probable cause shall~'b
NLM.configurationOrCustomisationError. ~ The perceivedSeverity shall be set to “Minor”..y A
communicationsAlarm with a perceivedSeverity value of “Cleared” shall not be generated.~No othg
parameters shall be used, with the exception of further parameters in the additionallnformation field. The
of this event is counted by the originatingl SPBufferSizeMismatches counter.

TooLargeToPropagate:

Generated when an attempt is made to propagate an LSP PDU which is larger\than the dataLinkBloc
circuit.:  The contents of the LSP header are reported in the . additionallnformation field
notificaitonLSPHeader parameter. The significance sub-parameter of each item of additionallnformation
to “False” (i.e. not significant) so that a managing system receiving the event report will be less likely to re
value ISIS.ISPTooLargeToPropagate shall be reported in the specificRroblems parameter. The probable
be set to NLM.configurationOrCustomisationError. The perceivedSeverity shall be set to “Major”. A
communicationsAlarm with a preceivedSeverity value of “Cleared” shall not be generated. No othg
parameters shall be used, with the exception of further parameters in the additionallnformation field. The
of this event is counted by the ISPTooLargeToPropagate counter. ;,

[SBasicImportedInfoNotifications-B BEHAVIOUR

INED AS

Imports the communicationsInfomation notifieation from ISO/IEC 10165-5. It is used to report the followi
events.

sequenceNumberSkip:

Generated when the sequence® number of an LSP is incremented by more than one.
ISIS.sequenceNumberSkip shalt-be reported in the informationType parameter. No other fields or paramet
used, with the exception of-parameters in the informationData field. The occurrence of this event is cou|
sequenceNumberSkips counter. ;;

bn GET,

be INITIAL VALVE DERIVATION RULE supplyValueOnCreate-B GET,
mld GET,

mumPathSplits

REPEACE-WITH-DEFAULT

DEFAULT VALUE ISIS.maximumPathSplits-Default

managing
eMismatch
e set to
subsequent
r fields or
occurrence

kSize for a
using the
shall be set
ject it. The
cause shall
subsequent
r fields or
occurrence

hg protocol

The value
ers shall be
nted by the

GET-REPLACE,

minimumLSPTransmissionInterval

REPLACE-WITH-DEFAULT
DEFAULT VALUE ISIS.minimumLSPTransmissionlnterval-Default
GET-REPLACE,

maximumLSPGenerationlnterval

REPLACE-WITH-DEFAULT
DEFAULT VALUE ISIS.maximumLSPGenerationInterval-Default
GET-REPLACE,

minimumBroadcastLSPTransmissionInterval

REPLACE-WITH-DEFAULT
DEFAULT VALUE ISIS.minimumBroadcastLSPTransmissionInterval-Default
GET-REPLACE,
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-- Note: this is defined for all Circuits, but would only be required if one of them were a broadcast Circuit
completeSNPInterval
REPLACE-WITH-DEFAULT
DEFAULT VALUE ISIS.completeSNPInterval-Default
GET-REPLACE,
-- Note: this is defined for all linkages, but would only be required if one of them were a broadcast linkage
originatingl. 1 LSPBufferSize
REPLACE-WITH-DEFAULT
DEFAULT VALUE ISIS.originatingl. 1 LSPBufferSize-Default
GET-REPLACE,
manual AreaAddresses
REPLACE-WITH-DEFAULT
DEFAULT VALUE ISIS.manualAreaAddresses-Default GET ADD-REMOVE,
maximymAreaAddresses
REPLACE-WITH-DEFAULT
DEFAULT VALUE ISIS.maximumAreaAddresses-Default
GET-REPLACE,
minimumLSPGenerationInterval
REPLACE-WITH-DEFAULT
DEFAULT VALUE ISIS.minimumLSPGenerationInterval-Default
GET-REPLACE,
pollESHelloRate
REPLACE-WITH-DEFAULT
DEFAULT VALUE ISIS.pollESHelloRate-Default
GET-REPLACE,
partial SNPInterval
REPLACE-WITH-DEFAULT
DEFAULT VALUE ISIS.partialSNPInterval-Default
GET-REPLACE,
waitingTime
REPLACE-WITH-DEFAULT
DEFAULT VALUE ISIS.waitingTime-Default
GET-REPLACE,
dRISISHelloTimer
REPLACE-WITH-DEFAULT
DEFAULT VALUE ISIS.dRISISHelloTimer-Default
GET-REPLACE,
11State GET,
areaAddresses GET,
corruptgdLSPsDetected GET,
ISPL1DjatabaseOverloads GET;
manual AddressesDroppedEremArea GET,
attempt$ ToExceedMaximumSequenceNumber GET,
sequencgNumberSKips"GET,
ownLSKPurges GET,
iDField[engthMismatches GET,
maximymATreaAddressesMismatches GET,
originatjngl’SPBufferSizeMismatches GET,
ISPTooLargeToPropagate GET;
ATTRIBUTE GROUPS
"Rec. X.723 | ISO/IEC 10165-5":counters
corruptedLSPsDetected
ISPL1DatabaseOverloads
manual AddressesDroppedFromArea
attemptsToExceedMaximumSequenceNumber
sequenceNumberSkips
ownLSPPurges
iDFieldLengthMismatches
maximumAreaAddressesMismatches,
"Rec. X.721 | ISO/IEC 10165-2 : 1992":state
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11State;

NOTIFICATIONS

"Rec.

X.721 | ISO/IEC 10165-2 : 1992":communicationsAlarm
notificationAreaAddress

notificationIDLength
notificationMaximumAreaAddresses
notificationOverloadStateChange
notificationReceivingAdjacency

notificationSourceld

notificationSystemld

"Rec
REGI

--11.2.2
cLNSIS

BEHA
DEF

ATTR

origipating. 2L.SPBufferSize

12Sta
ISPL
ATTR
"Rec

"Rec

motifrcatronESPHeader
notificationlSPTooLargeToPropagate,

X.723 | ISO/IEC 10165-5":communicationsInformation;
BTERED AS {ISIS.poi cLNSISISBasic-P (1)};

.2 Level 2 ISIS package attached to cLNS managed object

[SLevel2-P PACKAGE

VIOUR cLNSISISLevel2Imported AlarmNotifications-B BEHAVIOUR
NED AS

Imports the communicationsAlarm notification from ISO/IEC 10165-2. It is-used to report the followir
events.

ISPL2DatabaseOverload:

shall be reported in the additionallnformation field using the notification-OverloadStateChange paramete;
case of Waiting the Sourceld of the LSP which preeipitated the overload shall be report
additionallnformation field using the notificationSourceld¢parameter. The significance sub-parameter of ¢
additionallnformation shall be set to the value "false"s(i.¢. not significant) so that a managing system r¢
event report will be less likely to reject it. Thewvalue ISIS.ISPL2DatabaseOverload shall be repo
specificProblems parameter. The probableCause’ shall be set to NLM.resourceAtOrNearing-Cap
perceivedSeverity shall be set to Major’. A_subsequent communicationsAlarm with a perceivedSeveri
"Cleared" shall not be generated. No other fields or parameters shall be used, with the exception of further
in the additionallnformation field. The eccurence of this event shall be counted by the ISPL2Databasd
counter.

IBUTES

REPLACE-WITH-DEFAULT
DEFAULT VALUE ISIS priginatingL2 LSPBufferSize-Default
GET-REPLACE,
te GET,
PDatabaseOverloads GET;
IBUTE GRQURPS

X.723 | ISO/IEC 10165-5":counters

ISPL2DatabaseOverloads,

XA2K| ISO/TEC 10165-2 : 1992":state

g protocol

generated when the L2State of the system changes between On and\Waiting or Waiting and On. The resglting state,

and in the
ed in the
ach item of
ceiving the
ted in the
acity. The
y value of
parameters
-Overloads

12State;

NOTI
"Rec

FICATIONS

. X.721 | ISO/IEC 10165-2 : 1992":communicationsAlarm
notificationOverloadStateChange

notificationSourceld ;

REGISTERED AS {ISIS.poi cLNSISISLevel2-P (2)};

--11.2.2.3 ISIS partition repair package attached to the cLNS managed object

cLNSISISPartitionRepair-P PACKAGE
BEHAVIOUR cLNSISISPartitionRepair-P-ImportedInfoNotifications-B BEHAVIOUR
DEFINED AS
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Imports the communicationsInformation notification from ISO/IEC 10165-5. It is used to report the following
protocol events.

partitionVirtualLinkChange:

ATTRIBUTES
maximymVirtual Adjacencies

partitionAreaAddresses GET,

partitionDesignatedL2IntermediateSystem GET,

partitiopVirtualLinkChanges GET;
ATTRIBUTE GROUPS

"Rec.

NOTIFIFATIONS

"Rec.

REGISTERED AS {ISIS.poi cLNSISISPartitionRepair-P (3)};

--11.2.3 ISIS authentication package attached to the cLNS managed object
cLNSISIS Authentication-P PACKAGE

BEHAVIOUR cLNSISIS Authentication-P-Imported AlarmNotifications-B BEHAVIOUR
DEFINED AS

authenticationFailure:

2

generated when a virtual link (for the purposes of Level 1 partition repair) is either created or deleted. The direction of
the change and the networkEntityTitle of the corresponding virtual adjacency managed object are reported in the
communicationData field using the notificationVirtualLinkChange and notificationVirtualLinkAddress parameters
respectively. The value ISIS.partitionVirtualLinkChange shall be reported in the informationType parameter. No
other fields or parameters shall be used, with the exception of further parameters in the informationData field. The
relative order of events relating to the same Virtual Link must be preserved. The occurrence of this event is counted

1 . XL 1
b UICT Palliion v HTUdILIITKCUIIAITETS COULILCT.

PLACE-WITH-DEFAULT
DEFAULT VALUE ISIS.maximumVirtual Adjacencies-Default
GET-REPLACE,

723 | ISO/IEC 10165-5":counters
pdrtitionVirtualLinkChanges;

723 | ISO/IEC 10165-5":communicationsInformation
ndtificationVirtualLinkChange
nqtificationVirtualLinkAddress;

Imports the communicationsAlarm notifigation from ISO/IEC 10165-2. It is used to report the following [protocol
events.

ggnerated when a PDU is received with an incorrect Authentication information field. The Systemld of the source
syjstem shall be reported.in.the additionallnformation field using the notificationSystemld parameter. The signpificance
sub-parameter of each‘item of additionallnformation shall be set to the value "false" (i.e. not significant) $o that a
mhnaging system geeeiving the event report will be less likely to reject it. The value ISIS.authenticationFailpre shall
bd reported {in¥ the  specificProblems parameter. The  probableCause shall be et to
NLM.configurationOrCustomisationError. The perceivedSeverity shall be set to ’Major’. A subsequent
cdmmunicationsAlarm with a perceivedSeverity value of "Cleared" shall not be generated. No other fields or
pgrametessishall be used, with the exception of further parameters in the additionallnformation field. The ocpurrence
of{thi§'event is counted by the authenticationFailures counter.

ATTRIBUTES
areaTransmitPassword

REPLACE-WITH-DEFAULT
DEFAULT VALUE ISIS.password-Default
GET-REPLACE,

areaReceivePasswords

REPLACE-WITH-DEFAULT

DEFAULT VALUE ISIS.passwords-Default
GET-REPLACE

ADD-REMOVE,

authenticationFailures GET;
ATTRIBUTE GROUPS
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"Rec. X.723 | ISO/IEC 10165-5":counters
authenticationFailures;
NOTIFICATIONS
"Rec. X.721 | ISO/IEC 10165-2 : 1992":communicationsAlarm
notificationSystemld;
REGISTERED AS {ISIS.poi cLNSISISAuthentication-P (4)};

--11.2.3.1 ISIS Level 2 Authentication package attached to the cLNS managed object

cLNSISISLevel2 Authentication-P PACKAGE
ATTRIBHFES
domaiphTransmitPassword
REPLACE-WITH-DEFAULT
DEFAULT VALUE ISIS.password-Default
GET-REPLACE,
domaihReceivePasswords
REPLACE-WITH-DEFAULT
DEFAULT VALUE ISIS.passwords-Default
GET-REPLACE
ADD-REMOVE;
REGI$TERED AS {ISIS.poi cLNSISISLevel2 Authentication-P (5)};

--11.2.4 Attributes of cLNS object added by conditional packages

areaAddresses ATTRIBUTE
WITH ATTRIBUTE SYNTAX ISIS.AreaAddresses;
MATCHES FOR EQUALITY, SET-COMPARISON, SET-INTERSECTION;
BEHAVIOUR areaAddresses-B BEHAVIOUR
DEFINED AS
The union of the sets of manualAreaAddresses reposted in all Level 1 Link State PDUs received by this Intermediate
System;;
REGI$TERED AS {ISIS.ao0i areaAddresses (18)};

areaRecfivePasswords ATTRIBUTE
WITH ATTRIBUTE SYNTAX ISIS.Passwdrds;
MAT(CHES FOR EQUALITY, SET-INTERSECTION, SET-COMPARISON;
BEHAVIOUR areaReceivePasswordssBABEHAVIOUR
DEFINED AS
The values to be used as receive passwords to check the receipt of Level 1 LSP, and SNP PDUs;;
REGI$TERED AS {ISIS.aoj-areaReceivePasswords (112)};

areaTrafpsmitPassword AFTRIBUTE
WITH ATTRIBUTE(SYNTAX ISIS.Password;
MATCHES FOR EQUALITY;
BEHAVIOUR areaTransmitPassword-B BEHAVIOUR
DEFINEDAS
Thewalue to be used as a transmit password in Level 1 LSP, and SNP PDUs transmitted by this Intermediafe System;;

REGI$TERED AS {ISIS.aoi arcaTransmitPassword (111)};

attemptsToExceedMaximumSequenceNumber ATTRIBUTE
DERIVED FROM "Rec. X.723 | ISO/IEC 10165-5":nonWrappingCounter;
BEHAVIOUR attemptsToExceedMaximumSequenceNumber-B BEHAVIOUR
DEFINED AS
Number of times the attemptToExceedMaximumSequenceNumber event has been generated;;
REGISTERED AS {ISIS.aoi attemptsToExceedMaximumSequenceNumber (22)};

completeSNPInterval ATTRIBUTE
DERIVED FROM "Rec. X.723 | ISO/IEC 10165-5":timer;
MATCHES FOR EQUALITY, ORDERING;
BEHAVIOUR completeSNPInterval-B BEHAVIOUR
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DEFINED AS
Interval between generation of Complete Sequence Numbers PDUs by a Designated Intermediate System on a
broadcast circuit;,
resettingTimer-B;
REGISTERED AS {ISIS.aoi completeSNPInterval (8)};

corruptedLSPsDetected ATTRIBUTE
DERIVED FROM "Rec. X.723 | ISO/IEC 10165-5":nonWrappingCounter;
BEHAVIOUR corruptedLSPsDetected-B BEHAVIOUR
DEFINED AS Number of Corrupted LSP Detected events generated;;

A mEath mhk VWY WallN G fak fal - 1 QD I 1 1O\
REGISTEREDAS—tStSaorcormuptedtESPsDetected (19535

domainTrapsmitPassword ATTRIBUTE
WITH AIF'TRIBUTE SYNTAX ISIS.Password;
MATCHES FOR EQUALITY;
BEHAVIOUR domainTransmitPassword-B BEHAVIOUR
DEFINED AS
The value to be used as a transmit password in Level 2 LSP, and SNP PDUs transmitted byythis Intermediate $ystem;;
REGISTERED AS {ISIS.aoi domainTransmitPassword (113)};

domainRedeivePasswords ATTRIBUTE
WITH AIF'TRIBUTE SYNTAX ISIS.Passwords;
MATCHES FOR EQUALITY, SET-COMPARISON, SET-INTERSECTION;
BEHAVIOUR domainReceivePasswords-B BEHAVIOUR
DEFINED AS
The values to be used as receive passwords to check the receipt of\lievel 2 LSP, and SNP PDUs;;
REGISTERED AS {ISIS.aoi domainReceivePasswords (114)};

dRISISHeljoTimer ATTRIBUTE
DERIVED FROM "Rec. X.723 | ISO/IEC 10165-5":timer;
MATCHES FOR EQUALITY, ORDERING;
BEHAVIOUR dRISISHelloTimer-B BEHAVIOUR
DEFINED AS
The interval between the generation of [IH PDUs by the designated IS on a LAN;,
resettingHoldingTimer-B;
REGISTERED AS {ISIS.aoi dRISISHelloTimer (16)};

iDFieldLerjgthMismatches ATTRIBUTE
DERIVED FROM "Rec. X.723 | ISOAEC 10165-5":nonWrappingCounter;
BEHAVIOUR iDFieldLengthMismatches-B BEHAVIOUR
DEFINED AS Number of tithesthe iDFieldLengthMismatch event has been generated;;
REGISTERED AS {ISIS.aoiiDFieldLengthMismatches (25)};

iSType AT[TRIBUTE
WITH ATRIBUTE, SYNTAX ISIS.ISType;
MATCHES FOREQUALITY;
BEHAVIOUR.iSType-B BEHAVIOUR
DEFINEDZAS
The type of this Intermediate System. The value of this attribute is only settable via the create parameter;;
REGISTERED AS {ISIS.ao0i iSType (2)};

11State ATTRIBUTE
WITH ATTRIBUTE SYNTAX ISIS.DatabaseState;
MATCHES FOR EQUALITY;
BEHAVIOUR 11State-B BEHAVIOUR
DEFINED AS The state of the Level 1 database;;
REGISTERED AS {ISIS.aoi 11State (17)};

12State ATTRIBUTE
WITH ATTRIBUTE SYNTAX ISIS.DatabaseState;
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MATCHES FOR EQUALITY;

BEHAVIOUR 12State-B BEHAVIOUR
DEFINED AS The state of the Level 2 database;;

REGISTERED AS {ISIS.aoi 12State (28)};

ISPL1DatabaseOverloads ATTRIBUTE
DERIVED FROM "Rec. X.723 | ISO/IEC 10165-5":nonWrappingCounter;
BEHAVIOUR ISPL1DatabaseOverloads-B BEHAVIOUR
DEFINED AS Number of times the 11LSPDatabaseOverload event has been generated;;
REGISTERED AS {ISIS.aoi ISPL1DatabaseOverloads (20)};

ISPL2DhtabaseOverloads ATTRIBUTE
DERIVED FROM "Rec. X.723 | ISO/IEC 10165-5":nonWrappingCounter;
BEHAVIOUR 1SPL2DatabaseOverloads-B BEHAVIOUR
DEFINED AS Number of times the 12L.SPDatabaseOverload event has been generated;;
REGI$TERED AS {ISIS.aoi ISPL2DatabaseOverloads (32)};

manualAddressesDroppedFromArea ATTRIBUTE
DERIVED FROM "Rec. X.723 | ISO/IEC 10165-5":nonWrappingCounter;
BEHAVIOUR manual AddressesDroppedFromArea-B BEHAVIOUR
DEFINED AS Number of times the manual AddressesDroppedFromArea event hasbecn generated;;
REGISTERED AS {ISIS.aoi manualAddressesDroppedFromArea (21)};

manualAreaAddresses ATTRIBUTE

WITH ATTRIBUTE SYNTAX ISIS.AreaAddresses;

MAT(CHES FOR EQUALITY, SET-COMPARISON, SET-INTERSECTION;

BEHAVIOUR manualAreaAddresses-B BEHAVIOUR

DEFINED AS

Area Addresses to be used for this Intermediate System. At least one value must be supplied. The maximpim number
of Area Addresses which may exist in the set is MaximumAreaAddresses;;
REGI$TERED AS {ISIS.aoi manualAreaAddresses (10)}

maximumAreaAddresses ATTRIBUTE
WITH ATTRIBUTE SYNTAX ISIS.MaximumAreaAddresses;
MAT(CHES FOR EQUALITY, ORDERING;
BEHAVIOUR maximumAreaAddresses-B BEHAVIOUR
DEFINED AS
maximum number of area addresses to be permitted for this ISs area. Note that all ISs in the area must haye the same
value configured for this attribute if correct operation is to be assured.;,
replageOnlyWhileDisabled-Bj
PARAMETERS constraintVielation;
REGI$TERED AS {ISIS.a0i maximumAreaAddresses (4)};

maximumAreaAddressesMismatches ATTRIBUTE
DERIVED FROM/'Rec. X.723 | ISO/IEC 10165-5":nonWrappingCounter;
BEHAVIOUR 'maximumAreaAddressesMismatches-B BEHAVIOUR
DEFINED. AS Count of maximumAreaAddressesMismatch events.;;
REGISTERED AS {ISIS.aoi maximumAreaAddressesMismatches(118)};

maximumLSPGenerationInterval ATTRIBUTE

DERIVED FROM "Rec. X.723 | ISO/IEC 10165-5":timer;

MATCHES FOR EQUALITY, ORDERING;

BEHAVIOUR maximumLSPGenerationInterval-B BEHAVIOUR
DEFINED AS Maximum interval between generated LSPs by this system;,
resettingTimer-B;

REGISTERED AS {ISIS.aoi maximumLSPGenerationInterval (6)};

maximumPathSplits ATTRIBUTE

WITH ATTRIBUTE SYNTAX ISIS.MaximumPathSplits;
MATCHES FOR EQUALITY, ORDERING;
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BEHAVIOUR maximumPathSplits-B BEHAVIOUR
DEFINED AS Maximum number of paths which it is permitted to split traffic between;,
replaceOnlyWhileDisabled-B;

PARAMETERS constraintViolation;

REGISTERED AS {ISIS.aoi maximumPathSplits (3)};

maximumVirtualAdjacencies ATTRIBUTE
WITH ATTRIBUTE SYNTAX ISIS.MaximumVirtual Adjacencies;
MATCHES FOR EQUALITY, ORDERING;
BEHAVIOUR maximumVirtual Adjacencies-B BEHAVIOUR

