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Foreword to International Standard ISO/IEC 15802-5: 1998

This International Standard is part of a family of International Standards for Local and Metropolitan Area
Networks. The relationship between this International Standard, which provides extensions to the behavior
of ISO/IEC 10038, and the other members of the family is shown below. (The numbers in the figure refer to
ISO/IEC Standard numbers.)

8802-1 Overview

[ 8802-2 1 ncirnl Link Caontrol l

Data
8802-3 8802-4 8802-5 8802-6 8802-9 | |8802-11| |8802-12 Link

Medium Medium Medium Medium Medium Medium Medium Layer
Access Access Access Access Access Access Access

8802-3 8802-4 8802-5 8802-6 8802-9 8802-11 8802-12 | Physical
Physical Physical Physical Physical Physical Physical Physical Layer

=

This family of International Standards deals with the Physical and Data Link.layérs as defined by the IS
Open Systems Interconnection (OSI) Basic Reference Model (ISO/IEC 749841/ 1994). The access standard
define seven types of medium access technologies and associated physical media, each appropriate fq
particular applications or system objectives. Other types are under investigation.

-

The International Standards defining the access technologies are4s follows:

[¢]

a) ISO/IEC 8802-3, utilizing carrier sense multiple ac¢ess with collision detection (CSMA/CD) as th
access method.

b) ISO/IEC 8802-4, utilizing token passing bus as the access method.

c) ISO/IEC 8802-5, utilizing token passing ring\as the access method.

d) ISO/IEC 8802-6, utilizing distributed queuing dual bus as the access method.

e) ISO/IEC 8802-9, a unified access methed offering integrated services for backbone networks.

f)  ISO/IEC DIS 8802-11, a wireless LAN utilizing carrier sense multiple access with collision avoidande
(CSMA/CA) as the access method:

g) ISO/IEC DIS 8802-12, utilizing Demand Priority as the access method.

ISO/IEC TR 8802-1, Overview of Eocal Area Network Standards, provides an overview of the series of ISQ/
IEC 8802 standards.

ISO/IEC 8802-2, Logical Eink Control, is used in conjunction with the medium access standards to provid
the data link layer service’to network layer protocols.

[¢]

ISO/IEC 15802-1 -Medium Access Control (MAC) service definition, specifies the characteristics of th
common MAE Service provided by all IEEE 802 LAN MACs. The service is defined in terms of primitive
that can be passed between peer service users, their parameters, their interrelationship and valid sequences,
and the agsociated events of the service.

v O

ISOAEC 15802-2, LAN/MAN Management, defines an OSI management-compatible architecture, an
geryices and protocol elements for use in a LAN/MAN environment for performing remote management.

[=%

ISOAECE l(\(\’lQ MedigAccess Control /R/IA f') lqwrlnav cnor\uﬁﬂc an-architecture-and nrnfnr‘n] forthe intercod

nection of IEEE 802 LANs below the level of the loglcal lmk control protocol (to be renumbered 15802-3).

ISO/IEC 15802-4, System Load Protocol, specifies a set of services and protocol for those aspects of manage-
ment concerned with the loading of systems on IEEE 802 LANs.

ISO/IEC 15802-5, Remote Media Access Control (MAC) bridging, specifies extensions for the interconnec-
tion, using non-LAN communication technologies, of geographically separated IEEE 802 LANs below the
level of the logical link control protocol.

Copyright © 1998 IEEE. All rights reserved. iii
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ANSV/IEEE Std 802.1G, 1998 Edition

IEEE Standards documents are developed within the Technical Committees of the IEEE Societies and the
Standards Coordinating Committees of the IEEE Standards Board. Members of the committees serve volun-
tarily and without compensation. They are not necessarily members of the Institute. The standards developed
within IEEE represent a consensus of the broad expertise on the subject within the Institute as well as those
activities outside of IEEE that have expressed an interest in participating in the development of the standard.

Use of an IEEE Standard is wholly voluntary. The existence of an IEEE Standard does not imply that there

hre no other ways to produce, test, measure, purchase, market, or provide other goods and services related to
he scope of the IEEE Standard. Furthermore, the viewpoint expressed at the time a standard is approved and
ssued is subject to change brought about through developments in the state of the art and comments
Feceived from users of the standard. Every IEEE Standard is subjected to review at least every five years for
Fevision or reaffirmation. When a document is more than five years old and has not been reaffirmed, it 1s rea-
bonable to conclude that its contents, although still of some value, do not wholly reflect the present state of
the art. Users are cautioned to check to determine that they have the latest edition of any IEEE) Standard.

Comments for revision of IEEE Standards are welcome from any interested party, regardless of membership
hffiliation with IEEE. Suggestions for changes in documents should be in the form'of a proposed change of
fext, together with appropriate supporting comments.

[nterpretations: Occasionally questions may arise regarding the meaning(of portions of standards as they
relate to specific applications. When the need for interpretations is /brought to the attention of IEEE, the
[nstitute will initiate action to prepare appropriate responses. Since/JEEE Standards represent a consensus of
hil concerned interests, it is important to ensure that any interpretation has also received the concurrence of a
balance of interests. For this reason IEEE and the members of its technical committees are not able to pro-
vide an instant response to interpretation requests except. 1t those cases where the matter has previously
received formal consideration.

Comments on standards and requests for interpretations should be addressed to:

Secretary, IEEE Standards Board
445 Hoes Lane

P.O. Box 1331

Piscataway, NJ 08855-1331

USA

Note: Attention is called to the possibility that implementation of this standard may
require.use of subject matter covered by patent rights. By publication of this standard,
nosposition is taken with respect to the existence or validity of any patent rights in
connection therewith. The IEEE shall not be responsible for identifying patents for
which a license may be required by an IEEE standard or for conducting inquiries into
the legal validity or scope of those patents that are brought to its attention.

Authorization to photocopy portions of any Tdividuat standard-for mtermat-or persomatuse s granted by the
Institute of Electrical and Electronics Engineers, Inc., provided that the appropriate fee is paid to Copyright
Clearance Center. To arrange for payment of licensing fee, please contact Copyright Clearance Center, Cus-
tomer Service, 222 Rosewood Drive, Danvers, MA 01923 USA; (508) 750-8400. Permission to photocopy
portions of any individual standard for educational classroom use can also be obtained through the Copy-
right Clearance Center.
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Introduction to ANSI/IEEE Std 802.1G, 1998 Edition

(This introduction is not a part of ANSI/IEEE Std 802.1G, 1998 Edition or of ISO/IEC 15802-5: 1998.)

This standard is part of a family of standards for local and metropolitan area networks. The relationship
between the standard and other members of the family is shown below. (The numbers in the figure refer to

IEEE standard numbers.)
=
o
3 . 802.2 LOGICAL LINK CONTROL
2| |k
@ )
=) =
o D 5 DATA
2 = n 802.1 BRIDGING LINK
o i} LAYER
T 10}
< <
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i 3 ACCESS | | ACCESS| | ACCESS | |ACCESS| |ACCESS| | ACCESS’| |ACCESS
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N 802.3 802.4 802.5 802.6 802.9 802.11 802.12 | PHYSICAL
& PHYSICAL| |PHYSICAL| [PHYSICAL| |PHYSICAL| [PHYSICAL|\|PHYSICAL| [PHYSICAL| LAYER

* Formerly IEEE Std 802.1A

This family of standards deals with the Physical and Data LinKlayers as defined by the International Organiza
tion for Standardization (ISO) Open Systems Interconnection{OSI) Basic Reference Model (ISO/IEC 7498
1: 1994). The access standards define seven types of.medium access technologies and associated physica
media, each appropriate for particular applications or,system objectives. Other types are under investigation.

The standards defining the access technologies.ate as follows:

IEEE Std 802

« ANSI/IEEE Std 802.1B
and 802.1k
[ISO/IEC 15802-2]

* ANSUVIEEE Std@0271D
[ISO/IEC 10038}

* ANSVIEEE Std 802.1E
[ISOAEC 15802-4]

$\ANSUVIEEE Std 802.1G
[ISO/TEC 15802-5]

Overview and Architecture. This standard provides an overview to the fam-

ily of IEEE 802 Standards.

EAN/MAN Management. Defines an OSI management-compatible architec-
ture, and services and protocol elements for use in a LAN/MAN environ-

ment for performing remote management.

Media Access Control (MAC) Bridges. Specifies an architecture and protocol
for the interconnection of IEEE 802 LANs below the MAC service boundary.

System Load Protocol. Specifies a set of services and protocol for those
aspects of management concerned with the loading of systems on IEEE 802

LANSs.

Remote Media Access Control (MAC) Bridging. Specifies extensions for the
interconnection, using non-LAN communication technologies, of geographi-

* ANSUVIEEE Std 802.2
[ISO/IEC 8802-2]

» ANSUVIEEE Std 802.3
[ISO/IEC 8802-3]

cally separated IEEE 802 LANSs below the level of the logical link control

protocol.

Logical Link Control

CSMA/CD Access Method and Physical Layer Specifications

Copyright © 1998 |EEE. All rights reserved.
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e ANSVIEEE Std 802.4 Token Passing Bus Access Method and Physical Layer Specifications
[ISO/IEC 8802-4]

* ANSVIEEE Std 802.5 Token Ring Access Method and Physical Layer Specifications
[ISO/IEC 8802-5]

» ANSUVIEEE Std 802.6 Distributed Queue Dual Bus Access Method and Physical Layer Specifi-
[ISO/IEC 8802-6] cations

» ANSVIEEE Std 802.9 Integrated Services (1S) LAN Interface at the Medium Access Control

[ISO/IEC 8802-9] (MAC) and Physical (PHY) Layers
o ANSUIEEE Std 802.10  Interoperable LAN/MAN Security

» IEEE Std 802.11 Wireless LAN Medium Access Control (MAC) and Physical Layer Specifi-
[ISO/IEC DIS 8802-11]  cations

« ANSUIIEEE Std 802.12  Demand Priority Access Method, Physical Layer and Repéater Specifi-

[ISO/IEC DIS 8802-12]  cations

In addition to the family of standards, the following is a recommended pragtice/for a common Physical
Layer technology:

« IEEE Std 802.7 IEEE Recommended Practice for Broadband Local Area Networks

The following additional working group has authorized standards projects under development:

» IEEE 802.14 Standard Protocol for Cable-TV Based Broadband Communication Network

Conformance test methodology

An additional standards series, identifted by the number 1802, has been established to identify the
conformance test methodology documients for the 802 family of standards. Thus the conformance test
documents for 802.3 are numbered 1802.3.

ANSV/IEEE Std 802.1G;'1998 Edition [ISO/IEC 15802-5: 1998]

This standard spegifies” extensions to the architecture and protocol of ISO/IEC 10038 that provide for the
interconnectiongusing non-LAN communication technologies, of geographically separated IEEE 802 LANs
below the level of the logical link control protocol.

This standard contains state-of-the-art material. The area covered by this standard is undergoing evolution.
Revisions are possible within the next few years to clarify existing material, to correct possible errors, and to
ifheprporate new related material. Information on the current revision state of this and other IEEE 802 stan-

dards Tmay be obtained from

Secretary, IEEE Standards Board
445 Hoes Lane

P.O. Box 1331

Piscataway, NJ 08855-1331
USA

vi Copyright © 1998 IEEE. All rights reserved.
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IEEE 802 committee working documents are availabie from

1IEEE Document Distribution Service
AlphaGraphics #35 Attn: P. Thrush
10201 N. 35th Avenue

Phoenix, AZ 85051

USA
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Information technology—
Telecommunications and information exchange between systems—
Local and metropolitan area networks—Common specifications—

Part 5: Remote Media Access Control (MAC) bridging

1. Scope

ISO/IEC 8802 local area networks (LANs) of all types can be connected together using MAC bridges, Each
individual LAN has its own independent MAC. The bridged LAN created allows the interconnection of
stations as if they were attached to a single LAN, although they are in fact attached to separate XANs each
with its own MAC. A MAC bridge operates below the MAC service boundary, and is largely-fransparent to
protocols operating above this boundary, in the Logical Link Control (LLC) sublayer or Network layer. The
presence of one or more MAC bridges can lead to differences in the quality of service-provided by the
MAC sublayer; it is only because of such differences that MAC bridge operation is n6t fully transparent.

A bridged LAN can provide for

— The interconnection of stations attached to LANSs of different MAC types.

—  An effective increase in the physical extent, the number of permissible attachments, or the total
performance of a LAN.

— Partitioning of the physical LAN for administrative or maintenance reasons.

Local MAC bridges interconnect separate LANs, at geographically close points of attachment. Remote
MAC bridges, which can be geographically separated;.interconnect LANs sited locally to the individual
remote MAC bridges, using non-LAN technologies for-communication among the remote bridges. A given
piece of equipment can be a local MAC bridge or remote MAC bridge, only, or it can combine the
functions of a local MAC bridge and a remote MAC bridge.

This International Standard extends ISOAEC 10038: 1993,! which specifies the operation of local MAC
bridges, by specifying

—  The aspects of operation,of remote MAC bridges that are observable on the interconnected LANS,
and

— A protocol for (dptjonal) use between remote MAC bridges, across the non-LAN communications
equipment thét jriterconnects them, to configure the remote bridges within the bridged LAN in
accordance with the Spanning Tree Algorithm of ISO/IEC 10038: 1993.

To this end b

a) <Bxlends the ISO/IEC 10038: 1993 architectural description of the MAC sublayer bridging function
to cover interconnection of LANs by remote bridges (5.1).

b)  States the principles of operation of remote bridges in terms of the support and preservation of the
MAC service, and of maintenance of quality of service (5.1, 5.2, 5.3).

c) Extends the ISO/IEC 10038: 1993 definition of the MAC Internal Sublayer Service to apply to
provision of the service by the non-LAN communications equipment that interconnects remote
bridges (in addition to provision of the service by LANSs, as covered in ISO/IEC 10038: 1993)
(5.4).

I Information on references can be found in Clause 2.

Copyright © 1998 IEEE. All rights reserved. 1
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d)  Extends the ISO/IEC 10038: 1993 model of the internal operation of a bridge to apply to remote
bridges, and provides a related model for their interconnection (Clause 6).

e) Specifies the behavior of remote bridges as observed on the LANs to which they are attached, both
in relaying MAC frames between LANs and in supporting the Spanning Tree Protocol (Clauses 7
and 8).

f)  Specifies the requirements for provision of the MAC Internal Sublayer Service by the non-LAN
communications equipment (5.6, Clause 8).

g) Identifies managed objects for remote bridges, and defines the management operations on these

Tas ta i\l O and-10)
UUJLLI (T Iausts s ana—1uy.

-
-

N~

Snecifies performance reguirem
Spectfies performance requi

ents for remote bridges, an
applicable ranges for operational parameters (7.10, Clause 11).

[
N—'

Specifies an extension of the Spanning Tree Protocol for optional use over the non-LAN
communications equipment that interconnects remote bridges (Clauses 12 and 13).

i)  Specifies requirements on the non-LAN communications equipment relating te Support of the
optional Extended Spanning Tree Protocol, in terms of an abstract subnetworkeservice that is to be
provided by the non-LAN communications (12.2).

k)  Specifies the requirements to be satisfied by equipment claiming conformance to this International
Standard (Clause 4).

1)  Provides the protocol implementation conformance statement (PICS) proforma in compliance with
the relevant requirements, and in accordance with the relevant-guidance, given in ISO/IEC 9646-7:
1995 (Annex A).

Detailed specification of protocols and procedures to support either the MAC Internal Sublayer Service or
the subnetwork service for support of the Extended Spanning Tree Protocol, over particular non-LAN

ommunication technologies, is outside the scope of this International Standard.

Annex B summarizes the object identifier values allocated by this International Standard.

QAnnex C contains additional explanatory and-tutorial material, intended to aid the reader in understanding a
umber of aspects of remote MAC-bridging that were highlighted during the development of this
nternational Standard.

nnex D summarizes the relationship of the material in this International Standard to ISO/IEC 10038:
993.

OTE—This International.Standard is closely based upon the specification for local MAC bridging in ISO/IEC 10038:
993, and the text largely follows the organization of that parent standard. However, dealing with remote bridging
troduces the need\for a number of new concepts, with associated protocol parameters and mechanisms, etc. Annex D

identifies—at clagse and subclause level, and occasionally still more precisely—the correspondences and differences
etween this-Infernational Standard and ISO/IEC 10038: 1993. In particular, it lists subclauses that contain significant
ew or modified requirements specific to remote MAC bridging.

The following standards contain provisions which, through reference in this text, constitute provisions of
this International Standard. At the time of publication, the editions indicated were valid. All standards are
subject to revision, and parties to agreements based on this International Standard are encouraged to
investigate the possibility of applying the most recent editions of the standards listed below.
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IEEE Std 802-1990, IEEE Standards for Local and Metropolitan Area Networks: Overview and
Architecture (ANSI).2

IEEE Std 802.1j-1996 (Supplement to IEEE Std 802.1D-1990 [ISO/IEC 10038: 1993]), Supplement to
Information technology—Telecommunications and information exchange between systems—Local area
networks—Media access control (MAC) bridges: Managed objects for MAC bridges (ANSI).

ISO/IEC 7498-1: 1994, Information technology—Open Systems Interconnection—Basic Reference Model:
The Basic Model.3

ISO/IEC 8802-2: 1994 [ANSI/IEEE Std 802.2, 1994 Edition], Information technology—Telecommuni-
cations and information exchange between systems—Local and metropolitan area networks—Specifie
requirements—Part 2: Logical link control.

ISO/IEC 9596-1: 1991, Information technology—Open Systems Interconnection—Common fmanagement
information protocol—Part 1: Specification.

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

ISO/IEC 10038: 1993 (ANSI/IEEE Std 802.1D, 1993 Edition), Informatien.technology—Telecommuni-
cations and information exchange between systems—Local area networks—~Media access control (MAC)
bridges.

ISO/IEC 10165-2: 1992, Information technology—Open Systems Iterconnection—Structure of manage-
ment information: Definition of management information.

ISO/IEC 10165-4: 1992, Information technology—Open<Systems Interconnection—Structure of manage-
ment information: Guidelines for the definition of managed objects.

ISO/IEC 10731: 1994, Information technology—Open Systems Interconnection—Basic Reference
Model—Conventions for the definition of QSDservices.

ISO/IEC 10742: 1994, Information technology—Telecommunications and information exchange between
systems—Elements of management'information related to OSI Data Link Layer standards.

ISO/IEC 15802-1: 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/IEC 15802-2:"1995 (ANSI/IEEE Std 802.1B, 1995 Edition), Information technology—Telecommuni-
cations and ,information exchange between systems—Local and metropolitan area networks—Common
specifications>=—Part 2: LAN/MAN management.

2[EEE publications are available from the Institute of Electrical and Electronics Engineers, 445 Hoes Lane, P.O. Box 1331,
Piscataway, NJ 08855-1331, USA.
3ISO/IEC publications are available from the ISO Central Secretariat, Case Postale 56, 1 Rue de Varembé, CH-1211, Genéve 20,

Switzerland/Suisse. ISO/IEC publications are also available in the United States from the Sales Department, American National
Standards Institute, 11 West 42nd Street, 13th Floor, New York, NY 10036, USA.
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3. Definitions
3.1 Definitions related to MAC bridging
The following definition from ISO/IEC 10038: 1993 applies, unchanged, to this International Standard.

3.1.1 bridged local area network: A concatenation of individual local area networks interconnected by
MAC bridges.

o—MA bridging e _defined in the bodvy o /]

dard extends the application of these terms to remote MAC bridging.

[nternational Stan
3.1.2 active topology: At any time, the set of communication paths in a bridged local area network'that
can be used in transferring data between end stations on the LANS.

3.1.3 Spanning Tree Algorithm: The abstract distributed algorithm that determines the active topology of
an ISO/IEC 10038 bridged local area network.

3.1.4 Spanning Tree Protocol: The protocol that MAC bridges use in exchangifig information across
local area networks, in order to compute the active topology of a bridged LAN‘in accordance with the
Spanning Tree Algorithm.

3.2 Definitions specific to remote MAC bridging

The following definitions are specific to this International Standard among the family of IEEE 802
standards. Other terms specific to remote MAC bridging are’defined in the body of this International
Standard.

3.2.1 adjacent bridges: Two local or remote bridges that are both attached to the same LAN or remote
bridge group.

3.2.2 attach: The term used consistently tg-express the relationship between an end station, a bridge, or a
bridge port and the physical or logical cemmunications elements by which it is interconnected with the
other bridges in a bridged LAN.

INOTE—In particular: an end station;.a local bridge, or a LAN port is said to attach to a LAN; a remote bridge is said to
Jattach to a LAN, a group, or arcluster; a virtual port is said to attach to a group, a subgroup, or a cluster. Where other
uses are encountered, they-aré-to be interpreted in a similar sense. The definitions following contain a number of
examples.

3.2.3 bridge port: A’ LAN port or virtual port.
3.2.4 cluster:See: remote bridge cluster.