A4 . 1 oL 1A 1 . 11 1 1 . LK 11 111 .
DEFIN L AO IVIAXTHTULT ITUIHIOCT OV IIU4dl AUJaCCIICICS WITIUVITIIId y DU CITAICU LU TCPall Pal it OIICU LOVET T UULHAII}

resourc¢Limiting-B;
PARAMETERS constraintViolation;
REGISTERED AS {ISIS.aoi maximumVirtual Adjacencies (27)};

minimumBroadcastLSPTransmissionlnterval ATTRIBUTE
DERIVED FROM "Rec. X.723 | ISO/IEC 10165-5":timer;
MATCHES FOR EQUALITY, ORDERING;
BEHAVIOUR minimumBroadcastLSPTransmissionInterval-B BEHAVIOUR

DEFINHD AS
inimum interval between transmission of LSPs on a broadcast circuit (Seelelatse 7.3.15.6). This timer |shall be

capable of a resolution not coarser than 10 ms;,

resettingTimer-B;
REGISTERED AS {ISIS.aoi minimumBroadcastLSPTransmissionInterval (7)};

minimumlSPGenerationInterval ATTRIBUTE
DERIVED FROM "Rec. X.723 | ISO/IEC 10165-5":timer;
MATCHES FOR EQUALITY, ORDERING;
BEHAVIOUR minimumLSPGenerationInterval-B BEHAVIOUR
DEFINED AS Minimum interval between successive generation of LSPs with the same LSPID by this IS;,
resettingTimer-B;
REGISTERED AS {ISIS.aoi minimumLSPGenerationlnterval (11)};

minimumDSPTransmissionInterval ATTRIBUTE
DERIVED FROM "Rec. X.723 | ISO/IEC 10165-5":timer;
MATCHES FOR EQUALITY, ORDERING;
BEHAVIOUR minimumLSPTransmissionlnterval-B BEHAVIOUR
DEFINED AS Minimum interval between re- transmissions of an LSP;,

resettingTimer-B;
REGISTERED AS {ISIS.aoi minimumLSPTransmissionInterval (5)};

originating[.1LSPBufferSize-APTRIBUTE

WITH ATRIBUTE SYNTAX ISIS.OriginatingLSPBufferSize;

MATCHES FOR EQUALITY, ORDERING;

BEHAVIOUR originatingl. 1 LSPBufferSize-B BEHAVIOUR
DEFINED AS-The maximum size of Level 1 LSPs and SNPs originated by this system;,
replaceQnlyWhileDisabled-B;

PARAMETERS constraintViolation;

REGISTERED AS {ISIS.aoi originatingL.1LSPBufferSize (9)};

originatingl 2L SPBufferSize ATTRIBUTE

WITH ATTRIBUTE SYNTAX ISIS.OriginatingLSPBufferSize;

MATCHES FOR EQUALITY, ORDERING;

BEHAVIOUR originatingl 2. SPBufferSize-B BEHAVIOUR
DEFINED AS The maximum size of Level 2 LSPs and SNPs originated by this system;,
replaceOnlyWhileDisabled-B;

PARAMETERS constraintViolation;

REGISTERED AS {ISIS.aoi originatingL2LSPBufferSize (26)};
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ownLSPPurges ATTRIBUTE
DERIVED FROM "Rec. X.723 | ISO/IEC 10165-5":nonWrappingCounter;
BEHAVIOUR ownLSPPurges-B BEHAVIOUR
DEFINED AS Number of times the ownLSPPurged event has been generated;;
REGISTERED AS {ISIS.aoi ownLSPPurges (24)};

partial SNPInterval ATTRIBUTE
DERIVED FROM "Rec. X.723 | ISO/IEC 10165-5":timer;
MATCHES FOR EQUALITY, ORDERING;
BEHAVIOUR partialSNPInterval-B BEHAVIOUR
DEF IVTED AS Iviillilllulll illLCl val 1L)CLWCCII bClldillg Pal lial SCLlLlCllbU I‘IUIII‘UUI PDUD,,
resetfingTimer-B;
REGISTERED AS {ISIS.aoi partialSNPInterval (14)};
partitiorfAreaAddresses ATTRIBUTE
WITH ATTRIBUTE SYNTAX ISIS.AreaAddresses;
MATCHES FOR EQUALITY, SET-COMPARISON, SET-INTERSECTION;
BEHAVIOUR partitionAreaAddresses-B BEHAVIOUR
DEFINED AS
The set union of all manualAreaAddresses of all Intermediate systems in the partition reachable by non-yirtual links
(calculated from their Level 1 LSPs);;
REGI$TERED AS {ISIS.aoi partitionAreaAddresses (29)};

partitior]Designated.2IntermediateSystem ATTRIBUTE
WITH ATTRIBUTE SYNTAX ISIS.Systemld;
MATCHES FOR EQUALITY;
BEHAVIOUR partitionDesignatedL2IntermediateSystem-B BEHAVIOUR
DEHINED AS The ID of the Partition Designated Level 2 Intermediate System for this system;;
REGI$TERED AS {ISIS.aoi partitionDesignatedL2IntermediateSystem (30)};

partitioffVirtualLinkChanges ATTRIBUTE
DERIVED FROM "Rec. X.723 | ISO/IEC 10165-5":nonWrappingCounter;
BEHAVIOUR partitionVirtualLinkChanges-B BEHAVIOUR
DEFINED AS Number of times the partitionVirtuallink hange event has been generated;;
REGI$TERED AS {ISIS.aoi partitionVirtualLinkChanges (31)};

pollESHelloRate ATTRIBUTE
DERIVED FROM "Rec. X.723 | ISO/FEC10165-5" timer;
MAT(CHES FOR EQUALITY, ORDERING;
BEHAVIOUR pollESHelloRate-B-BEHAVIOUR
DEFINED AS The value to.be used for the suggested ES configuration timer in ISH PDUs when soliciting the ES
configufation;;
REGI$TERED AS {ISIS.aei pollESHelloRate (13)};

sequencpNumberSkipsATTRIBUTE
DERIVED FROM/'Rec. X.723 | ISO/IEC 10165-5":nonWrappingCounter;
BEHAVIOUR sequenceNumberSkips-B BEHAVIOUR
DEFINED, AS Number of times the sequenceNumberSkipped event has been generated;;
REGISTERED AS {ISIS.aoi sequenceNumberSkips (23)};

systemld ATTRIBUTE

WITH ATTRIBUTE SYNTAX ISIS.Systemld;

MATCHES FOR EQUALITY;

BEHAVIOUR systemld-B BEHAVIOUR

DEFINED AS

The ID for the local system, to be appended to each of the system’s area address(es) to form the Network Entity Titles
valid for this IS. The derivation of a value for Systemld is a local matter.;;

REGISTERED AS {ISIS.aoi systemld (119)};

version ATTRIBUTE
WITH ATTRIBUTE SYNTAX ISIS.Version;
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MATCHES FOR EQUALITY, ORDERING;
BEHAVIOUR version-B BEHAVIOUR

DEFINED AS The edition of this International Standard to which the implementation conforms;;
REGISTERED AS {ISIS.aoi version (1)};

waitingTime ATTRIBUTE
DERIVED FROM "Rec. X.723 | ISO/IEC 10165-5":timer;
MATCHES FOR EQUALITY, ORDERING;
BEHAVIOUR waitingTime-B BEHAVIOUR
DEFINED AS Amount of time to delay in waiting state before entering On state;,
resettingtrmer=53
REGISTERED AS {ISIS.aoi waitingTime (15)};

originatingl_SPBufferSizeMismatches ATTRIBUTE
DERIVED FROM “Rec. X. 723 | ISO/IEC 10165-5":nonWrappingCounter;
BEHAVIDUR originatingLSPBufferSizeMismatches-B BEHAVIOUR
DEFINHD AS Count of originatingLSPBufferSizeMismatch events;;
REGISTHRED AS {ISIS.aoi originatingLSPBufferSizeMismatches(124)};

ISPTooLargeToPropagate ATTRIBUTE
DERIVED FROM “Rec. X.723 | ISO/IEC 10165-5":nonWrappingCounter;
BEHAVIDUR 1SPTooLargeTooPropagate-B BEHAVIOUR
DEFINED AS Count of ISPTooLargeToPropagate events;;
REGISTHRED AS {ISIS.aoi ISPTooLargeToPropagate(125)};

--11.2.5 Conditional packages for linkage MO defined in ISQ 10733
--11.2.5.1|Basic ISIS linkage package

linkageISI$Basic-P PACKAGE
BEHAV‘%OUR linkagelSISBasicIlmportedAlarmNotifications‘B BEHAVIOUR

DEFINED AS
Imports the communicationsAlarm notification™from ISO/IEC 10165-2. It is used to report the following [protocol
events.

versionSkew:
gdnerated when an attempt to initialise with an adjacent system fails as a result of the versions of the protocdl are not
cqmpatible. The protocol version/field from the received PDU shall be reported in the additionallnformatjon field
uding the notificationVersion‘parameter. The significance sub-parameter of each item of additionallnformatjon shall
bd set to the value "false” (i.. not significant) so that a managing system receiving the event report will be lgss likely
to[reject it. The value ISIS!versionSkew shall be reported in the specificProblems parameter. The probableCapise shall
bq set to NLM.verstenMismatch. The perceivedSeverity shall be set to Major’. A subsequent communicatiopnsAlarm
with a perceivedSeverity value of "Cleared" shall not be generated. No other fields or parameters shall be uged, with
the exception of-further parameters in the additionallnformation field. The occurrence of this event is countdd by the
injtialisationKailures counter.

areaMigmatch:
gdnefated when an attempt to initialise with an adjacent system fails as a result of two level 1 ISs not sharing fany area
addresses in common. The AREA ADDRESSES field and the ID field of the received PDU are reported in the
additionallnformation field using the notificationAreaAddresses and notificationSystemld parameters respectively.
The significance sub-parameter of each item of additionallnformation shall be set to the value "false" (i.e. not
significant) so that a managing system receiving the event report will be less likely to reject it. The value
ISIS.areaMismatch shall be reported in the specificProblems parameter. The probableCause shall be set to
NLM.configurationOrCustomisationError. The perceivedSeverity shall be set to ’Major’. A subsequent
communicationsAlarm with a perceivedSeverity value of "Cleared" shall not be generated. No other fields or
parameters shall be used, with the exception of further parameters in the additionallnformation field. The occurrence
of this event is counted by the initialisationFailures counter.
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rejectedAdjacency:

generated when an attempt to create a new adjacency is rejected, because of a lack of resources. The ID field of the
received PDU is reported in the additionaldata field using the notificationSystemld parameter. The value
ISIS.rejectedAdjacency shall be reported in the specificProblems parameter. The probableCause hall be set to
NLM.resourceAtOrNearingCapacity. The perceivedSeverity shall be set to ’Major’. A subsequent
ommunicationsAlarm with a perceivedSeverity value of "Cleared" shall not be generated. No other fields or
parameters shall be used, with the exception of further parameters in the additionallnformation field. The occurrence
of this event is counted by the rejectedAdjacencies counter.

iDFieldLengthMismatch:

maxi

29

ATTRIBUTES

type
iSISk

11De

11De

gcumawd wirema PP TsTecerved—witlhra—different—vatuefor 1Dttt lcugth to—tiat—oftie 1cuciviug Tntermediate
system. The received ID LENGTH and SOURCE ID are reported in the additionallnformation Aield using the
notificationIDLength and notificationSourceld parameters respectively. The significance sub-parameéter of each item
of additionallnformation shall be set to the value "false" (i.e. not significant) so that a managing system rdceiving the
event report will be less likely to reject it. The value ISIS.iDFieldLengthMismatch shall“be repofted in the
specificProblems parameter. The probableCause shall be set to NLM.configurationOctCuistomisationError. The
perceivedSeverity shall be set to Major’. A subsequent communicationsAlarm with d\perceivedSeverify value of
"Cleared" shall not be generated. No other fields or parameters shall be used, with the exception of further|parameters
in the additionallnformation field. The occurence of this event is counted by the iDFieldLengthMismatcheq counter.

mumAreaAddressesMismatch:
generated when a PDU is received with a different value for maximumAreaAddresses from that of thg receiving
Intermediate system. The received MAXIMUM AREA ADDRESSES and SOURCE ID are repofted in the
additionallnformation field using the notification maximumAreaAddresses and notificationSourceld pa-rameters
respectively. The significance sub-parameter of each item of additionallnformation shall be set to the vglue "false"
(i.e. not significant) so that a managing system receiving the ¢vent report will be less likely to reject it] The value
ISIS.maximumAreaAddressesMismatch shall be reported in‘the’specificProblems parameter. The probablefCause shall
be set to NLM.configurationOrCustomisationError. The (perceivedSeverity shall be set to "Major’. A [subsequent
communicationsAlarm with a perceivedSeverity valuerof "Cleared" shall not be generated. No othqr fields or
parameters shall be used, with the exception of furthet parameters in the additionallnformation field. The ofcurence of
this event is counted by the maximumAreaAddressésMismatches counter.

INITIAL VALUE DERIVATION RULE'supplyValueOnCreate-B GET,
{elloTimer

REPLACE-WITH-DEFAULT

DEFAULT VALUE ISIS.iSISHelloTimer-Default
GET-REPLACE,

FaultMetric

REPLACE-WITH-DEFAULT

DEFAULT VALUE/SIS.defaultMetric-Default
PERMITTED/ VALUES ISIS.DefaultMetric-Permitted
GET-REPLAEE,

ayMetrio

REPEACE-WITH-DEFAULT

DEFAULT VALUE ISIS.optionalMetric-Default

GET-REPLACE,

11ExpenseMetric

11Err

REPLACE-WITH-DEFAULT

DEFAULT VALUE ISIS.optionalMetric-Default
GET-REPLACE,

orMetric

REPLACE-WITH-DEFAULT

DEFAULT VALUE ISIS.optionalMetric-Default
GET-REPLACE,

externalDomain

REPLACE-WITH-DEFAULT
DEFAULT VALUE ISIS.externalDomain-Default
GET-REPLACE,
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changesIinAdjacencyState GET,
initialisationFailures GET,
rejectedAdjacencies GET,
iSISControlPDUsSent GET,
1SISControlPDUsReceived GET,
iDFieldLengthMismatches GET,
maximumAreaAddressesMismatches GET;
ATTRIBUTE GROUPS
"Rec. X.723 | ISO/IEC 10165-5":counters
changesInAdjacencyState
inftrattsatromtartures
rejectedAdjacencies
iS[SControlPDUsSent
iS[SControlPDUsReceived
iQFieldLengthMismatches;
NOTIFIFATIONS
"Rec. X[721 | ISO/IEC 10165-2 : 1992":communicationsAlarm
nqdtificationAreaAddresses
ndtification]DLength
ndtificationMaximumAreaAddresses
nqtificationSourceld
ndtificationSystemId
nqtificationVersion;
REGISTERED AS {ISIS.poi linkageISISBasic-P (6)};

--11.2.5.2|ISIS broadcast linkage package

linkageISI$Broadcast-P PACKAGE
BEHAVIOUR linkagelSISBroadcastimportedInfoNotifications-BABEHAVIOUR

DEFINED AS
Imports the communicationsInformation notification®from ISO/IEC 10165-5. It is used to report the fpllowing

prptocol events.

lanL1Dg¢signatedIntermediateSystemChange:

gdnerated when the local system either @lects itself or resigns as being the LAN L1 Designated Intermediatg System
this circuit. The direction of the change is reported in the communicationData field using the
nqtificationDesignated-IntermediateSystemChange  parameter. The value ISIS.lanL1DesignatedInteymediate
SystemChange shall be reported, in the informationType parameter. No other fields or parameters shall be uged, with
the exception of further parameters in the informationData field. The relative order of these events must be pfeserved.
The occurrence of this eyent is counted by the lanL1DesignatedIntermediateSystemChanges counter.

ATTRIBUTES
11InternpediateSystemPriority
PLACE-WIFH-DEFAULT
DEFAULTNALUE ISIS.11IntermediateSystemPriority-Default
GET-REPLACE,
11CircuftID’GET,
11DesighatedIntermediateSystem GET,
lanL1DesignatedIntermediateSystemChanges GET;
ATTRIBUTE GROUPS
"Rec. X.723 | ISO/IEC 10165-5":counters
lanL1DesignatedIntermediateSystemChanges;
NOTIFICATIONS
"Rec. X.723 | ISO/IEC 10165-5":communicationsInformation
notificationDesignatedIntermediateSystemChange;
REGISTERED AS {ISIS.poi linkageISISBroadcast-P (7)};
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--11.2.5.3 ISIS point-to-point linkage package

linkageISISPtToPt-P PACKAGE
ATTRIBUTES
ptPtCircuitID GET;
REGISTERED AS {ISIS.poi linkageISISPtToPt-P (8)};

--11.2.5.4 ISIS call establishment metric increment linkage package

linkageISISDACallEstablishmentMetricIncrement-P PACKAGE

BEHAMHOURAnkagelSISDACaHEstablishmentMetrielnerement-P-B-BEHAVHOUR
DEFINED AS
Present when values of call establishment metric increment greater than zero are supported and the(arent cLNS MO
has iSType Level2;;
ATTRIBUTES

callEstablishmentDefaultMetricIncrement

REPLACE-WITH-DEFAULT

DEFAULT VALUE ISIS.callEstablishmentMetricIncrement-Default
GET-REPLACE,

callBstablishmentDelayMetricIncrement

REPLACE-WITH-DEFAULT

DEFAULT VALUE ISIS.callEstablishmentMetricIncrement-Default
GET-REPLACE,

callBstablishmentExpenseMetricIncrement

REPLACE-WITH-DEFAULT

DEFAULT VALUE ISIS.callEstablishmentMetricIncrement-Défault
GET-REPLACE,

callBstablishmentErrorMetricIncrement

REPLACE-WITH-DEFAULT

DEFAULT VALUE ISIS.callEstablishmentMetricInérement-Default
GET-REPLACE;

REGI$TERED AS {ISIS.poi linkageISISDACallEstablishmentMetricIncrement-P (9)};

--11.2.5.5 ISIS static linkage package

linkageISISStatic-P PACKAGE
ATTRIBUTES
outggingCalllVMO
REPLACE-WITH-DEFAULT
GET-REPLACE,

ptPt(ircuitID GET,

neighbourSNPA Address
REPLACE-WITH-DEFAULT

GET-RERLACE;

REGISTERED.AS {ISIS.poi linkageISISStatic-P (11)};

--11.2.5.67SIS level 2 linkage package

linkagelSISLevel2-P PACKAGE
ATTRIBUTES

12DefaultMetric
REPLACE-WITH-DEFAULT
DEFAULT VALUE ISIS.defaultMetric-Default
PERMITTED VALUES ISIS.DefaultMetric-Permitted
GET-REPLACE,

12DelayMetric
REPLACE-WITH-DEFAULT
DEFAULT VALUE ISIS.optionalMetric-Default
GET-REPLACE,
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12ExpenseMetric

REPLACE-WITH-DEFAULT
DEFAULT VALUE ISIS.optionalMetric-Default
GET-REPLACE,

12ErrorMetric

REPLACE-WITH-DEFAULT
DEFAULT VALUE ISIS.optionalMetric-Default

GET-REPLACE,

manualL20nlyMode

REGISTERED AS {ISIS.poi linkageISISLevel2-P (13)};

--11.2.5.7|ISIS level 2 broadcast linkage package

iSISLevel2Broadcast-P PACKAGE
BEHAVIOUR linkagelSISlevel2BroadcastimportedInfoNotifications-B BEHAVIOUR
DEFINED AS

lanL.2D¢signatedIntermediateSystemChange:

ATTRIBUTES
12InternpediateSystemPriority

12CircuitID GET,

12DesighatedIntermediateSystem GET,

lanL2Dg¢signatedIntermediateSystemChanges GET;
ATTRIBUTE GROUPS

"Rec. X723 | ISO/IEC 10165:5Y.counters

lanL.2D¢signatedIntermediateSystemChanges;
NOTIFIFATIONS

"Rec. X]723 | ISO/IEG~10165-5":communicationsInformation

notificafionDesignatedIntermediateSystemChange;
REGISTEREDAS {ISIS.poi ISISLevel2Broadcast-P (14)};

--11.2.5.8|ISIS linkage authentication package

REPLACE-WITH-DEFAULT
Drerrwrmwarrvwrnrn b e WS T N G T = G o S |
FAULT VALUL 1510 IIdUdIL ZUIIL y IVIOUC=DCIdUult

GET-REPLACE;

Imports the communicationsInformation notification from ISO/IEC 10165-5. Itnis used to report the fpllowing
prptocol events.

gdnerated when the local system either elects itself or resigns as being-the LAN L2 Designated Intermediatg System
orf this circuit. The direction of the change is reported {in“Vthe communicationData field uding the
ndtificationDesignatedIntermediate-SystemChange parameter. The value
ISIS.lanL2DesignatedIntermediateSystemChange shall be reporfed in the informationType parameter. No otHer fields
o] parameters shall be used, with the exception of further pafameters in the informationData field. The relatjve order
of| these events must be preserved. The occurrence of this event is counted by the lanL2DesignatedIntermediate-
SystemChanges counter.

REPLACE-WITH-DEFAULT
DEFAULT VALUE ISIS.12IntermediatéSystemPriority-Default
GET-REPLACE,

linkageISIS Authentication-P PACKAGE
BEHAVIOUR linkageISISAuthentication-P-Imported AlarmNotifications-B BEHAVIOUR
DEFINED AS

events.

Imports the communicationsAlarm notification from ISO/IEC 10165-2. It is used to report the following protocol

authenticationFailure:

112

generated when a PDU is received with an incorrect Authentication information field. The Systemld of the source
system is reported in the additionallnformation field using the notificationSystemld parameter. The significance sub-
parameter of each item of additionallnformation shall be set to the value "false" (i.e. not significant) so that a
managing system receiving the event report will be less likely to reject it. The value ISIS.authenticationFailure shall
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be reported in  the specificProblems  parameter. The  probableCause shall be set to
NLM.configurationOrCustomisationError. The perceivedSeverity shall be set to ’Major’. A subsequent
communicationsAlarm with a perceivedSeverity value of "Cleared" shall not be generated. No other fields or
parameters shall be used, with the exception of further parameters in the additionallnformation field. The occurrence
of this event is counted by the authenticationFailures counter.

ATTRIBUTES
circuitTransmitPassword

REPLACE-WITH-DEFAULT
DEFAULT VALUE ISIS.password-Default

circu

authg
ATTR
"Rec
authd
NOTI
"Rec
notiff
REGI

--11.2.5

callEsta

WITH

MAT

BEHA

DEF
REGI

callEsta

WITH ATTRIBUTE SYNTAX ISIS.HopMg¢trie;
MATCHES FOR EQUALITY, ORDERING;
BEHAVIOUR callEstablishmentDelayMetricIncrement-B BEHAVIOUR

DEF
REGI

callEsta
WITH ATTRIBUTE SYNTAX ISIS.HopMetric;

MAT

BEHAVIOUR callEstablishmentErrorMetricIncrement-B BEHAVIOUR
DEF

REGI

GET-REPEACTE;

tReceivePasswords

REPLACE-WITH-DEFAULT

DEFAULT VALUE ISIS.passwords-Default
GET-REPLACE ADD-REMOVE,

nticationFailures GET;

IBUTE GROUPS

X.723 | ISO/IEC 10165-5":counters

nticationFailures;

FICATIONS

X.721 | ISO/IEC 10165-2 : 1992":communicationsAlarm
cationSystemld;

BTERED AS {ISIS.poi linkageISISAuthentication-P (15)};

.9 Attributes for the linkage MO from ISO 10733 added by ISIS conditional packages

blishmentDefaultMetricIncrement ATTRIBUTE

ATTRIBUTE SYNTAX ISIS.HopMetric;

HES FOR EQUALITY, ORDERING;

VIOUR callEstablishmentDefaultMetricIncrement-B. BEHAVIOUR

NED AS Additional value to be reported for the defatlt metric value of unestablished DA adjacencies;;
BTERED AS {ISIS.aoi callEstablishmentDefaultMetricIncrement (52)};

blishmentDelayMetricIncrement ATTRIBUTE

NED AS Additional value to. bereported for the delay metric value of unestablished DA adjacencies;;
BTERED AS {ISIS.aoi callBEstablishmentDelayMetricIncrement (53)};

blishmentErrorMetriclnerement ATTRIBUTE
HES FOR EQUALITY, ORDERING;

NED AS.Additional value to be reported for the Error metric value of unestablished DA adjacencies;;
BTERED\AS {ISIS.aoi callEstablishmentErrorMetricIncrement (55)};

callEstaplishmentExpenseMetricIncrement ATTRIBUTE

WITH ATTRIBUTE SYNTAX ISIS.HopMetric;
MATCHES FOR EQUALITY, ORDERING;
BEHAVIOUR callEstablishmentExpenseMetricIncrement-B BEHAVIOUR
DEFINED AS Additional value to be reported for the Expense metric value of unestablished DA adjacencies;;
REGISTERED AS {ISIS.aoi callEstablishmentExpenseMetricIncrement (54)};

changesInAdjacencyState ATTRIBUTE
DERIVED FROM "Rec. X.723 | ISO/IEC 10165-5":nonWrappingCounter;
BEHAVIOUR changesInAdjacencyState-B BEHAVIOUR
DEFINED AS Number of Adjacency State Change events generated;;
REGISTERED AS {ISIS.aoi changesInAdjacencyState (40)};
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circuitReceivePasswords ATTRIBUTE
WITH ATTRIBUTE SYNTAX ISIS.Passwords;
MATCHES FOR EQUALITY, SET-COMPARISON, SET-INTERSECTION;
BEHAVIOUR circuitReceivePasswords-B BEHAVIOUR
DEFINED AS The values to be used as receive passwords to check the receipt of [IH PDUs;;
REGISTERED AS {ISIS.aoi circuitReceivePasswords (116)};

circuitTransmitPassword ATTRIBUTE
WITH ATTRIBUTE SYNTAX ISIS.Password;
MATCHES FOR EQUALITY;
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DERIVED FROM "Rec. X.723 | ISO/IEC 10165-5":nonWrappingCounter;
BEHAVIOUR initialisationFailures-B BEHAVIOUR

DEFINED AS Number of Initialisation Failure events generated;;
REGISTERED AS {ISIS.aoi initialisationFailures (41)};

iSISContrdIPDUsReceived ATTRIBUTE
DERIVED FROM "Rec. X.723 | ISO/IEC 10165-5":nonWrappingCounter;
BEHAVIOUR iSISControlPDUsReceived-B BEHAVIOUR
DEFINED AS Number of control PDUs received on this circtit;;
REGISTERED AS {ISIS.aoi iSISControlPDUsReceived-(44)} ;

iSISContrgIPDUsSent ATTRIBUTE
DERIVED FROM "Rec. X.723 | ISO/IEC 10165-5":nonWrappingCounter;
BEHAVIOUR iSISControlPDUsSent-B BEHAVIOUR
DEFINED AS Number of control PDUstsent on this circuit;;
REGISTERED AS {ISIS.aoi iSISControlPDUsSent (43)};

iSISHelloTlimer ATTRIBUTE
DERIVED FROM "Rec. X.723 HSO/IEC 10165-5":timer;
MATCHES FOR EQUALIY, ORDERING;
BEHAVI]OUR iSISHelloTirher-B BEHAVIOUR
DEFINED AS The ‘period between IIH PDUs. It is also used as the period between ISH PDUs when polling
configuratipn;,
resettingHoldingT 1mer-B;
REGISTERED AS {ISIS.aoi iSISHelloTimer (45)};

hit.;;

the ES

11CircuitlD ATTRIBUTE
WITH ATTRIBUTE SYNTAX ISIS.CircuitID;
MATCHES FOR EQUALITY;
BEHAVIOUR 11CircuitID-B BEHAVIOUR
DEFINED AS

The LAN ID allocated by the LAN Level 1 Designated Intermediate System. Where this system is not aware of the
value (because it is not participating in the Level 1 Designated Intermediate System election), this attribute has the
value which would be proposed for this circuit. (i.e. the concatenation of the local system ID and the one octet local

Circuit ID for this circuit.;;
REGISTERED AS {ISIS.aoi l1CircuitID (48)};
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11ErrorMetric ATTRIBUTE

WITH ATTRIBUTE SYNTAX ISIS.HopMetric;

MATCHES FOR EQUALITY, ORDERING;

BEHAVIOUR 11ErrorMetric-B BEHAVIOUR

DEFINED AS

The error metric value of this circuit for Level 1 traffic. The value of zero is reserved to indicate that this metric is not
supported;;

REGISTERED AS {ISIS.aoi 11ErrorMetric (38)};

11ExpenseMetric ATTRIBUTE
WITHAFRIBUFE-SYINFAXASE S HepMetrie:

MATCHES FOR EQUALITY, ORDERING;

BEHAVIOUR I1ExpenseMetric-B BEHAVIOUR
DEFINED AS

The expense metric value of this circuit for Level 1 traffic. The value of zero is reserved to indicate that tHis metric is

not supported;;

REGI$TERED AS {ISIS.aoi 11ExpenseMetric (37)};

11DefaujtMetric ATTRIBUTE
WITH ATTRIBUTE SYNTAX ISIS.HopMetric;
MAT(CHES FOR EQUALITY, ORDERING;
BEHAVIOUR l1defaultMetric-B BEHAVIOUR
DEFINED AS The default metric value of this circuit for Level 1 traffic. ;;
REGISTERED AS {ISIS.aoi 11DefaultMetric (35)};

11DelayMetric ATTRIBUTE
WITH ATTRIBUTE SYNTAX ISIS.HopMetric;
MATCHES FOR EQUALITY, ORDERING;
BEHAVIOUR 11DelayMetric-B BEHAVIOUR

DEFINED AS

The delay metric value of this circuit for Level 1 traffic. The value of zero is reserved to indicate that this metric is not

supported;;

REGI$TERED AS {ISIS.aoi 11DelayMetric (36)};

11DesignatedIntermediateSystem ATTRIBUTE

WITH ATTRIBUTE SYNTAX ISIS.Systemld;

MATCHES FOR EQUALITY,;

BEHAVIOUR 11DesignatedIntermediateSystem-B BEHAVIOUR

DEFINED AS

The ID of the LAN Lgvel:1 Designated Intermediate System on this circuit. If, for any reason this syptem is not
partaking in the relevant Designated Intermediate System election process, then the value returned is the zero length
OCTET STRINGS
REGI$TERED AS {ISIS/aoi 11DesignatedIntermediateSystem (49)};

11InternjediateSystemPriority ATTRIBUTE
WITH ATTRIBUTE SYNTAX ISIS.IntermediateSystemPriority;
MATCHES FOR EQUALITY, ORDERING;
BEHAVIOUR I1IntermediateSystemPriority-B BEHAVIOUR
1o44 Q hacaraino AD alia Dacianata

DEFINED-ASPrio or-becomine-ANLevell-DesisnatedIaterm
REGISTERED AS {ISIS.aoi 1IntermediateSystemPriority (47)};

12CircuitlD ATTRIBUTE

WITH ATTRIBUTE SYNTAX ISIS.CircuitID;

MATCHES FOR EQUALITY;

BEHAVIOUR 12CircuitID-B BEHAVIOUR

DEFINED AS

The LAN ID allocated by the LAN Level 2 Designated Intermediate System. Where this system is not aware of the
value (because it is not participating in the Level 2 Designated Intermediate System election), this attribute has the
value which would be proposed for this circuit. (i.e. the concatenation of the local system ID and the one octet local
Circuit ID for this circuit.;;

REGISTERED AS {ISIS.aoi 12CircuitID (74)};
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12DefaultMetric ATTRIBUTE
WITH ATTRIBUTE SYNTAX ISIS.HopMetric;
MATCHES FOR EQUALITY, ORDERING;
BEHAVIOUR 12defaultMetric-B BEHAVIOUR
DEFINED AS The default metric value of this circuit for Level 2 traffic. ;;
REGISTERED AS {ISIS.aoi 12DefaultMetric (68)};

12DelayMetric ATTRIBUTE
WITH ATTRIBUTE SYNTAX ISIS.HopMetric;
MATCHES FOR EQUALITY, ORDERING;
BEHAVIOBR12Drtayvetric-BBEHAVIOER
DEFINED AS
The delay metric value of this circuit for Level 2 traffic. The value of zero is reserved to indicate that tHisymetfic is not
ported;;
REGISTERED AS {ISIS.aoi 12DelayMetric (69)};

12DesignatpdIntermediateSystem ATTRIBUTE

WITH A[FTRIBUTE SYNTAX ISIS.Systemld;

MATCHES FOR EQUALITY;

BEHAVIOUR 12DesignatedIntermediateSystem-B BEHAVIOUR

DEFINED AS

The ID of the LAN Level 2 Designated Intermediate System on this circuit. f, for any reason this system is not
pdrtaking in the relevant Designated Intermediate System election process, ‘then the value returned is the zeto length
O TET STRING:;

REGISTERED AS {ISIS.aoi 12DesignatedIntermediateSystem (75)};

12ErrorMefric ATTRIBUTE
WITH AFTRIBUTE SYNTAX ISIS.HopMetric;
MATCHES FOR EQUALITY, ORDERING;
BEHAVIOUR 12ErrorMetric-B BEHAVIOUR
DEFINED AS
The error metric value of this circuit for Level 2 traffic. The value of zero is reserved to indicate that this metric is not
ported;;
REGISTERED AS {ISIS.aoi I2ErrorMetric (71)};

12ExpenseMetric ATTRIBUTE
WITH A[FTRIBUTE SYNTAX ISIS.HopMetric;
MATCHES FOR EQUALITY, ORDERING;
BEHAVIOUR 12ExpenseMetric-B BEHAVIOUR
DEFINED AS
The expense metric value-of this circuit for Level 2 traffic. The value of zero is reserved to indicate that this metric is
ndt supported;;
REGISTERED AS {ISISiaoi 12ExpenseMetric (70)};

12IntermedjateSystemPriority ATTRIBUTE
WITH ATRIBUTE SYNTAX ISIS.IntermediateSystemPriority;
MATCHES.FOR EQUALITY, ORDERING;
BEHAVIOUR 12IntermediateSystemPriority-B BEHAVIOUR
DEFINED AS Priority for becoming LAN Level 2 Designated Intermediate System;;
REGISTERED AS {ISIS.aoi I2IntermediateSystemPriority (73)};

lanL 1 DesignatedIntermediateSystemChanges ATTRIBUTE
DERIVED FROM "Rec. X.723 | ISO/IEC 10165-5":nonWrappingCounter;
BEHAVIOUR lanL1DesignatedIntermediateSystemChanges-B BEHAVIOUR
DEFINED AS Number of LAN L1 Designated Intermediate System Change events generated;;
REGISTERED AS {ISIS.aoi lanL1DesignatedIntermediateSystemChanges (50)};

lanL2DesignatedIntermediateSystemChanges ATTRIBUTE

DERIVED FROM "Rec. X.723 | ISO/IEC 10165-5":nonWrappingCounter;
BEHAVIOUR lanL2DesignatedIntermediateSystemChanges-B BEHAVIOUR
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DEFINED AS Number of LAN L2 Designated Intermediate System Change events generated;;
REGISTERED AS {ISIS.aoi lanL2DesignatedIntermediateSystemChanges (76)};

manualL20nlyMode ATTRIBUTE
WITH ATTRIBUTE SYNTAX ISIS.Boolean;
MATCHES FOR EQUALITY;
BEHAVIOUR manualL20nlyMode-B BEHAVIOUR
DEFINED AS
When True, indicates that this Circuit is to be used only for Level 2;, replaceOnlyWhileDisabled-B; PARAMETERS
constraintViolation;
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outgoingCalllVMO ATTRIBUTE
WITH ATTRIBUTE SYNTAX ISIS.LocalDistinguishedName;
MAT(HES FOR EQUALITY;
BEHAVIOUR outgoingCalllVMO-B BEHAVIOUR

DEFINED AS
reference to the virtualCalllVMO to be used to establish communication with a neéighbour over this cfircuit. This

IVMO contains, among other things,the SNPA Address to use as the called address;
REGI$TERED AS {ISIS.aoi outgoingCalllVMO (120)};

ptPtCirquitID ATTRIBUTE
WITH ATTRIBUTE SYNTAX ISIS.CircuitID;
MATCHES FOR EQUALITY;
BEHAVIOUR ptPtCircuitID-B BEHAVIOUR
DEFINED AS
The ID of the circuit allocated during initialisation. If no valug-has been negotiated (either because the adjgcency is to
an End system, or because initialisation has not yet successfully completed), this attribute has the value which would
be proposed for this circuit. (i.e. the concatenation of the local system ID and the one octet local Circuit|{ID for this
circuit.;;
REGI$TERED AS {ISIS.aoi ptPtCircuitID (51)};

rejectedAdjacencies ATTRIBUTE
DERIVED FROM "Rec. X.723 | ISO/IEC 10165-5":nonWrappingCounter;
BEHAVIOUR rejectedAdjacencies-B BEHAV,IOUR
DEFINED AS Number of Rejected Adjacency events generated;;
REGISTERED AS {ISIS.aoi rejected Adjacencies (42)};

type ATITRIBUTE
WITH ATTRIBUTE SYNTAXSIS.CircuitType;
MATCHES FOR EQUALITY;
BEHAVIOUR type-B BEHAVIOUR
DEFINED AS Thedtypée of the circuit. This attribute may only be set when the linkage MO is created. Subsequently it is
read-onlly;;
REGISTEREDAS {ISIS.a0i type (33)};

--11.2.6]Adjacency managed object

-- Created either through the adjacency-linkage Name binding for

-- adjacencies instantiated by protocol operation, or the

-- adjacency-linkage-management name binding for adjacencies created
-- via explicit system management operation —

adjacency MANAGED OBJECT CLASS
DERIVED FROM "Rec. X.721 | ISO/IEC 10165-2 : 1992":top;
CHARACTERIZED BY adjacency-P PACKAGE
BEHAVIOUR adjacencyStateChange-B BEHAVIOUR
DEFINED AS
This Managed Object imports the 10165-2 stateChange notification. It is used to report changes to the adjacencyState
attribute. The value "Down" shall be reported when the adjacency is deleted. A single parameter set shall be included
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in the State Change definition field. Only the (mandatory) attributeld and newAttributeValue parameters shall be
used.

ATTRIBUTES
adjacencyld GET,
adjacencyState GET, -- Note: this is NOT operational state
neighbourSNPA Address
INITIAL VALUE DERIVATION RULE supplyValueOnCreate-B
GET,
neighbourSystemType GET,
neighb T S_ybtcuﬁdb
INITIAL VALUE DERIVATION RULE supplyValueOnCreate-B
GET;
NOTIFIFATIONS
"Rec. X721 | ISO/IEC 10165-2 : 1992":stateChange; ;;

CONDITIONAL PACKAGES
iSAdjadency-P PRESENT IF
"the adjacency is to an IS (i.e the neighbourSystemType is Intermediate System,, 4, Intermediate Systemn or L2
Intermediate System)", broadcastISAdjacency-P PRESENT IF the parent Linkage-MO is of type broadcast gind is to
ar] IS as above;
REGISTERED AS {ISIS.moi adjacency (1)};

--11.2.6.1{IS adjacency package of the adjacency managed object

iSAdjacen¢y-P PACKAGE
ATTRIBUTES
adjacen¢yUsage GET,
areaAddressesOfNeighbour GET,
holding[limer GET;
REGISTERED AS {ISIS.poi iSAdjacency-P (19)};

--11.2.6.2(Broadcast IS adjacency package of the adjacency managed object

broadcastl$ Adjacency-P PACKAGE
ATTRIBUTES
priorityDfNeighbour GET;
REGISTERED AS {ISIS.poi broadgastISAdjacency-P (20)};

--11.2.6.3|Name bindings-for the adjacency managed object

adjacency-linkage NAME BINDING
SUBORIDINATEOBJECT CLASS adjacency AND SUBCLASSES;
NAMED|BY<ASUPERIOR OBJECT CLASS "ISO/IEC 10733":linkage AND SUBCLASSES;
WITH A[FTRIBUTE adjacencyld;
BEHAVIOUK adjacency-linkage-B BEHAVIOUR
DEFINED AS
This Name Binding is used for adjacencies created automatically by operation of the ISO/IEC 10589 protocol
machine.;,
adjacencyld-B;
REGISTERED AS {ISIS.nboi adjacency-linkage (7)};

adjacency-linkage-management NAME BINDING
SUBORDINATE OBJECT CLASS adjacency AND SUBCLASSES;
NAMED BY SUPERIOR OBJECT CLASS "ISO/IEC 10733":linkage AND SUBCLASSES;
WITH ATTRIBUTE adjacencyld;
BEHAVIOUR adjacency-linkage-management-B BEHAVIOUR
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DEFINED AS This Name Binding is used for adjacencies created by system management.;,
adjacencyld-B;

CREATE WITH-REFERENCE-OBJECT reservedName;

DELETE ONLY-IF-NO-CONTAINED-OBJECTS;

REGISTERED AS {ISIS.nboi adjacency-linkage-management (8)};

--11.2.6.4 Attributes of the adjacency managed object

adjacencyld ATTRIBUTE
WITH ATTRIBUTE SYNTAX ISIS.GraphicString;

MAT TIIEC EAOD TAOTTATITN CITDOTDINCCQ
IO T ONW DQUZTYETT I, SUDOTINITIVNCOT,

BEHAVIOUR adjacencyld-B BEHAVIOUR
DEFINED AS

A string which is the Identifier for the Adjacency and which is unique amongst the set of Adjacencies maip-tained for

this linkage. If this is an adjacency created by system management, it is set by the System’Managef when the

Adjacency is created, otherwise it is generated by the implementation such that it is unique.” The set of identifiers

containing the leading string "Auto" are reserved for Automatic Adjacencies. An attempt'by system management to

create an adjacency with such an identifier will cause a reserved name violation;;
REGI$TERED AS {ISIS.aoi adjacencyld (77)};

adjacen¢yState ATTRIBUTE
WITH ATTRIBUTE SYNTAX ISIS.AdjacencyState;
MATCHES FOR EQUALITY;
BEHAVIOUR adjacencyState-B BEHAVIOUR
DEFINED AS The state of the adjacency;;
REGI$TERED AS {ISIS.aoi adjacencyState (78)};

adjacen¢yUsage ATTRIBUTE
WITH ATTRIBUTE SYNTAX ISIS.AdjacencyUsage;
MATCHES FOR EQUALITY;
BEHAVIOUR adjacencyUsage-B BEHAVIOUR
DEFINED AS
The usage of the Adjacency. An Adjacency 6ftype Level 1 will be used for Level 1 traffic only. An adjacency of type
Level 2 will be used for Level 2 traffic enly. An adjacency of type Level 1 and 2 will be used for both LLevel 1 and

Level 2 traffic. There may be two adjacencies (of types Level 1 and Level 2 between the same pair of Intermediate
Systems.;;

REGI$TERED AS {ISIS.aoi adjacencyUsage (82)};

areaAddressesOfNeighbour ATTRIBUTE
WITH ATTRIBUTE SYNTAXTSIS. AreaAddresses;
MATCHES FOR EQUALITY; SET-COMPARISON, SET-INTERSECTION;
BEHAVIOUR areaAddressesOfNeighbour-B BEHAVIOUR
DEFINED AS This contains the Area Addresses of a neighbour Intermediate System from the IIH PDU.;;
REGI$TERED AS{ISIS.ao0i arecaAddressesOfNeighbour (84)};

holdingTimer ATTRIBUTE
DERIVED FROM "Rec. X.723 | ISO/IEC 10165-5":timer;
MATCHES'FOR EQUALITY, ORDERING;
BEHAMOUReldineFimer B-BEHAVIOUR