3.2.5 (connect: The term used consistently to express the capability for communication, across a group or
AN, between adjacent bridges, or between the bridge ports of adjacent bridges. Contrast: attach.

3.2.6 Extended Spanning Tree Protocol: The protocol specified (in Clauses 12 and 13 of this
International Standard) for optional use among the remote bridges of a group in determining how the
virtual ports attaching them to the group are to participate in the active topology.

3.2.7 frame: See: MAC frame.

4 Copyright © 1998 IEEE. All rights reserved.
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3.2.8 group: See: remote bridge group.

3.2.9 individual virtual port: A subgroup port that represents the capability for communication with one
other remote bridge in the remote bridge group to which the port attaches.

NOTE—An individual virtual port always has another individual virtual port as its peer port; the two ports connect
their respective remote bridges in a two-member subgroup.

N

2910 T A na
oAU KuLMIN PU

NOTE—This definition is equivalent to that of bridge port in ISO/IEC 10038: 1993, as applied to local MAC bridges,

3.2.11 local MAC bridge, local bridge: A MAC bridge that interconnects only local area networks to
which it attaches directly as specified in the relevant MAC standards.

3.2.12 locally bridged local area network: A bridged local area network interconnectedcby-local bridges
only; a single LAN is also considered as (a degenerate case of) a locally bridged LAN.

Antn nnvnoa T AN
data across a LAN, or a representation of such a MAC frame within

communications equipment of a remote bridge group.

3.2.13 MAC frame: Except where explicitly stated otherwise (1 , a MAC frain¢Conveying MAC user
a AAC hridoe Oor on f!’\

xvxx WSROI gL UL Ui e non L3N

3.2.14 MAC service: The unconfirmed connectionless-mode MAC. service defined in ISO/IEC 15802-1:
1995, as an abstraction of the features common to a number of<$pecific MAC services for local area
networks.

3.2.15 mixed-configuration group: A group to which the\member remote bridges attach by a mixture of
individual virtual ports and multipeer virtual ports.

NOTE—It is possible for some members of a mixed-configuration group to attach only by individual virtual ports.

3.2.16 multipeer virtual port: A subgroup)port that represents the capability for communication with
more than one other remote bridge in thé\femote bridge group to which the port attaches.

NOTE—A multipeer virtual port always-has multipeer virtual ports as its peer ports.

3.2.17 peer port (of a virtaal port): A virtual port is a peer (virtual) port of a given virtual port when both
virtual ports attach to the same group and both represent the capability for communication between the
remote bridges to whiCh)they belong.

3.2.18 port: See”bridge port.

3.2.19 remote bridge: See: remote MAC bridge.

3.2.20"remote bridge cluster: A subset of the remote bridges in a single group, all of which are providing,
or preparing to pr0v1de MAC- sublayer mterconnectlon of the attached locally brldged local area networks

pair of the remote brldges that belong to it. Membershlp of a remote bridge cluster is determmed
dynamically through protocols operating in support of the Spanning Tree Algorithm. (See 6.13.4, 7.3.1.1,
7.3.2.4,7.3.4.5, and 7.3.8 for fuller specification; 6.13.6 and C.7.3 for examples.)

NOTE—A cluster can—and often will—consist of all the remote bridges in the relevant group.
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3.2.21 remote bridge group: A set of remote bridges, capable of communicating with each other over
non-LAN communications equipment, which cooperate in providing actual or potential MAC-sublayer
interconnection among all the attached locally bridged local area networks and other attached groups.
Membership of a remote bridge group is determined statically, as an aspect of the configuration of the
remotely bridged LAN. (See 6.13.3 and 6.13.6 for fuller specification and examples.)

NOTE—A remotely bridged LAN can contain more than one remote bridge group.

3.2.22 remote bridge subgroup: A set of remote bridges belonging to one group, such that each remote
bridge in the subgroup has a single virtual port representing its communication with all the other remote

bridges in the subgroup, and with no others (see 6.13.3, 6.13.6). Membership of a subgroup 1s determined
statically, as an aspect of the configuration of the group.

3.2.23 remote MAC bridge: A MAC bridge interconnecting a locally bridged local area networkjand the
non-LAN communications equipment of a remotely bridged LAN.

3.2.24 remotely bridged local area network: A bridged local area network of twg '6p more locally
bridged LAN s interconnected using non-LAN communication technologies, and proyiding MAC-sublayer
interworking between end stations attached to any of the LANSs.

3.2.25 specific MAC service: The service provided by the MAC protocol¢and’procedures of a specific
local area network technology (which can contain features not present in otherSpecific MAC services or in
the ISO/IEC 15802-1 MAC service).

3.2.26 subgroup: See: remote bridge subgroup.

3.2.27 subgroup port: A virtual port by which a remote bridge attaches to a group consisting of two or
more subgroups.

NOTE—Every virtual port is either a virtual LAN port or-a'subgroup port. In a group that is not a virtual LAN, every
bridge attaches to the group by at least two subgroup parts:

3.2.28 virtual LAN: A group to which each*member remote bridge attaches by a single virtual port (see
6.13.6.1).

NOTE—EAach virtual LAN comprises a single subgroup.
3.2.29 virtual LAN port: A virtual port by which a remote bridge attaches to a virtual LAN.

3.2.30 virtual mesh A group to which each member remote bridge attaches by a set of individual virtual
ports, one for eachlother remote bridge in the group (see 6.13.6.1).

NOTE—A virtual mesh comprises n x (n—1)/2 two-member subgroups, where n is the number of bridges in the group.

3.2.31 virtual port: An abstraction of a remote bridge’s point(s) of attachment to the non-LAN
comiminications equipment of a single group. A virtual port represents the capability for bidirectional
demmunication with one, some, or all of the other remote bridges in that group.

NOTE—A bridge can attach by two or more virtual ports to a single group. (See 6.13.3 and 6.13.6 for fuller
specification and examples.)

6 Copyright © 1998 IEEE. All rights reserved.


https://standardsiso.com/api/?name=f5d93023960bcfbb358c020ed6f95fc6

ISO/IEC 15802-5 : 1998(E)

COMMON SPECIFICATIONS: REMOTE MAC BRIDGING ANSVI/IEEE Std 802.1G, 1998 Edition

3.3 Acronyms and abbreviations

BPDU bridge protocol data unit

Conf confirm (primitive)

CSMA/CD carrier sense multiple access with collision detection
DLE Data Link entity

FCS frame check sequence

Ind indication (primitive)

LAN local area network

LB-LAN locally bridged local area network

LLC logical link control

LMMS LAN/MAN management service

MAC media access control

MSDU MAC service data unit

PICS protocol implementation conformance statement
QOS quality of service

RB remote bridge

RB-LAN remotely bridged local area network

Req request (primitive)

Rsp response (primitive)

SDU service data unit

4. Conformance

4.1 Static conformance requirements

A remote MAC bridge for which conformance to this Jutérnational Standard is claimed shall

a) Conform to the relevant MAC standards fot'the MAC technology or technologies implemented at
its LAN ports, as specified (by reference\to' ISO/IEC 10038: 1993) in 5.5.
b) Conform to ISO/IEC 8802-2: 1994 for the implementation of a class of LLC supporting Type 1
operation as required by 6.3.
c)  As specified in 6.7.2, suppart either
— Filtering of all framies with equal source and destination MAC addresses, or
— Forwarding (subject to the forwarding conditions) of all frames with equal source and
destination MAC addresses.
d) Maintain the-information required to make frame filtering decisions as specified in 6.7.1, 6.8, and
6.9.
e) Usedstatéd values of the following parameters of the filtering database (6.9):
' Filtering Database Size (the maximum number of entries that can be held in the filtering
database).
—  Permanent Database Size (the maximum number of entries that can be held in the permanent
database).
f)  Support 48-bit universally administered MAC addresses, or 48-bit locally administered MAC
addresses, or both.
g) Conform to the provisions for addressing specified (by reference to ISO/IEC 10038: 1993) in 6.12.
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eration within at least one of the following classes of configuration specified in 6.13.3.2:

Virtual LAN
— Virtual mesh
— Mixed-configuration group

|

i)  Provide

— A means of assigning a group MAC address to identify the bridge protocol entity if 48-bit
locally administered MAC addresses are used, and
— A distinct port identifier for each LAN port and virtual port of the remote bridge, as specified
m54++

as required for support of the Spanning Tree Algorithm (by reference to ISO/IEC 10038: 1993) by
7.2.

i) Implement the Spanning Tree Algorithm and operation of the associated Spanning Tree Protocol
over its LAN ports as specified in 7.5 through 7.8.

k) Encode transmitted BPDUs and validate received BPDUs, at its LAN ports,,aS)specified (by
reference to ISO/IEC 10038: 1993) in 7.9.

1) Not exceed the values specified (by reference to ISO/IEC 10038: 1993) in9/10 for the following
parameters:
— Maximum bridge transit delay
— Maximum Message Age increment overestimate
— Maximum BPDU transmission delay

m) Use the value specified (by reference to ISO/IEC 10038: 1993) in 7.10 for the Hold Time
parameter.

n) Not exceed the values specified in 7.10.4 for the-following parameters:
— Group maximum bridge transit delay
— Group maximum message propagation‘delay
—  Group maximum Message Age inerement overestimate

0) Support relaying of frames (subjget-to the forwarding conditions in 6.7.1) to and from any other
active remote bridges in the groups to which the remote MAC bridge belongs, in accordance with
the requirements specified in Clause 8.

p) Use stated values of théitime to detect a failure of the relaying connectivity requirement (8.1) and
the time to detect a fatlure of the group connectivity requirement (12.2.2).

q) — Specify a Guaranteed. Port Filtering Rate for each LAN port, a Guaranteed Bridge Relaying

Rate for.the bridge, and the related time intervals T and Ty as specified (by reference to ISO/
IEC-0038: 1993) in Clause 11.

— Not violate any of the other conformance provisions of this International Standard when
operating within the parameters specified.

4.2 Options

A remote MAC bridge for which conformance to this International Standard is claimed may

a)

b)

Provide the capability to control the mapping of the priority of forwarded frames as specified in
6.7.4.

Provide the capability to read and update the filtering databases as specified in 6.9.

Copyright © 1998 |IEEE. All rights reserved.
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9)

Support the exchange of filtering information with other remote bridges in one or more of the
groups to which the remote MAC bridge belongs, as permitted in 6.9.

d) Implement the optional provisions for addressing bridge management, for associating the bridge
address with a LAN port, and for configuring additional addresses in the permanent database, as
specified (by reference to ISO/IEC 10038: 1993) in 6.12.

e) Provide the capability to assign values, in accordance with the ranges of values specified (by
reference to ISO/IEC 10038: 1993) in 7.10, to the following parameters, to allow configuring of the
spanning tree active topology as described in 7.2:

—Bridge Priority
— Port Priority
— Path Cost

f)  Provide the capability to set the values, in accordance with the ranges of values spécified (by
reference to ISO/IEC 10038: 1993) in 7.10, of the following parameters of the Spanning Tree
Algorithm and Protocol:

— Bridge Max Age
— Bridge Hello Time
— Bridge Forward Delay

g) Provide the capability to set the value of the Primary ReclusteringDelay parameter for each non-
virtual-LAN group to which the bridge belongs, in accordance with'the range of values specified in
7.10.5.

h)  Support use of a priority mechanism, with up to eight levels of priority, applicable to relaying of]
frames to or from other active remote bridges in one _or more of the groups to which the remote
MAC bridge belongs, as specified in 8.2.6.

i)  Support management of the remote bridge: a.temote bridge claiming to support management shall
support all the managed objects and definitigns specified in Clause 9.

i) Support IEEE 802.1 remote management? a bridge claiming to support such remote management
shall
— Conform to ISO/IEC 15802:2: 1995, and
— Support remote manageinent by use of the network management operations and encodings

specified in Clause 10:

k)  Support the Extende@d:Spanning Tree Protocol in one or more of the groups to which the bridge

belongs, as specified-in Clauses 12 and 13.
4.3 Protocol implementation conformance statement (PICS)
The suppliefjof“an implementation that is claimed to conform to this International Standard shall completg
a copy of\thé PICS proforma provided in Annex A, including the information necessary to identify fully
both the.supplier and the implementation.

MAC bridges interconnect the separate LANs that comprise a bridged LAN by relaying frames between the
separate MACs of the bridged LANs. A single local MAC bridge interconnects two LANs directly for any
instance of relaying, as described in ISO/IEC 10038: 1993. A remote MAC bridge interconnects two LANs
indirectly, via non-LAN communications equipment and one or more further remote bridges, for any
instance of relaying (see 5.1, Figures 5-3 and 5-4).
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This clause discusses

—  Provision of the MAC service to end stations.

—  Support of the MAC service by remote bridges and the non-LAN communications equipment that
interconnects them.

—  Preservation of the MAC service offered by the bridged LAN.

— Maintenance of quality of service in the bridged LAN.

— The Internal Sublayer Service offered to the remote bridges themselves to enable them to
interconnect individual LANS.

5.1 Provision and support of the MAC service

The MAC service provided to end stations attached to a bridged LAN is the (unconfirmed) connectionless-
mode MAC service defined in ISO/IEC 15802-1: 1995. The MAC service is defined as an abstraction of
he features common to a number of specific MAC services; it describes the transfer of user data’between
bource and destination end stations, via MA-UNITDATA request primitives and corréspending MA-
[UNITDATA indication primitives issued at MAC service access points. Each MA-UNITDATA request
hnd indication primitive has four parameters: Destination Address, Source Address, MAC service data unit
MSDU), and Priority.

The model for provision of the MAC service is the simple service-provider Aservice-user model shown in
FFigure 5-1. For a pair of end stations attached to a single LAN, the~-MAC service is supported by
mplementations of the specific MAC service for the LAN in the €wo end stations, and by the LAN
communications media and any Physical-layer relaying equipment, This support relates to the service-
brovider model in a straightforward way, with the specific MAC procedures being associated with the
MAC service access points (see Figure 5-2).

MAC service
user

MAC service
MAC service //-_ primitives

access point ™~ I) \___( —

MAC service “«— " — — — — —
provider

Figure 5-1—Model for provision of the MAC service

When MAC-sublayer'communication is relayed through remote bridges, a more complicated representation
for support of¢he"MAC service throughout the MAC sublayer is needed. First, this has to take account of
the presence\of a specific MAC entity associated with each LAN port; second, it has to represent the
conveying of the MAC service semantics across the non-LAN communications equipment; and finally, it
has to'represent the relaying of the MAC service semantics by bridges.

NOTE 1-—An important distinction is made between provision of a service, according to the “black box” se e
provider model such as is shown in Figure 5-1, and support of the service, dealing with structure and functions within
the interior of the box. This same distinction applies, below, to provision and support of the Internal Sublayer Service.

Figures 5-3 and 5-4 show the structure of the MAC sublayer support for remote bridging, in relation to the
service-provider model. Figure 5-3 shows the simplest case, where relaying is via two remote bridges
connected across a single remote bridge cluster. Figure 5-4 shows the case of relaying between two clusters
by an additional remote bridge (the two clusters belong to different groups—see 6.13.3 and 6.7.1). The
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parts of Figures 5-3 and 5-4 labeled "MA specific MAC ent or the LANs. The parts

ures 5-3 and 5-4 labeled “MAC” represent the snecific MAC entities fi
t

marked “MAC service support” represent the functlons in the remote bridges tha
communication of the MAC service semantics across the non-LAN equipment.

perform th equivalent

NOTE 2—Figures 5-1 through 5-4 illustrate MAC sublayer support as it applies to the communication path between a
single given pair of LAN end stations. In general a remote bridge is attached to one or more LANS. It offers multiple
end stations the capability of communicating via remote bridge groups with end stations attached to other LANs.
Instances of communication between different pairs of end stations can involve different sets of remote bridges and
remote bridge groups. The central remote bridge in Figure 5-4 would attach to at least one LAN, which is not shown
since it is not on the communication path between the two end stations being considered.

MAC service MAC service
user | — MAC service user
A primitives ~_ A
I e i = bt
{
I . > .
MAC service MAC entity MAC frames MAC entity [~MAC sublayer
provider ‘' __ ____} L ____s58
l , Physical Layer
I 1
v ~ 7 A, | Media
|
____________________ -l
Figure 5-2—Support of the MAC servicé on a single LAN
End station End station
Remote Remote
LLC bridge bridge LLC
= - = - = = = = N = = = — — - — — 1
Relay MAG Relay
l service
MAC support MAC MAC sublayer

| MAC 1~ - MAC

Physical layer

| . Il %% %% ] Media
_ _ _ LAN s\ Non-LANcommunicatons ~_ _ _ LAN_ _ |
Figure 5-3—MAC service with remote bridging
End station End station
Remote Remote Remote
LbC bridge bridge bridge LLC
e i -
Relay MAC Relay MAC Relay !
| service service
. MAC support support MAC |
I MAC ] | ~— | MAG |
IF---- - --- - --- I R s ——
|

Figure 5-4—MAC service with remote bridging: multiple groups
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5.2 Preservation of the MAC service

The MAC service offered by a remotely bridged LAN is similar (see 5.3) to that offered by a single LAN.
In consequence

a) A bridge is not directly addressed by communicating end stations, except as an end station for
management purposes: frames transmitted between end stations carry the MAC address of the peer
end station in their Destination Address fields, not the MAC address, if any, of a bridge.

b) All MAC addresses are unique and addressable within the bridged LAN.

3 A 11 £ "] . 3 d L 1o 1 B nfigieat:
T —The MAC addresses of ed—stations—arenotrestricted—by—thetopelogyand-eontiguration ot—the

bridged LAN.

5.3 Quality of service (Q0S) maintenance

As with local MAC bridges (ISO/IEC 10038), remote bridges should not significantly degrade the QOS
relative to that provided on a single LAN. However, remote bridges often use pintermediate-link
technologies that offer lower data rates and longer delays than LANSs; hence the degradation of service
from a remote bridge can be greater than that introduced by a local bridge. A remotébridge does not violate
MAC service invariants such as frame ordering and non-duplication; however, performance characteristics
can be degraded from those provided by either a single LAN or a locally bridged LAN.

The QOS parameters to be considered are those relating to

a)  Service availability

b)  Frame loss

¢)  Frame misordering

d) Frame duplication

e) The transit delay experienced by frames
f)  Frame lifetime

g) The undetected frame error rate

h) Maximum service data unit size supported
i) User priority

j)  Throughput

A discussion of how the presence o0f remote bridges can affect the QOS provided to LAN end stations is
presented in C.5.3. The following requirements apply to the operation of bridges in general; other
requirements relating to maintenance of QOS are specified in 6.7, 7.10, and 8.2. (See C.5.3 for more
detailed references.)

5.3.1 Undetected-error rate

For frames reldyed between LANSs of the same MAC type, remote bridges shall not introduce an undetected
frame erroryrate greater than that which would be achieved by preserving the frame check sequence (FCS).
For frames relayed between LANs of different MAC types, remote bridges shall not increase the
undetected frame error rate above 5 x 10-14 per octet of MSDU length.

5.4 Internal Sublayer Service provided within the remote MAC bridge

The Internal Sublayer Service provided by a MAC entity to the MAC relay entity within a remote bridge is
that provided by the individual MAC for the LAN port. This observes the appropriate MAC procedures and
protocol for the LAN to which it attaches. No control frames (i.e., MAC frames that do not convey MAC
user data) are forwarded on any LAN other than that on which they originated.

12 Copyright © 1998 IEEE. All rights reserved.
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In a remote bridge group, the same Internal Sublayer Service is provided to the MAC relay entities by the
non-LAN access functions of the virtual ports. This International Standard does not specify any
mechanisms (protocols, procedures, communications technologies, etc.) by which the Internal Sublayer
Service is supported in a group. The operation of such mechanisms—whatever they may be—is modeled as
the MAC service support function, which maps the Internal Sublayer Service onto the associated non-LAN
communications.

The Internal Sublayer Service excludes specific features and procedures of individual LAN MAC methods,
or of particular non-LAN communications technologies.

The primitives and parameters that describe the Internal Sublayer Service are as follows:

M-UNITDATA request (
frame_type,
mac_action,
destination_address,
source_address,
mac_service_data_unit,
user_priority,
access_priority,
frame_check_sequence,
cluster_id

)

M-UNITDATA indication (
frame_type,
mac_action,
destination_address,
source_address,
mac_service_data_unit;
user_priority,
frame_check_s€équence,
cluster_id

)

For provision of the service by LANSs, invocation of the primitives and assignment of values to their
parameters are exactly as defined in ISO/IEC 10038: 1993, with the cluster_id parameter considered always
to take the null value. The identification of the LAN to which a frame is to be transmitted is a local matter
and is not expressed s a parameter of the service primitive.

For provision of the service within a remote bridge group,

a) EachhM-UNITDATA indication primitive invoked corresponds to receipt, from the non-LAN|
cemmunications equipment, of the complete information corresponding to a single relayed MAC
frame.

b) An M-UNITDATA request primitive is invoked to transmit a frame across the non-LAN
communications equipment.