DEFINED AS Holding time for this adjacency updated from the IIH PDUs;;
REGISTERED AS {ISIS.aoi holdingTimer (85)};

priorityOfNeighbour ATTRIBUTE

WITH ATTRIBUTE SYNTAX ISIS.IntermediateSystemPriority;

MATCHES FOR EQUALITY, ORDERING;

BEHAVIOUR priorityOfNeighbour-B BEHAVIOUR

DEFINED AS

Priority of neighbour on this adjacency for becoming LAN Level 1 Designated Intermediate System if adjacencyType
is L1 Intermediate System or LAN Level 2 Designated Intermediate System if adjacencyType is L2 Intermediate
System;;

REGISTERED AS {ISIS.aoi priorityOfNeighbour (86)};
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neighbourSNPAAddress ATTRIBUTE

WITH ATTRIBUTE SYNTAX ISIS.SNPAAddress;

MATCHES FOR EQUALITY;

BEHAVIOUR neighbourSNPAAddress-B BEHAVIOUR
DEFINED AS The SNPA address of the neighbour system;,
replaceOnlyWhileDisabled-B;

PARAMETERS constraintViolation;

REGISTERED AS {ISIS.aoi neighbourSNPAAddress (79)};

neighbourSystemlds ATTRIBUTE

MATCHES FOR EQUALITY, SET-COMPARISON, SET-INTERSECTION;
BEHAVIOUR neighbourSystemlds-B BEHAVIOUR

DEFINED AS
Fqr Intermediate system neighbours: Contains the single Systemld of the neighbouring Intermediate system
frpm the Source ID field of the neighbour’s IIH PDU. For End system neighbours: Contains the/set of system
a peighbour End system.;;
REGISTERED AS {ISIS.aoi neighbourSystemlds (83)};
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neighbour{ystemType ATTRIBUTE

WITH A[FTRIBUTE SYNTAX ISIS.NeighbourSystemType;

MATCHES FOR EQUALITY;

BEHAVIOUR neighbourSystemType-B BEHAVIOUR

DEFINED AS

"The type of the neighbour system one of: Unknown, End system, {iitefmediate system, L1 Intermediate sy
Infermediate system";;

REGISTERED AS {ISIS.aoi neighbourSystemType (80)};

--11.2.7 Yirtual adjacency managed object

virtualAdjdcency MANAGED OBJECT CLASS
DERIVED FROM "Rec. X.721 | ISO/IEC 10165-2 : 1992":top;
CHARACTERIZED BY virtualAdjacency-P PACKAGE
ATTRIBUTES
networlEntityTitle GET,
metric GET;

REGISTERED AS {ISIS.moi virtualAdjacency (2)};

--11.2.7.1|Name bindings for‘the virtual adjacency managed object

virtualAdjdcency-cLNS NAME BINDING
SUBORIDINATE OBJECT CLASS virtualAdjacency AND SUBCLASSES;
NAMED|BY SUPERIOR OBJECT CLASS "ISO/IEC 10733":cLNS AND SUBCLASSES;
WITH A TRIBUTE networkEntityTitle;

DEFINEDCAS This name binding is only applicable where the superior object has an iSType of Level2;;

pbtained
ID(s) of

tem, L2

BEHAV‘EOUR virtualAdjacency-cLNS-B BEHAVIOUR

REGISTEREDAS {ISIS.ll‘UUi Vil‘LualAdjabCllb_y'er‘{S \3}},
--11.2.7.2 Attributes of the virtual adjacency managed object

metric ATTRIBUTE
WITH ATTRIBUTE SYNTAX ISIS.PathMetric;
MATCHES FOR EQUALITY, ORDERING;
BEHAVIOUR metric-B BEHAVIOUR
DEFINED AS Cost of least cost L2 path(s) to destination area based on the default metric;;
REGISTERED AS {ISIS.aoi metric (89)};
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--11.2.8 Destination managed object

-- This MO class is never instantiated. It exists only to allow the destinationSystem and destinationArea
-- MO classes to be derived from it.

destination MANAGED OBJECT CLASS

DERIVED FROM "Rec. X.721 | ISO/IEC 10165-2 : 1992":top;

CHARACTERIZED BY destination-P PACKAGE

ATTRIBUTES
defaultMetricPathCost GET,
defayttvetricOutpotAdjacencics GET;
delayjMetricPathCost GET,
delayMetricOutputAdjacencies GET,
expenseMetricPathCost GET,
expepseMetricOutputAdjacencies GET,
errorMetricPathCost GET,
errorMetricOutputAdjacencies GET;

29

REGI$TERED AS {ISIS.moi destination (3)};

--11.2.p Attributes of the destination managed object

defaultMetricOutputAdjacencies ATTRIBUTE
WITH ATTRIBUTE SYNTAX ISIS.OutputAdjacencies;
MATCHES FOR EQUALITY, SET-COMPARISON, SET-INTERSECTION;
BEHAVIOUR defaultMetricOutputAdjacencies-B BEHAVIOUR
DEFINED AS
The set of Adjacency (or Reachable Address) managed.object identifiers representing the forwarding decifions based
upon the default metric for the destination;;
REGI$TERED AS {ISIS.aoi defaultMetricOutputAdjacencies (91)};

defaultMletricPathCost ATTRIBUTE
WITH ATTRIBUTE SYNTAX ISIS.PathMetric;
MATCHES FOR EQUALITY, ORDERING;
BEHAVIOUR defaultMetricPathCost-B BEHAVIOUR
DEFINED AS Cost of least cost path(s) using the default metric to destination;;
REGI$TERED AS {ISIS.aoi defaultMetricPathCost (90)};

delayMg¢tricOutputAdjacencies ATTRIBUTE

WITH ATTRIBUTE SYNTAXJISIS.OutputAdjacencies;

MATCHES FOR EQUALITY, SET-COMPARISON, SET-INTERSECTION;

BEHAVIOUR delayMetrieOutputAdjacencies-B BEHAVIOUR

DEFINED AS

The set of Adjacency (or Reachable Address) managed object identifiers representing the forwarding decifions based
upon thexdelay metric for the destination;;
REGI$TEREDNAS {ISIS.aoi delayMetricOutputAdjacencies (93)};

delayMgtricPathCost ATTRIBUTE
WITH ATTRIBUTE SYNTAX ISIS.PathMetric;
MATCHES FOR EQUALITY, ORDERING;
BEHAVIOUR delayMetricPathCost-B BEHAVIOUR
DEFINED AS Cost of least cost path(s) using the delay metric to destination;;
REGISTERED AS {ISIS.aoi delayMetricPathCost (92)};

errorMetricOutputAdjacencies ATTRIBUTE
WITH ATTRIBUTE SYNTAX ISIS.OutputAdjacencies;
MATCHES FOR EQUALITY, SET-COMPARISON, SET-INTERSECTION;
BEHAVIOUR errorMetricOutputAdjacencies-B BEHAVIOUR
DEFINED AS
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The set of Adjacency (or Reachable Address) managed object identifiers representing the forwarding decisions based
upon the error metric for the destination;;
REGISTERED AS {ISIS.aoi errorMetricOutputAdjacencies (97)};

errorMetricPathCost ATTRIBUTE
WITH ATTRIBUTE SYNTAX ISIS.PathMetric;
MATCHES FOR EQUALITY, ORDERING;
BEHAVIOUR errorMetricPathCost-B BEHAVIOUR
DEFINED AS Cost of least cost path(s) using the error metric to destination;;
REGISTERED AS {ISIS.aoi errorMetricPathCost (96)};

expenseMdtricOutputAdjacencies ATTRIBUTE

WITH AFTRIBUTE SYNTAX ISIS.OutputAdjacencies;

MATCHES FOR EQUALITY, SET-COMPARISON, SET-INTERSECTION;

BEHAVIOUR expenseMetricOutputAdjacencies-B BEHAVIOUR

DEFINED AS

The set of Adjacency (or Reachable Address) managed object identifiers representing the forwarding decisiops based
upon the expense metric for the destination;;

REGISTERED AS {ISIS.aoi expenseMetricOutputAdjacencies (95)};

expenseMdtricPathCost ATTRIBUTE
WITH AFTRIBUTE SYNTAX ISIS.PathMetric;
MATCHES FOR EQUALITY, ORDERING;
BEHAVIOUR expenseMetricPathCost-B BEHAVIOUR
DEFINED AS Cost of least cost path(s) using the expense metric to destinafion;;
REGISTERED AS {ISIS.aoi expenseMetricPathCost (94)};

--11.2.10| Destination system managed object

destinationSystem MANAGED OBJECT CLASS
DERIVED FROM destination;
CHARACTERIZED BY destinationSystem-P PACKAGE
ATTRIBUTES
networlEntityTitle GET;

REGISTERED AS {ISIS.moi destinationSystem (4)};

--11.2.10.f Name bindings

destinationSystem-cLNS NAME.BINDING
SUBORIPINATE OBJECF-CEASS destinationSystem AND SUBCLASSES;
NAMED|BY SUPERIQR.OBJECT CLASS "ISO/IEC 10733":cLNS AND SUBCLASSES;
WITH A[FTRIBUTE networkEntityTitle;
REGISTERED AS¥ISIS.nboi destinationSystem-cLNS (1)};

--11.2.111Destination area managed object

destinationArea MANAGED OBJECT CLASS
DERIVED FROM destination;
CHARACTERIZED BY destinationArea-P PACKAGE
ATTRIBUTES
addressPrefix GET; ;;
REGISTERED AS {ISIS.moi destinationArea (7)};
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--11.2.11.1 Name bindings

destinationArea-cLNS NAME BINDING
SUBORDINATE OBJECT CLASS destinationArea AND SUBCLASSES;
NAMED BY SUPERIOR OBJECT CLASS "ISO/IEC 10733":cLNS AND SUBCLASSES;
WITH ATTRIBUTE addressPrefix;
BEHAVIOUR destinationArea-cLNS-B BEHAVIOUR
DEFINED AS This name binding is only applicable where the superior object has an iSType of Level2;;
REGISTERED AS {ISIS.nboi destinationArea-cLNS (2)};

--11.2.)12 Reachable address managed object

-- Creatgd either through the reachable Address-linkage-imported

-- Name|binding for reachable addresses instantiated by

-- the importation of routeing information from another

-- routeihg protocol (such as the interdomain routeing protocol), or the

-- reachgbleAddress-linkage-management name binding for adjacencies created
-- via exjplicit system management operation.

reachableAddress MANAGED OBJECT CLASS
DERIVED FROM "Rec. X.721 | ISO/IEC 10165-2 : 1992":top;
CHARACTERIZED BY reachableAddress-P PACKAGE
BEHAVIOUR "ISO/IEC 10733":commonCreationDeletion-B, "ISO/IEC 10733":commonStateChange-B;
ATTRIBUTES
reachableAddressld GET,
addrdssPrefix
INITIAL VALUE DERIVATION RULE supplyValueOnCreate-B
GET,
mappingType
INITIAL VALUE DERIVATION RULE supplyValueOnCreate-B
GET,
defayltMetric
REPLACE-WITH-DEFAULT
DEFAULT VALUE ISIS.defaultMetficyDefault
PERMITTED VALUES ISIS.DefaultMetric-Permitted
GET-REPLACE,
delayMetric
REPLACE-WITH-DEFAULT
DEFAULT VALUE ISIS.optionalMetric-Default
GET-REPLACE,
expepseMetric
REPLACE-WITH-DEFAULT
DEFAULT VALUE ISIS.optionalMetric-Default
GET-REPLACE,
errorMetrig
REPLACE-WITH-DEFAULT
DEFAULT VALUE ISIS.optionalMetric-Default
GET-REPLACE,
defaultMetricType
REPLACE-WITH-DEFAULT
DEFAULT VALUE ISIS.metricType-Default
GET-REPLACE,
delayMetricType
REPLACE-WITH-DEFAULT
DEFAULT VALUE ISIS.metricType-Default
GET-REPLACE,
expenseMetricType
REPLACE-WITH-DEFAULT
DEFAULT VALUE ISIS.metricType-Default
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GET-REPLACE,
errorMetricType
REPLACE-WITH-DEFAULT
DEFAULT VALUE ISIS.metricType-Default
GET-REPLACE,
"Rec. X.721 | ISO/IEC 10165-2 : 1992":0perationalState GET;
ACTIONS
"Rec. X.723 | ISO/IEC 10165-5":activate,
"Rec. X.723 | ISO/IEC 10165-5":deactivate;
NOTIFICATIONS
"Rec. Xr72+t i ISOAEEC 01652~ 199“".Ubjcu€1catiuu,
"Rec. X]721 | ISO/IEC 10165-2 : 1992":0bjectDeletion,
"Rec. X] 721 | ISO/IEC 10165-2 : 1992":stateChange;

CONDITIONAL PACKAGES
explicitPNPA-P PRESENT IF the value of mappingType is "explicit",
extractlpSP-P PRESENT IF the value of mappingType is "extractDSP";
REGISTERED AS {ISIS.moi reachableAddress (8)};

--11.2.12.1 Explicit SNPA package

explicitSNPA-P PACKAGE
ATTRIBUTES
sNPAAfdresses GET-REPLACE;
REGISTERED AS {ISIS.poi explicitSNPA-P (22)};

--11.2.12.2 Extract DSP package

extractDSH-P PACKAGE
BEHAVIOUR extractDSP-P-B BEHAVIOUR

DEFINED AS
hen present, the remote SNPA address is determined by extracting the bits from the effective NSAP| address

inflicated by 1’s in the SNPAMask and concatenating them to the SNPAPrefix.;;
ATTRIBUTES
sNPAMask
REPLACE-WITH-DEFAULT
DEFAULT VALUE ISIS.sNPAMask-Default
GET-REPLACE,
sNPAP1efix
REPLACE-WITH-DEFAULT
DEFAULT VALUE ISIS.sNPAPrefix-Default
GET-REPLACE;
REGISTERED AS {ISISipe1 extractDSP-P (23)};

--11.2.12.8 Name bindings

reachable Alddrésslinkage-imported NAME BINDING

SUBORIPDINATE OBJECT CLASS reachableAddress AND SUBCLASSES;

NAMED BY SUPERIOR OBJECT CLASS "ISO/IEC 10733":linkage AND SUBCLASSES;

WITH ATTRIBUTE reachableAddressld;

BEHAVIOUR reachableAddress-linkage-imported-B BEHAVIOUR

DEFINED AS

This name binding is only applicable where the superior object of the linkage instance is an object with iSType
level2IS Tt is used for the automatic creation of reachable address MOs. This is useful when injecting intra-domain
routes obtained through the operation of an interdomain routeing protocol.;;

REGISTERED AS {ISIS.nboi reachableAddress-linkage-imported (5)};

reachableAddress-linkage-management NAME BINDING
SUBORDINATE OBJECT CLASS reachableAddress AND SUBCLASSES;
NAMED BY SUPERIOR OBJECT CLASS "ISO/IEC 10733":linkage AND SUBCLASSES;
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WITH ATTRIBUTE reachableAddressld;
BEHAVIOUR reachableAddress-linkage-management-B BEHAVIOUR
DEFINED AS
This name binding is only applicable where the superior object of the linkage instance is an object with iSType
level2IS It is used for the manual creation of reachable address MOs by system management.;,
reachableAddressld-B;
CREATE WITH-REFERENCE-OBJECT reservedName;
DELETE ONLY-IF-NO-CONTAINED-OBJECTS;
REGISTERED AS {ISIS.nboi reachableAddress-linkage-management (6)};

--11.2. 128 Attributesof the reachable address Tmamaged object

defaultMetric ATTRIBUTE
WITH ATTRIBUTE SYNTAX ISIS.HopMetric;
MATCHES FOR EQUALITY, ORDERING;
BEHAVIOUR defaultMetric-B BEHAVIOUR
DEFINED AS
The default metric value for reaching the specified prefix over this Circuit. If this attfibute is changed while both the
Reachable Address and the linkage are Enabled (i.e. state On), the actions describeduivclause 8.3.5.4 must pe taken. ;;
REGI$TERED AS {ISIS.aoi defaultMetric (99)};

defaultMetricType ATTRIBUTE
WITH ATTRIBUTE SYNTAX ISIS.MetricType;
MAT(CHES FOR EQUALITY;
BEHAVIOUR defaultMetricType-B BEHAVIOUR
DEFINED AS Indicates whether the default metric is internal or external;
REGI$TERED AS {ISIS.aoi defaultMetricType (103)};

delayMgtric ATTRIBUTE
WITH ATTRIBUTE SYNTAX ISIS.HopMetric;
MATCHES FOR EQUALITY, ORDERING;
BEHAVIOUR delayMetric-B BEHAVIOUR
DEFINED AS
The delay metric value for reaching the specified prefix over this Circuit. If this attribute is changed wh{le both the
Reachable Address and the linkage are’Enabled (i.e. state On), the actions described in clause 8.3.5.4 muft be taken.
The value of zero is reserved to indicate that this metric is not supported;;
REGI$TERED AS {ISIS.aoi delayMetric\(100)};

delayMgtricType ATTRIBUTE
WITH ATTRIBUTE SYNTAXTSIS. MetricType;
MAT(CHES FOR EQUALITY;
BEHAVIOUR delayMetrieType-B BEHAVIOUR
DEFINED AS Indicafes)whether the delay metric is internal or external;;
REGISTERED AS{ISIS.ao0i delayMetricType (104)};

errorMetric ATFRIBUTE
WITH ATTRIBUTE SYNTAX ISIS.HopMetric;
MATCHES'FOR EQUALITY, ORDERING;
BEHANIOUR-errorMetric-B-BEHAVIOUR

DEFINED AS
The error metric value for reaching the specified prefix over this Circuit. If this attribute is changed while both the

Reachable Address and the linkage are Enabled (i.e. state On), the actions described in clause 8.3.5.4 must be taken.
The value of zero is reserved to indicate that this metric is not supported;;
REGISTERED AS {ISIS.aoi errorMetric (102)};

errorMetricType ATTRIBUTE
WITH ATTRIBUTE SYNTAX ISIS.MetricType;
MATCHES FOR EQUALITY;
BEHAVIOUR errorMetricType-B BEHAVIOUR
DEFINED AS Indicates whether the error metric is internal or external;;
REGISTERED AS {ISIS.aoi errorMetricType (106)};
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expenseMetric ATTRIBUTE

WITH ATTRIBUTE SYNTAX ISIS.HopMetric;

MATCHES FOR EQUALITY, ORDERING;

BEHAVIOUR expenseMetric-B BEHAVIOUR

DEFINED AS

The expense metric value for reaching the specified prefix over this Circuit. If this attribute is changed while both the
Reachable Address and the linkage are Enabled (i.e. state On), the actions described in clause 8.3.5.4 must be taken.
The value of zero is reserved to indicate that this metric is not supported;;

REGISTERED AS {ISIS.aoi expenseMetric (101)};

[anlanhath @ m% dhis ahml

WITH AFTRIBUTE SYNTAX ISIS.MetricType;
MATCHES FOR EQUALITY;
BEHAVIOUR expenseMetricType-B BEHAVIOUR
DEFINED AS Indicates whether the expense metric is internal or external;;
REGISTERED AS {ISIS.aoi expenseMetricType (105)};

mappingType ATTRIBUTE
WITH A[FTRIBUTE SYNTAX ISIS.MappingType;
MATCHES FOR EQUALITY;
BEHAVI]OUR mappingType-B BEHAVIOUR
DEFINED AS
The type of mapping to be employed to ascertain the SNPA Address which'should be used in forwarding NHDUs for
thjs Reachable Address Prefix. The following values of mappingType ar¢'defined: none: The mapping is null|because
the neighbour SNPA is implicit by nature of the subnetwork (e.g)a“point-to-point linkage). explicit: ThHe set of
network addresses in the SNPAAddresses attribute are to be used, extractIDI: The SNPA is embedded in the IDI of
the destination NSAP address. The mapping algorithm extractssthe SNPA to be used according to the fogmat and
erlcoding rules of ISO8348/Add2. This SNPA extraction. algorithm can be used in conjunction with Reachable
Afldress Prefixes from the X.121, F.69, E.163, and E.164"addressing subdomains. extractDSP: All, or a suffix, of the
SINPA is embedded in the DSP of the destination addtess. This SNPA extraction algorithm extracts the embedded
network addressing information by performing a.logical AND of the sSNPAMask attribute with the degtinaition
address. The part of the SNPA extracted from the,destination NSAP is appended to the SNPAPrefix to form|the next
hdp subnetwork addressing information.;;
REGISTERED AS {ISIS.aoi mappingType (107)}s

reachableAlddressld ATTRIBUTE

WITH A[TRIBUTE SYNTAX ISIS.GraphicString;

MATCHES FOR EQUALITY, SUBSTRINGS;

BEHAVIOUR reachableAddressId-B-BEHAVIOUR

DEFINED AS
Alstring which is the Identifier for the ReachableAddress and which is unique amongst the set of reachable ajddresses

mpintained for this-linkage. If this is a reachableAddress created by system management, it is set by thg System
nager when theReachableAddress is created, otherwise it is generated by the implementation such that it is
urfique. The set.of identifiers containing the leading string "Auto" are reserved for reachable addresses imporfed from
other routeing protocols. An attempt by system management to create a reachableAddress with such an identjfier will
se a reserved name violation;;
REGISTERED AS {ISIS.aoi reachableAddressld (121)};

sNPAMask ATTRIBUTE

WITH ATTRIBUTE SYNTAX ISIS.NAddress;

MATCHES FOR EQUALITY;

BEHAVIOUR sNPAMask-B BEHAVIOUR

DEFINED AS

A Bit mask with 1 bits indicating the positions in the effective destination address from which embedded SNPA
information is to be extracted. For the extraction the first octect of the SNPAMask is aligned with the first octet (AFI)
of the NSAP Address. If the SNPAMask and NSAP Address are of different lengths, the shorter of the two is logically
padded with zeros before performing the extraction;;