¢)  Every primitive has the frame_type parameter value user_data_frame.
d)  Every primitive has the mac_action parameter value request_with_no_response.

e) The access_priority parameter in a request primitive is the priority requested of the local MAC
service support functions (those functions can include a priority mechanism for use across the non-
LAN communications media).

Copyright © 1998 |EEE. All rights reserved. 13
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f)  The destination_address, source_address, mac_service_data_unit, and user_priority parameters are
those of the relayed MAC frame.

g) The frame_check_sequence is either that of the relayed MAC frame together with an indication of
the MAC type of the relevant LAN, or is absent.

h)  The cluster_id parameter of an M-UNITDATA request identifies the remote bridge cluster to which
the virtual port at which the primitive is issued is attached; the cluster_id parameter of an M-
UNITDATA indication has the same value as in the corresponding M-UNITDATA request (see
6.5, 8.3).

Refer to ISO/IEC 10038: 1993 for full definitions of items a) through f) above.

5.5 Support of the Internal Sublayer Service by specific MAC procedures

The mapping of the Internal Sublayer Service to the MAC protocol and procedures of each individual LAN
ype, and the encoding of the parameters of the service in MAC frames, at each LAN pprt-of a remote
bridge shall be as specified in ISO/IEC 10038: 1993.

5.6 Support of the Internal Sublayer Service in remote bridge groups

Detailed mechanisms for support of the Internal Sublayer Service by spegific non-LAN communications
fechnologies are outside the scope of this International Standard. Apy Such mechanisms shall meet the
requirements specified in Clause 8. (See also 6.2.4, and related subclauses of Annex C.)

6. Principles of operation

This clause establishes the principles of operation ofia remote bridge, by reference to a model of that
pperation. It complements, and is compatible with{the specification for local bridges in ISO/IEC 10038:
1993. In addition, this clause establishes a model for the interconnection of remote bridges (6.13).

6.1 Remote bridge operation
The principal elements of remote bridge operation, as for local bridges, are

— Relay and filtering ¢f frames.
— Maintenance of the information required to make frame filtering and relaying decisions.
— Management 6fthe above.

6.1.1 Relay

A remote‘bridge relays MAC user data frames between the MACs of the LB-LANSs attached to its LAN
ports and the MAC service support functions associated with its virtual ports. A remote bridge that belongs
(o two'or more remote bridge groups also relays MAC user data frames between the MAC service support
functions associated with two or more of its virtual ports attaching to different groups. A remote bridge that

attaches to two or more LANs relays MAC user data frames between the MACs of the LB-LANs attached
to its LAN ports.

The functions that support the relaying of frames and maintain the QOS supported by the remote bridge are

a)  Frame reception, on LAN ports and virtual ports.

14 Copyright © 1998 IEEE. All rights reserved.


https://standardsiso.com/api/?name=f5d93023960bcfbb358c020ed6f95fc6

ISO/IEC 15802-5 : 1998(E)

VAL 108VL-0 . 1I998

COMMON SPECIFICATIONS: REMOTE MAC BRIDGING ANSV/IEEE Std 802.1G, 1998 Edition

b)  Discard on received frame in error (see 5.3, C.5.3.2)

¢) Frame discard if the frame_type is not user_data frame, or if the mac_action is not
request_with_no_response (see 5.4).

d) Frame discard following the application of filtering information.

e) Frame discard on transmittabie MSDU size exceeded (see 5.3, C.5.3.3).

f)  Forwarding of received frames to other LAN ports or virtual ports.

g)  Frame discard to ensure that a maximum bridge transit delay or maximum cluster transit delay is
ot exceeded (see5-3;,€-5:3:6):

h)  Selection of access priority for forwarded frames (see 5.3, C.5.3.9)

i)  Recalculation of FCS, if necessary (see 5.3, C.5.3.7).

j)  For frames transferred through virtual ports, mapping between M-UNITDATA primitiyes and the
underlying MAC service support functions, including any cluster-specific errétydetection and
correction mechanisms (see 5.3, C.5.3.7).

k)  Frame transmission, onto LANs and/or clusters.

6.1.2 Filtering Information

A remote bridge filters frames to prevent duplication (see 5.3, C.5.34) and to localize traffic (see 5.3,
C.5.3.10). The filtering functions that support the use and maintenahce of filtering information in a remote
bridge are

2
b)
)
@
)
f

NOTE—Item f) is specific to remote bridge operation; the others are common to local bridges and remote bridges.
6.1.3 Bridge management
Relay and filtering ©f) frames, and the maintenance of filtering information, are controlled and monitored|

using functions that'support management of a remote bridge: these management functions are specified in
Clause 9.

Explicit configuration of static filtering information.

Automatic learning of dynamic filtering information through observation of bridged LAN traffic.
Ageing out of filtering information that has been automatically learned.

Calculation and configuration of bridged LAN topology.

Optionally, exchange of dynamio filtering information with other remote bridges.

Copyright © 1998 IEEE. All rights reserved. 15
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6.2.1 Architectural model of a remote bridge

Figure 6-1 illustrates a remote bridge with one LAN port and one virtual port, and Figure 6-2 illustrates the
architecture of such a remote bridge. A remote bridge is modeled as consisting of

— A MAC relay entity that interconnects the bridge’s ports
— At least one LAN port
— At least one virtual port

—  One or more group communications entities, associated with the virtual ports

— Higher layer entities, including at least a bridge protocol entity
LAN port \ Remote bndge Virtual port )
R .
| i
I |
| ]
) | |
| S v |
| \ / I
| \ / 1
| \ / |
! \ / |
I \ ’
\ / !
[ \ / |
I \ / |
| \ / |
| \ / |
| \ / |
! N /
\ / |
! \ / |
| A / |
1 | i |
I | |————mmmm— - — == == .
- — — - —_— —_— —_— —= - I =+ — = — —_— — — — e
| | | |
| | |
| 1 ~Group communications entity T R

R T I

LAN I Non-LAN communications

Figure 6-1—Remote bridge ports

6.2.2 MAC relay entity

The MAC relay entity handles the Media Access method independent functions of relaying frames between
poits, filtering frames, and learning filtering information. It uses the Internal Sublayer Service provided by
the“separate MAC entities for each AN port and by the MAC service support functions for each virtual

port. (The Internal Sublayer Service and its support are described in 5.4 and 5.5.)
Frames are relayed between LAN ports and virtual ports (i.e., LAN to cluster or cluster to LAN), or

between virtual ports attached to different clusters (inter-group relaying), or between LAN ports attached to
different LANs.

16 Copyright © 1998 IEEE. All rights reserved.
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Figure 6-2—Remote bridge atchitecture

6.2.3 Ports

Each LAN port transmits and receives frames to-and from the LAN to which it is attached. An individual
MAC entity permanently associated with the IMAN port provides the Internal Sublayer Service used for
frame transmission and reception. The MAC entity handles all the Media Access method dependent
functions (MAC protocol and procedures)).as specified in the relevant standard for that MAC technology.

Each virtual port transmits and receives relayed MAC frames to and from the remote bridge cluster to
which it attaches. AppropriatetMAC service support functions map the Internal Sublayer Service to the
non-LAN communicationsequipment. Transmission and reception of information exchanged between the
remote bridges of a group are also modeled as occurring through virtual ports (see 6.13.3.1).

6.2.4 Group communications entity

The group communications entity provides an explicit recognition of the following two aspects of
communi¢ation underlying the virtual ports:

a)«The abstract communication functionality represented by virtual ports is supported by real
communications equipment, and by protocols and procedures (outside the scope of thig
International Standard) that map the virtual-port-level communications to that real equipment.

b)  The operation of some groups can require a remote bridge to communicate with others in the group,
in ways that do not directly support communication represented at the virtual port level (e.g., in
support of the requirements of 8.1 and 12.2.2).

(See C.6.13 for further discussion, and examples, of the group communications entity’s role.)

Copyright © 1998 |IEEE. All rights reserved. 17
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6.2.5 Higher layer entities

The bridge protocol entity handles calculation and configuration of bridged LAN topology.

For communication over a LAN, via a LAN port, the bridge protocol entity and other higher layer protocol
users, such as bridge management, make use of LLC procedures. These procedures are provided separately

for each LAN port, and use the MAC service provided by the individual MAC entities.

For communication within a remote bridge group, via a virtual port, the bridge protocol entity and other
higher layer protocol users make use of the group’s communications through protocol support mechanisms

hose details are outside the scope of this International Standard. (See 12.2.1 for a definition of the service
o be provided by such mechanisms for use by the bridge protocol entity, if that operates the optional
xtended Spanning Tree Protocol).

OTE—These mechanisms could be the same, or partly the same, as those for the MAC service support furiction, or
ey could involve quite separate communications support. For the purposes of modeling the functigns.present in a
emote bridge, such details are unimportant: virtual ports represent the abstraction, independent of thgs¢-details, of the
act that communication occurs between remote bridges, relating to support both for relaying MAC/frames and for use
f higher-layer protocols.

5.3 Model of operation of a single remote bridge

[he MAC relay entity’s use of the Internal Sublayer Service is specified in'6.5 and 6.6. State information
hssociated with each LAN port and virtual port, and cluster identification information associated with
irtual ports and with the bridge’s membership of groups, governcthe-ports’ participation in the RB-LAN.
Port states are specified in detail in 7.4.)

Frames are accepted for transmission and delivered on recéption to and from processes and entities which
model the operation of the MAC relay entity in a remote bridge. These are

a) The forwarding process (6.7), which forwards received frames that are to be relayed through other
ports, filtering frames on the basis of information contained in the filtering database (6.9) and on
the states of the ports.

b) The learning process (6.8), which-by observing the source MAC addresses of frames received on
each port updates the filtering'database (6.9), conditionally upon the port state.

c) The filtering database «(6.9), which holds filtering information and supports queries by the
forwarding process as.to whether frames with given values of the destination MAC address field
should be forwarded-to a given port.

Fach LAN port alsp-functions as an end station providing the MAC service to LLC, which in turn supports
bperation of the bridge protocol entity (6.10) and of other possible users of LLC such as protocols
broviding bridge” management (6.11). Each virtual port provides similar functions that support
Communication between bridge protocol entities in remote bridges belonging to the same remote bridge
proup (see.also 6.2.1 and 6.2.3).

Figures 6-3 and 6-4 each illustrate a single instance of relaying a frame between two ports of a remote

cidoa for frama racantion an a2 T AN nart and o virtual nart rocnactively (tha cacac of rolaving hetween
ridge—for{ramereception—-on-aLAN-port-and-a—virtual-port—respectively— ng
two virtual ports, and of relaying between two LAN ports, are similar). The forwarding process uses port
state information and filtering database information to determine to which ports, if any, the received frame

is to be forwarded.

18 Copyright © 1998 IEEE. All rights reserved.
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Figure 6-3—Remote bridge relaying, LAN port to virtual port
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Figure 6-4—Remote bridge relaying, virtual port to LAN port
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Figure 6-7 illustrates the bridge protocol entity operating the Spanning Tree Protocol in a remote bridge:
this includes its reception and transmission of bridge protocol data units via a LAN port, and of the
equivalent information via a virtual port; and modification of port state information to select the active
topology of the RB-LAN. The bridge protocol entity is shown divided into three parts corresponding to
these functions. If the optional Extended Spanning Tree Protocol is used within the group, the interface
between the bridge protocol entity and the functions that support remote bridging protocols is the RB-
Protocol Subnetwork Service specified in 12.2.1.

T <
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'= L7 protocol S |
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Figure 6-7—Operation of bridge-to-bridge protocols in a remote bridge
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Figures 6-8 through 6-10 illustrate reception and transmission of frames by the bridge management entity
via the LLC entity. Figure 6-8 shows the straightforward cases, of frames received and transmitted at a
LAN port with which the bridge management entity is associated.

Figure 6-9 shows reception of a frame via a virtual port and the forwarding process, and Figure 6-10 shows
the complementary transmission of a frame by the bridge management entity back through the forwarding
process and the virtual port. In each of these scenarios, transmission to the LAN may be suppressed, as an
optimization, if the frame has an individual destination MAC address (see 6.7.5).

OTES

1—It is emphasized that these figures illustrate only a modeling of information flows, not the structure of @n
implementation. The model in Figures 6-8 through 6-10 applies to bridge management information carried over,LEC,
in MAC frames addressed to the MAC addresses of LAN ports. Considering the implementation of the flow illustrated
in Figure 6-9 within a real remote bridge, the fact that a frame is addressed to the MAC address of the LAN port does
not mean that it has to go to the port’s adapter card, or equivalent, before re-entering the bridge.

2— Communications support for bridge management may be provided by non-LLC mechanismsy such support falls
outside the scope of these illustrations.

3—The information flows shown in Figures 6-9 and 6-10 never apply to BPDUs of the ‘Extended Spanning Tree
Protocol, since these are not conveyed in MAC frames.

_________________ \
. I
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|
. LAN port | FOANT
| state > Leaming !
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Figure 6-8—Reception and transmission of bridge management information at a LAN port

of aremote-bridge
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Figure 6-10—Transmission of bridge management Information through a virtual port of a
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6.4 Port states, active ports, and the active topology

State information associated with each bridge port governs whether or not it participates in relaying MAC
frames. A port can be disabled by management, in which case it plays no part in the operation of the RB-
LAN; a port that is not disabled can be dynamically excluded from participation in frame relaying by
operation of the Spanning Tree Algorithm. If neither of these applies to a port, it is described as
forwarding.

The active topology of an RB-LAN at any time is the set of communication paths formed by interconnect-
ing the I ANs, bridges, and group communications equipment by the forwarding ports. The function of the

distributed Spanning Tree Algorithm is to construct an active topology that is simply connected relative tq
ommunication between any given pair of MAC addresses used to address end stations on the LANs.

Figure 6-7 illustrates the operation of the bridge protocol entity, which operates the Spanning Tree
Algorithm and its related protocols, and its modification of port state information as part of determining the
hctive topology of the RB-LAN. The port states associated with that determination of the active topology
are specified in detail in 7.3.7 and 7.4.

Figure 6-4 illustrates the forwarding process’s use of port state information: first;for a port receiving a
frame, in order to determine whether the received frame is to be relayed through any other ports; and
second, for another port in order to determine whether the frame is to be forwarded through that particular
port.

The incorporation of end-station location information in the filtering database by the learning process also
depends upon port states assigned as part of determining the activétopology. If information associated with
frames received on a port is to be incorporated in the filtering database, the port is described as being in a
learning state; otherwise, it is in a non-learning state. Figures.6-5 and 6-6 illustrate the learning process’s
use of the port state information for a LAN port and a~vittual port, respectively, in order to determine
whether the station location information in received frames is to be incorporated in the filtering database.

6.5 Frame reception

Frames received on a LAN port of a.rémote bridge shall be discarded, or submitted to the forwarding
process and/or learning process and/or LLC, as specified in ISO/IEC 10038: 1993.
Frames received, as M-UNITDATA indication primitives, on a virtual port of a remote bridge

a)  Shall be discarded if_their cluster_id parameters do not identify the remote bridge cluster to which
the receiving pott attaches; or

b) May be discarded if it is determined (from the parameters of the M-UNITDATA primitives) that
they have been damaged so that they cannot be successfully delivered; or

¢) If notdiscarded as in a) or b), shall be submitted to the forwarding process and the learning process.

INOTE=-Discarding of frames from other clusters as in a) is necessary in order to preserve the simply connected active
topolegy (6.4, 6.13.1, 6.13.4). Whether such frames can ever actually be received at a given real remote bridge is, in
getieral, implementation-dependent; the statement in a), which is about the abstract model for any implementation, is

needed 1n order to cover the 1ull range of possible implementations. See also 8.3, C.7.5.4, and C./.3.6.

6.6 Frame transmission

Frames are transmitted onto a LAN via a LAN port as specified in ISO/IEC 10038: 1993, by the individual
MAC entity associated with the LAN port.
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Similarly, the MAC service support function associated with each virtual port transmits the information
corresponding to frames submitted to it, as M-UNITDATA request primitives, by the MAC relay entity.

6.7 Frame forwarding

The forwarding process forwards received frames to other ports, filtering them on the basis both of
information contained in the filtering database, and of the states of the ports.

6.7.1 Forwarding conditions

A frame received on a LAN port or a virtual port and submitted to the forwarding process shall not be]
forwarded to any other port unless the receiving port is in Forwarding state (7.4).

Each frame received on a port that is in Forwarding state shall be submitted to the forwarding-process, and
queued for transmission on each port, and on no others, for which
a) The transmission port is in Forwarding state (7.4); and

b)  The receiving and transmission ports are not both virtual ports attached to the same remote bridge
group; and

c) either

1) The filtering database indicates that frames with this valueof-the destination MAC address are
to be forwarded through the transmission port; or

2) The values of the source and destination MAC <addfesses are the same, and the bridge is
configured to forward such frames;
except that

d) A frame shall not be queued for transmission on a LAN port if it conveys an MSDU of size greater
than the maximum MSDU size supported®y the LAN; and

e) A frame is not required to be queuéd for transmission on a virtual port if it conveys an MSDU off
size greater than the maximum ‘MSDU size supported by any of the destination remote bridges inl
the remote bridge cluster towhich the virtual port is attached.

NOTES

1—The maximum MSDU ¢ize supported by a remote bridge can be greater than the maximum MSDU size supported|
by any of the LANs to which its LAN ports attach, if the bridge supports relaying between virtual ports belonging to
two or more different/groups.

2—One case of/condition c¢)1) arises when a frame’s destination MAC address is not in the filtering database (i.e., the]
destination MACvaddress is not known to the bridge). Such a frame is queued for transmission on all forwarding ports,
apart from the-receiving port and any subgroup ports attaching to the same group as the receiving port.

6.7:2°LLC duplicate address check

Like a local bridge. a remote bridge shall either

a) Filter frames whose source and destination MAC addresses have the same value, in order to
localize traffic; or

b) Forward such frames, in order to support the optional LLC duplicate address check function.

The choice shall apply consistently to all LAN ports and virtual ports of a given remote bridge.
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6.7.3 Queued frames

The forwarding process provides storage for queued frames, awaiting an opportunity to submit them for
transmission to the MAC entity or MAC service support functions associated with each port. The order of
queued frames shall be maintained for each user priority and each pair of source and destination MAC
address values.

A frame queued by the forwarding process for transmission on a port shall be removed from that queue on
submission for transmission on that port; no further attempt shall be made by the forwarding process to
transmit the frame on that port even if the transmission is known to have failed. (Note that this does not

preclude the use of retransmission for error recovery as part of the MAC service support functions over
non-LAN communications equipment.)

A frame queued by the forwarding process for transmission on a port may be removed from that queue, and
not subsequently transmitted, if the time for which buffering is guaranteed has been exceeded for that
frame.

A frame queued by the forwarding process for transmission on a port shall be remoyed from that queue,
and not subsequently submitted for transmission on that port, if that is necessary to ensure that the
maximum bridge transit delay (see 5.3, C.5.3.6) will not be exceeded at the time-at which the frame would
be subsequently transmitted.

A frame queued for transmission on a port shall be removed from that quéue if the associated port leaves
the Forwarding state.

A frame queued for transmission on a port may be removed from that queue if it becomes known that the
destination is not reachable.

Removal of a frame from a queue for transmission on ‘any particular port does not of itself imply that it
shall be removed from a queue for transmission on @niy other port.

6.7.4 Priority mapping

The forwarding process performs the.-mapping of the priority of forwarded frames (see 5.3, C.5.3.9) by
determining the values of the user_priority and access_priority parameters in the M-UNITDATA request
primitives used to relay frames.

The user_priority parameter in an M-UNITDATA request primitive (5.4) shall be either

— Equal to thewalue of the user_priority of the corresponding M-UNITDATA indication primitive, if
that value was specified (e.g., if the frame was received on a virtual port, or on a LAN port using
the token-passing bus or a token-passing ring access method); or

—  Setto the value of the Outbound User Priority parameter for the transmission port, if the value in
the corresponding M-UNITDATA indication primitive was unspecified (e.g., if the frame was
received on a LAN port for a LAN using the CSMA/CD access method).

The access_priority parameter in an M-UNITDATA request primitive (5.4) shall be either

— Equal to the value of the user_priority parameter in the corresponding M-UNITDATA indication
primitive; or

—  Set to the value of the Outbound Access Priority parameter for the transmission port.
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If bridge management is supported, the values of the Outbound User Priority and Outbound Access Priority
parameters shall be capable of being set independently for each transmission port. The remote bridge shall
have the capability to use the full range of values specified in Tables 3-1 and 3-2 of ISO/IEC 10038: 1993
for LAN ports, and all values in the range 0-7 for virtual ports. If bridge management is not supported, the
remote bridge shall use the default values specified in Tables 3-1 and 3-2 of ISO/IEC 10038: 1993 for LAN
ports, and the default value zero for each parameter of a virtual port.

NOTE—Some LAN access methods treat all values of access_priority equally and do not convey user_priority; virtual
ports (see 5.6) can similarly limit support for one or both of these parameters. The Outbound User Priority and
Outbound Access Priority parameters are still specified for these cases, to allow a consistent approach to the

Tanagement botir of virtuat ports-amd-of EANportsof different MAE types:
6.7.5 Frames addressed to the remote bridge

When the MAC relay entity forwards a frame to a LAN port, and the frame’s destination MAC address
matches an individual MAC address associated with the port, the frame may be transmittédon the LAN
Alternatively, the physical transmission of the frame on the LAN may be suppressed<{In-either case, an
MA_UNITDATA indication primitive shall be issued to the LLC entity associated.with the LAN port, ag
though the frame had been received on the port.

When a frame is forwarded to a LAN port, and the frame’s destination MAC address matches a group
MAC address associated with the LAN port, the frame shall be transmitted.on the LAN in the normal way
An MA_UNITDATA indication primitive shall be issued to the LLC enity associated with the LAN port
as though the frame had been received on the port.

NOTES

1—In each case (individual MAC address or group MAC address), the normal behavior of the MAC entity for the port
will be to ensure that the LLC entity receives the frame, asrequired above. This is because the MAC service, ISO/IEQ
15802-1: 1995, specifies that an MA_UNITDATA request containing a MAC address designating the MAC service
access point at which the request is invoked shall resultin an MA_UNITDATA indication at that MAC service access
point.

2—The above never applies to MAC frames containing BPDUs. Such frames are never forwarded by a bridge’s MAQG
relay entity.

6.8 The learning process

The learning process observes the source MAC addresses of frames received on each port and updates the
filtering database conditionally on the state of the receiving port.

Frames receiyed-on ports are submitted to the learning process as specified in 6.5. When a frame is
submitted, ¢he-Tearning process shall update a dynamic entry if one exists in the filtering database, and
otherwise \iiiay create a dynamic entry, associating the port on which the frame was received with thq
source MAC address of the frame, if and only if

a)  The port on which the frame was received is in a state that allows learning (7.4).

) The-frame-s-source-MAC address-is-anindiidual MAC address

a.
L=y TTICTTrart—y

¢) No static entry for the MAC address already exists.

d)  The resulting number of entries would not exceed the capacity of the filtering database.

If the filtering database is already filled up to capacity but a newly created entry would otherwise be made,
an existing entry may be removed to make room for the new entry.
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Figure 6-6 illustrates the operation of the learning process in including the station location information
carried by a single frame, received on a virtual port, into the filtering database.

6.9 The filtering database

The filtering database holds filtering information which is either explicitly configured by management
action or automatically entered. It supports queries by the forwarding process as to whether frames with
given values of destination MAC address are to be forwarded to a given port. The specification given here
is equivalent to that for local bridges in ISO/IEC 10038: 1993, extended to include all virtual ports within

he scope of the filtering Tunction.

[nformation is entered automatically into the filtering database by the learning process, and may also-be
bntered automatically to reflect location information acquired by the learning processes in other remote

ot L1t 4 bl cnamnn marnta heidon Aliigtar
priages Delonging 1o e Saine reinvie viidge Liudicr.

NOTE—The latter possibility can be viewed as allowing a cluster to implement a partially distributed filtering
Hatabase. This can result in a reduction in the traffic conveyed across ciusters (e.g., by avoiding flooding by one remote
bridge which has timed out information, when other bridges retain current information becausg of fraffic among them).
This International Standard does not specify methods for performing such remote learning andvipdates.

The filtering database shall contain static entries (6.9.1), and shall be capable. 6f containing dynamic entries
6.9.2). At most one type of entry shall exist for a given MAC address: a dyhamic entry shall not be created
if a static entry already exists for the same MAC address; and creation of a static entry shall cause the
deletion of any dynamic entry for the same address.

alccs ala

When management of the remote bridge is supported, the,filtering database shall be capable o
interrogated and updated by management using the operations specified in Clause 9. Alternatively, or
additionally, interrogation and updating of the filtering(database may be supported by local or private
mechanisms.

6.9.1 Static entries

Static entries may be added to and removed-from the filtering database under explicit management control.
They are not automatically removed by any timeout mechanism.

A static entry specifies
a) The MAC address forywhich filtering is specified.

b)  For each inbound-LLAN port and virtual port on which frames are received, a port map that specifies
whether frames-are to be filtered or forwarded to each outbound port.

[The MAC addzesses that can be specified shall include group addresses and the broadcast address.

6.9.2 Dynamic entries

[Dynamic entries are created and updated by the learning process as described in 6.8. They may also be

3 1 3 3 1 £ . . . . .
ICaict ard upudaictd a5 d TCSUIL O OPCTdatloIns ‘Uy l‘llC 1Cd.l HIITE PTOCTESSTS 1 Ulilcl ICIIOWT ‘Ulldgcb, as dCbLll‘UCL‘l

in 6.9.

A dynamic entry shall be removed after a specified time—the ageing time—has elapsed since the entry was
created or last updated. A remote bridge’s support for timeout values shall be as specified for local bridges
in ISO/IEC 10038: 1993.
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NOTE—Use of a short timeout value is specified in Clause 7, when the Spanning Tree Protocol is used to notify all
bridges in an RB-LAN of topology changes. This allows the normal ageing time timeout, applicable when the topology
does not change, to be long enough to cope with periods when end stations do not generate frames themselves, while
not sacrificing the ability of the RB-LAN to continue to provide a service after automatic reconfiguration.
A dynamic entry specifies

a) The MAC address for which filtering is specified.

b) A port number.

ek 1 Crall 1 1 > > AL AL 1.1 1 111 £ 1 1 1 e +L b o 1 ‘- oY |
FTaIcS WIUT tUIe SPECTITCU UTSUIATOIT IVIAT aaUurcss SiTdall 0T T0rwardtt oIy (U tie SPeLTITCUPOTL O

individual MAC addresses shall be present in dynamic entries.
6.9.3 Permanent database

The filtering database shall contain a permanent database, providing fixed storage for stdtic “entries; the
filtering database shall be initialized with these static entries.

Static entries may be added to and removed from the permanent database by explicifumanagement action.

6.10 Bridge protocol entity

The bridge protocol entity operates the Spanning Tree Protocol on/the-LANs to which a remote bridge’s
LAN ports are attached, and performs equivalent interchanges ofdnformation with other remote bridges in
the same remote bridge group.

The bridge protocol entities of bridges attached to a given individual LAN in an RB-LAN communicate by
exchanging bridge protocol data units (BPDUs), as specified in ISO/IEC 10038: 1993.

The bridge protocol entities of bridges belonging to the same group may communicate by exchanging
BPDUs in accordance with the optional Extended Spanning Tree Protocol specified in Clauses 12 and 13;
or they may use other means of achieving equivalent support of the Spanning Tree Algorithm across the

group.

Figure 6-7 illustrates the operation of the bridge protocol entity including the reception and transmission of]
frames containing BPDUs, thelreception and transmission of corresponding information (in BPDUs, or
otherwise) over the non-I{/AN communications equipment of the group, the modification of the state
information for individual ports, and notification of changes in active topology to the filtering database.

6.11 Bridge management

The remote bridge may provide facilities for management; these facilities and the operations that support
them ar€ Specified in Clause 9.

Inyocation of the management operations may be carried out by local or private means, or by use off
standard management protocols. When ISO/IEC 15802-2: 1995 LAN/MAN Management is used, the

protocol operations, 1dentifiers, and values to be used in realizing the management operations shall be as
specified in Clause 10 of this International Standard.

Bridge management is modeled as being performed by means of the bridge management entity. Figures 6-8
through 6-10 illustrate use of the MAC service in support of (standard or private) protocols for
communicating with the bridge management entity. Communication both via a LAN port and via a virtual
port is illustrated.
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6.12 Addressing

Use of MAC addresses in frames transmitted and received on the LANs to which the LAN ports of a
remote bridge are attached shall be as specified in ISO/IEC 10038: 1993. The reserved LLC Address
(Standard LSAP) assigned to the Bridge Spanning Tree Protocol shall be used, as specified in ISO/IEC
10038: 1993, in the LLC PDUs used to convey BPDUs transmitted over a LAN by the bridge protocol
entity of a remote bridge.

Where a remote bridge’s bridge management entity is addressed by one or more specific MAC addresses
associated with LAN ports of the remote bridge, as specified in ISO/IEC 10038: 1993, frames received on a

forwarding virtual port and addressed to the bridge management entity shall be forwarded to the addressed
AN port in accordance with the forwarding conditions in 6.7. When such forwarding occurs, the frame 1S
bubmitted to the LLC entity that supports the bridge management entity (the frame is not necessarily
ransmitted on the LAN to which the port attaches; see 6.7.5).

Similarly, a management request conveyed in a frame received on a forwarding virtual port/and carrying
he All LANs Bridge Management Group Address specified in ISO/IEC 10038: 1993 shall.be forwarded to
he remote bridge’s LAN ports in accordance with the forwarding conditions in 6.7.(One instance of the
frame is submitted to the bridge management entity for each LAN port to which it.is_forwarded and which
has a specific MAC address by which the bridge management entity is reachablet

Use of addresses for protocol functions within a remote bridge group.is outside the scope of this
[nternational Standard.

6.13 Model of remote bridge interconnection
6.13.1 Roles and objectives of the model
The interconnection model has three roles:

— As an aid to describing and understafiding the operation of a set of intercommunicating remote
bridges.

— As a basis for establishing a strac¢ture for management of remote bridges and RB-LANs.

—  As aframework for operation‘ef the optional Extended Spanning Tree Protocol.

The objectives of the model are'to

a) Accommodate the full variance in, and to allow the best use of, applicable non-LAN communi-
cations technologies.

b) Allow a range of sizes and complexities of remote bridges, and in particular to allow simple remote
bridgesto.be interconnected with more complex remote bridges.

c) Provide for manageability of real RB-LAN implementations, by compatible extension of the
eorfesponding features of ISO/IEC 10038: 1993; in particular, to

1)  Provide for control of the spanning tree’s configuration, across a complete RB-LAN; and

2y Provide forcomrot of the fiterimgof userraffic withimthe RB=EAIN:
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6.13.2 Elements of the model

Interconnection of remote bridges is modeled in terms of virtual ports, remote bridge groups, and remote
bridge clusters. Remote bridge groups and remote bridge clusters express, respectively, static and dynamic
aspects of the configuration of a set of remote bridges cooperating in support of the MAC service. Virtual
ports are abstractions of the communications functions between remote bridges, and are used in expressing
the peer-to-peer communication between remote bridges in a group or cluster. The logical interconnection
of a group’s remote bridges by their virtual ports is described in terms of subgroups.

NOTE—It is important to note that virtual ports and subgroups are logical, abstract representations of the capability for

communication among remote bridges. Virtual ports do not represent points ol attachment to parucular physical
communications links, nor do subgroups represent discrete sets of such links. (See 6.13.5, 6.13.6, and Annex C)

The modeling principles for the static and dynamic aspects of group configuration are described in 6.13.3
and 6.13.4, respectively. The functions of virtual ports in the overall model of remote bridge interconnec-
tion are described in 6.13.5, and basic examples of the model are provided in 6.13.6.

6.13.3 Static configuration: remote bridge groups, virtual ports, and subgroups
6.13.3.1 Virtual ports and subgroups

A remote bridge attaches to a remote bridge group through one or more yirtual ports. A remote bridge may
be attached to more than one group; in this case, each virtual port attaches to one and only one of the
groups.

Each virtual port represents a remote bridge’s ability to communicate with a particular, configured set of
the other remote bridges in the group to which the port attaches. Such a set of remote bridges is termed a
subgroup. The interconnection structure of the groupds constrained so that each remote bridge in a
subgroup has a single virtual port representing its ability to communicate with all the other bridges in the
subgroup, and with no others.

NOTE—The above constraint means that a subgroup 1s fully connected, and simply connected, via the attaching virtual
ports. It is fully connected because each memberof the subgroup can communicate with every other member; and it is
simply connected because there is a unique pair-of virtual ports representing communication between any given pair of
members.

A subgroup does not provide a ineans for a bridge belonging to it to discriminate between the other bridges
with which it communicateS: information transmitted via a virtual port is capable of being received at all
the peer virtual ports in the 8ubgroup. The part of the group’s communications functions corresponding to a
subgroup therefore jnterconnects the subgroup members to provide communication among them that has
similar properties.t0-those of the communication provided by a LAN. The support for this LAN-like
interconnection-isreferred to as the subgroup communications capability.

6.13.3.2. Groups and subgroups
A group as a whole is also required to be fully and simply connected: that is, each remote bridge attached to

a given group shall belong to one or more subgroups, such that each other remote bridge in the group
bélongs to exactly one of those subgroups

In a given group, communication takes place between all the bridges’ bridge protocol entities, except for
those that have had their virtual ports disabled.
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group shall be fully and simply connected via its virtual ports, as descrlbed above The detailed capablhtles
of any remote bridge, or of any set of remote bridges that can form a group, are at the implementors’ choice
in terms of, for example,

trains the interconnection structure of a group only to the extent that any

15 uiC 149 |54

—  The maximum number of virtual ports by which a given remote bridge can attach to a group.
— The maximum size of group in which a given remote bridge can participate.
—  The variety of ways in which a group can be structured in terms of subgroups.

n important special case of the possible subgroup structures for a group is that where there is just one

subgroup, with each remote bridge attaching to the group by just one virtual port. A group configured in

this way is termed a virtual LAN. A virtual port that attaches to a virtual LAN is termed a virtual LAN poit:

When a remote bridge attaches to a group that is not a virtual LAN (i.e., when each remote bridge has
multiple virtual ports, and the group consists of multiple subgroups), each of its virtual ports-istermed a
subgroup port. When a subgroup port represents the capability for communication with §ust one other
remote bridge, it is termed an individual virtual port. A group in which every remote bridge is attached
only by individual virtual ports is termed a virtual mesh.

[When a subgroup port represents the capability for communication with two or mofe other remote bridges,
it is termed a multipeer virtual port. A group containing remote bridges attached by muitipeer virtuai ports
is termed a mixed-configuration group.

NOTES

1—A number of the properties of remote bridges that attach to virtual LANs"are simpler than those for remote bridges
interconnected by multiple subgroups. The requirements in this International Standard therefore frequently distinguish
between the virtual LAN case and the other, more general, structure$;

2—The following are consequences of the definitions just givers
a) Every virtual port is either a virtual LAN port or-a-subgroup port.

b) A group containing only two remote bridges is-a virtual LAN.

¢)  An individual virtual port always connects-to another individual virtual port, because of the fully and simply
connected structure of subgroups; the-ports therefore connect their bridges in a two-member subgroup.

d) A mixed-configuration group always contains some individual virtual ports as well as at least one multipeer
virtual port.

3—Groups and their virtual port.attachments define the static configuration of an RB-LAN. This definition—of how
remote bridges are associated together in groups, and of each remote bridge’s configuration of virtual ports, including
subgroup membership—is egsentially an administrative matter, subject of course to any limitations imposed by the
technical capabilities of ‘the equipment to be used, and subject to the full-connectivity requirements on subgroups.

4—For a given set.of more than two remote bridges and their interconnecting communications equipment, there is not
in general a uniqué€ configuration either of groups or of virtual ports: actual configurations, and the ranges of possible
configuratjons{ depend upon user requirements and upon implementation capabilities, including those for RB-LAN
management? (See Annex C for examples.)

6:13:4 The active topology and remote bridge clusters

As defined in 6.4, the active topology of an RB-LAN at any time is the set of communication paths formed
by interconnecting the LANSs, bridges, and group communications equipment by the forwarding ports. The
function of the distributed Spanning Tree Algorithm is to construct an active topology that is simply
connected relative to communication between any pair of LAN end stations using given MAC addresses.
When a group belongs to an RB-LAN containing other external communication paths between two or more
of the remote bridges in the group, it is sometimes necessary to partition the group in order to construct the
simply connected active topology.
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Dynamic aspects of the configuration of remote bridge groups in an RB-LAN, relating to the selection of
virtual ports to be forwarding, are expressed in terms of remote bridge clusters. The Spanning Tree
Algorithm and the associated cluster-formation rules (see 7.3) configure the remote bridges of a given
group into one or more disjoint subsets. Such a subset is

a)  An active cluster consisting of two or more remote bridges, each of which either is relaying frames
to the other bridges in the cluster, through its virtual ports that have been selected to be forwarding,
or is preparing to perform such relaying following a configuration change; or

b) A degenerate cluster, containing a single isolated remote bridge with one or more virtual ports
selected to be forwarding, but with none of its peer virtual ports on other bridges belonging to the

same cluster; or

¢) A single isolated remote bridge that is not relaying frames, or preparing to relay frames,, to’any
other bridge in the group.

No remote bridge belongs to two clusters of the same group. Consequently, in any group,‘no‘relaying of
frames occurs through pairs of remote bridges belonging to different clusters of that group:

NOTES

1—This last property, which is a consequence of the Spanning Tree Algorithm and cluster-formation rules, ensures that
the active topology for end-station to end-station frame transfer is simply connected.

2—A cluster can, and often will, consist of all the remote bridges in a giver group. In particular, this will be the case
when there are no better communication paths, external to the group; between any members of the group. The
distinction between groups and clusters is necessary only in order to haddle‘the possibility of such external paths.

3—In a mixed-configuration group (neither a virtual LAN nor‘a\virtual mesh), the active topology for relaying of
frames is determined by the clusters, rather than by the selection of virtual ports to be forwarding or blocking. It is
possible for peer subgroup ports to belong to different clusters; and so to be selected as forwarding; however, frames
are never relayed through the two bridges connected by such ports—see 6.5 a), 5.4 h), 8.1, and 8.3. In virtual LAN and
virtual mesh configurations, the active topology determined by the clusters in fact corresponds to that determined by
the selection of virtual ports to be forwarding or blocking. In any configuration, it is possible that degenerate clusters as
in b) will occur; it is an implementation choice~whether or not there should be mechanisms to detect this and to
suppress the actual transmission of frames across the group, since any frames transmitted will only be discarded on
receipt.

4—The fact that a cluster is fully connected, as stated in a), does not mean that direct communication paths are required
between each pair of remote bridges, but only that the cluster provides some path between each pair. This would be
modeled as a function of the group‘communications entity (see 6.2.4, and Annex C).

5—A remote bridge that'is)isolated within one group as in b) or c¢) could be a member of an active cluster in another
group to which it is ataefied.

6—A remote bridge that belongs to two or more groups can belong to two or more clusters, in different groups, and
relays frames‘between those clusters as necessary.
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6.13.5 Functions of virtual ports

Virtual ports provide for management control over the communication between the remote bridges in a
given group. Parameters associated with the ports control the Spanning Tree Algorithm’s behavior and
selective filtering, as described in 6.13.5.1 and 6.13.5.2, respectively.

NOTES

1—These are the only functions of virtual ports. Virtual ports do not relate in any direct way to the physical topology or
other features of the underlying non-LAN communications, although the choice of parameter values for specific virtual

ports will oIten ares:

2—These two kinds of control relate, respectively, to operation of the bridge protocol entity and of the MAC relay
entity, and also to objectives e) and f) in 6.13.1.

6.13.5.1 Spanning tree configuration

Virtual ports provide for control over how the Spanning Tree Algorithm can partition the group into
clusters and/or isolated remote bridges, in the presence of competing external commufication paths joining
two or more of the remote bridges. Where multiple paths exist through the RB-L:AQY, computation of the
Spanning Tree Algorithm uses path cost information, which is associated with each port, in deciding which
paths are to be blocked in order to provide the necessary simply-connectedZactive topology. Path costs
associated with virtual ports can control whether a path through a_-group becomes blocked—with
partitioning of the group into separate clusters or isolated remote bridges—or whether the path through the
group remains open, with the external path (e.g., through a different‘group) becoming blocked.

NOTE—The description here, and throughout consideration of the Spanning Tree Algorithm and Protocol, refers to
logical communication paths, not to physical links.

6.13.5.2 Selective filtering

Virtual ports provide for statically specified selective filtering of traffic, so that frames with certain
destination MAC addresses received at a given remote bridge can be specified not to be forwarded to
certain other remote bridges of the group:‘Each virtual port of a given remote bridge connects to one or
more other remote bridges, in the same subgroup; information entered in the filtering database by the LAN
management can determine whether frames with a given destination MAC address are forwarded to the
other remote bridges of the subgroup (provided they are in the same cluster), or whether those frames are
filtered.

6.13.6 Examples of configurations of remote bridge groups and virtual ports

Figures 6-11 and"6-12 illustrate the concepts relating to static configuration of groups and virtual ports, for
some simple €Cases. Figures 6-13 and 6-14 illustrate some of the consequences for dynamic configuration
that ariseAromn the static choices. A more extensive set of examples and explanations can be found in
Annex.C:

[In.all the diagrams, ports are represented by the small rectangles inside the boxes representing bridges;

virtual ports and subgroups represent the possible, logical paths along wich frames can be relayed. Each 0
the LB-LANs (L1, L2, etc.) may contain local bridges.]
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6.13.6.1 Static configuratio

Figure 6-11 shows the simplest possible remote bridge group: the pair of remote bridges B1 and B2 have a
single LAN port each, attaching to the LAN L1 or L2, and a single virtual port attaching to the group (i.e.,
representing the communication path to the other member of the pair). The group is a virtual LAN, since

each bridge attaches to it by a single virtual port.