REGISTERED AS {ISIS.aoi sNPAMask (122)};
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sNPAPrefix ATTRIBUTE

WITH ATTRIBUTE SYNTAX ISIS.SNPAPrefix;

MATCHES FOR EQUALITY;

BEHAVIOUR sNPAPrefix-B BEHAVIOUR

DEFINED AS

A fixed SNPA prefix manually configured as an attribute of a Reachable Address with mappingType extractDSP. The
SNPA address to use is formed by concatenating the fixed sNPAPrefix with a variable SNPA part that is extracted
from the effective destination address. For Reachable Address Prefixes in which then entire SNPA is embedded in the
DSP the sNPAPrefix shall be null;;

REGISTERED AS {ISIS.aoi sSNPAPrefix (123)};

sNPAAddresses ATTRIBUTE

WITH ATTRIBUTE SYNTAX ISIS.SNPAAddresses;

MAT(CHES FOR EQUALITY, SET-COMPARISON, SET-INTERSECTION;

BEHAVIOUR sNPAAddresses-B BEHAVIOUR

DEFINED AS

A set of SNPA addresses to which pdu may be forwarded in order to reach an address\which matches fhe address
prefix of the Reachable Address.;;
REGISTERED AS {ISIS.aoi sNPAAddresses (109)};

--11.3 ASN1 modules

ISIS {joint-iso-itu-t network-layer(13) management(0) iSIS(1) asn1Module(2) 04
DEFINITIONS ::= BEGIN

--- objedt identifier definitions for identifier prefixes -

isisoi OBJECT IDENTIFIER ::= {NLM.nl iSIS(1)}

sseoi OBJECT IDENTIFIER ::= {isisoi standardSpecificExtensions(0)}

moi OBJECT IDENTIFIER ::= {isisoi managedObjectClass (3)}

poi OBJECT IDENTIFIER ::= {isisoi package (4)}

proi OBJECT IDENTIFIER ::= {isisoi parameter (5)}

nboi ORJECT IDENTIFIER ::= {isisoi nameBinding (6)}

aoi OBJECT IDENTIFIER ::= {isisoi attribute (7)}

agoi OBJECT IDENTIFIER ::= {isisoi attributeGroup (8)}

acoi OBJJECT IDENTIFIER ::= {isisoi action (9)}

noi OBJECT IDENTIFIER ::= {isisoi notification (10)}

---object identifiers for notification parameters -

se OBJHCT IDENTIFIER ::= {sseoi spetificProblems(3)}

areaMismatch OBJECT IDENTIFIER\.:= {se areaMismatch(0)}
attemptToExceedMaximumSequenceNumber OBJECT IDENTIFIER ::=

{se attemptToExceedMaximumSequenceNumber(1)}

authentifationFailure OBJECTIDENTIFIER ::= {se authenticationFailure(2)}
corruptgdLSPsDetected @BJECT IDENTIFIER ::= {se corruptedLSPsDetected(3)}
iDFieldLengthMismatéh-OBJECT IDENTIFIER ::= {se iDFieldLengthMismatch(4)}
lanL1DgsignatedIntermediateSystemChange OBJECT IDENTIFIER ::=

{se lanLIDesignatedIntermediateSystemChange(5)}
ISPL1Dhtabase@verload OBJECT IDENTIFIER ::= {se ISPL1DatabaseOverload(6)}
ISPL2DhtabaseOverload OBJECT IDENTIFIER ::= {se ISPL2DatabaseOverload(7)}
manual AddressDroppedFromArea OBJECT IDENTIFIER ::= {se manualAddressDroppedFromArea(8)}
maximumAreaAddressesMismatch OBJECT IDENTIFIER ::= {se maximumAreaAddressesMismatch(9)}
ownLSPPurge OBJECT IDENTIFIER ::= {se ownLSPPurge(10)}
partitionVirtualLinkChange OBJECT IDENTIFIER ::= {se partitionVirtualLinkChange(11)}
rejectedAdjacency OBJECT IDENTIFIER ::= {se rejectedAdjacency(12)}
sequenceNumberSkip OBJECT IDENTIFIER ::= {se sequenceNumberSkip(13)}
versionSkew OBJECT IDENTIFIER ::= {se versionSkew(14)}

--11.3.1 ASN.1 types and values
AddressPrefix ::= BIT STRING(SIZE(0..160)) -- Size shall be a multiple of four, since the protocol represents these as semi-

octets
AdjacencyState ::= ENUMERATED/{ initializing(0), up(1), failed(2), down(3)}
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AdjacencyUsage::= ENUMERATED { undefined(0), levell(1), level2(2), levelland2(3)}
AreaAddress ::= OCTET STRING(SIZE(1..20))

AreaAddresses ::= SET OF AreaAddress

Boolean ::= BOOLEAN

CircuitID ::= OCTET STRING(SIZE(2..9))

CircuitType ::= ENUMERATED{ broadcast(0), ptToPt(1), staticIn(2), staticOut(3), dA(4)}
DatabaseState ::= ENUMERATED{ off(0), on(1), waiting(2)}

DesignatedISChange ::= ENUMERATED{ resigned(0), elected(1)}

HopMetric ::= INTEGER(0..maxLinkMetric)

IDLength ::= INTEGER(O0..8)

Intermedia cSych11LF1iU1iLy e INTEGER\I ..11'\7}

ISType ::=[ENUMERATED/{ level11S(1), level2IS(2)}

LocalDistifguishedName ::= CMIP-1.BaseManagedObjectld

LSPID ::= DCTET STRING(SIZE(2..11))

MappingType ::= ENUMERATED{ none(0), explicit(1), extractIDI(2), extractDSP(3)}
MaximumAreaAddresses ::= INTEGER(0..254)

MaximumPathSplits ::= INTEGER(1..32)

MaximumYirtualAdjacencies ::= INTEGER(0..32)

maxLinkMetric INTEGER ::= 63

maxPathMgtric INTEGER ::= 1023

MetricTyp¢ ::= ENUMERATEDY{ internal(0), external(1)}

NAddress }:= NLM.NAddress

NeighbourfystemType ::= ENUMERATED{ unknown(0), endSystem(1), intermediateSystem(2), 11IntermediateSystem(3),
12IntermedjateSystem(4)}

Null ::= NULL

Objectldentifier ::= OBJECT IDENTIFIER

OctetString ::= OCTET STRING

OriginatingLSPBufferSize ::= INTEGER(512..1492)

originating[_ SPBufferSizeMismatch OBJECT IDENTIFIER ::= {sé.originatingLSPBufferSizeMismatch(15)}
OutputAdjpcencies ::= SET OF LocalDistinguishedName

OverloadStfateChange ::= ENUMERATED{ on(0), waiting(1)}

Password :}= OCTET STRING(SIZE(0..254))

Passwords [:= SET OF Password

PathMetrid| ::= INTEGER(0..maxPathMetric)

Reason :F ENUMERATED{ holdingTimetExpired(0), checksumError(1), oneWayConnectivity(2), callRejgcted(3),
reserveTinferExpired(4), circuitDisabled(5), versionSkew(6), areaMismatch(7),
maximumBroadcastIntermediateSystemsExeaeded(8), maximumBroadcastEndSystemsExceeded(9), wrongSystemType(10)}
ReceiveLSPBufferSize INTEGER ::= 1492

SNPAAddgess ::= NLM.SNPAAddress

SNPAAddfesses ::= SET OF SNPAAddress

SNPAPrefix ::= BIT STRING(SIZE(0..120))
sNPAPrefik-Default SNPAPrefix ::= ’B

sNPAMask-Default NAddress ::= ’B

Sourceld ::;F OCTET STRING(SIZE(1..10))

Systemld :]= OCTET\STRING(SIZE(0..8))

Systemlds := SET.OF Systemld

Version ::5 GraphicString

VirtualLinkChange ::= ENUMERATED { deleted(0), created(1)}
zero INTEGER ::=0

--11.3.2 Defaults and permitted values

callEstablishmentMetricIncrement-Default INTEGER ::= 0
completeSNPInterval-Default CommonMgt.Timer ::= {exponent 0, mantissa 10}
defaultMetric-Default INTEGER ::= 20

DefaultMetric-Permitted ::= INTEGER(1..maxLinkMetric)
dRISISHelloTimer-Default CommonMgt. Timer ::= {exponent 0, mantissal }
externalDomain-Default BOOLEAN ::= TRUE

iSISHelloTimer-Default CommonMgt. Timer ::= {exponent 0, mantissa 3}
I1IntermediateSystemPriority-Default INTEGER ::= 64

128 © ISO/IEC 2002 — All rights reserved


https://standardsiso.com/api/?name=704b012816bcf13d89c154ad1774229d

ISO/IEC 10589:2002(E)

12IntermediateSystemPriority-Default INTEGER ::= 64

manualAreaAddresses-Default AreaAddresses ::= {}

manualL.20nlyMode-Default BOOLEAN ::= FALSE

maximumAreaAddresses-Default INTEGER ::=3

maximumPathSplits-Default INTEGER ::=2

maximumLSPGenerationInterval-Default CommonMgt.Timer ::= {exponent 2, mantissa 9}
maximumVirtual Adjacencies-Default INTEGER ::=2

metricType-Default MetricType ::= internal
minimumBroadcastLSPTransmissionInterval-Default CommonMgt.Timer ::= {exponent -3, mantissa 33}
minimumLSPGenerationInterval-Default CommonMgt. Timer ::= {exponent 0, mantissa 30}
minimu = - — ;
neighboprSNPA Address-Default SNPAAddress ::= {type NLM.sNPADTEAddress, address ' 'H}
optionalMetric-Default INTEGER ::= 0

originatingl. 1 LSPBufferSize-Default INTEGER ::= receiveLSPBufferSize

originatingl 2L.SPBufferSize-Default INTEGER ::= receiveLSPBufferSize
partialSNPInterval-Default CommonMgt.Timer ::= {exponent 0, mantissa 2}
passworfd-Default Password ::= °H

passworfds-Default Passwords ::= {} -- The empty set

pollESHelloRate-Default CommonMgt. Timer ::= {exponent 0, mantissa 50}
reserveTimer-Default CommonMgt. Timer ::= {exponent 2, mantissa 6}
sNPAAddresses-Default SNPAAddresses::= {}

waitingTime-Default CommonMgt.Timer ::= {exponent 0, mantissa 60}

END

12 (Conformance

12.1 Conformance for protocol implementation

This sufclause specifies the conformance for protocol implementation of intra-domain routeing protocol. The suppllier of
implemgntation for protocol implementation shall support the following specification.

NOTE 42 The conformance for protocol implementation is independent of the conformance for management information
implemgntation specified in subclause 12.2.

12.1.1 | Static conformance requirements

12.1.1.1| Protocol implementafion conformance statement

A Protogol Implementation) Conformance Statement (PICS) shall be completed in respect of any claim for conformance of an
implemgntation to this International Standard: the PICS shall be produced in accordance with the relevant PICS pfo forma in
Annex A.

12.1.1.2| Stati¢ conformance requirements for all ISs

A Systel X U}a;lll;llé \/UllfUl IIIarive tU t}lib Iutvluaﬁuua} Staudald Dllal} 1L}\/ vayablv Uf-
a) calculating a single minimum cost route to each destination according to 7.2.6 for the default metric specified in 7.2.2;

b) utilising Link State information from a system only when an LSP with LSP number 0 and remaining lifetime>0 is present
according to 7.2.5;

c) selection of paths according to 7.2.7 and 7.2.12
d) performing the robustness checks according to 7.2.8;

e) constructing a forwarding database according to 7.2.9;
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2
h)

)

k)

D

w)

y)

130

if (and

only if) Area Partition Repair is supported,

1) performing the operations according to 7.2.10;
2) performing the encapsulation operations in the forwarding process according to 7.4.3.2; and
3) performing the decapsulation operations in the re-ceive process according to 7.4.4.2;

assigning and computing area addresses according to 7.1.5 and 7.2.11;

generating local link state information as required by 7.3.2;

including information from Manual Adjacencies according to 7.3.3.1;

if (and
genera
genera
genera
genera

operat
broadd

operat
selecti
forwai

operat

only if) reachable addresses are supported, including information from reachable addresses according te.7.3
ting multiple LSPs according to 7.3.4;

ting LSPs periodically according to 7.3.5;

ting LSPs on the occurrence of events according to 7.3.6;

ting an LSP checksum according to 7.3.11;

ng the Update process according to 7.3.12—7.3.17 including controlling the tafe’ of LSP transmission only
ast circuit (if any) according to 7.3.15.6;

ng the LSP database overload procedures according to 7.3.19.1;
hg the appropriate forwarding database according to 7.4.2;
ding ISO 8473 PDUs according to 7.4.3.1 and 7.4.3.3;

ng the receive process according to 7.4.4.1;

performing on each supported point-to-point circuit (if any):

1) fo

rming and maintaining adjacencies according to 8.2;

performing on each supported ISO 8208 circuit (if any)

1) S
2) If
3) If

4y If

/C establishment according to 8.3'2.1 using the net-work layer protocols according to 8.3.1;

reachable addresses are suppofted, the operations specified in 8.3.2.2 — 8.3.5.6.
callEstablishmentMetriclncrément greater than zero are supported, the operations specified in 8.3.5.3.
the reverse path cache is’supported, the operations specified in 8.3.3

performing on each suppdrted broadcast circuit (if any)

1) th
2) ca
3) th
4) th

b pseudonode ¢perations according to 7.2.3;

ntrolling the vate of LSP transmission according to 7.3.15.6;
e operations/specified in 8.4.2-8.4.5 and 8.4.7;

e operations specified in 8.4.5.

constriicting and correctly parsing all PDUs according to clause 9:;

providing a system environment in accordance with clause 10;

3.2;

for each

being managed via the system management attributes defined in clause 11. For all attributes referenced in the normative
text, the default value (if any) shall be supported. Other values shall be supported if referenced in a REQUIRED VALUES

clause

If auth

of the GDMO definition;

entication procedures are implemented:

1) the authentication field processing functions of clauses 7.3.7-7.3.10, 7.3.15.1-7.3.15.4, 8.2.3-8.2.4, and 8.4.2.1;
2) the Authentication Information field of the PDU in clauses 9.5-9.13.
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Static conformance requirements for level 1 ISs

A system claiming conformance to this International Standard as a level 1 IS shall conform to the requirements of 12.1.2 and in

addition

shall be capable of

a) identifying the nearest Level 2 IS according to 7.2.9.1;

b) generating Level 1 LSPs according to 7.3.7;

c) generating Level 1 pseudonode LSPs for each supported broadcast circuit (if any) according to 7.3.8;

C - +1 — L. o L B & & SV Qo 1. 4
d) pCr UTIIIIIITE UIT dULIUILS I LUVUT T VW allllly StdlC dCCUTUIITE 1U

12.1.1.4

A systet]
addition|

a) sett
b) gen
c) gen
d) pert
12.1.2
12.1.2.1
Any proj
12.1.2.2
Any pro
Any PD
12.1.2.2
Any proj
12.1.2.3
Any pro
12.1.2.4

This Int

22100
r.5.17.4

Static conformance requirements for level 2 ISs

h claiming conformance to this International Standard as a level 2 IS shall conform to the requir¢ments of 1
shall be capable of

ng the attached flag according to 7.2.9.2;
prating Level 2 LSPs according to 7.3.9;
prating Level 2 pseudonode LSPs for each supported broadcast circuit (if any)\according to 7.3.10;
orming the actions in Level 2 Waiting State according to 7.3.19.3.
Dynamic conformance
Receive process conformance requirements
tocol function supported shall be implemented in accordance with 7.4.4.
Update process conformance requirements
tocol function supported shall be implemented in accordance with 7.3 and its subclauses.
[J transmitted shall be constructed in accordance with the appropriate subclauses of clause9.
1 Decision process conformance requirements
tocol function supported.shall be implemented in accordance with 7.2 and its subclauses.
Forwarding process conformance requirements
tocol function§upported shall be implemented in accordance with 7.4 and its subclauses.

Performance requirements

ernational Standard requires that the following performance criteria be met. These requirements apply rg

other de

P.1.2 and in

gardless of

mands on the system; if an Intermediate system has other tasks as well, those will only get resources not

required to

meet these criteria.

Each Intermediate system implementation shall specify (in its PICS):

a) the maximum number of other Intermediate systems it can handle. (For L1 Intermediate systems that means Intermediate
systems in the area; for L2 Intermediate systems that is the sum of Intermediate systems in the area and Intermediate
systems in the L2 subdomain.) Call this limit N.

b) the

maximum supported forwarding rate in ISO 8473 PDUs per second.
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Performance requirements on the update process

The implementation shall guarantee the update process enough resources to process N LSPs per 30 seconds. (Resources =
CPU, memory, buffers, etc.)

In a stable topology the arrival of a single new LSP on a circuit shall result in the propagation of that new LSP over the other
circuits of the IS within one second, irrespective of the forwarding load for ISO 8473 data PDUs.

12.1.2.4.2

Performance requirements on the decision process

The imp]er entation shall guarantee the decision process Pnnngh resources to r‘nmp]r—*hﬁ (e start to finich) within 5 seconds, in

a stable tog
not each le

12.1.2.4.3

An ideal In
while simuj
of real Inf
dramaticall

a) A stab|

b) Some
unstab)

In order to
necessary

c) IIH trs
topolo
caused
droppq

The raj
on LA
LAN

d) ESH |
latency
extra g

The r4
condit
systen]
period

e) LSP (z

ology while forwarding at the maximum rate. (For L2 Intermediate Systems, this applies to the two levels
vel separately.)

Reception and processing of PDUs

termediate system would be able to correctly process all PDUs, both control and data, with\which it was pr
[taneously running the decision process and responding to management requests. However, in the implemg
ermediate systems some compromises must be made. The way in which thes€, eempromises are mnj
y affect the correctness of operation of the Intermediate system. The following general principles apply.

e topology should result in stable routes when forwarding at the maximum sated forwarding rate.

forwarding progress should always be made (albeit over incorrect reutes) even in the presence of a mal
e topology.

further characterise the required behaviour, it is
p identify the following types of traffic.

ffic. This traffic is important for maintaining Intermediate system adjacencies and hence the Intermediat
by. In order to prevent gratuitous topology. changestit is essential that Intermediate system adjacencies
to go down erroneously. In order to achieve this“ho more than ISISHoldingMultiplier - 1 TIH PDUs
d between any pair of Intermediate systems. A safer requirement is that no IIH PDUs are dropped.

te of arrival of [IH PDUs is approximately‘denstant and is limited on point—to-point links to 1/iSISHello-Ti
Ns to a value of approximately 2(n/iSISHelloTimer) + 2, where n is the number of Intermediate system
pssuming the worst case that they are allLevel 2 Intermediate systems).

DU traffic. This traffic is impertant for maintaining End system adjacencies, and has relatively low pr
. As with ITH PDUs, loss of End system adjacencies will cause gratuitous topology changes which will
ontrol traffic.

te of arrival of ESH'PDUs on point—to-point links is limited to approximately 1/DefaultESHelloTimer
ons. On LANSs thé-background rate is approximately n/DefaultESHelloTimer where n is the numbey
s on the LAN¢The maximum rate during polling is limited to approximately n/pollES-HelloRate averagg
of about 2 minutes. (Note that the actual peak arrival rate over a small interval may be much higher than thi

nd SNP).traffic. This traffic will be retransmitted indefinitely by the update process if it is dropped, so th

requirg

convergenée to correct routes will be affected, and bandwidth and processing power will be wasted.

mefit, to be able to process every received PDU. However, if a substantial proportion are lost, the

ogether,

b sented,
bntations
ade can

xi-mally

b system
are not
may be

mer and
s on the

pcessing
result in

inder all
of End
d over a

5.)

ere 1S no
rate of

On point-to-point links the peak rate of arrival is limited only by the speed of the data link and the other traffic flowing on that link. The
maximum average rate is determined by the topology.

On LANs the rate is limited at a first approximation to a maximum rate of 1000/minimumBroadcastLSP-
TransmissionInterval, however it is possible that this may be multiplied by a factor of up to n, where # is the number of
Intermediate systems on the LAN, for short periods. An Intermediate system shall be able to receive and process at least
the former rate without loss, even if presented with LSPs at the higher rate. (i.e. it is permitted to drop LSPs, but must
process at least 1 000/minimumBroad-castLSPTransmissionInterval per second of those presented.)

The maximum background rate of LSP traffic (for a stable topology) is dependent on the maximum supported
configuration size and the settings of maximumLSP-Generationinterval. For these purposes the default value of 900
seconds can be assumed. The number of LSPs per second is then very approximately (n; + n, +n, /x)/900 where n; is the
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number of level 1 Intermediate systems, 7, the number of level 2 Intermediate systems, 7, the number of End system IDs

and

x the number of ID which can be fitted into a single LSP.

NOTE 73  This gives a value around 1 per second for typical maximum configurations of:

4000 IDs
100 L1 Intermediate systems per arca
400 L2 Intermediate systems.

f) Data Traffic. This is theoretically unlimited and can arrive at the maximum data rate of the point—to-point link or LAN
(e.g. 14 000 PDUs per second for a 10 Mbps CSMA/CD LAN). In practice it will be limited by the operation of the

con

estion avoidance and control aloorithms  but owing to the relatively slow response time of these
(=4 (=4 r

lgorithms,

sub

An
foll

)
2)

The foll

g) Thq
con|

1)

2)

h) Ifit
des

1)
2)
3)
4)

Howevd
each cla
Process
This md
possible
some lin
This lim

NOTE 74
initially
random K

stantial peaks are likely to occur.

Intermediate system shall state in its PICS its maximum forwarding rate. This shall be quoted-~under
bwing conditions.

A stable topology of maximum size.