Catil UHIUET auatiivs id

Figure 6-11—Simplest remote bridging configuration: group of two two-port bridges

Figure 6-12 shows some of the possible configurations when a third remote bridge B3 is added, attaching to
aLANL3.
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(c) Two simple groups
Figure 6-12—Some configurations of groups and virtual ports for three remote bridges
Case (a) of Figure 6-12 shows a virtual LAN configuration, in which the three remote bridges form a single

subgroup, and each remote bridge attaches to the group by a single virtual port that represents the remote
bridge’s ability to communicate with both of the others.
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Case (b) shows a virtual mesh configuration, where each remote bridge has separate virtual ports, each
representing the bridge’s ability to communicate with one other remote bridge in the group. Each pair of
these peer individual virtual ports connects the corresponding bridges in a two-member subgroup.

Finally, case (c) adds the third remote bridge as a member of a new group, G2. Traffic between L2 and L3
would have to be relayed between the two groups through the virtual ports of B1.

In all the configurations shown, since no other bridges interconnect the LANs, each complete group will
operate as a single cluster.

OTE—It is emphasized again that these configurations express a purely logical view of a remote bridge’s ability to
ommunicate selectively with other members of the group. The lines shown joining virtual ports via subgroups do not
present individual physical communications links. Annex C contains examples of how physical configurations ¢ould
ap to a variety of group structures.

.13.6.2 Spanning tree configuration example

igure 6-13 shows the addition of another group that can provide communication between'L'1 and L2, and
ts possible effects on the full-mesh configuration of Figure 6-12 (b). In order to keep thé RB-LAN simply
onnected, it is necessary for the Spanning Tree Algorithm to break the loop through'Al — A2 — B2 — B1.
or the purpose of the examples, it is assumed that the port parameters are such that the B1 — B2 path is
roken (otherwise, the B1/B2/B3 configuration operates exactly as in Figure 6<12).

Figure 6-13 shows the two possible ways in which the group could partition, producing a two-bridge cluster
ind a single isolated bridge. The path costs associated with the posfs 6f B1, B2, and B3 determine which
utcome is selected; see 6.13.5.1 and 7.3. (Clusters within groups.are represented as shaded ellipses. Dotted
ines between virtual ports indicate paths in the group that arenot active as part of a cluster; such a path is
inactive because at least one of the pair of ports connected by;it is not active.)

Figure 6-13—Partitioning of a virtual mesh group

6.13.6.3 Static filtering example

Figure 6-14 illustrates the use of static filtering to support partitioning of an RB-LAN for traffic with a
given group MAC address. Such a group address might be, for example, for LAN station loading, or for a
Network layer routing protocol.
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In the illustration, the RB-LAN has LANs attached to four remote bridges, and the multicast traffic is to be
split into two disjoint domains, one consisting of the LANs attached to B1 and B4, and the other consisting
of those attached to B2 and B3. (The arrows show the required traffic flows for this MAC address.)

R E—
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[X] v

B3

v
-
Figure 6-14—Partitioning of a group MAC address space by static filters

Filtering database entries for the MAC address in question neé€d to be established to specify forwarding
only through the virtual ports by which B1 and B4 access¢each other, and through those by which B2 and
B3 access each other, with filtering on all other paths. This is possible provided that, as shown, the remote
bridges have multiple virtual ports to allow discrimination, by means of the virtual port entries in the filters,
between the various destination bridges in the group. In the diagram, ports marked with a cross filter all
frames received with the given address, so that théy are not forwarded through any other port of the bridge;
ports marked with a tick forward all frames received with the given address through all other ticked ports,
and not through any crossed ports. (The filtering is controlled by the port maps associated with each port,
for the given address; see 6.9.1.)

Note that B3 can participate successfully in this arrangement despite being in the same subgroup, S1, as Bl
and B4: the frames forwarded:by B1 and B4 are filtered at B3. (In practice, an implementation might well

optimize its use of group eommunications resources by propagating the filtering information from B3 to B1
and B4, so as to avoid,actally transmitting frames that will only be discarded on reception.)

7. The Spanning Tree Algorithm and Protocol

7.1 Introduction

Remote bridges partlclpate in the same dxstrlbuted conflguratlon algorlthm as local brldges and operate the

brldged LAN topology to a smgle Spanmng Tree The basw Spanmng Tree Algorxthm that underhes the
Spanning Tree Protocol specified in ISO/IEC 10038: 1993 is complemented by extensions to handle the
dynamic formation of remote bridge clusters for interconnecting remote bridges.

C.7.1 provides background information on the requirements that the (extended) algorithm is designed to

meet. The remainder of this clause states the basic requirements on bridges operating the algorithm (7.2);
provides an overview of the algorithm’s operation (7.3); defines the states and parameters in terms of which
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the algorithm is specified (7.4 and 7.5); specifies how those states and parameters are maintained and
updated by a remote bridge in support of the algorithm (7.6); specifies how a remote bridge transmits
BPDUs on its LAN ports, and responds to BPDUs received on its LAN ports, in its maintenance of the
states and parameters (7.7); specifies how management operations relating to the bridge protocol entity
affect the states and parameters maintained by a remote bridge (7.8); specifies the encoding and validation
of BPDUs transmitted and received on LAN ports (7.9, by reference to ISO/IEC 10038: 1993); and
specifies requirements on the performance of remote bridges in an RB-LAN and on the settings of
associated parameters (7.10).

NOTE—C.7.3.2 through C.7.3.12 contain several examples of the operation of the Spanning Tree Algorithm in an RB-
LAN. With a few exceptions, this clause does not make specific references to C.7.3, but the reader is strongly,
recommended to refer to those examples as illustrations of the concepts and procedures specified in this clause.

7.2 Requirements of the remote MAC bridges

The requirements for bridge protocol operation are as specified for local MAC bridges in ISO/IEC 10038:
1993, with the additional requirement that there shall be a port identifier for each virtual pert, distinct from
the port identifier of any other LAN port or virtual port of the same bridge.

[The requirements that allow the configuration of the Spanning Tree active topoldgy ‘to be managed are

a) A means of assigning the relative priority of each remote bridge within'the set of bridges in the RB-
LAN.

b) A means of assigning a relative priority to each LAN port ard yirtual port within the set of ports of
an individual remote bridge.

¢) A means of assigning a path cost component to each KAN port and virtual port.
These parameters can be set by management, when bridge'management is supported.

The structure of bridge identifiers and port identifiers is as specified in ISO/IEC 10038: 1993.

7.3 General description
7.3.1 Overview
7.3.1.1 The active topology

The Spanning Tree Algorithm, with the cluster extensions, configures the arbitrarily interconnected
components of an RB-LAN into an active topology (see 6.4) that is simply connected for end-station to
end-station transfers? It does this by selecting the state of each port that is not disabled to be either
forwarding or{blecking. Frames transmitted by end stations can pass between different LANs and remote
bridge groups only via ports that are forwarding; no frames can pass through a port that is blocking. (The
state, forwarding or blocking, applies to both directions of possible flow through a port.)

The selection of ports to be made blocking cuts any looping paths that are present in the basic topology.

d Q A
po 0 O G oy GiE O . n >

active topology in which the forwarding LAN ports are configured as the links in a tree. The oot node of
the tree is a bridge, and the other nodes are alternating levels of LANSs, and bridges or clusters.

Within a cluster, by definition, all the virtual ports by which the remote bridges attach to the cluster are

selected to be part of the active topology. However, for the purposes of constructing and maintaining the
topology, the Spanning Tree Algorithm selects a subtree within the fully connected topology of the cluster,
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in which a subset of those virtual ports are the links. The root node of the subtree is the remote bridge
nearest to the root of the full tree. The other nodes of the subtree are alternating levels of subgroup
communications capabilities, and the other remote bridges of the cluster.

Because the LAN-connected part of the RB-LAN is configured as a tree, and because the forwarding
conditions [see 6.7.1 b)] ensure that frames traverse any cluster in a single hop, the active topology as a

whole is simply connected for the transfer of user frames between end stations on the LANs.

7.3.1.2 Configuration changes

Changes to priority or path cost values, and addition or removal of ports or bridges, result in general inya
new active topology: ports that were previously blocking can become forwarding, and vice versa, to break
newly formed loops or to provide alternative paths where connectivity has been lost.

NOTE—A transition from forwarding to blocking is immediate, but it is necessary to introduce a delay between
selecting a blocking port to be forwarding and actually making it forwarding; see 7.3.7 and 7.3.8.

7.3.1.3 Relationship between the spanning tree and the active topology

Computation of the active topology can be considered to take place in three logical phases
a) Computation of the basic spanning tree
b) Formation of clusters

¢) Selection of port states

In the first phase, the basic Spanning Tree Algorithm of ISO/IEC 10038: 1993 is used to construct a strict
tree of bridges, LANSs, and subgroup communications capabilities linked by bridge ports. This assigns one
of three spanning tree roles to each enabled bridge port(

In the second phase, no further action is requiréd for LAN ports or for virtual LAN ports. For subgroup,
ports, this phase determines (on the basis of the spanning tree structure) how remote bridges are to be
dynamically configured together into clusters:

In the third phase, the spanning tree roles assigned to LAN ports and virtual LAN ports, and the cluster
membership for subgroup ports, are used to determine for each port whether its state is to be forwarding o]
blocking.

NOTES

1—These phases involveé only successive phases of processing applied to the same configuration information. Thus, for
example, there are 10 protocol exchanges required between the phases, in a realization of the computation.

2—The second phase is needed in order to handle remote bridges that are attached to their groups by two or more
virtual ports: To achieve the full relaying connectivity that characterizes a cluster [see 6.13.4 a)], such a bridge needs to
be able-to"forward frames through all of its virtual ports that provide communication with other remote bridges in the
same’cluster. In general, applying the LAN-port rules on the basis of spanning tree roles assigned to the virtual ports
would only select a subset as forwarding. The determination of cluster membership, and the associated rules for
selecting port states, allow the correct full set of virtual ports to be made forwarding.

7.3.1.4 Relationship to protocols

The Spanning Tree Algorithm itself is an abstract algorithm applied to the arbitrarily configured priorities
and path costs of all the (non-disabled) bridges and ports in the RB-LAN. The algorithm is given a practical
realization by means of the Spanning Tree Protocol operating over LANSs, and by equivalent protocols
operating in remote bridge groups (one such protocol is the optional Extended Spanning Tree Protocol

Copyright © 1998 |EEE. All rights reserved. 39


https://standardsiso.com/api/?name=f5d93023960bcfbb358c020ed6f95fc6

ISO/IEC 15802-5 : 1998(E)
ANSI/IEEE Std 802.1G, 1998 Edition LOCAL AND METROPOLITAN AREA NETWORKS—

specified in Clauses 12 and 13). These protocols allow a distributed computation of the spanning tree, by
each bridge independently using locally configured information in conjunction with information exchanged

with its adjacent bridges.

The abstract algorithm is described in 7.3.2; the principles of how the protocols are used to exchange
information between bridges in support of the Spanning Tree Algorithm, and of how ports change state
between forwarding and blocking, are specified in 7.3.3 through 7.3.8. More detailed specifications of the
requirements on the information to be recorded and exchanged by bridges in order to support the algorithm
are in 7.4 through 7.6, and 7.8. The particular mapping of the logical information and operations to the
transfer of BPDUs via the LAN ports of a remote bridge is specified in 7.7; as observed on the LAN, this

peration of the Spanning Tree Protocol is identical to that specified for local MAC bridges in ISO/IEC
0038: 1993.

7.3.2 Computation of the active topology
7.3.2.1 Spanning tree fundamentals: bridge priorities and path costs

[he stable active topology of an RB-LAN is determined by
a) The unique bridge identifier associated with each bridge.
b) The path cost associated with each port.

¢) The port identifier associated with each port.

Fach bridge in an RB-LAN has a unique bridge identifier containing’a configurable priority component,
hind the set of all such identifiers is totally ordered (i.e., given any pair of distinct bridge identifiers, one is
hlways of higher priority than the other). The bridge with the highest-priority identifier is selected as the
root bridge of the Spanning Tree.

Fvery LAN port and virtual port in the RB-LAN has.a-configurable path cost associated with it. Given that
he root is determined, as above, the spanning tree stfucture is primarily determined by these path costs.

Fach bridge, LAN, and subgroup in the RB-DAN has an associated root path cost. For each possible path
hrough the ports, LANs, and subgroups jof the RB-LAN from the root bridge to the bridge, etc., in
huestion, the path cost is calculated: this'is the sum of the path cost values of each LAN port and virtual
bort at which a frame would be received if it traversed the path from the root to the bridge, etc., in question.
The root path cost is the lowest'cost among the possible paths. (The way in which the algorithm performs
ie-breaking to select a single-path, when there are multiple paths of equal lowest cost, is specified in
7.3.2.3.)

The spanning tree thén consists of the complete set of least-cost paths from the root to each other bridge,
etc., in the RB-LAN:

NOTE—The-computation guarantees that the set of least-cost paths does indeed form a tree.

7.3.2.2~Spanning tree roles: designated ports, root ports, alternate ports, and designated
bridges

Each bridge port that belongs to a spanning tree path is assigned the role of designated port if a frame
traversing that path from the root would be transmitted via the port, and is assigned the role of root port if
such a frame would be received via the port. All other enabled bridge ports are assigned the role of
alternate port.
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A bridge that has one or more designated ports is termed the designated bridge for each LAN and subgroup
to which a designated port attaches. Each LAN or subgroup has a single designated bridge, which is the
adjacent node of the spanning tree in the direction of the root.

Each bridge other than the root bridge has exactly one root port, which is the port that offers the least-cost
path from the bridge to the root (after application of any tie-breaking needed, see 7.3.2.3).

Each root port connects, via a LAN or subgroup communications capability, to a unique designated port, on
the adjacent bridge on the least-cost path to the root. Designated ports also attach to LANs that form leaf-
nodes of the spanning tree (i.e., LANs that have no bridges attached to them by root ports); and they can

attach as isolated ports to remote bridge groups, when their peer remote bridges do not belong to the same
cluster.

Each alternate port also connects (via a LAN or subgroup communications capability) toda -unique
designated port on an adjacent bridge. However, the path through that port and bridge to the 160t has a cost
that is higher than the root path cost, or equal to the root path cost where tie-breaking has been-invoked.

7.3.2.3 Tie-breaking

It is possible, and in practice could be quite likely, that a bridge will find two-er more of its ports offering
equal lowest root path costs. In this case, the unique bridge identifiers ©Of the adjacent bridges on the
respective paths to the root determine which path is selected; the path through the highest-priority bridge
wins.

It is still possible to have multiple paths of equal cost and priofify“after applying the above discrimination
(e.g., where an adjacent bridge is attached by two ports to the same interconnecting LAN). In this case,
selection is on the basis of the unique port identifiers assoeiated with each of the ports on the adjacent
bridge through which the least-cost paths pass; again, thehighest-priority port identifier wins.

Finally, in the event that the above second stage;of tie-breaking still yields multiple least-cost paths, the
port identifiers of the candidate root ports are used; as before, the highest-priority port identifier wins.

NOTE—The last tie-breaking possibility is réquired only for LAN ports and not for virtual ports, since if two virtual
ports on a given remote bridge connect o the same adjacent remote bridge, they can do so only as members of two
different groups and, therefore, they cofinect to different virtual ports on the adjacent remote bridge.

7.3.2.4 Cluster formation,'primary bridges

Each remote bridge cluster consists of a set of remote bridges belonging to the same group and forming a
subtree of the spaniing-tree. The remote bridge nearest to the root bridge is termed the primary bridge for
the cluster. The ¢luster consists of those remote bridges, in the same group as the primary bridge, that have
least-cost pathis to the root passing through the primary bridge.

7.3.2.5Port state selection

Root ports and designated ports are selected to be made forwarding, whether they are LAN ports or virtual
ports.

Each LAN port or virtual LAN port that is an alternate port is selected to be made blocking.

A subgroup port that is an alternate port is selected to be made blocking if it is known that none of its peer
virtual ports attaches to the same cluster as does the port itself. A subgroup port that is an alternate port is
selected to be made forwarding if it has a peer virtual port that attaches to the same cluster, or if it is not
known that there is no such peer virtual port.
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NOTE—In general, full information about the cluster attachments of an alternate port’s peer virtual ports is not
necessarily readily available for a subgroup port, except in two cases: (a) when all the ports by which a bridge attaches
to a group have been selected as alternate ports, and (b) when the port is an individual virtual port. In case (a), the
bridge is isolated in the group, and all the virtual ports are selected as blocking. In case (b), the virtual port is selected
as blocking if its peer virtual port attaches to a different cluster, and as forwarding if the peer virtual port attaches to the
same cluster. Peer virtual ports can belong to different clusters, when (and only when) the subgroup to which they
attach has been partitioned because of an alternative path external to the group (see Annex C, particularly Figure C-10).

7.3.3 Protocol support for the Spanning Tree Algorithm

The Spanning Tree Algorithm is implemented by a combination of local computations in the bridges of an

RB-LAN, and exchanges of information between adjacent bridges. This International Standard specifies
hose computations and exchanges for remote bridges, in terms primarily of

a) Logical parameter information maintained by each remote bridge.

b)  The structure of logical information exchanged between remote bridges.

c) Transmission and reception, at LAN ports on remote bridges, of BPDUs of the Spanning Tree
Protocol specified for local bridges in ISO/IEC 10038: 1993.

d) The possible observation, using bridge management, of many of the parameter values in item a).

Taken together, items a) through c) specify constraints on the operation of any pretocols used by bridges in
Kupport of the Spanning Tree Algorithm. These constraints ensure that the spanhing tree is constructed,
maintained, and reconfigured correctly, and that the protocol operations by remote bridges via their LAN
ports are compatible with operation of the Spanning Tree Protocol by 16cal bridges. The Spanning Tree
Protocol itself satisfies these constraints, in relation to the operation of-local bridges. The optional Extended
Spanning Tree Protocol specified in Clauses 12 and 13 is one way'in which remote bridges can satisfy
these constraints when implementing support for the Spanning Tree Algorithm.

The three major aspects to any such protocol operation.in'Support of the Spanning Tree Algorithm are as
follows:

— Determination and maintenance of the stable active topology
— Detection, or instigation, of topology.changes
— Notification of topology changes

The first of these involves each bridge’in receiving and transmitting configuration information; received
information can cause recomputation’ of a bridge’s local parameter information, with related changes in its
subsequently transmitted information. (See 7.3.4.)

The second is largely(a)local matter for each bridge, depending on timeouts and on local bridge
management operations;it will often be followed by recomputation of the active topology. (See 7.3.5.)

The third again“involves bridges cooperatively receiving and transmitting information to ensure that
topology changes are correctly notified and acted upon. (See 7.3.6.)

The purpose of computing the spanning tree is to control the relaying of MAC frames by selecting ports to
be in, forwarding or blocking states (7.3.1.1, 7.3.2.5). Because there are delays in propagating information
about configuration changes in any real RB-LAN, the state of a port cannot always be changed immediately

according to changes in its spanning tree role: some additional rules apply (see 7.3.7 and 7.3.8).
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7.3.4 Determining the active topology

7.3.4.1 Configuration messages and Configuration BPDUs

The topology information that bridges communicate among each other is logically structured in
configuration messages. A configuration message expresses the information originated by the root and

propagated throughout the bridged LAN, being updated by each bridge that propagates it.

A configuration message is transferred over a LAN by encoding the transmitting bridge’s current
information in a Configuration BPDU, transferred in a MAC frame, as specified in ISO/IEC 10038: 1993.

Configuration message information is also propagated within each remote bridge group; when the optional
Extended Spanning Tree Protocol is used, the information is similarly conveyed in the (exterded)
Configuration BPDUs of that protocol. BPDUs are not relayed by bridges, but the configuration message
information in them can be used by a bridge in calculating its own configuration messages for transmission,
and can stimulate that transmission.

7.3.4.2 Spanning-tree priorities

Configuration messages are ordered in priority, according to four components, In order of decreasing
significance in comparing priority values, the components are as follows:

— Identifier of the originating root bridge

— Root path cost for the transmitting bridge

— Identifier of the transmitting bridge

— Identifier of the port through which the message was transmiitted

(For all numerical components, a lower numerical value indicates a higher priority.) A four-component
priority value of this kind is termed a spanning-tree priority.

The notation {Root : Cost : Bridge : Port} is used, with appropriate substitutions for the four components,
when it is desired to describe spanning-tree priorities concisely.

When conveyed in a configuration message, a spanning-tree priority value is termed a message priority.

Three other related kinds of spanning-tree priority value are also defined, with their components derived
differently, as follows.