A maximally unstable topology. This figure shall be non-zero, but may reasonably be as low as 1 PDU per
bwing constraints must be met.

implementation shall be capable of receiving the maximum rate of ISH PDUswithout loss whenever th
Hitions hold:

the data forwarding traffic rate averaged over any period of one/second does not exceed the rate
implementation claims to support; and

the ESH and LSP rates do not exceed the background (stable topology) rate.

is unavoidable that PDUs are dropped, it is a goal that theZorder of retaining PDUs shall be as follows (i.
rable for IIH PDUs to be dropped).

IIH PDUs

ESH PDUs
LSPs and SNPs
data PDUs.

r, no class of traffic shall be completely starved. One way to achieve this is to allocate a queue of suitab
5s of traffic and place the PDUs ontothe appropriate queue as they arrive. If the queue is full the PDUs arg
r resources shall be allocated-to-the queues to ensure that they all make progress with the same prioritie
del assumes that an implemiéntation is capable of receiving PDUs and selecting their correct queue at thg
data rate (14 000 PDUgper second for a LAN). If this is not the case, reception of data traffic at a rate g
hit (which must be greater'than the maximum rated limit) will cause loss of some IIH PDUs even in a stab]
it shall be quoted i’the PICS if it exists.

Starting fron\thie stable topology condition at maximum data forwarding rate, an increase in the arrival rate of daf]
nly cause som¢ data NPDUs to be lost. As the rate of arrival of data NPDUs is further increased a point may be reac
DUs are dropped. This is the rate which must be quoted in the PICS.

12.1.24

4" Transmission

ht least the

second.

e following

which the

. It is least

e length to
discarded.
5 as above.
maximum
rreater than
e topology.

h PDUs will
hed at which

Sufficient processor resources shall be allocated to the transmission process to enable it to keep pace with reception for each
PDU type. Where prioritisation is required, the same order as for reception of PDU types applies.

12.2 Conformance for management information implementation

This subclause specifies the conformance for management information implementation of intra-domain routeing protocol. The

supplier

of implementation for management information implemen-tation shall support the following specification.

NOTE 75 The conformance for management information implementation is independent of the conformance for protocol implementation

specified

in subclause 12.1
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12.2.1 Static Conformance

The implementation shall conform to the requirements of this International Standard in the manager role, the agent role, or
both roles. A claim of conformance to at least one role shall be made in Table G.1 of this International Standard.

If a claim of conformance is made for support in the manager role, the implementation shall support at least one management
operation or notification or action of the managed objects specified by this International Standard. The conformance
requirements in the manager role for those management operations and notifications and actions are identified in Table G.3 and
further tables referenced by Annex G.

If a claim gfeenfermaneets-madefor-supportinthe-agentrotetheimplementationshalsuppert-ofe-ormere-nstanees of the
adjacency managed object class, the destination managed object class, the destination area managed object, the! deftination
system mahaged object class, the reachable address managed object class and the virtual adjacency managed ebjgct class
identified ih Table G.4 of this Internation Standard and further tables referenced by Annex G.

If a claim pf conformance is made for support in the agent role, the implementation shall support at-least one name| binding
identified ih Table G.8 of this International Standard for each supported managed object.

The implerpentation shall support the transfer syntax derived from the encoding rules specifiedui ITU-T Rec. X.690 | [SO/IEC
8825-1 natped {joint-iso-itu-t asnl(1) basic-encoding(1)} for the abstract data types referenced by the definitions for which
support is ¢laimed.

12.2.2 Dynamic conformance

Implementations claiming to conform to this International Standard shall suppost the elements of procedure and definlitions of
semantics ¢orresponding to the definitions for which support is claimed.

12.2.3 Management implementation conformance statement requirements

Any MCS [proforma, MICS proforma, MOCS proforma, and MRCS proforma which conform to this International Standard
shall be te¢hnically identical to the proformas specified in Anfiexes G. G. 1. and J preserving table numbering and the index
numbers of items, and differing only in pagination and page hieaders.

The supplipr of an implementation which is claimed t6 conform to this International Standard shall complete a cofly of the
managemeht conformance summary (MCS) proyided in Annex G as part of the conformance requirements together ith any
other ICS proformas referenced as applicable from that MCS. Any MCS, MICS, MOCS, and MRCS which conforin to this
Internationpl Standard shall:

—| describe an implementationh which conforms to this International Standard;
—| have been completed in accordance with the instructions for completion given in ITU-T Rec. X.724 [SO/IEC
1Q165-6;

—| include the inforfmation necessary to uniquely identify both the supplier and the implementation.

12.2.4 ]S level specific conformance requirements

The suppligr of ansimplementation which is claimed to conform to this International Standard shall support at least Igvel 1 IS
identified ip Table’G.2 of this International Standard.

12.2.4.1 CEeonformanecetotevelHSs

An implementation claiming conformance to the level 1 IS of this International Standard in the agent role as a managed
implemen-tation shall support the adjacency MO and the destination MO

12.2.4.2 Conformance to level 2 ISs

An implementation claiming conformance to the level 2 IS of this International Standard in the agent role as a managed
implementation shall support the adjacency MO. the destination system MO. the destination area MO. the virtual adjacency
MO and the reachable address MO.
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Annex A
(normative)

PICS pro forma

A.1 Introduction

The supplier of a protocol implementation which is claimed to conform to International Standard ISO 10589, whether as a
level 1 ¢r level 2 Intermediate system implementation, shall complete the applicable Protocol ImplementationConformance
Statemeht (PICS) pro forma.

A completed PICS pro forma is the PICS for the implementation in question. The PICS is a statement of Which capdbilities and
options pf the protocol have been implemented. The PICS can have a number of uses, including use:

ove}sight;
- by the supplier and acquirer — or potential acquirer — of the implementation, as a_detailed indication of the fapabilities
of the implementation, stated relative to the common basis for understanding proyided by the International Stapdard PICS
pro[forma;
- by the user — or potential user — of the implementation, as a basis for initially checking the possibility of irfterworking
witlh another implementation (note that, while interworking can never b&sguaranteed, failure to interwork cgan often be
predlicted from incompatible PICS’s);
- by & protocol tester, as the basis for selecting appropriate tests against which to assess the claim for conformpnce of the
impllementation.

- by }he protocol implementor, as a check-list to reduce the risk of failure to conform to the-International Standard through

A.2 Abbreviations and special symbols

A.2.1 |Status-related symbols

M mapdatory

O optional

0O.<n> |optional, but support of at least one of'the group of options labelled by the same numeral <n> is required.
X prohibited

—  notlapplicable

c.<p> | conditional requirement, according to condition <p>

A.3 Instructions for completing the pics pro formas

A.3.1 |General structure of the PICS pro forma

The firgt part of the PICS pro forma — Implementation Identification and Protocol Summary — is to be completed as
indicategl with the information necessary to identify fully both the supplier and the implementation.
The majn part-of the PICS pro forma is a fixed-format questionnaire divided into subclauses each containing [a group of
individugal ifems. Answers to the questionnaire items are to be provided in the rightmost column, either by simply marking an
answer fo indicate a restricted choice (usually Yes or No), or by entering a value or a set or range of values. (Note tHat there are
some items where two or more choices from a set of possible answers can apply: all relevant choices are to be marked.)

Each item is identified by an item reference in the first column; the second column contains the question to be answered; the
third column contains the reference or references to the material that specifies the item in the main body of the International
Standard. The remaining columns record the status of the item — whether support is mandatory, optional or conditional — and
provide the space for the answers: see A.3.4 below.

A supplier may also provide — or be required to provide — further information, categorised as either Additional Information
or Exception Information. When present, each kind of further information is to be provided in a further subclause of items
labelled A<i> or X<i> respectively for cross-referencing purposes, where <i> is any unambiguous identification for the item
(e.g. simply a number): there are no other restrictions on its format and presentation.
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A completed PICS pro forma, including any Additional Information and Exception Information, is the Protocol
Implementation Conformance Statement for the implementation in question.

NOTE 76 Where an implementation is capable of being configured in more than one way, a single PICS may be able to describe all such
configurations. However, the supplier has the choice of providing more than one PICS, each covering some subset of the implementation’s
configuration capabilities, in case this makes for easier and clearer presentation of the information.

A.3.2 Additional information

Items of Additional Information allow a supplier to provide further information intended to assist the interpretation of the

PICS. It is

of intended or expected that a large quantity will be supplied_and a PICS can be considered complete wit

hout any

such infory
variety of ¢

References
items of EX

A33 E

It may oc
conditions
the Suppor
is required
inserted an|

An implem

NOTE 7

change the requirement that is not met by the implementation.

A34 C
A34.1

The PICS

prohibited
other items
does apply

Individual
group of it
at the head
selected.

A34.2

A conditio
condition §

hation. Examples might be an outline of the ways in which a (single) implementation can be set up to opd
nvironments and configurations.

to items of Additional information may be entered next to any answer in the questionnaire, and ‘may be ind
ception Information.

kception information

asionally happen that a supplier will wish to answer an item with mandatory, ‘of prohibited status (4
have been applied) in a way that conflicts with the indicated requirement. Ne- pre-printed answer will be

column for this, but the Supplier may write the desired answer into the Suppert’column. If this is done, the
to provide an item of Exception Information containing the appropriate(rationale, and a cross-reference

kwer to the Exception item.

entation for which an Exception item is required in this way does not conform to ISO 10589.

/ A possible reason for the situation described above is that-a defect report is being progressed, which is exf

pnditional status
Conditional items

pro forma contains a number of conditionial items. These are items for which the status — mandatory, op
— that applies is dependent upon whethér or not certain other items are supported, or upon the values supp
. In many cases, whether or not the item applies at all is conditional in this way, as well as the status when

conditional items are indicated by a conditional symbol in the Status column as described in A.3.4.2 below.
bms are subject to the@ame condition for applicability, a separate preliminary question about the condition
of the group, witlan instruction to skip to a later point in the questionnaire if the “Not Applicable” a

Conditional\symbols and conditions

hal symbol is of the form c.<n> or ¢.G<n> where <n> is a numeral. For the first form, the numeral idd
ppedring in a list at the end of the subclause containing the item. For the second form, ¢.G<n>, the

rate in a

luded in

fter any
found in
supplier
from the

ected to

tional or
brted for
the item

'Where a
appears
nswer is

ntifies a
numeral

identifies a

condition appearing in the list of global conditions at the end of the PICS

A simple condition is of the form:
if <p> then <s1> else <s2>

where <p>
<s2> are ei

if

is a predicate (see A.3.4.3 below), and <s1> and
ther basic status symbols (M,0,0.<n>, or X) or the symbol “~”. An extended condition is of the form

<p1> then <s1> else <s2>

else if <p2> then <s2>
[else if <p3>...]
else <s n >

where <p1> etc. are predicates and <s1> etc. are basic status symbols or
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The status symbol applicable to an item governed by a simple condition is <s1> if the predicate of the condition is true, and
<s2> otherwise; the status symbol applicable to an item governed by an extended condition is <s i > where <p i > is the first
true predicate, if any, in the sequence <p1>, <p2>..., and <s n > if no predicate is true.

A34.3

Predicates

A simple predicate in a condition is either

a) asingle item reference; or

b) a rolaties

iten

In case
true if tH
referred

Compoy
OR and
to true W

Items w
an asterl

A3.4.4

To ansy
applicay
marked

When tV}
each sugq
selected

) taking numerical values as its answer.

a) the predicate is true if the item referred to is marked as supported, and false otherwise. In case.(b), the
e relation holds when each item reference is replaced by the value entered in the Support columi-as answer
to.

nd predicates are Boolean expressions constructed by combining simple predicates usifig the Boolean oper|
INOT, and parentheses, in the usual way. A compound predicate is true if and only ifthe Boolean expressio
hen the simple predicates are interpreted as described above.

hose references are used in predicates are indicated by
sk in the Item column.

Answering conditional items

ber a conditional item, the predicate(s) of the condition is¢(ate) evaluated as described in A.3.4.3 abo
le status symbol is determined as described in A.3.4.2. If the status symbol is “— this indicates that the if
n this case; otherwise, the Support column is to be completed in the usual way.

0 or more basic status symbols appear in a conditigwifor an item, the Support column for the item contains
h symbol, labelled by the relevant symbol. The answer for the item is to be marked in the line labelled by
according to the value of the condition (unselected lines may be crossed out for added clarity).

For example, in the item illustrated below, the N/A column would be marked if neither predicate were true; the

labelled
conditio

“M:” would be marked if item A4 was-marked as supported, and the answer line labelled “O:” would be m|
h including items D1 and B52 applied.

erence for an

bredicate is
to the item

htors AND,
n evaluates

ve, and the
em is to be

bne line for
the symbol

inswer line
arked if the

Item References Status N/A Support
H3 Is ... supported? | 42.3(d) C.1 0 M: Yes O
O: YesONoO
C.1 if A4 then M

else if D1 AND (B52 < 3) then O else —
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A.4 Identification
A.4.1 Implementation identification

A.4.2 Protocol summary: ISO 10589

Supplier
Contact point for queries
about this PICS
Implementation Name(s) and
Version(s)
Operatjng system Name(s)
aphd Version(s)

Oth¢r Hardware and
Operatipg Systems Claimed
System Name(s)

if different)

Notes:

a) Only the first three items are required for all implementations; others may be completed as appropriate in meeting the requirenents for
full ideftification.

b) The terins Name and Version should be interpreted appropriately to correspond with a supplier’s terminology (using, e.g., Tyge, Series,
Model

A.4.3 Protocol summary: ISO 10589

Prptocol Version
Addgnda Implemented
(If applicable)

Amendments Implemented
Have any exception items been required (see A.3.3)? Wo O YesO
(The ansper Yes means that the implementation does-not conform to ISO 10589)

| Dafe of Statement |
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Item Functionality/Description References Status Support
AllIS Are all basic IS-IS routeing 12.1.2 Yes O
functions implemented?
System Is the system capable of being 11 Yes O
Management managed by the specified
management information ?
Authentication Is PDU authentication based on 7.3.7-7.3.10, 0] Yesd NoO
passwords implemented? 7.3.15.1—-7.3.15.4,
8.2.3-8.2.4,84.1.1
Defauft Metric Is the default metric supported? 7.2.2,7.2.6 M Yes O
Delay|Metric Is the delay metric supported? 7.2.2,7.2.6 o Yesd NoTI
Experjse Metric Is the expense metric supported? | 7.2.2,7.2.6 O YesO ~NoO
Error Metric Is the error metric supported? 7.2.2,7.2.6 O Yes vy No O
ID Figld Length | What values of 7.1.3 M values'=
RouteingDomainIDLength (from
theset 1-8) are supported by this
implementation?
YesO NolO
Is the value configurable by
system management?
Forwqrding Rate | How many ISO 8473 PDUs can 12.2.4.1b M PDUs/sec =
the implementation forward per
second ?
Perfoymance Are the implementation 12.2.4 M Yes O
performance criteria met?
A.5.1 |System environment: general
Item Functionality/Description References Status Support
1S09442 Are the appropriate ISQ..9542 | 10.3, 8.2.1-8.2.2, Yes O
operations implemented? 8.3.4,8.4.584.6
Timer|Jitter Is jitter introducedqin all periodic | 10.1 Yes O

timers whose eXpiration causes
transmission pf a-PDU?
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A.5.2 Subnetwork dependent functions: general

Item Functionality/Description References Status Support
*LAN Are the subnetwork dependent 8.4 0.1 YesO NoO
functions for broadcast
subnetworks implemented?
LANIS Are the LAN IS adjacency 8.4.1-8.43 LAN:M | N/AO YesO
Adjacencies establishment operations
implemented?
LANES Are the LAN ES adjacency 8.4.6 LAN:M | N/AO YesO
Adjacendies establishment operations
implemented?
LAN DI$ Are the LAN designated IS 8.4.4,8.4.5 LAN:M | N/AO Yes[d
operations implemented?
*8208 Sthtic Are the subnetwork dependent 8.3 0.1 YesO ~NoO
functions for ISO 8208
subnetworks implemented?
8208 SNDCF Are the ISO8208 Subnetwork 8.3.1,8.3.2.1 C.1:M N/AO  YesO
Dependent Convergence
Functions implemented?
*PtPt Are the subnetwork dependent 8.2 0.1 YesO NoO
functions for point-to-point
subnetworks implemented?
PtPt IS Are the point-to-point IS 822-825 C2:M N/AO YesO
Adjacengies adjacency establishment
operations implemented?
PtPt ES Are the point-to-point ES 8.2.1 C2:M N/AO YesO
Adjacengies adjacency establishment
operations implemented?
PtPt IIH PDU Are point-to-point IIH PDUs 9:7 Cc2:M N/AO YesO
correctly constructed and parsed?

C.1 if 820§ Static or 8208 DA then M else —
C.2 if PtPt jor 8208 Static then M else —
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A.5.3 Update process: general

Item Functionality/Description References Status Support
LSP Periodic Is periodic generation of new 7.3.2,7.3.5, M Yes O
Generation local LSPs implemented? 7.3.13
LSP Event Is event driven generation of new | 7.3.6 M Yes O
Driven local LSPs implemented?
Generation
Pseudonode LSP | Is generation of pseudonode LSPs | 7.3.8,7.3.10 LAN:M N/AO YesO
Generation implemented?
Multiple LSP IS multiple LSP generation 7.3.4 M Yes O
Generption implemented?
LSP Bropagation | Is propagation of LSPs 7.3.12,73.14, | M YesO
implmented? 7.3.15.1,
7.3.15.5
LSP Ilifetime Are the LSP lifetime control 7.3.16.3, M Yes'\O
Contrl operations implemented? 7.3.15.4
CSNP Is the generation of CSNPs 7.3.15.3, M Yes O
Generption implemented? 7.3.17
PSNP|Generation | Is the generation of PSNPs 7.3.15.4, M Yes O
implemented? 7.3.17
SNP Brocessing | Are the sequence number PDU 7.3.15.2, M Yes O
processing procedures 7.3.17
implemented?
LSDB Overload | Are the LSP database overload 7.3.19 M Yes O
operations implemented?
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A.5.4 Decision process: general

Item

Functionality/Description

References

Status

Support

Minimum Cost Path

Is computation of a single
minimum cost path based
upon each supported metric
implemented?

7.2.6

Yes O

Equal Cost Paths

Is computation of equal
minimum cost paths based
upon each supported metric

7.2.6

YesO NoO

implemented?

Down St

Feam Paths

Is computation of
downstream routes based
upon each supported metric
implemented?

7.2.6

YesO NoO

Multiple

LSPs

Recognition

Are multiple LSPs used only
when a LSP with LSP#0 and
remaining lifetime greater 0
is present?

7.2.5

Yes

Overload
Exclusio

ed IS
h

Are links to Iss with
overloaded LSDBs ignored?

7.2.8.1

Yes O

Two Wa
Connecti

y
vity

Are links not reported by
both end ISs ignored?

7.2.8.2

Yes O

Path Pref

crence

Is the order of preference for
path selection implemented?

7.2.12

Yes O

Excess P|
Removall

ath

Is removal of excess paths
implemented?

7.2.7

Yes O

FIB Con

btruction

Is the construction of
ISO8473 Forwarding
Information Bases
implemented?

729

| fAE] £ K

Yes O

A.5.5 Forward/receive process: general

Iitem

Functionality/Desciption

References

Status

Support

FIB Sele

Ction

Is selection of appropriate
Forwarding Information Base
implemented?

7.4.2

M

Yes O

NPDU F|

brwarding

Is forwarding of ISO8473
PDUsSimplemented?

7.43.1,7.4.33

Yes O

Receive

Process

Are‘the basic receive process
functions implemented?

7.4.4

Yes O
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A.6 Protocol summary: ISO 10589 level 1 specific functions

Item Functionality/Description References Status Support
*L1IS Are Level 1 IS-IS routeing 12.1.3 M Yes O
functions implemented?
Maximum Area What values of 7.1.5,7.2.11 L1IS:M values=
Addresses maximumAreaAddresses are
supported by this
implementation?
Area IS Count How many ISs can this 12.2.4 L1IS:M N=
system support in a single
area?
L1 Manual ES Are the manual ES 7.3.3.1 L1IS:M Yes O
Adjacpncy adjacencies implemented?

A.6.1 |Level 1 subnetwork dependent functions

Item Functionality/Description References Status Support
L1 LAN IIH PDU Are L1 LAN ITH PDUs 9.5 C3:M N/AO YesO
correctly constructed and
parsed?

C.3 if L}IS and LAN then M else —

A.6.2 |Level 1 update process

Item Functionality/Description References Status Support
L1 LY§PDU Are L1 LS PDUs correctly 9.8 L1IS: M Yes O
constructed and parsed?
L1 CYN PDU Are L1 CSN PDUs correctly 9.10 L1IS:M Yes O
constructed and parsed?
L1 PSN PDU Are L1 PSN PDUs dorrectly 9.12 L1IS:M Yes O
constructed and parsed?