Each port in the RB-LAN has a spanning-tree priority associated with it, termed the designated priority of]
the port. For a port withl the spanning tree role of designated port, the designated priority is the value used
as the message priority in configuration messages transmitted through the port. For a port with the spanning
tree role of reof-port or alternate port, the designated priority is the highest-priority message priority
contained in{¢otifiguration messages that have been received on the port.

The rootpath priority for a port is derived from the port’s designated priority by adding the port’s path cost
valie~to the second component (cost) of the designated priority. This priority value is computed for
terporary use by a bridge when updating its configuration.

The update priority for a port P on bridge B, which is also computed for temporary use by a bridge when
updating its configuration, is defined as:

{ root identifier : root path cost of B : bridge identifier of B : port identifier of P }.
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7.3.4.3 Cluster identifiers

Within a remote bridge group, a configuration message also carries a cluster identifier assigned by the
remote bridge believed to be the primary bridge of a cluster, in order to allow the remote bridges in the
group to determine their membership of the appropriate clusters. This information is also associated with
each virtual port that has the spanning tree role of root port or alternate port, along with the corresponding
designated priority.

A cluster identifier consists of the following two components:

b)  Aninteger value known as the cluster index.

The cluster index is assigned by the primary bridge to ensure that distinct clusters for which it isi-or has
been, the primary bridge can be distinctly identified (see 7.6.2.4.1).

NOTE—The range of values needed for the cluster index, in order to ensure distinctness, is typically/quite small. The
wo optional protocol encodings specified in 10.6 and 12.5.2.2 both allow a range of 0-65535, which is more than
hdequate.

[n a virtual LAN, a variable cluster index is not needed and the value zero.is_always used; further, the
Cluster identifiers can be implicit in the message priority and designated priority values, since the Bridge
component of each such value always identifies the primary bridge.

A unique null value for cluster identifiers is defined, consisting of*a/null (all zero) bridge address and a
Cluster index value of zero.

7.3.4.4 Basic propagation mechanisms, and determination of port roles

The following four basic mechanisms are used to achieve timely propagation throughout the RB-LAN of
the necessary information to allow all LAN portsiand virtual ports to determine their state (blocking or
forwarding):

a) A bridge that believes itself to be_the-root (e.g., following initialization) originates configuration
messages on all the LANs to which it is attached, by sending Configuration BPDUs at regular
intervals. A remote bridge tHatybelieves itself to be the root also conveys equivalent, up-to-date
configuration message information to all other remote bridges belonging to the same group (or
groups).

b) A bridge that receivés a configuration message, on any port, conveying better or equally good
information (ie.,-received message priority higher than or equal to the port’s previous designated
priority) accepts that received information as the basis for updating its own configuration.

1) Thereceiving port’s new designated priority is set to the received message priority.

2) "\ The root port is selected as the port that has the highest root path priority among the ports that
are not designated ports (if two ports have the same root path priority, the port with higher-
priority port identifier is selected, as in 7.3.2.3).

3) Other ports are then selected as designated ports or alternate ports. according to whether the

update priority value is higher or lower than the current designated priority; for a port selected
as a designated port, the update priority value is used as the new designated priority.

c) A bridge that receives a configuration message on what it decides is its root port conveying better

or equally good information (i.e., highest root path priority among the ports that are not designated
ports) passes that information on through its designated ports (to all the LANs for which it believes
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itself to be the designated bridge, and to all the clusters in which it believes itself to be the
designated bridge for one or more subgroups).

d) 1) A bridge that receives inferior information (i.e., received message priority lower than the
port’s designated priority) on a LAN port that it considers to be the designated port on a LAN
to which it is attached transmits its own information in reply, to reaffirm its role as designated
bridge to all other bridges attached to that LAN.

2) The remote bridges in a given group exchange information to maintain the consistency of the
group’s configuration in terms of clusters, both in steady-state operation and during

is used, this is done by means of Configuration BPDUs.

NOTE—The comparisons of spanning-tree priorities in b) and c) implement the selection of least-cost paths to the root,
as in 7.3.2.1, and the first two stages of the tie-breaking in 7.3.2.3.

7.3.4.5 Determination of cluster membership

A remote bridge considers itself to be the primary bridge for a cluster if it has one of more designated ports
attaching to a particular group, but no root port attaching to that group. Such.a bridge assigns its own
cluster identifier, and includes it in each configuration message transmitted ©On)the designated ports as in
7.34.3.

NOTE 1—A remote bridge considers itself to be the primary bridge either/because it is itself the root, or because its
root port attaches to a LAN or to a different group.

When a remote bridge has its root port attaching to a groupyit uses the cluster identifier received in the
current configuration message for the root port as the identifier of the cluster to which it belongs. The
bridge then includes this identifier in each configuration“message transmitted on any designated port that
attaches to the same group, as in 7.3.4.3.

If a remote bridge has only alternate ports attaching it to a particular group, it does not belong to any cluster
in that group, and the null cluster identifieriS.assigned.

Whenever a new (higher or equal spanning-tree priority) configuration message is accepted as in 7.3.4.4 b)
on a virtual port that is an alternate'port, the cluster identifier received is associated with the port, in case a
reconfiguration causes the porfito ‘become the new root port. This cluster identifier is also used, in some
circumstances, in determining ‘whether the alternate port is to be in blocking or forwarding state (see the
Note in 7.3.2.5).

NOTES

2—The above-description applies to steady-state operation, when the active topology and cluster membership are not
changing. Additional parameters and mechanisms are needed to handle changes in the cluster configuration (see 7.3.8).

3—See-€.7.3.2 through C.7.3.6 for illustrative examples.

7:3.5 Reconfiguration

To allow for reconfiguration of the RB-LAN when components are added or removed, or when
management changes are made to parameters determining the topology, the topology information
propagated through the RB-LAN has a limited lifetime. This is effected by including the age of the
information conveyed (i.e., the time elapsed since the root originated the configuration message) in each
configuration message transmitted. Every bridge stores the most recent message priority values received on
its root port and each of its alternate ports, and monitors the age of that information against a maximum age
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that is included by the root, and propagated, in configuration messages. In normal stable operation, the
regular generation of configuration messages by the root ensures that this topology information stored at
the ports (i.e., the designated priority values) does not time out.

If the bridge times out the information held for an alternate port, it makes that port a designated port, by
setting the port’s designated priority to the update priority for the port. That new priority information is
then propagated in configuration messages through the port onto the attached LAN or subgroup.

If the root port information is timed out, the bridge makes that port a designated port in the same way as for
an alternate port. If all the bridge’s ports are designated ports, or if the bridge’s identifier is of higher

priority than the root bridge component of the highest-priority root path priority, the bridge reconfigures by
attempting to become the root itself; otherwise, the bridge updates its configuration as in 7.3.4.4 b) 2) and
b) 3) to select another port as the new root port, etc.

Management changes to parameter values associated with a bridge or its ports can also require that bridge
to reconfigure, as follows:

a) If a port is disabled, or has its path cost changed, a full update of the bridge’s configuration is
performed, as in the case of the root port timing out.

b)  If the priority part of a bridge’s identifier is changed, the corresponding-(third) component of the
designated priority for each designated port is set to the new value.of-the bridge’s identifier, and a
full update of the configuration is performed.

c) If the priority part of a port’s identifier is changed, then

1) If the port is a designated port, the fourth component of the designated priority is set to the
new value of the port’s identifier.

2) If the port is a LAN port that is an alternate port, and if the update priority corresponding to
the new value of the port’s identifier ig-higher than the port’s designated priority, the port is
made a designated port.

3) Otherwise, if neither 1) nor 2) applies, no updating of the configuration is required.
7.3.6 Notifying topology change

In normal stable operation, statien*location information in the filtering database only needs to change as a
result of stations being physically relocated: it may therefore be desirable to employ a long ageing time for
dynamic entries in the filtering database.

However, when the-active topology of an RB-LAN reconfigures, end stations can appear to move, from the
point of view of aybridge. This is true even if the states of the ports on that bridge have not changed. It is
necessary for‘station location information to be re-learned following a change in active topology, even if
only part of.the RB-LAN has reconfigured.

A bridge that detects a change in active topology notifies the root of the change, using reliable protocol
mechanisms, and the root then communicates the change to all bridges in its subsequent configuration
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ageing out dynamic entries in the filtering database, until received configuration messages no longer
indicate the topology change.

The topology changes that are to be detected by a bridge are

a) The bridge becoming, or attempting to become, the root.
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b) A bridge port being put into Forwarding state (see 7.3.7, 7.3.8, 7.4.4), provided that the bridge has
at least one designated port.

¢) A bridge port being put into Blocking state from Forwarding or Learning state (see 7.3.7, 7.3.8,
7.4).

When a bridge with its root port attached to a LAN changes the active topology as above, it transmits a
Topology Change Notification BPDU on the LAN to which the root port is attached, as specified in ISO/
IEC 10038: 1993. This is repeated at intervals until acknowledged (by the LAN’s designated bridge, in a
Configuration BPDU).

Similarly, when a remote bridge with a virtual port as its root port changes the active topology, it transmits
equivalent information over the cluster through the root port, and awaits acknowledging informatiof)from
the designated bridge. Whether or not such a transmission needs to be repeated at intervals depends upon
the nature of the communication service provided across the cluster; however, the transmission always
needs to be repeated if the root port changes, or if the designated bridge changes.

In each case, if the designated bridge for the LAN or subgroup is not itself the root, it'passes the received
notification toward the root using whichever of the above mechanisms is appropriate! for its root port, and
transmits a configuration message containing an acknowledgment via the relevantdésignated port.

7.3.7 Changing port state

Since there are propagation delays in passing configuration message information through an RB-LAN
there cannot be a sharp transition from one active topology to another. Topology changes can take place af
different times in different parts of the RB-LAN, and moving a‘port directly from non-participation in the
active topology to the forwarding state would risk having temporary data loops, with consequent
duplication and misordering of frames. It is also desirable, before starting to forward frames, to allow other
bridges the opportunity to reply to inferior configuration'message information.

Ports that have been newly selected for additien’to the active topology therefore wait for new topology
information to propagate throughout the RB-LAN, and for the frame lifetime to expire for any frameg
forwarded using the old active topology, before starting to forward frames.

During this time it is also desirable for the bridge to time out station location information in the filtering
database, since this may no longer, be true, and to learn new station location information in order to reducs
the effect of initial flooding df-frames when a port enters the Forwarding state.

When a port is selected to-be added to the active topology, therefore, it is first put into the Listening state
where it waits for peceipt of configuration message information that would return it to the Blocking state
After a suitable deldy (the forward delay), the port is put into the Learning state. In the Learning state, thd
port still does(npt forward frames, but station location information acquired by the learning process from
frames recéived on the port is included in the filtering database. After another forward delay period, thd
port move¥ into full operation in the Forwarding state, thus becoming part of the active topology.

Thedength of the forward delay period is set at the root bridge, and included in configuration messages fof
propagation throughout the RB-LAN.

7.3.8 Changes in cluster configuration
7.3.8.1 Kinds of change in cluster configuration

There are propagation delays in passing configuration message information among the remote bridges
belonging to a given group. When the cluster configuration of the group changes, the possible effects of
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these delays on the transfer of cluster identifiers need to be taken into account in determining the new
cluster membership, because of the consequences for port state selection.

Two kinds of change in cluster configuration need to be considered. (In practice, both kinds could occur
together, affecting different remote bridges.)

a) Changes in the spanning tree configuration can cause the primary bridge for a cluster to change,
without the overall membership of the cluster changing. The (unchanged) cluster is then identified
by a new cluster identifier, and all the remote bridges in the cluster need to change over to using
that new identifier in place of the previous one.

b) Changes in the spanning tree configuration can cause one or more remote bridges belonging to the
group to change cluster membership. The possible changes are as follows:

1) A remote bridge can transfer from one cluster in the group to another.
2) An isolated remote bridge can become a member of a cluster.
3) A member of a cluster can become an isolated remote bridge.

When a remote bridge is affected by a change as in a), its virtual ports that stay attachied-to the same cluster
an all remain in Forwarding state (or in Listening or Learning, if applicable), since- there is no change in
he local part of the active topology formed by those ports and their active peeyports.

Conversely, when as in b) a remote bridge transfers to one cluster from another, or from none, there is a
ignificant change in the active topology; consequently, the virtual.ports by which the remote bridge
httaches to the new cluster need to go through the full delay periods of\the Listening and Learning states.

NOTE—Except in a virtual LAN, a remote bridge cannot immediately assume the validity of new cluster information
hccepted on one of its virtual ports, or generated when the remotebridge first considers itself to be the primary bridge
or a cluster. More up-to-date information could be acquired soon afterwards, as a result of the global effects on the
broup of whatever change is occurring. If a previously forwarding virtual port had meanwhile been put into the
Blocking state, and were then selected to remain after all>as a forwarding port in the same cluster as previously, the
ransitions through the Listening and Learning states would cause an unnecessary break in the service availability for
frames relayed through that virtual port.

7.3.8.2 Cluster configuration changes for virtual LANs

n a virtual LAN, there can be only .one cluster, consisting of all remote bridges attaching to the virtual
_AN by a designated port or reef.port; cluster membership is exactly determined by the spanning tree roles
bf the virtual LAN ports. The“normal selection of ports to be forwarding or blocking (see 7.3.2.5) is
bufficient to handle bothkinds of change in cluster configuration.

y.3.8.3 Cluster configuration changes for other groups
[n groups that aré not virtual LANs, additional mechanisms are used to stabilize the process of changing

Cluster relationships. These allow a remote bridge to determine, following a change, whether it is still a
memberof the same cluster as before, or whether it has newly become a member of a different cluster.

Forany group to which it attaches, a remote bridge always has a single established cluster identifier value

which 1t considers to be the identifier of the cluster, 1f any, to which 1t belongs. This 1s the bridge’s Current
Cluster Identifier parameter for the group. When the cluster configuration has reached steady state, the
Current Cluster Identifier value is the only cluster identifier value needed, and this is the value conveyed in
any configuration messages that the bridge transmits within the group during steady state (7.3.4.3).

To handle the aspects of cluster reconfiguration outlined in 7.3.8.1, a bridge uses two additional cluster
identifier parameters for each group: the New Cluster Identifier and Old Cluster Identifier parameters. The
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values of these parameters can differ from the Current Cluster Identifier value during reconfigurations, but

are both equal to the Current Cluster Identifier value when the cluster configuration (as perceived by the
bridge) is stable. Also, a second cluster identifier parameter is included in configuration messages
transmitted during reconfigurations, and is recorded with the other port information at any virtual port that
receives and accepts such a configuration message.

At a given bridge, a cluster reconfiguration occupies a reclustering period before the Current Cluster
Identifier is updated, and in some cases a further overlap period after updating of the Current Cluster
Identifier. Outside these periods, the bridge considers the ciuster configuration to be stabie.

7.3.8.3.1 Cluster reconfiguration: New Cluster Identifier and reclustering period

A bridge’s New Cluster Identifier parameter for a group takes the value most recently selected"by the
bridge as a candidate for updating the Current Cluster Identifier. If all the virtual ports attaching to the
group are selected as alternate ports, the New Cluster Identifier takes the null value. Otherwise, the New

Cluster Identifier value is either a cluster identifier accepted in a configuration message-teceived on the
root port, when the root port attaches to the group, or a cluster identifier created byithe bridge when it
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considers itself to have become a primary bridge in the group (7.3.4.5).

A cluster reconfiguration starts, for the bridge, when the New Cluster Identifier vaiue is first observed to
differ from the Current Cluster Identifier value. The bridge then enters the‘reclustering period, of duration
equal to the reclustering delay, during which it can receive or generate futther cluster identifier information
on any of its virtual ports attaching to the group, updating its New~Cluster Identifier as appropriate.
Spanning tree information in configuration messages is processed(n)the usual way, but the states of virtual
ports attaching to the group are not changed.

The New Cluster Identifier value is conveyed in any configuration messages that the bridge transmits
within the group (7.3.4.3) during the reclustering périod. A bridge that accepts such a configuration
message on its root port uses the received New Cluster Identifier value to set its own New Cluster Identifier
parameter for the group, as described above. Alsd/a bridge that accepts such a configuration message on an
alternate port records the value with the port, as-in 7.3.4.5.

NOTE 1—New Cluster Identifier values are therefore propagated promptly within the group, to ensure that the new
cluster configuration is established as rapidly as possible.

At the end of the reclustering period, the value of the New Cluster Identifier at that time is accepted as
valid: the Current Cluster Identifier is updated to this value, and the virtual ports attaching to the group are
selected accordingly to be.blocking or forwarding (7.3.2.5). If the bridge belongs to a different cluster from
that, if any, to which it belonged before the reclustering period, all the virtual ports selected to be
forwarding are put.into the Listening state (7.3.7); if any such port is already in the Listening state, its
forward delay restarts at this time.

The value 'of the reclustering delay is set at the primary bridge, and included in configuration messages for
propagation throughout the group.

NOTES

2—The reclustering delay and New Cluster Identifier are used to smooth changes in the Current Cluster Identifier.
Provided that the reclustering delay is long enough, a single change in the configuration of the group as a whole will
result in at most a single change in the bridge’s Current Cluster Identifier, although the New Cluster Identifier could
take several values during the course of the reconfiguration.

3—Items d) and e) of 7.3.8.3.2 describe how a bridge decides whether it belongs to the same cluster as before, at the
end of a reclustering period. Values for reclustering delay are specified in 7.10.5.
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7.3.8.3.2 Continuity of forwarding: Old Cluster Identifier and overlap period

When a remote bridge discovers at the end of a reclustering period that it belongs to the same cluster as
before, but with a different cluster identifier because of a change in the cluster’s primary bridge, it enters an
overlap period. The overlap period is of duration equal to the reclustering delay, but ends early if a new
cluster reconfiguration starts as in 7.3.8.3.1.

During an overlap period, the previous established cluster identifier (i.e., the value of the Current Cluster

Identifier parameter on entry to the reclustering period) is retained, as the value of the Old Cluster Identifier
arameter for the same group. At the end of the full overlap period, on return to stable state, the Old Cluster

[dentifier parameter is updated to be equal to the value of the Current Cluster Identifier.

Updating of the Old Cluster Identifier is not performed on early exit from overlap to a new reclustermg
period, but is deferred until exit from the reclustering period. If that exit is again to overlap, the Old’Cluster
[dentifier is updated (as already specified) to retain the previous value of the Current Cluster Identifier.

period is
period 18
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newly established value of th

irectly to stable state, the Old Cluster Identifier is set equal to the

The Old Cluster Identifier value is used in the following ways:

a) It is conveyed as an additional parameter of configuration messages\transmitted within the group
when the transmitting bridge considers itself to be a primary bridge:

b) A bridge that accepts a configuration message on its root_ port or an alternate port records the
received Old Cluster Identifier value with the port.

¢) An Old Cluster Identifier value received and recordedon the root port as in b) is conveyed as in a)
in configuration messages transmitted on any designated ports attaching to the same group as the
root port.

d) At the end of a reclustering period, a bridge’that is neither an isolated bridge nor a primary bridge
compares the value of the group’s Old~Cluster Identifier with the Old Cluster Identifier value
received and recorded on the root port‘as in c). The bridge determines that it still belongs to the
same cluster as it did before the reclustering period if the values are equal and non-null; otherwise,
it belongs to a different cluster:

e) At the end of a reclustering period, a primary bridge determines that it belongs to the same cluster
as it did before the reglustering period if, and only if, the value of the group’s Old Cluster Identifier
is not null.

f)  For an individual virtual port selected as an alternate port, the received New Cluster Identifier and
Old Cluster-Identifier values are both used in deciding whether or not the peer virtual port attaches
to the same cluster (see 7.3.2.5).

g) Mapping of the cluster_id parameter for transmitted frames, and checking of the cluster_id
parameter in received frames as in 6.5 a), uses both the Old Cluster Identifier and Current Cluster
Identifier values, as specified in 8.3.2 and 8.3.3.

Items b), f), and g) apply in stable state and during a reclustering period, as well as in overlap. Items a) and

c) apply during reclustering and overlap periods.
NOTES

1—Items a), b), and c) propagate a primary bridge’s Old Cluster Identifier value throughout its cluster. This allows
each other bridge in the cluster to determine, as in d), whether or not it has remained in the same cluster through a
reconfiguration. Note that the propagation of new and old cluster identifiers occurs during both reclustering and overlap
periods, in order to avoid race conditions affecting tests such as d) and g).
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2—The mechanisms that use Old Cluster Identifier values ensure that relaying continues uninterrupted throughout
changes in cluster configuration of the first kind identified in 7.3.8.1 (i.e., between two bridges that remain in the same
cluster, but with a change of cluster identifier because of a change of primary bridge—note that the new primary bridge
must have been a member of the same cluster, before the reconfiguration). The test in d) allows ports that are
forwarding to remain forwarding, rather than go needlessly through the Listening and Learning states. The cluster_id
mapping and matching referred to in g) ensures that relayed frames continue to be forwarded and accepted within the
cluster, but are discarded if received at any port that does not attach to the cluster.