A.6.3 |Level 1 decision process

Item Functionality/Description References Status Support
L1 Ndarest L2 IS Isythe identification of the 7.2.9.1 L1IS:M Yes O
Identification nearest L2 IS implemented?
L1 Arpa AddressesY | Is the computation of area 7.2.11 L1IS:M Yes O
Compjutation addresses implemented?
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A.7 Protocol summary: ISO 10589 level 2 specific functions

Item Functionality/Description References Status Support
*L2IS Are Level 2 IS-IS routeing 12.1.4 o YesO NoO
functions implemented?
IS Count What is the total number of 12.2.4 L2IS: M N/AO N=
ISs that this L2 IS can
support?
L2IS Count How many level 2 ISs does 12.2.4.1 L2IS:M N/AO N=
this implementation support?
*RA Prefix Are Reachable Address 8.1,7.332 L2IS:O N/AQO YesO No @
Prefixes supported on
circuits?
External [Metrics Are external metrics 72.2,72.12, RA Prefix:M N/AO YeSH
supported? 7.3.3.2
*Partitiop Is level 1 partition repair 7.2.10 L2IS:0 N/A @\Yes O NoO
implemented?
A.7.1 Legvel 2 subnetwork dependent functions
Ifem Functionality/Description References Status Support
L2 LAN(IIH PDU Are L2 LAN IIH PDUs 9.6 C.4M N/A O YesO
correctly constructed and
parsed?
*8208 DA Are ISO8208 Dynamic 8.3 0.1 YesO NoO
Assigned circuits
implemented?
RA Adjacency Are the reachable address 8.3.2.2:8.3.5.6 8208 DA:O N/A 0O YesO
Managerpent adjacency management
operations implemented?
Call Establishment Are non-zero values of the 8.3.5 8208 DA:O N/A 0O YesO NoO
Metric Icrement callEstablishmentMetric-
Increment supported?
Reverse Path Cache | Is 8208 reverse path cache 833 8208 DA:O N/A 0O YesO NoO
implemented?
C.4 if L21] and LAN then M else —
A.7.2 Level 2 update process
Item Functionality/Description References Status Support
L2 LS PDU Are L2 LS PDUs correctly 9.9 L2:M N/AO YesO
constructed and parsed?
L2 CSN pDU Are L2 CSN PDUs correctly | 9.11 L2:M N/AO YesO
constructed and parsed?
L2 PSN PDU Are L2 PSN PDUs correctly | 9.13 L2:M N/AO YesO
constructed and parsed?
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Item Functionality/Description References Status Support
L2 Attached Flag Is the setting of the attached 7.29.2 L2IS:M N/AO YesO
flag implemented?
L2 Partition DIS Is the election of the partition | 7.2.10.2 Partition:M N/AO YesO
election L2 DIS implemented?
L2 Partition Area Is the computation of L1 7.2.10.3 Partition:M N/AO YesO
Addresses partition area addresses
Computation implemented/
L2 DIF Partition Is partition detection and 7.2.10.1 Partition:M N/AO YesO
Repair repair via virtual L1 links
implemented?
A.7.4 |Level 2 forward/receive process
Item Functionality/Description References Status Support
L2 N§HDU Is the encapsulation of 7.2.10.4,7.4.3.2 | Partition:M N/AO YesO
Encapjsulation NPDUs implemented?
L2 N§HDU Is the decapsulation of 7.4.4 Partition: M N/AO YesO
Decaglsulation NPDUs implemented?
L2 Enfcapsulated Is the encapsulated NPDU 7.2.10.57.43 [21S:M N/AO YesO
NPDU Forwarding | forwarding implemented
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Annex B
(informative)

Supporting technical material

B.1 Addressing and routeing

In order t
address ad
level domg
delegate to
division to
addresses

come into |
parity”. Fo
the addresq
own addre
as an inde
amounts of

If network
authorities
Unfortunat]

inistration is mandatory. ISO 8348 specifies a hierarchical structure for network addresses, with a numbe
ins responsible for administering addresses on a world-wide basis. These address registration authoritie
subauthorities the task of administering portions of the address space. There is a natural tendency. to repeat
a relatively fine level of granularity in order to ease the task of each sub-authority, and to assign-responsil
o the most “localised” administrative body feasible. This results in (at least in theory) reduced costs of
administrafion and reduced danger of massive address duplication through administrative error. Furthermore, politicg

lay which require the creation of sub-authorities in order to give competing interests the impression of “hie
example at the top level of the ISO geographic address space, every country is assigied an equally-sized p
space even though some countries are small and might in practice never want to\undertake administration
ses. Other examples abound at lower levels of the hierarchy, where divisions(of'a corporation each wish tg
pendent address assignment authority even though this is inefficient opérationally and may waste mor
potential address space.

topologies and traffic matrices aligned naturally with the hiefarchical organisation of address admir]
this profligate use of hierarchy would pose little problem, given. the large size (20 octets) of the N-addre
ely, this is not usually the case, especially at higher levels of<the hierarchy. Network topologies may cross

administrafion boundaries in many cases, for example:

- Multi-
- Commnl
- Militai

- Corpo
govert]

These king
routeing te
considerab
consumpti

Similarly i
flexibility
in Intra-Do
the needs

hational Corporations with a backbone network that spans several countries
unity-of-interest networks, such as academic opresearch networks, which span organisations and geographi
y networks, which follow treaty alignments rather than geographic or national administrations

ate networks where divisions at times operate as part of a contractor’s network, such as with trade con
ment procurements.

s of networks also exhibit.rich internal topologies and large scale (10° systems), which require soph
chnology such as that.provided by this International Standard. In order to deploy such networks effec|
e amount of address ‘space must be left over for assignment in a way which produces efficient routes witho
n of memory and-bandwidth for routeing overhead".

mportant is_flie-inter-connection of these networks via Inter-domain routeing technology. If all of the ass

main routeing assignment (at the low end of the address) there may be little or no address space left to cust]
f inter-domain routeing. The considerations for how addresses may be structured for the Intra- and Inteq

form of
r of top-
in turn
this sub-
ility for
address
I factors
rarchical
brtion of
of their
operate
umental

istration
s space.
address

A4
2

sortia or

isticated
tively, a
it undue

ignment

f the addressing scheme is exhausted in purely administrative hierarchy (at the high-order end of the addiess) and

bmise to
-domain

cases are d

sclissed in more detail in the following two clauses.

B.1.1 Address structure for intra-domain routeing

The IS-IS Intra-domain routeing protocol uses a “preferred” addressing scheme. There are a number of reasons the designers of
this protocol chose to specify a single address structure, rather than leaving the matter entirely open to the address assignment

authorities

and the routeing domain administrators:

a) If one address structure is very common and known a priori, the forwarding functions can be made much faster;

D" In other words, hierarchical routeing, with its natural effect on address assignment, is a mandatory requirement for such networks.
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b) If part of the address is known to be assigned locally to an end system, then the routeing can be simpler, use less memory,
and be potentially faster, by not having to discriminate based on that portion of the address.

c) If part of the address can be designated as globally unique by itself (as opposed to only the entire address having this
property) a number of benefits accrue:

1)

Errors in address administration causing duplicate addresses become much less likely

2) Automatic and dynamic NSAP address assignment becomes feasible without global knowledge or synchronisation

3) Routeing on this part of the address can be made simple and fast, since no address collisions will occur in the

forwarding database.

d) Ifalpart of the address can be reserved for assignment purely on the basis of topological efficiency (as oppesed

or 4

addfesses and the topology are in close correspondence.

e) Ifah upper bound can be placed on the amount of address space consumed by the Intra-domain_souteing schen
use|of address space by Inter-domain routeing can be made correspondingly more flexible.

The pre

shown ip figure B.1 below:

The fielfl marked AFI and IDI in the figure are precisely the IDP specified in ISO8348. The field marked DSP i

logically
meaning
routeing

the fields specified by the Intra-domain IS—IS routeing protocol is explained in the following paragraphs.

B.1.1.1

Since tH

preferrefl binary encoding of ISO 8348.

B.1.1.2

ddress administration ease), hierarchical routeing becomes much more memory and bandwidth(eéfficien

erred address format of the Intra-domain IS—IS protocol achieves these goals by being structured into fields

containing two parts. The high-order part is that portion of the DSP_ftem ISO 8348 whose structure, assig
are not specified or constrained by the Intra-domain IS-IS routeing protocol. However, the design presun
domain administrator has at least some flexibility in assigning.a portion of the DSP field. The purpose af

Area address

e Intra-domain IS—IS protocol is customised for ©peration with ISO 8473, all addresses are specified

The Selector (SEL) Field

to political
[, since the

he, then the

as follows

S treated as
nment, and
hes that the
hd usage of

to use the

The SEL field is intended for two purposes. Its main use is to allow for multiple higher-layer entities in End systems (such as

multiple

The advantage of reserving this field exclusively for local system administration the Intra-domain routeing functio
store royiteing information about, ner even look at this field. If each individual NSAP were represented explicitly

transport entities) for those systems which need this capability. This allows up to 256 NSAPs in a single H

nd system.
hs need not
in routeing

tables, the size of these tables woeuld grow with the number of NSAPs, rather than with the number of End sysfems. Since

Intra-domain routeing routescto-systems, explicit recording of each NSAP brings no efficiency benefit and |potentially
consumg¢s large amounts ofymemory in the Intermediate systems.
< Used by level 2 routeing )< Used by level 1 routeing——p
AFE l TaY l ' DsSP ' l
¢ Area Address > ID » SEL
(variable length) (1<=ID<=8 octets) (1 octet)
Figure B.1 - Preferred Address Format
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A second use for the SEL field is in Intermediate systems. Certain IS—IS functions require that PDUs be encapsulated and sent
to the Network Entity in an Intermediate system rather than to an NSAP and upward to a Transport entity. An example of this
is the Partition Repair function of this International Standard. In order to use a level 2 path as if it were a single subnetwork in
a level 1 area, PDUs are encapsulated and addressed to an IS on the other side of the partition". By reserving certain values
of the SEL field in Intermediate systems for direct addressing of Intermediate system Network entities, the normal addressing
and relaying functions of other Intermediate systems can be transparently used for such purposes.

B.1.1.3 The identifier (id) field

The ID field is a “ﬂat” large 1dent1ﬁer space for 1dent1fy1ng OSI systerns The purpose of th1s ﬁeld is to allow very fast simple

routeing tora
this field f¢
chosen to 4

First, a cer
along with

r routelng within a area. While thlS field is only requlred to be unamblguous w1th1n a smgle area, 1f the v
e globally unambiguous the Intra-domain IS—IS design can exploit this fact in the following ways.

tain amount of parallelism can be obtained during relaying. An IS can be simultaneously precessing the
other fields. If the ID is found in the forwarding table, the IS can initiate forwarding while ‘checking to m

that the otIer fields have the expected value. Conversely, if the ID is not found the IS can assume\that either the a

NSAP is uw
forwarding

Second, a ¢
ID is chosd
ID is know
address std
centralised
reduces thg
isolate.

reachable or exists only in some other area or routeing domain. In the case where the ID, is not globally un
table can indicate this fact and relaying delayed until the entire address is analysed.and the route looked up

n from the ISO 8802 48-bit address space (represented as a sequence of 6 octets as specified in ISO/IEC 10
m to be globally unique. Furthermore, since LAN systems conforming to ISO 8802 often have their 48-1
red in ROM locally, each system can be guaranteed to have a globally unambiguous NET and NSAP(s)

possibility of duplicate NSAP addresses, which are illegal, difficult to diagnose, and often extremely di

levels of r

teing within a single routeing domain. The designerstof the Intra-domain IS—IS protocol considered that th|

An altema{:\/e to a large, flat space for the lowest level of routeing would be to hierarchically subdivide this field to all

lead to an i

a) The ¢
requiri
b) Two Ig
unlike
¢) Admir
d) The aq
use of
B.2 Us¢
Use of a p

ISs in ordef

ferior routeing architecture, since:

st of memory in the ISs was sufficiently reasonable that large (e.g. 10 4 systems) areas were quite feasi
ng at least 2 octets per level to address

vels of routeing within a routeing domain were sufficient (allowing domains of 10 6 —10 7 systems) becau
y that a single organisation would\wish to operate and manage a routeing domain much larger than that.

istrative boundaries often become the dominant concern once routeing domains reach a certain size.

ditional burdens and potential for error in manual address assignment were deemed serious enough to pg
a large, flat space.

t of the area.address field in intra-domain routeing

rtion of the/DSP field provides for hierarchical routeing within a routeing domain. A value is assigned tq
to group the ISs into a single area for the usual benefits of hierarchical routeing:

onsiderable savings can be obtained in manual address administration for all §ystéms in the routeing domaj

ycol uses
hlues are

ID field
ake sure
ddressed
que, the

n. If the
39), the
it MAC
without

address administration at the area level”. This not only eliminatesvadministrative overhead, but also dastically

[ficult to

bw more
is would

ble, thus

ke it was

rmit the

a set of

a) Limiti

neg the size of routeing tables in the ISs;

b) conserving bandwidth by hierarchical summarisation of routeing information;

¢) designating portions of the network which are to have optimal routeing within themselves; and

d) moderate firewalling of portions of the routeing domain from failures in other portions.

D Thisisa

gross oversimplification for the purpose of illustrating the need for the SEL field. See 7.2.10

2 Note, however, that the use of the ISO 8802 addresses does not avoid the necessity to run ISO 9542 or to maintain tables mapping NSAP
addresses to MAC (i.e. SNPA) adddresses on the ISO 8802 subnetwork. This is because there is no guarantee that a particular MAC address
is always enabled (the LAN controller may be turned off) or that a system has only a single MAC address.
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It is important to note that the assignment of high-order DSP values is intended to provide the routeing domain administrator
with a mechanism to optimise the routeing within a large routeing domain. The Intra-domain IS—IS designers did not intend the
DSP to be entirely consumed by many levels of address registration authority. Reserving the assignment of a portion of the
DSP field to the routeing domain administrator also allows the administrator to start with a single assigned Area Address and
run the routeing domain as a single area. As the routeing domain grows, the routeing domain administrator can then add areas
without the need to go back to the address administration authority for further assignments. Areas can be added and reassigned
within the routeing domain without involving the external address administration authority.

A useful field to reserve as part of the DSP would be 2 octets, permitting up to 65 536 areas in a routeing domain. This is
viewed as a reasonable compromise between routeing domain size and address space consumption. The field may be specified
as ﬂat f 1 l.llC SAIIIC TTASUILS LildL LhU :D ﬁC‘lL‘l 1Iay bC ﬁd.t.

B.2.1 | Addressing considerations for inter-domain routeing

It is in the Inter-domain arena where the goals of routeing efficiency and administrative independence.collide mojst strongly.
Although the OSI Routeing Framework explicitly gives priority in Inter-domain routeing to considerations of autpnomy and
firewallg over efficiency, it must be feasible to construct an Inter-Domain topology that both produces isolable dpmains and
relays data at acceptable cost. Since no routeing information is exchanged across domain boundaries with static r¢uteing, the
practicality of a given Inter-domain topology is essentially determined by the size of the retit€ing tables that are prgsent at the
boundarjy ISs. If these tables become too large, the memory needed to store them, the processing needed to search them, and
the bandwidth needed to transmit them within the routeing domain all combine to disalley certain forms of interconpection.

Inter-dofnain routeing primarily computes routes to other routeing domains?. @ there is no correspondence between the
address fegistration hierarchy and the organisation of routeing domains (and-théir interconnection) then the task offstatic table
maintenpnce quickly becomes a nightmare, since each and every routeing“domain in the OSIE would need a [table entry
potentially at every boundary IS of every other routeing domain. Luckily, there is some reason to believe that a natural
correspqndence exists, since at least at the global level the address registration authorities fall within certain ftopological
regions.| For example, most of the routeing domains which obtained their Area Addresses from a hierarchy| of French
authorities are likely to reside in France and be more strongly.connected with other routeing domains in France that with
routeing domains in other countries.

There atle enough exceptions to this rule, however, to be.a cause for concern. The scenarios cited in B.1 all exist todpy and may
be expefted to remain common for the foreseeable future. Consider as a practical case the High Energy Physi¢s Network
(HEPnef), which contains some 17 000 End systems, and an unknown number of intermediate systems®. THis network
operateq as a single routeing domain in order to provide a known set of services to a known community of users, and is funded
and costjustified on this basis. This network is international in scope (at least 10 countries in North America, Eurdpe, and the
Far East)) and yet its topology does not map well onto existing national boundaries. Connectivity is richer between(CERN and
FERMIlab, for example than between ‘many points within the U.S.

More importantly, this network\has rich connectivity with a number of other networks, including the PDNs of the various
countriep, the NSFnet in the\U’S., the international ESnet (Energy Sciences Network), the general research Irternet, and
military|networks in the UsS.-and elsewhere. None of these other networks shares a logical part of the NSAP addregs hierarchy
with HHPnet”. If the ofilysmethod of routeing from the HEPnet to these other networks was to place each within opie and only
one ofzthe existing régistration authorities, and to build static tables showing these relationships, the tables would clearly grow
as Om~ ).

It seemq therefore, that some means must be available to assign addresses in a way that captures the Inter-Domaip topology,
and whifh’coexists cleanly with both the administrative needs of the registration authorities, and the algorithms employed by
both the Intra- and Inter-domain routeing protocols. As alluded to in an earlier clause, it seems prudent to leave some portion
of the address space (most likely from the high order part of the DSP) sufficiently undefined and flexible that various Inter-
domain topologies may be efficiently constructed.

" This International Standard also uses static Inter-domain tables for routeing to individual End systems across dynamically assigned

circuits, and also to End systems whose addresses do not conform to the address construction rules.

? The number of ISs is hard to estimate since some ISs and links are in fact shared with other networks, such as the similarly organised
NASA Space Physics network, or “SPAN”

» It is conceivable that ISO would sanction such networks by assigning a top-level IDI from the ISO non-geographic AFI, but this is
unlikely and would only axacerbate the problem if many such networks were assigned top-level registrations.
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Annex C
(informative)

Implementation guidelines and examples

C.1 Routeing databases

Each databpsecomains Tecords as defined 1 e following Sub-clauses. 1 11c foitowing datatypes are detined.

FROM CommonMgmt IMPORT NAddress,
AfldressPrefix, BinaryAbsoluteTime;

spID = ARRAY [0..iDLength-1] OF Octet;
systemID = ARRAY [0..iDLength] OF Octet;
petetTimeStamp = BinaryAbsoluteTime;

C.1.1 Level 1 link state database

This datab

each Interrhediate System (or pseudonode) in the area. The Level 1 Link State PDU lists Level 1 links to the Inte
System tha} originally generated the Link State PDU.

RECORD

aqr: 1spID;

(*/ID of LSP originator *)

type: (LevellIntermediateSystem,
AttachedLevel2IntermediateSystem,
UnattachedLevel2IntermediateSystem);
segnum: [0..SequenceModulus — 1];

L$Page: [0..MaxAgel];

(MRemaining Lifetime *)

expirationTime: TimeStamp;

(MTime at which LSP age became zero (see 7.3.16.4). ¥)

SRMflags: ARRAYT1..(maximum€ircuits +

mpximumVirtual Adjacencies)JOE BOOLEAN;

(*Indicates this LSP to be sent on this circuit. Note that level 2 Intermediate systems may send level 1
other partitions (if any-exist). Only one level 2 Intermediate system per partition does this. For level I Inte
Systems the array is-just maximumCircuits long. *)

SPNflags: ARRAY{~maximumCircuits +

mpximumVirtualAdjacencies] OF BOOLEAN;

(*Indicates.that information about this LSP shall be included in the next partial sequence number PDU tra
on this cireuit. *)

POINTER TO LSP;

(¥Thé received LSP *)

se is kept by Level 1 and Level 2 Intermediate Systems, and consists of thelatest Level 1 Link State PD[Us from

'mediate

LSPs to
mediate

hsmitted

END;

C.1.2 Level 2 link state database

This database is kept by Level 2 Intermediate Systems, and consists of the latest Level 2 Link State PDUs from each Level 2
Intermediate System (or pseudonode) in the domain. The Level 2 Link State PDU lists Level 2 links to the Intermediate
System that originally generated the Link State PDU.
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RECORD

adr: IspID;

(* iDLength + 2 octet ID of LSP originator *)

type: (AttachedLevel2IntermediateSystem,
UnattachedLevel2IntermediateSystem);
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seqnum: [0..SequenceModulus — 1];
LSPage: [0..MaxAge];
(*Remaining Lifetime *)
expirationTime: TimeStamp;
(*Time at which LSP age became zero (see
7.3.16.4). %)
SRMflags: ARRAY/1..(maximumCircuits)] OF
BOOLEAN;

(*Indicates this LSP to be sent on this circuit. *)
SSNflags: ARRAY[1..maximumCircuits] OF

C.13

This datpbase is kept by all systems. Its purpose is to keep
track of neighbours. For Intermediate systems, the adjacency database comprises a database\with an entry for each:

- Adjpcency on a Point-to-point circuit.
- Bropdcast Intermediate System Adjacency.

NOTE 78 Both a Level 1 and a Level 2 adjacency can exist between the§ame pair of systems

- Broadcast End system Adjacency.

- pots
- Virl

Each en
the remd

Circuit I

This d.

RO O AN
DOOLCTAIN;,

on this circuit. *)
POINTER TO LSP; (*The received LSP *)
END;

Adjacency database

ntial SVC on a DED circuit (maximumSVCAdjacencies or a DA circuit, or 1 for a Static circuit).
ual Link Adjacency.

ining holding time for each Adjacency IDEntry; as defined below.

IDEntry = RECORD
ID: systemID;
(* The idLength octet System ID of a neighbour End system extracted from the SOURCE ADDRESS
ESH PDUs. *)
entryRemainingTime: Unsigned [1..65535]

example by the use.of asynchronous timers. It is present here in order to permit a consistent description

rules. *)
END

Database

ARRAY

[T .maximumCircuits].

(*Indicates that information about this LSP must be included in the next partial sequence number PDUAransmitted

ry contains the parameters in Clause 11 for the Adjacency managed object. It also contains the variable uged to store

field of its

(* The remaining holdingtime in seconds for this entry. This value is not accessible to system management. An
implementation may.choose to implement the timer rules without an explicit remainingTime being maintained. For

f the timer

itabase’ is kept by all systems. Its purpose is to keep information about a circuit. It compprises an

Each entry contains the parameters in Clause 11 for a linkage managed object. It also contains the remainingHelloTime
(WordUnsigned [1..65535] seconds) variable for the Circuit. This variable not accessible to system management. An
implementation may choose to implement the timer rules without an explicit remainingHelloTime being maintained. For
example by the use of asynchronous timers. It is present here in order to permit a consistent description of the timer rules.
Additionally, for Circuits of type “X.25 Static Outgoing” or “X.25 DA”, it contains the recallCount (Unsigned[0..255])
variable for the Circuit. This variable is not accessible to system management. It used to keep track of recall attempts.
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C.14

Level 1 shortest paths database

This database is kept by Level 1 and Level 2 Intermediate Systems (unless each circuit is “Level 2 Only*). It is computed by
the Level 1 Decision Process, using the Level 1 Link State Database. The Level 1 Forwarding Database is a subset of this
database.