3—In a virtual LAN, the reclustering mechanisms and parameters can be considered to apply in degenerate form. The
reclustering delay is always zero; correspondingly, the New Cluster Identifier and Old Cluster Identifier values are
never different from the Current Cluster Identifier value, all being formed from the bridge identifier of the primary

7.4 Port states

The operation of an individual LAN port or virtual port of a remote bridge is described in terms of the statg
of the port and the processes that provide and support the functions necessary for thecoperation of thg
bridge.

The state of each port governs the processing of received frames (6.5), the submission of frames for
transmission (6.6), and the possible inclusion of the port in the active topology-ef the RB-LAN.

The following are specified for each of the five possible states for a port'(Blocking, Listening, Learning
Forwarding, and Disabled):

—  The purpose of the state.

—  Whether the forwarding process (6.7) discards received.frames.

—  Whether the forwarding process submits forwarded\frames for transmission.

—  How the learning process (6.8) processes receiyeéd/frames.

—  Whether the bridge protocol entity (6.10), transmits protocol information through the port for
configuration messages and topology change notifications.

— Under what conditions the port enters and leaves the state.

In all states except Disabled, the bridge(protocol entity includes the port in its computation of the active
topology, and processes received configdration messages and topology change notifications.

7.4.1 Blocking
Purpose — A port in the Blocking state does not participate in frame relay, thus|
preventing frame duplication arising through multiple paths that could

otherwise exist in the active topology of the RB-LAN.

Forwarding ‘process — Discards received frames.
— Does not submit frames for transmission.

Learning process — Does not add station location information to the filtering database.

Bridge protocol entity — Does not transmit protocol information if it is a LAN port, or if it is a

virtual port and the optional Extended Spanning Tree Protocol is used.

Entry — Following initialization of the remote bridge.
— On management action from Disabled state.
— From Listening, Learning, or Forwarding states through operation of the
Spanning Tree Algorithm, or at the end of a reclustering period.
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To Listening state on expiry of the configuration message age.

To Listening state on the bridge receiving new configuration message
information that selects the port as the root port or a designated port.

For a subgroup port, to Listening state at the end of a reclustering period
when the port is selected as attaching the bridge to a cluster.

To Listening state when management action to change the Bridge Priority
or a port’s Priority or path cost results in selection of the port as the root
port or a designated port.

To Disabled state by management action.

7.4.2 Listening

Purpose —

Forwarding process —-

Learning process —
Bridge protocol entity —

Entry —_

Exit —

7.4.3 Learning

Purpose —

A port in the Listening state is preparing to participate in frame relay.
Frame relay is temporarily disabled to prevent temporary loops that,could
occur as the active topology changes. Learning is disabled sin¢e informa-
tion acquired could be valid in the old active topology but notin the new.

Discards received frames.
Does not submit frames for transmission.

Does not add station location information to thefiltering database.
Transmits protocol information as necessary.

From Blocking state, as in 7.4.1.

For a subgroup port, from Listéning, Learning, or Forwarding state at the
end of a reclustering period when the port is selected as attaching the
bridge to a different clustef’from that to which it previously belonged.

To Learning state after a period of time equal to forward delay from entry
to the state.

For a LAN,port or virtual LAN port, to Blocking state when the port is
selected “ds. an alternate port through operation of the Spanning Tree
Algorithm.

For ‘asubgroup port, to Blocking state when the port is selected as an
alternate port that does not attach the bridge to a cluster, through
operation of the Spanning Tree Algorithm or at the end of a reclustering
period.

For a subgroup port, to (the start of) Listening state at the end of a
reclustering period as at “Entry” above.

To Blocking or Disabled state by management action.

A port in the Learning state is preparing to participate in frame relay.
Frame relay is temporarily disabled to prevent temporary loops that could
occur as the active topology changes. Learning is enabled to allow

Forwarding process —

52

information to be acquired prior to frame relay in order to reduce the
number of frames unnecessarily relayed.

Discards received frames.
Does not submit frames for transmission.
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Adds station location information to the filtering database.
Transmits protocol information as necessary.

From Listening state after a period of time equal to forward delay in that
state.

To Forwarding state after a period of time equal to forward delay from
entry to the state.
For a LAN port or virtual LAN port, to Blocking state when the port is

7.4.4 Forwarding
Purpose

Forwarding process

Learning process
Bridge protocol entity

Entry

Exit

7.4.5 Disabled

selected as an alternate port through operation of the Spanning Tree
Algorithm.

For a subgroup port, to Blocking state when the port is selected\as an
alternate port that does not attach the bridge to a clustery through
operation of the Spanning Tree Algorithm or at the end of-a reclustering
period.

For a subgroup port, to Listening state at the end of a‘reelustering period
asin 7.4.2.

To Blocking or Disabled state by management action.

A port in the Forwarding state is participating in frame relay.

Can forward received frames.
Can submit frames for transmission.

Adds station locationninformation to the filtering database.
Transmits protocol information as necessary.

From Learning state after a period of time equal to forward delay in that
state.

For-a LAN port or virtual LAN port, to Blocking state when the port is
selected as an alternate port, through operation of the Spanning Tree
Algorithm.

For a subgroup port, to Blocking state when the port is selected as an
alternate port that does not attach the bridge to a cluster, through
operation of the Spanning Tree Algorithm or at the end of a reclustering
period.

For a subgroup port, to Listening state at the end of a reclustering period
asin7.4.2.

To Blocking or Disabled state by management action.

Purpose

Forwarding process

A port in the Disabled state does not participate in frame relay or in the
operation of the Spanning Tree Algorithm and Protocol.

Discards received frames.
Does not submit frames for transmission.
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Learning process — Does not add station location information to the filtering database.
Bridge protocol entity ~—  Does not transmit protocol information.
Entry and exit —  As aresult of management operations only.

7.5 Protocol parameters

NOTE——The parameters specrfled here are abstract mformatron elements quest1ons of formats or encodings are a

=ncod1ngs see 7.9 (for spanning tree BPDUs on LANs) 10 6 (for opt10na1 remote management) and 12.5.2 (for the
bptional Extended Spanning Tree Protocol).

7.5.1 Parameters of configuration messages

Except as noted for the three parameters specific to configuration messages conveyed across(emote bridge
groups, the following parameters correspond exactly to those specified, with the same names,’as parameters
bf Configuration BPDUs in ISO/IEC 10038: 1993.

7.5.1.1 Root Identifier

The Root Identifier parameter takes as its value the unique bridge identifief:(7:5.3.7) of the bridge assumed
to be the root by the bridge transmitting the configuration message. This'parameter is the most significant
component of the message priority (7.3.4.2) conveyed in the configuration message. It is conveyed to
enable all bridges to agree on the root.

7.5.1.2 Root Path Cost

The Root Path Cost parameter takes as its value the cost of the path from the transmitting bridge to the root
bridge denoted by the Root Identifier. This parameter is the second most significant component of the
message priority conveyed in the configuration-message. It is conveyed to enable a receiving bridge to
determine which of the bridges attached tosthe LAN or group on which the configuration message was
received offers the lowest cost path to the rot for that LAN or group.

7.5.1.3 Bridge ldentifier

The Bridge Identifier paramétér takes as its value the unique bridge identifier (7.5.3.7) of the bridge
transmitting the configuratioh message. This parameter is the third most significant component of the
message priority conyéyed in the configuration message. It is used when a receiving bridge needs to
perform the first-leyel fie-breaking between paths of equal lowest cost to the root (see 7.3.2.3).

7.5.1.4 Portddentifier

The Port.Identifier parameter takes as its value the port identifier, unique within the transmitting bridge
(7.5,4:3.1), of the port through which the configuration message was transmitted. This parameter is the least
significant component of the message priority conveyed in the configuration message. It is used when a
receiving bridge needs to perform the second-level tie-breaking between paths of equal lowest cost to the

root (see 7.3.2.3; in a remote bridge, this tie-break is needed only when the transmitting and receiving
remote bridges are adjacent in two or more groups, or groups and LANs).
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7.5.1.5 Topology Change Acknowledgment

The Topology Change Acknowledgment parameter is a flag set in a configuration message transmitted in
response to a topology change notification received on a designated port. This parameter is conveyed to
allow a reliable acknowledged protocol to operate for notifying the root of changes in active topology.

7.5.1.6 Topology Change

The Topology Change parameter is a flag set by the root in all configuration messages transmitted for a
period of time following the notification or detection of a topology change. The purpose of this parameter,

and its use to select a short ageing time for dynamic entries in the filtering database, are as specified for the
corresponding parameter of Configuration BPDUs in ISO/IEC 10038: 1993.

7.5.1.7 Message Age

The Message Age parameter takes as its value the age of the configuration message, being-the time elapsed
between generation by the root of the configuration message containing the information propagated in thig
configuration message, and the transmission of this configuration message. This parameter is conveyed to
enable a bridge to discard configuration information whose age exceeds the maxifnm age permitted for the
RB-LAN (which is propagated in the Max Age parameter; see 7.5.1.8).

7.5.1.8 Timer parameters

A configuration message contains Max Age, Hello Time, and Forward Delay parameters: these are as
specified for Configuration BPDUs in ISO/IEC 10038: 1993.

7.5.1.9 New Cluster Identifier

In a configuration message transmitted via a subgroup port, the New Cluster Identifier parameter takes the
value of the New Cluster Identifier parameter-fof)the group to which the port attaches. This parameter ig
conveyed, within groups only, as part of the information that enables a receiving remote bridge to
determine its appropriate cluster membeiship. The structure of the cluster identifier is as specified in
7.3.4.3.

7.5.1.10 Old Cluster Identifier

In a configuration messageé.transmitted via a subgroup port, the Old Cluster Identifier parameter takes the
value of the Old Cluster Identifier parameter for the primary bridge of the cluster to which the port attaches
The primary bridge-0f-the cluster originates this parameter; other bridges in the cluster record the valug
received on thejr root ports (7.5.2.2), and propagate it through any designated ports. This parameter i
conveyed, within”groups only, as part of the information that enables a receiving remote bridge tq
determine_its~appropriate cluster membership. The structure of the cluster identifier is as specified in
7.3.4.3,

7:51:11 Reclustering Delay

value to be used for the reclustering delay (7.3.8.3.1, 7.3.8.3.2) by each bridge belonging to the same
cluster as that indicated in the configuration message. The primary bridge of the cluster originates this
parameter, as the value of its Primary Reclustering Delay parameter; other bridges in the cluster record the
value received on their root ports, and propagate it through any designated ports. This parameter is

conveyed, within groups only, in support of the ability to manage the timer values.
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7.5.2 Parameters of topology change notifications

As specified in ISO/IEC 10038: 1993, no parameters are conveyed in Topology Change Notification
BPDUs on LANSs, or on virtual LANs. The following parameter is conveyed with topology change
notifications in remote bridge groups that are not virtual LANS, to ensure that, when groups are partitioned,
the notifications propagate toward the root only along spanning tree paths.

e allv 1OPeE

7.5.2.1 Cluster Identifier

The Cluster Identifier parameter takes the value of the Current Cluster Identifier parameter (7.5.5.2) for the

broup to which the transmitting remote bridge is attached by the subgroup port on which the topology.

RIS PO P

“hange notification was transmitted.
/.5.3 Remote bridge parameters

[he following parameters are maintained by the bridge protocol entity independently of ‘the-individual
borts. The specification given here is equivalent to that for local bridges in ISO/IEC 10038: 1993, extended

o encompass virtual ports and the transmission of protocol information across rem¢te bridge groups as
well as in BPDUs on LANs.

7.5.3.1 Designated Root

The Designated Root parameter takes as its value the unique bridge identifier (7.5.3.7) of the bridge
hssumed to be the root. This parameter is used as the value of{the Root Identifier parameter in all
Configuration message information transmitted.

7.5.3.2 Root Path Cost

The Root Path Cost parameter takes as its value the cgst of the path to the root from this bridge. When the
bridge is the root, this parameter has value zero. Otherwise, it is equal to the sum of the values of the
Pesignated Cost and Path Cost parameters held for the root port. This parameter is used to test the value of
the Root Path Cost parameter conveyed in reeeived configuration message information, and as the value of
the Root Path Cost parameter in transmittedconfiguration message information.

7.5.3.3 Root Port

The Root Port parameter takes as its value the port identifier (7.5.4.1.1) of the port that offers the lowest
cost path to the root (i.e., for.which the sum of the values of the Designated Cost and Path Cost parameters
held for the port is the-lowest). The root port is selected as specified in 7.3.4.4 and 7.6.8. This parameter is
used to identify the-‘port through which the path to the root is established; it is not significant when the
bridge is the root;"and is then set to zero.

7.5.3.4 MaxAge

The Max'Age parameter takes as its value the maximum age of received configuration message information
before it is discarded.

7.5.3.5 Hello Time

The Hello Time parameter takes as its value the time interval between successive transmissions of
configuration message information by a bridge that is attempting to become the root or which is the root.
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7.5.3.6 Forward Delay
The Forward Delay parameter takes as its value the time spent by a port in the Listening state and the
Learning state before moving to the Learning or Forwarding state, respectively. It is also the value used for

the ageing time of dynamic entries in the filtering database while received configuration messages indicate
a topology change.

7.5.3.7 Bridge Identifier

The Bridge Identifier parameter takes as its value the unique bridge identifier of the bridge. This parameter

is used as the value of the Bridge Identifier parameter in all configuration messages transmitted by the
bridge, and as the value of the bridge’s Designated Root parameter when the bridge is the root or when-the
bridge is attempting to become the root.

This parameter consists of two parts, one of which is derived from the unique bridge addres$ and assures
the uniqueness of the bridge identifier in the RB-LAN, and the other of which allows adjustment of the
priority of the bridge identifier and is taken as the more significant part in priority jcomparison. When
bridge management is supported, the priority part of this parameter can be updated by management action.

7.5.3.8 Bridge Max Age

The Bridge Max Age parameter takes as its value the value to be used forithe Max Age parameter when the
bridge is the root or is attempting to become the root. When bridge management is supported, this
parameter can be updated by management action.

7.5.3.9 Bridge Hello Time

The Bridge Hello Time parameter takes as its value the yalue to be used for the Hello Time parameter when
the bridge is the root or is attempting to become the~root. When bridge management is supported, this
parameter can be updated by management action.

7.5.3.10 Bridge Forward Delay

The Bridge Forward Delay parameter.takes as its value the value to be used for the Forward Delay
parameter when the bridge is the roet or is attempting to become the root. When bridge management is
supported, this parameter can béupdated by management action.

7.5.3.11 Topology Change Detected

Topology Change ‘Defected is a Boolean parameter, with its value set to True to record that a topology
change has been.detected by or notified to the bridge. When set to True, this parameter is used to stimulate
transmission/of\topology change notifications toward the root when the bridge is not itself the root; and to
set the valug-of the Topology Change parameter for the bridge to True if the bridge is, or becomes, the root.
Transmission is subject to a reliable acknowledgment mechanism, as in 7.3.6 and 7.5.1.5; on a LAN, the
Topelogy Change Notification BPDUs are transmitted at regular intervals of Bridge Hello Time, until
acknowledged.
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7.5.3.12 Topology Change
Topology Change is a Boolean parameter, with its value set to record
—  For a bridge that is not the root, whether or not the most recently accepted configuration message
indicates a change in the active topology.
—  For the root, whether or not a change in topology has been detected within the preceding Topology

Change Time period.

This parameter is used to propagate the indication of topology change in transmitted configuration

messages, and to determine whether the short (forward delay) or long (ageing time) timeout value is to be
used for dynamic entries in the filtering database.

7.5.3.13 Topology Change Time

The Topology Change Time parameter takes as its value the time period for which the bridge’ originates
configuration messages indicating topology change following detection of a topology change, when the
bridge is the root. The value of this parameter is equal to the sum of the values of the bridge’s Bridge Max
Age and Bridge Forward Delay parameters.

7.5.3.14 Hold Time

The Hold Time parameter takes as its value the minimum time period to elapse between the transmission of
Configuration BPDUs through a given LAN port: at most one Configutation BPDU shall be transmitted in
any Hold Time period. This parameter is a fixed parameter, with(ts'value as specified in ISO/IEC 10038:
1993.

7.5.4 Port parameters
7.5.4.1 Port parameters present for all LAN ports and virtual ports

The following parameters are maintained by,the bridge protocol entity for each LAN port and virtual port.
The specification given here is equivalent\to_that for bridge ports of local bridges in ISO/IEC 10038: 1993,
extended to apply to virtual ports and_to-transmission of protocol information across remote bridge groups
as well as in BPDUs on LANGs.

7.5.4.1.1 Port Identifier

The Port Identifier parameter takes as its value the identifier of the port, unique among the ports of this
bridge. This parametér’is used as the value of the Port Identifier parameter of all configuration messages
transmitted throughthe port.

The parameter.consists of two parts. One part bears a fixed relationship to the physical or logical support of
the port By real world equipment; this part assures the uniqueness of the port identifier among the ports of a
single-bridge, and is a small integer assigned in the range from one upwards. The other part of the
parameter allows adjustment of the priority of the port and is taken as the more significant part in priority
coniparisons. When bridge management is supported, the priority part of this parameter can be updated by

management.
7.5.4.1.2 State
The State parameter records the current state of the port (Disabled, Blocking, Listening, Learning, or

Forwarding); see 7.4.1 through 7.4.5. When bridge management is supported, this parameter can be
updated by management.
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7.5.4.1.3 Path Cost
The Path Cost parameter takes as its value the contribution of the path through the port, when the port is the
root port, to the total cost of the path to the root for this bridge. When the port is not a designated port, this

parameter is used in calculating the value of the port’s root path priority, to determine the root port for the
bridge. When bridge management is supported, this parameter can be updated by management.

7.5.4.1.4 Designated Root

The Designated Root parameter takes as its value the unique bridge identifier of the bridge recorded as the

root in the Root Identifier parameter of configuration messages transmitted by the designated bridge on the
LAN or subgroup to which the port is attached. This parameter is the most significant component ofthe
port’s designated priority, used in testing the message priority values in received configuration messages.

7.5.4.1.5 Designated Cost

—  For a designated port, the Designated Cost parameter takes as its value the path.cost (equal to the
root path cost of the bridge) offered to the LAN or subgroup to which the port is attached.

—  Otherwise, the Designated Cost parameter takes as its value the cost of-the path to the root offered
by the designated port on the LAN or subgroup to which this port is attached.

This parameter is the second most significant component of the port’s designated priority, used in testing
the message priority values in received configuration messages.

7.5.4.1.6 Designated Bridge

The Designated Bridge parameter takes as its value the unique bridge identifier (7.5.3.7) of
—  For a designated port, the bridge to which the\port belongs.

—  Otherwise, the bridge believed to be the designated bridge for the LAN or subgroup to which this
port is attached.

This parameter is the third most significant component of the port’s designated priority, used in testing the
message priority values in received’ configuration messages. It can also be used by management in
discovering the topology of the RB:LAN.

7.5.4.1.7 Designated Port

The Designated Poft-parameter takes as its value the port identifier (7.5.4.1.1) of the bridge port, on the
designated bridge~(as in 7.5.4.1.6), through which the designated bridge transmits the configuration
message information stored by this port. This parameter is the least significant component of the port’s
designatedtptiority, used in testing the message priority values in received configuration messages. It can
also be.fiséd by management in discovering the topology of the RB-LAN.

7/5.4.1.8 Topology Change Acknowledge

The Topology Change Acknowledge parameter takes the value to be used for the Topology Change
Acknowledgment flag in the next configuration message to be transmitted via the port (see 7.6.10).

7.5.4.2 Port parameters present only for subgroup ports

The following parameters are maintained by the bridge protocol entity for each subgroup port, but not for
any LAN port or virtual LAN port. They are used in determining the cluster membership appropriate for
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p port belongs, and in selecting the appropriate port state on changes

7.5.4.2.1 Peer New Cluster identifier

For a root port or alternate port, the Peer New Cluster Identifier parameter takes the value of the New
Cluster Identifier parameter in the current configuration message received from the designated bridge (as in
7.5.4.1.6) for the subgroup to which this port attaches. For a designated port, the parameter takes the null
cluster identifier value.

7.5.4.2.2 Peer Old Cluster Identifier

For a root port or alternate port, the Peer Old Cluster Identifier parameter takes the value of the Old Cluster
[dentifier parameter in the current configuration message received from the designated bridgé~(as in
7.5.4.1.6) for the subgroup to which this port attaches. For a designated port, the parameter takes the null
Cluster identifier value.

7.5.5 Remote bridge group parameters
The following parameters are maintained

the remote bridge belongs. They are used in determining the cluster membership appropriate for the remote
bridge within each group.

£ ) T thas\ virtiial T ANo tn which
1 11 j$31O2 8

T €ach remote o 1iugc group, other than\virtual LANS, to whi

7.5.5.1 Reclustering State

nd to

!B

eclustering State is a three-valued state parameter, used to stabilize changes of cluster identifier,

G osialle paiaillc uotll W 1

maintain relaying through cluster reconfigurations. Its values ar€
—  Stable. This value is used when neither of the other values applies (always, for a virtual LAN).
—  Reclustering. This value is set when the remofe bridge is in a reclustering period for the group.