C.15

RECORD

adr: systemld; (*idLength octet ID of destination system *)
cost: [1..MaxPathMetric];

(*Cost of best path to destination system *)

ad}acepm'pc' ARR AV[1 maximi |manth|ifc]

OF POINTER TO Adjacency;

(*Pointer to adjacency for forwarding to system adr *)
END;

Level 2 shortest paths database

This databgse is kept by Level 2 Intermediate Systems. It is computed by the Level 2 Decision Process, using the Levgl 2 Link

State Database. The Level 2 Forwarding Database is a subset of this database.

C.1.6

RECORD

adr: AddressPrefix;

(*Hestination prefix *)

cqst: [1..MaxPathMetric];

(*|Cost of best path to destination prefix *)
adjacencies: ARRAY([1..maximumPathSplits]

OF POINTER TO Adjacency;
(*Pointer to adjacency for forwarding to prefix adr *)
END;

Level 1 forwarding database

This databpse is kept by Level 1 and Level 2 Intermediate Systems (unless each circuit is “Level 2 Only*). It is| used to
determine Wwhere to forward a data NPDU with destination within this system’s area. It is also used to determine how t¢ reach a

Level 2 Intprmediate System within the area, for data PDUs with destinations outside this system’s area.

C.1.7 Level 2 forwarding database

RECORD
adr:systemld;
(*idLength octet ID of destination system. Destination “0” is special, meaning“nearest level 2 Intefmediate
system *)

spllits: [0..maximumPathSplits];

(* Number of valid etitput adj’s for reaching adr (0 indicates it “is unreachable) )
ngdxtHop: ARRAY{ Ty, maximumPathSplits] OF

POINTER TO adjacency;

(*Pointerto adjacency for forwarding to destination system *)

END;

This database is kept by Level 2 Intermediate systems. It is used to determine where to forward a data NPDU with destination
outside this system’s area.
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RECORD
adr: AddressPrefix;
(*address of destination area. *)
splits: [0..maximumPathSplits];
(*Number of valid output adj’s for reaching adr (0 indicates it is unreachable) *)
nextHop: ARRAY[1..maximumPathSplits] OF
POINTER TO adjacency;
(*Pointer to adjacency for forwarding to destination area. *)
END;

© ISO/IEC 2002 — All rights reserved


https://standardsiso.com/api/?name=704b012816bcf13d89c154ad1774229d

ISO/IEC 10589:2002(E)

C.2 SPF algorithm for computing equal cost paths

An algorithm invented by Dijkstra (see references) known as shortest path first (SPF), is used as the basis for the route
calculation. It has a computational complexity of the square of the number of nodes, which can be decreased to the number of
links in the domain times the log of the number of nodes for sparse networks (networks which are not highly connected).

A number of additional optimisations are possible:
a) If the routeing metric is defined over a small finite field (as in this International Standard), the factor of log » may be

removed by using data structures which maintain a separate list of systems for each value of the metric rather than sorting
the pysterms by togicat distarnce:

b) Updates can be performed incrementally without requiring a complete recalculation. However, a full update’ mpst be done
periodically to recover from data corruption, and studies suggest that with a very small number of linki.¢hangps (perhaps
two) the expected computation complexity of the incremental update exceeds the complete ré€ealculation.| Thus, this
Intgrnational Standard specifies the algorithm only for the full update.

c) Ifohly End system LSP information has changed, it is not necessary to recompute the entireyDijkstra tree for the IS. If the
proper data structures exist, End Systems may be attached and detached as leaves Of the tree and their |forwarding
infdrmation base entries altered as appropriate.

The original SPF algorithm does not support load splitting over multiple paths. The “algorithm in this Internationpl Standard
does pefmit load splitting by identifying a set of equal cost paths to each destination/rather than a single least cost pgth.

C.2.1 |Databases

PATHS - This represents an acyclic directed graph of shortest paths*ftem the system S performing the calculation.|It is stored
a set of triples of the form (N,d(N),{Adj(N)}), where:

o

N is a system Identifier. In the level 1 algorithm, N is.a{idLength+1) octet ID. For a non-pseudonode it is the idLength
oftet system ID, with a 0 appended octet. For a ps¢udonode it is a true (idLength+1) octet quantity, comprised of the
igLength octet Designated Intermediate System D and the extra octet assigned by the Designated Intermedipte System.
In the level 2 algorithm it is either a
(idLength+1) octet Intermediate System or{pseudonode ID (as in the level 1 algorithm), or it is a variable lenigth address
plefix (which will always be a leaf, i.e.(‘End system”, in PATHS).

d[N) is N’s distance from S (i.e. the-total metric value from N to S).

{dj(N)} is a set of valid adjacencies that S may use for forwarding to N. When a system is placed on PATHS, the
hth(s) designated by its-pesition in the graph is guaranteed to be a shortest path.

o TS

TENT - This is a list of triples of the form (N,d(N),{Adj(N)}), where N, d(N) and {4dj(N)} are as defined above for PATHS.

TENT can intuitively be thought of as a tentative placement of a system in PATHS. In other words] the triple
N,x,{A})inVENT means that if N were placed in PATHS, d(N) would be x, but N cannot be placed on PATHS until it
4 guardnteed that no path shorter than x exists.

~~

—

cy A or B

NOTE 79 As described above, (see 7.2.6), it is suggested that the implementation keep the database TENT as a set of lists of triples
of the form (* Dist,* ), for each possible distance Dist. In addition it is necessary to be able to process those systems which are
pseudonodes before any non-pseudonodes at the same distance Dist.

C.2.2 Use of metrics in the SPF calculation

Internal metrics are not comparable to external metrics. Therefore, the cost of the path from N to S for external routes (routes to
destinations outside of the routeing domain) may include both internal and external metrics. The cost of the path from N to S
(called d(N) below in database PATHS) may therefore be maintained as a two-dimensional vector quantity (specifying internal
and external metric values). In incrementing d(N) by 1, if the internal metric value is less than the maximum value
MaxPathMetric, then the internal metric value is incremented by one and the external metric value left unchanged; if the
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internal metric value is equal to the maximum value MaxPathMetric, then the internal metric value is set to 0 and the external
metric value is incremented by 1. Note that this can be implemented in a straightforward manner by maintaining the external
metric as the high order bits of the distance.

NOTE 80 In the code of the algorithm below, the current path length is held in a variable tentlength. This variable is a two-dimensional
quantity tentlength=(internal,external) and is used for comparing the current path length with d(N) as described above.

C.2.3 Overview of the algorithm

The basic algorlthm which bullds PATHS from scratch starts out by puttlng the system domg the computation on PATHS
(no shorterppath-te >xist s-then-pre 2 sency-database

Note that a|system is not placed in PATHS unless no shorter path to that system exists. When a system N is plaged-in PATHS,
the path to feach neighbour M of N, through N, is examined, as the path to N plus the link from N to M. If (M, * *#)is in PATHS,
this new pdth will be longer, and thus ignored.

If (M, * *) s in TENT, and the new path is shorter, the old entry is removed from TENT and the new. path is placed ifp TENT.
If the new path is the same length as the one in TENT, then the set of potential adjacencies {adj(M)} is set to the uni¢n of the
old set (in TENT) and the new set {adj(N)}. If M is not in TENT, then the path is added to TENT,

Next the alporithm finds the triple (N,x,{4Adj(N)}) in TENT,
with mininjal x.

NOTE 81 This is done efficiently because of the optimisation described above. When thg list of triples for distance Dist is exhapsted, the
algorithm then increments Dist until it finds a list with a triple of the form (*,Dist,*).

N is placed in PATHS. We know that no path to N can be shorter than xtat_this point because all paths through systemg already
in PATHY have already been considered, and paths through system$sin TENT will have to be greater than x becguse x is
minimal in[TENT.

When TENT is empty, PATHS is complete.

C.2.4 Algorithm

The Decisgn Process Algorithm must be run once for each supported routeing metric. A Level 1 Intermediate System|runs the
algorithm pising the Level 1 LSP database to.compute Level 1 paths. In addition a Level 2 Intermediate System [runs the
algorithm ysing the Level 2 LSP database to.compute Level 2 paths.

If this system is a Level 2 Intermediate) System which supports the partition repair optional function the Decision| Process
algorithm for computing Level 1 paths must be run twice for the default metric. The first execution is done to determime which
of the areas manualAreaAddresses are reachable in this partition, and elect a Partition Designated Level 2 Intefmediate
System for| the partition. The Partition Designated Level 2 Intermediate System will determine if the area is partitigned and
will create virtual Level 1Ainks to the other Partition Designated Level 2 Intermediate Systems in the area in order to rgpair the
Level 1 pattition. This i§;further described in 7.2.10.

C.2.5 Step 0:.Inifialise TENT and PATHS to empty.
Injitialise‘tentlength to (0,0).

(tenflength 1s the pathlength of elements in TENT we are examining.)
a) Add(SELF, 0, W) to PATHS, where W is a special value indicating traffic to SELF is passed up to Transport (rather than
forwarded).

b) Now pre-load TENT with the local adjacency database. (Each entry made to TENT must be marked as being either an
End system or an Intermediate System to enable the check at the end of Step 2 to be made correctly.) For each adjacency
Adj(N), (including Manual Adjacencies, or for Level 2 enabled Reachable Addresses) on enabled circuits, to system N of
SELF in state “Up”, compute

d(N) = cost of the parent circuit of the adjacency (N), obtained from metric k , where k = one of default metric, delay
metric, monetary metric, error metric.

Adj(N) = the adjacency number of the adjacency to N.
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bntioned in
stem.

|) octets of
for all the

Adj(N)) to

U with the

State PDUs

rload bit is
1dj(P)) and

cencies, as

c) [Ifatriple (N,x,{4dj(M)}) is in TENT, then:

If x = d(N), then Adj(M) < {Adj(M)} © Adj(N).

d) If there are now more adjacencies in {Adj(M)} than maximumPathSplits, then remove excess adjacencies as described in
7.2.7.

e) Ifx <d(N), do nothing.

f) Ifx > d(N), remove (N,x,{Adj(M)}) from TENT and add the triple (N,d(N),Adj(N)).

g) Ifnd triple (N, x,{Adj(M)}) is in TENT, then add (N, d(N),Adj(N)) to TENT.

h) Noy add any systems to which the local Intermediate system does not have adjacencies, but which)are m
neighbouring pseudonode LSPs. The adjacency for such systems is set to that of the Designated Intefmediate Sy

i) For|all broadcast circuits in state “On”, find the LSP with LSP number zero and with the,ficst (idLength+
LSRID equal to the L n CircuitlD for that circuit (i.e. pseudonode LSP for that circuit). If it is present,
neighbours N reported in all the LSPs of this pseudonode which do not exist in TENT,add an entry (N,d(N]
TENT, where

d(N) = metric k of the circuit.
Adj(N) = the adjacency number of the adjacency to the DR.

7))  Goto Step 2.

C.2.6 [Step 1: Examine the zeroth Link State PDU of P, the systemjust placed on PATHS (i.e. the Link State PI

same first (idLength+1) octets of LSPID as P, and LSP numiber zero).

a) Ifthis LSP is present, and the LSP Database Overloadsbit is clear, then for each LSP of P (i.e. all the Link
with the same first (idLength+1) octets of LSPID as Pyittespective of the value of LSP number) compute
dist{P,N) = d(P) + metric k (P,N).
for pach neighbour N (both Intermediate System and End system) of the system P. If the LSP Database Ove
set,lonly consider the End system neighbguss of the system P. d(P) is the second element of the triple (P,d(P),{]
metfic k (P,N) is the cost of the link from P to N as reported in P’s Link State PDU

b) Ifdfst(P,N) > MaxPathMetric, then do nothing.

c) If{NV,d(N),{Adj(N)}) is in PATHS, then do nothing.

d) [Ifaltriple (N,x,{Adj(N)})4s in TENT, then:

1) |1fx = dist(PND, then Adj(N) < {Adj(N)} U Adj(P).

2) |If thereare now more adjacencies in {Adj(N)} than maximumPathSplits, then remove excess adja
described in 7.2.7.

3) |1¥x)< dist(P,N), do nothing.

NOTE 82 d(N) must be less than dist(P,N), or else N would not have been put into PATHS. An additional sanity check may be done here to
ensure d(N) is in fact less than dist(P,N)

4)

If x > dist(P,N), remove {(N,x,{Adj(N)}) from TENT and add (N,dist(P,N),{Adj(P)}).

e) Ifno triple (N, x,{Adj(N)}) is in TENT, then add (N, dist(P,N),{P}) to TENT.

© ISO/IEC 2002 — All rights reserved

155


https://standardsiso.com/api/?name=704b012816bcf13d89c154ad1774229d

ISO/IEC 10589:2002(E)

C.2.7

Step 2: If TENT is empty, stop, else:

a) Find the element (P,x,{Adj(P)} ), with minimal x as follows:

1)

2)
3)
4)

5)

NOTE 83

cost.

If an element (* tentlengt’, *) remains in TENT in the list for tentlength, choose that element. If there are more than
one elements in the list for tentlength, choose one of the elements (if any) for a system which is a pseudonode in
preference to one for a non-pseudonode. If there are no more elements in the list for tentlength, increment tentlength

and repeat Step 2.
Remove (P,tentlength, {Adj(P)}) from TENT.

AfdP.d(P),{Ad (D)) to PATHS.

If{ this is the Level 2 Decision Process running, and the system just added to PATHS listed itself\as
D¢signated Level 2 Intermediate system, then additionally add (AREA.P, d(P), {adj(P)}) to PATHS, where 4
is[the Network Entity Title of the other end of the Virtual Link, obtained by taking the first AREA-listed in H
2 LLSP and appending P’s ID.

Iflthe system just added to PATHS was an End system, go to Step 2, Else go to Step 1.

n the Level 2 context, the “End systems” are the set of Reachable Address Prefixes and the'sét of areaAddresses

C.3 Forwarding process

CJ3.1

Example pseudo-code for the forwarding procedure described\in 7.4.3

This proceglure chooses, from the Level 1 forwarding database — if level is{evell, or from the Level 2 forwarding data
level is level2, an adjacency on which to forward PDUs for destination @dest. A pointer to the adjacency is returned in|
the procedyre returns the value “True”. If no suitable adjacency exists(the procedure returns the value “False”, in whid
call should|be made to Drop(“Destination Address Unreachable”, octetNumber).

If queue lgngth values are available to the forwarding process;’the minimal queue length of all candidate circuits ig
otherwise, fhey are used in round robin fashion.
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PROCEDURE Forward(

level: (levell, level2),

dest: NetworkLayerAddress,
VAR adj: POINTER TO
adjacency) : BOOLEAN

VAR

adjArray: ARRAY OE

orwardingDatabaseRecords;

emp, index, minQueue: CARDINAL;
BEGIN
(*Set adjArray\to-appropriate database} *)
IH level = lévell THEN
adjArray..= levell ForwardingDatabase
ELSE

Partition
\REA.P
’s Level

with zero

base — if
adj, and
h case a

chosen,

adjAfray := level2ForwardingDatabase

END;
(*Perform appropriate hashing function to obtain an index into the database *)
IF Hash(level, dest, index) THEN
IF adjArray[index].splits > 0 THEN
(*Find minimum queue size for all equal cost paths *)
minQueue := MaxUnsigned;
temp := adjArray[index].lastChosen + 1;
(*start off after last time *)
FOR i :=1 TO adjArray[index].splits DO
(*for all equal cost paths to dest *)
IF temp > adjArray[index].splits THEN
(*after end of valid entries, wrap to first *)
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temp =1
ELSE
temp = temp + 1
END;
IF
QueueSize(adjArray[index].nextHop[temp]) < minQueue THEN
minQueue :=
QueueSize(adjArray[index].nextHop[temp]);
adj :=

adjArray[index].nextHop[temp];
adeuay[iuch].iathhchu Bl LCllllJ,
END;
Forward := true
END;
ELSE
Forward := false (*There must be at least one valid output adjacency *)
END
ELSE
Forward := false (*Hash returned destination unknown *)
END
END forward;.
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Annex D
(informative)

Congestion control and avoidance

D.1 Congestion control

The transmit management subroutine handles congestion control. Transmit management consists of the following components:

Squar
limiteq
exhaus

also queues PDUs for an output circuit, and prevents buffer deadlock by discarding PDUs when thé buffg
ted. D.1.1 specifies the Square Root Limiter Process.

Originating PDU limiter. Limits originating NPDU traffic when necessary to ensure that transit NPDUs are not

An or]l
from 4

Flushg

Informatio
experience

oinating NPDU is an NPDU resulting from an NSDU from the Transport at this ES. A transit NPDU is a
nother system to be relayed to another destination ES.

r. Flushes PDUs queued for an adjacency that has gone down.

1 for higher layer (Transport) congestion control procedures is provided' by the setting of the “co
1” bit in the forwarded NPDUs.

D.1.1 Square root limiter

The square
due to Con|
as follows:

where:

N, b= Numb
N, = Numh

The outpuf
process, ar
layer for th

Where a d
buffer and
single inpy

root limiter discards a data NPDU by calling the ISO 8473 diseard PDU function with the reason “PDU D)
pestion” when the number of data NPDUs on the circuit output queue exceeds the discard threshold, U,. U,

er of Routeing Layer buffers (maximumBuffers) for all output circuits.
er of active output circuits (i.¢. Circuits in state “On”).

queue is a queue of-buffers containing data NPDUs which have been output to that circuit by the for
d which have not.yeb been transmitted by the circuit. It does not include NPDUs which are held by the
e purpose of retsansmission.

ita NPDU<s)to be fragmented by this Intermediate system over this circuit, each fragment shall occupy a
shall b&counted as such in the queue length. If the addition of all the buffers required for the fragmenta
t data WPDU would cause the discard threshold for that queue to be exceeded, it is recommended that

fragments

e root limiter. Reduces buffer occupancy time per PDU by using a square root limiter algorithm. The sq1|1are root

r pool is

rejected.

h NPDU

ngestion

iscarded
is given

warding
jata link

separate
ion of a
hll those

ineluding those which could be added without causing the threshold to be exceeded) be discarded.

D.1.2 Originating PDU limiter

The originating PDU limiter first distinguishes between originating NPDUs and transit NPDUs. It then imposes a limit on the
number of buffers that originating NPDUs can occupy on a per circuit basis. In times of heavy load, originating NPDUs may
be rejected while transit NPDUs continue to be routed. This is done because originating NPDUs have a relatively short wait,
whereas transit NPDUs, if rejected, have a long wait — a transport retransmission period.

The originating PDU limiter accepts as input:

- An NSDU received from Transport Layer
- A transmit complete signal from the circuit for an ISO 8473 Data PDU.
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The originating PDU limiter produces the following as output:

- PDU accepted
- PDU rejected
- Modifications to originating PDU counter

9:2002(E)

There is a counter, N, and an originating PDU limit, originatingQueueLimit, for each active output circuit. Each N is
initialised to 0. The originatingQueueLimit is set by management to the number of buffers necessary to prevent the circuit
from idling.

D.1.3

The flus|
whose s
whose s

D.2 (
D.2.1

The For
are excq
Queue]
(providg

Flusher

her ensures that no NPDU is queued on a circuit
ate is not ON, or on a non-existent adjacency, or one
ate is not Up.

fongestion avoidance

Buffer management

warding Process supplies and manages the buffers necessary for relaying. PDUs’shall be discarded if buffe
eded. If the average queue length on the input circuit or the forwarding processor or the output circ
[hreshold, the “congestion experienced” bit shall be set in the QoS thaintenance option of the forwarded
d the QoS maintenance option is present).

thresholds
it exceeds
data PDU
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Annex E
(normative)

Syntax imported from ISO 10165-5 (SC6 GMI)

--E.1 Generic managed object class definitions

MODULE "Rec X 723 | ISO/JEC 10165-5"

--E.1.1 (Communication information record

-- The communicationsInformationRecord object class is used to define
-- the inforpnation stored in a log as a result of receiving event reports
-- with a cqmmunication information event type. The semantics of the
-- object clpss, namely its attributes and behaviour, are derived from

-- the comrphunicationsInformation notification.

communicgtionsInformationRecord MANAGED OBJECT CLASS
DERIVED|FROM "Rec. X.721 | ISO/IEC 10165-2 : 1992":eventLogRecord;
CHARACTERIZED BY communicationsInformationRecordP1 PACKAGE
BEHAVIOUR communicationsInformationRecordB1 BEHAVIOUR
DEFINED AS
'Log fecord class for communicationsInformation events.!;

ATTRIBUTES
informationType GET;

CONDITIONAL PACKAGES
informatjonDataPackage PACKAGE
ATTRIBUTES
informpationData GET;
REGISTHRED AS {CommonMgt.poi informationDataPackage(1001)};
PRESENT IF !The informationData parameter is present in the
communicationsInformation eventfeport corresponding to
the irstance of communicationsInformationRecord.!;
REGISTERED AS {CommonMgt.ioi communicationsInformationRecord(1101)};

--E.1.2  Communication$-entity

-- Summary of changes ¢010165-5:
-- 1. Added CCIT Tepart to document references.

-- 2. Gave plural labels to set-valued attributes.

-- 3. Fixed ftypo, in label communicationsEentityld.
-- 4. Did nOtTegISter MTadatory package.

communicationsEntity MANAGED OBJECT CLASS
DERIVED FROM "Rec. X.721 | ISO/IEC 10165-2 : 1992":top;
CHARACTERIZED BY communicationsEntityP1 PACKAGE
BEHAVIOUR
communicationsEntityBl BEHAVIOUR

DEFINED AS

A communications entity supports the disabled and enabled

values of the operationalState attribute as described in

CCITT Rec. X.731 | ISO/IEC 10164-2 as follows:

160 © ISO/IEC 2002 — All rights reserved


https://standardsiso.com/api/?name=704b012816bcf13d89c154ad1774229d