—  Overlap. This value is set at the end of-a reclustering period when the bridge remains a member of
the same cluster as before but .with a new Current Cluster Identifier value; unless another
reclustering period occurs first, this value remains set for a further time equal to the reclustering
delay.

7.5.5.2 Current Cluster Identifier

The Current Cluster Identifier parameter takes as its value the cluster identifier of the cluster, if any, to
which the remote bridge considers itself to belong within the group; it takes the null cluster identifier value
if the remote bridge eonsiders itself to belong to no cluster in the group. This parameter is used in mapping
to the cluster_id parameters of M-UNITDATA request primitives (see 8.3.2), and in matching the
cluster_id parameters of M-UNITDATA indication primitives (see 8.3.3).

7.5.5.3-New Cluster Identifier

The) New Cluster Identifier parameter takes the cluster identifier value most recently selected by the bridge

for its membership of the group. The value can difter from the Current Cluster Identitier value only when
the Reclustering State parameter is Reclustering. This parameter is used as the value of the New Cluster
Identifier parameter in configuration messages transmitted via any designated ports by which the remote
bridge attaches to the group.
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7.5.5.4 Old Cluster Identifier

When the Reclustering State parameter is Stable, the Old Cluster Identifier parameter takes the same value
as the Current Cluster Identifier parameter. When the Reclustering State parameter is Overlap, this
parameter takes the value to which the Current Cluster Identifier parameter was set at the time immediately
before the Reclustering State parameter was last changed from Stable or Overlap to Reclustering. This
parameter is used as the value of the Old Cluster Identifier parameter in configuration messages transmitted
when the remote bridge is the primary bridge for a cluster; also in mapping to the cluster_id parameters of
M-UNITDATA request primitives (see 8.3.2), and in matching the cluster_id parameters of M-
UNITDATA indication primitives (see 8.3.3).

7.5.5.5 Reclustering Delay

The Reclustering Delay parameter takes as its value the time for which the bridge waits, ‘following
detection of a possible reclustering, before selecting its new cluster membership. After selecting its new
cluster membership, the bridge retains information about its previous cluster membership-for the same
period again, unless it detects a further possible reclustering.

7.5.5.6 Primary Reclustering Delay
The Primary Reclustering Delay parameter records the value to be used, subject to compliance with 7.10.5,

for the Reclustering Delay parameter when the bridge is the primary bridge for a cluster in the group. When
bridge management is supported, the value of this parameter can be updated by management.

7.6 Elements of parameter computation for a remote bridge

The elements of computation specified here do not affect;;and are not affected by, any port with port state
set to Disabled.

7.6.1 Accepting received configuration message information at a port
7.6.1.1 Conditions for acceptance

When a configuration message is réceived at a LAN port or virtual port, it is accepted if and only if
a) The value of the message’s Message Age parameter is less than that of its Max Age parameter, and

b) The message priority’ { Root Identifier : Root Path Cost : Bridge Identifier . Port Identifier }
received is higher than or equal to the current value of the designated priority associated with the
receiving poftt,ie., { Designated Root : Designated Cost : Designated Bridge : Designated Port }

7.6.1.2 Actions on acceptance

When aconfiguration message is accepted according to 7.6.1.1,

a)>- The designated priority information associated with the port is updated to be equal to the received
message priority, and

by If The Teceiving port iS a Subgroup port, he cluster information for the port (Peer INew CIuster
Identifier and Peer Old Cluster Identifier) is similarly updated to be equal to the received cluster
information (New Cluster Identifier and Old Cluster Identifier, respectively).
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7.6.2 Updating the bridge’s configuration

When one of the conditions in 7.6.2.1 occurs, the actions specified in 7.6.2.2, 7.6.2.3, and 7.6.2.4 are
performed, in that order, to update the parameters that determine the roles that the bridge and its ports play
in the spanning tree, and the cluster membership of the bridge within each remote bridge group. This
configuration update is followed by the actions for port state selection specified in 7.6.4.2.

NOTE—The order in which the specified actions are performed is important, since the specifications for later actions
are often written so as to use parameter values that have been updated by earlier actions.

7.6.2.1 Conditions for configuration update

[Whenever there are changes in the values of bridge or port parameters that can affect the spanning-tree
roles of the ports, a full update of the bridge’s configuration takes place. Configuration updating therefore
occurs on

a)  Acceptance of a configuration message (as in 7.6.1).

b) Timing out of the configuration information associated with a port.
¢) Management action to disable a port.

d) Management action to set the bridge’s priority.

e) Management action to set the path cost of a port.
7.6.2.2 Actions for root selection
7.6.2.2.1 Selecting the bridge as the root

If every port on the bridge either is a designated port (i(€:, with designated bridge parameter equal to the
bridge’s Bridge Identifier parameter) or has the valug,of its Designated Root parameter of priority lower
than or equal to the value of the bridge’s Bridge Idéntifier parameter, the bridge selects itself as the root, as
follows:

a) The values of the Root Port and Reot Path Cost parameters are both set to zero.

b) The value of the Designated Root parameter is set to the value of the Bridge Identifier.

c) The values of the Max Age, Hello Time, and Forward Delay parameters are set to the values of the
Bridge Max Age, Bridge‘Hello Time, and Bridge Forward Delay parameters, respectively.

7.6.2.2.2 Selecting another bridge as the root

Otherwise, of the (bridge’s ports that are not designated ports and that have designated bridge values of

higher priority-than the bridge’s bridge identifier

a) The port with the highest root path priority (7.3.4.2) is selected as the root port, unless two or more
ports have equal highest root path priority; in that case,

b). ¢ The selected root port is the port, among those tied with equal highest root path priority, with the
highest-priority port identifier value.

The bridge’s Root Port parameter is set to the value of the Port Identifier parameter for the selected port;
the bridge’s Root Path Cost parameter is set to the value of the second component (path cost) of the root
path priority; and the bridge’s Designated Root parameter is set to the value of the Designated Root
parameter for the selected port.
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7.6.2.3 Actions for designated port selection
Each port for which the update priority (7.3.4.2), computed using the newly selected root information, is
higher than or equal to the port’s designated priority is selected to be a designated port: the port’s
designated priority is set equal to the update priority.

7.6.2.4 Actions for cluster selection

For each non-virtual-LAN group to which the remote bridge attaches, the actions in 7.6.2.4.1 and 7.6.2.4.2
are performed.

7.6.2.4.1 Setting the New Cluster Identifier
The New Cluster Identifier for the group is set to
a) If the root port attaches to the group, the Peer New Cluster Identifier of the root port.

b)  Otherwise, if any designated port attaches to the group, then

1) The Current Cluster Identifier for the group, if that has the value” of its bridge address
component equal to the unique bridge address of the remote bridge)

2) If not 1), the New Cluster Identifier for the group, if that has-the value of its bridge address
component equal to the unique bridge address of the remote’bridge.

3) If neither 1) nor 2), a new cluster identifier produced)from the unique bridge address of the]
remote bridge and a cluster index value that shall bé.chosen so that the new cluster identifier i
different from any cluster identifier (produced by the remote bridge) used within the group
during the previous period of twice the forward delay time (see 7.3.4.3 for the structure of
cluster identifiers).

¢) Otherwise (when all ports attaching to the’group are alternate ports), the null cluster identifier.

NOTE—In case b) 1), the remote bridge considers’itself to be continuing as the primary bridge of the cluster to which i
currently belongs. In case b) 3), and then subsequently in case b) 2), the remote bridge considers itself as a candidate toj
become a new primary bridge. In case ¢),'the’remote bridge is isolated in the group.

7.6.2.4.2 Setting the Reclustering State

If the value of the New Cluster Identifier set as in 7.6.2.4.1 is not equal to the value of the Current Cluster
Identifier parameter for the group, then
a) If the ReClustering State parameter for the group is set to Stable or Overlap,
1)._\The Reclustering State is set to Reclustering, and

2),¢ The reclustering period starts at this time.

b)Y =~ Otherwise (when the value of the Reclustering State parameter is Reclustering), no further action is
required.
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Whenever the port on which a configuration message was accepted (7.6.1.1) is selected as the root port by
the configuration update that follows (7.6.2.2.2),

PR
uic

parameters are updated by seiting them equal to the parameters of the same names in
configuration message.

a) The values of the bridge’s Topology Change, Max Age, Hello Time, and Forward Delay
recei

axi M hnwoan Matantad smnmnan iq e
y Change Deteciea param is sct to

b) The bridge’s Topoio t
its Topology Change Acknowledgment parameter set to True.

¢) If the root port is a subgroup port, the value of the Reclustering Delay parameter for the group to
which the port attaches is updated by setting it equal to the Reclustering Delay parameter of(the
received configuration message; if the Reclustering State parameter for the group ig set to
Reclustering, the reclustering period in progress shall not be affected by any chapge-in the
parameter value, but shall continue on the basis of the value current at the start of the périod.

7.6.4 Port state selection
7.6.4.1 Conditions for performing port state selection

The states of the ports can change, and port state selection is therefore carried-out, immediately following
any updating of designated priority and cluster information parameter values; on

a)  Any of the conditions that cause updating of the bridge’s configuration (7.6.2.1).

b) Management action to initialize the bridge (7.8.1).

c) Management action to enable a port from Disabled state, or to reset a port from any other state
(7.8.2).

d) Management action to set a port’s priority (7:8:5).
INOTE—The state of a subgroup port can also change,as specified in 7.6.6 and 7.6.7.

7.6.4.2 Procedure for port state selection

[For each LAN port and virtual LAN port on the bridge, and for each subgroup port attached to a remote
bridge group for which the Reclustering State parameter is set to Stable or Overlap,
a) If the port is the root-port or a designated port then
1) If the pertistate is Blocking, the port state is set to Listening.
2) If theport state is Forwarding, Listening, or Learning, the port state remains unchanged.
b) If thesport is a LAN port or virtual LAN port that has been selected as an alternate port then

1»" If the port state is Listening, Learning, or Forwarding, the port state is set to Blocking.
2) Otherwise, the port state remains unchanged.

C) _ If the port is a subgroup port that hias been selected as an alternate port, and it

1)  Each other virtual port attaching to the same group has also been selected as an alternate port,
or

2) The port is an isolated alternate subgroup port as determined by 7.6.8,

the port state is set to Blocking.
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d)

Otherwise (i.e., when a subgroup port has been selected as an alternate port, and the remote bridge
is not isolated in the group, and the port could have peer virtual ports attaching to the same cluster),

1) If the port state is Blocking, the port state is set to Listening.
2) Otherwise, the port state (Forwarding, Listening, or Learning) remains unchanged.

NOTE—When the active topology is in a steady state, ports remain selected for the active topology by a) 2) and d) 2);
ports that are not part of the active topology remain selected by b) 2) and c).

7.6.5 Cluster resolution

At the end of any reclustering period for a group, the Reclustering State and cluster information parametérs
for the group are set as specified in items a) through d) below.

NOTES

1—Cluster resolution uses the value of New Cluster Identifier that has been set by the most recent’ cluster selection
action, as specified in 7.6.2.4.1.

2—Cluster resolution is always followed by the actions for cluster port state selection specifiedin 7.6.6.

a)

If the value of the New Cluster Identifier parameter for the group is the-null cluster identifier,

1) The Reclustering State parameter is set to Stable.
2) The Old Cluster Identifier and Current Cluster Identifier parameters are both set to the null
cluster identifier.

NOTE—In this case, the bridge is to be isolated in the group.

b)

If the value of the New Cluster Identifier parameter for the group is non-null and equal to the value
of the Current Cluster Identifier parameter,

1) The Reclustering State parameter is'Set to Stable.
2) The Old Cluster Identifier is set-to the value of the Current Cluster Identifier.

NOTE—In this case, the bridge remains.in the same cluster as before, with the same cluster identifier as before.

©)

If the value of the New, Cluster Identifier parameter for the group is non-null and not equal to the
value of the Current Cluster Identifier parameter, and if the bridge’s root port attaches to the group
and the value of the'root port’s Peer Old Cluster Identifier parameter is not equal to the value of the
Current Cluster-Identifier,

1) The Reclustering State parameter is set to Stable.
2) TheOld Cluster Identifier and Current Cluster Identifier parameters are both set to the value
of the New Cluster Identifier.

NOTEIn this case, the bridge is to be in a different cluster from before.

d)

If the value of the New Cluster Identifier parameter for the group is non-null and not equal to the
value of the Current Cluster Identifier parameter, if the value of the Current Cluster Identifier

parameter is non-null, and if either the bridge is the primary bridge for the cluster (identified by the
New Cluster Identifier) or the bridge’s root port attaches to the group and the value of the root
port’s Peer Old Cluster Identifier parameter is equal to the value of the Current Cluster Identifier,

1) If the bridge is the primary bridge for the cluster, the Reclustering Delay parameter for the
group is set to the value of the Primary Reclustering Delay parameter for the group, adjusted if
necessary to comply with condition (2) specified in 7.10.5.
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2) The Reclustering State parameter is set to Overlap.

3) The Old Cluster Identifier parameter is set to the value of the Current Cluster Identifier and the
Current Cluster Identifier parameter is set to the value of the New Cluster Identifier.
4) The overlap period, of length equal to the reclustering delay, starts at this time.

NOTE—In this case, the bridge remains in the same cluster as before, but with a different cluster identifier.

7.6.6 Cluster port state selection

At the end of any cluster resolution actions, after the Old Cluster Identifier and Current Cluster Identifier

parameters have been updated as necessary, the port states of the subgroup ports attaching to the group are

set as specified in 7.6.6. 1,7.6.6.2,0r7.6.6.3.

NOTES

1—Port state selection (7.6.4.2) does not change the states of ports attaching to a group that is in a reclustering period,
cluster port state selection ensures that at the end of every such period the states of all the ports attaching to the group
are updated in accordance with the spanning tree roles at that time.

2—Selection of 7.6.6.2 or 7.6.6.3 depends upon information derived during cluster resolutiontAn implementation that
followed this text’s separation of the functions in 7.6.5 and 7.6.6 would have to pass(information about the cluster
resolution outcomes of 7.6.5 a) through d) to the cluster port state selection. Alternatively, an implementation could
invoke the relevant particular piece of processing for 7.6.6 directly from the cotresponding processing for 7.6.5 a)
through d).

7.6.6.1 Bridge in no cluster
When the bridge belongs to no cluster in the group [7.6.5 a)]{each port has its port state set to Blocking.
7.6.6.2 Bridge in same cluster as before

When the bridge attaches to the same cluster as it.did before the reclustering [7.6.5 b), 7.6.5 d)], the port
state of each virtual port attaching to the group-is set as follows:

a) If the virtual port has been selected:as an alternate port and it is an isolated alternate subgroup port
as determined by 7.6.8, then theport state is set to Blocking.

b) Otherwise, if the port state is:Forwarding, Listening, or Learning, the port state remains unchanged.

¢) Otherwise (i.e., when\the port state is Blocking), the port state is set to Listening.
NOTES

1—Case b) applies-to_all ports that were previously attached to the cluster and have not been selected as isolated ports;
case c¢) applies to,ports that were previously isolated ports but have now been selected to attach to the cluster.

2—Case B) applies to ports that have been previously selected to be forwarding, but are still in the Listening or
Learnimtg-state, as well as to ports that have already reached the Forwarding state.

7:6.6.3 Bridge in different cluster

When the bridge attaches to a different cluster from that, if any, to which it attached before the reclustering
[7.6.5 ¢)], the port state of each virtual port attaching to the group is set as follows:

a)  If the virtual port has been selected as an alternate port that is an isolated alternate subgroup port as
determined by 7.6.8, the port state is set to Blocking.
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b) Otherwise,
1) If the port state is Blocking, Learning, or Forwarding, the port state is set to Listening.
2) Otherwise, when the port state is Listening, the port state remains Listening but the forward
delay period before entry to the Learning state is measured from this time instead of from the
previous starting time.

7.6.7 Cluster confirmation

At the end of any overlap period for a group [see 7.6.5 d)]

a) The Reclustering State parameter for the group is set to Stable.
b) The Old Cluster Identifier parameter is set to the value of the Current Cluster identifier parameter.
¢) Each virtual port that has been selected as an alternate port and is an isolated alternate subgroup
port as determined by 7.6.8 has its port state set to Blocking.
7.6.8 Test for an isolated alternate subgroup port
A subgroup port that has been selected as an alternate port is isolated in the group

a) If it is an individual virtual port and

1) The value of the Current Cluster Identifier parameter forthe group is not equal to the value of
either the Peer New Cluster Identifier or the Peer Old.Cluster Identifier parameter of the port,
and

2) The value of the Old Cluster Identifier parameter for the group is not equal to the value of
either the Peer New Cluster Identifier or the/Peer Old Cluster Identifier parameter of the port;
or

b) If it is determined (by implementation=dépendent means outside the scope of this International
Standard) that the port has no peervirtual port(s) attaching to the cluster that corresponds to the
value of the Current Cluster Identifier parameter for the group.

7.6.9 Topology change detection
7.6.9.1 By a bridge that-is\not the root
A bridge that is not the'root sets its Topology Change Detected parameter (7.5.3.11) whenever

a) A portchanges state to Forwarding (7.4.4).

b) Aport changes state from Learning or Forwarding to Blocking (7.6.4.2, 7.6.6.1 through 7.6.6.3,
7.6:7).

c)~ A Topology Change Notification BPDU is received on a LAN port that is a designated port.

d) A topology change notification is received on a virtual LAN port that is a designated port.

e) A topology change notification is received on a subgroup port that is a designated port, from a
remote bridge in the same cluster as that to which the receiving port is attached (i.e., with the
Cluster Identifier parameter of the topology change notification equal to the Current Cluster
Identifier parameter for the group).

The Topology Change Detected parameter is reset as specified in 7.6.3.

Copyright © 1998 IEEE. All rights reserved. 67


https://standardsiso.com/api/?name=f5d93023960bcfbb358c020ed6f95fc6

ISO/IEC 15802-5 : 1998(E)
ANSV/IEEE Std 802.1G, 1998 Edition LOCAL AND METROPOLITAN AREA NETWORKS—

7.6.9.2 By the root

A bridge that has been selected as the root sets its Topology Change parameter (7.5.3.12) when

a) Itis newly selected as the root, except on initialization of the bridge.

b) A topology change notification is received on a designated port, provided that if the receiving port
is a subgroup port, the topology change notification is from a bridge in the same cluster, as in
7.6.9.1 item e).

As long as the bridge remains the root, the Topology Change parameter remains set for a period equal to
the Topology Change Time (7.5.3.13), starting from the most recent event a) or b) that sets the parameten;
the Topology Change and Topology Change Detected parameters are then both reset.

7.6.10 Topology change acknowledgment

The Topology Change Acknowledgment flag parameter is set for a port whenever the port’isa designated
port and a topology change notification is received on it from a bridge attached to the same LAN or cluster.

The Topology Change Acknowledgment flag is reset when a configuration message’is transmitted via the
port.

NOTE—It is necessary to specify the operation of topology change acknowledgment at the logical, protocol-
independent level, in order to handle the situations that can arise when the desighated bridge and/or root bridge change,
possibly more than once, between notification and acknowledgment of a topelogy change.

7.7 Spanning Tree Protocol operation at LAN ports

The operations specified here do not apply to any port with port state set to Disabled.

7.7.1 Protocol operation at a designated port

A LAN port that has been selected as a designated port shall operate the Spanning Tree Protocol as follows.

7.7.1.1 Transmission of Configuration BPDUs

a) Configuration BPDUs-shall be transmitted via the port, normally at intervals of approximately
Hello Time but subject to the additions and qualifications in b) and c).

b) A Configuration BPDU shall be transmitted within a period of Hold Time, following reception at
the port.efZa Topology Change Notification BPDU or of a Configuration BPDU containing a
message priority lower than the designated priority of the port. The transmitted BPDU may be one
of the~normal sequence as in a), or may be additional—as would be required, for example, if the
reéceived BPDU occurs soon after a BPDU has been transmitted as in a).

¢) \(When the bridge is not the root, gaps in the sequence of normal transmissions a) may occur as a
result of the root port failing to receive configuration message information at the normal regular

fmervats.—Conversely, additional ransmissSions may occur as a Tesull of e 00T poIT Teceiving
additional configuration messages—such as would occur, for example, if the root port’s designated
bridge transmitted additional configuration messages as in b).
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7.7.1.2 Stopping transmission

The port shall change its role from being designated port, in accordance with 7.6.2, if a Configuration
BPDU is received at the port conveying a message priority higher than the designated priority of the port.

7.7.1.3 Parameters of Configuration BPDUs

The parameters of each transmitted Configuration BPDU shall convey the configuration message
parameters, as follows:

a) The message priority parameters (7.5.1.1 through 7.5.1.4) shall take the values of the portls
Designated Priority parameters (7.5.4.1.4 through 7.5.4.1.7).

b) The Message Age parameter (7.5.1.7) shall take the value zero if the bridge is the‘rgot, and
otherwise a value that is not less than the sum of the Message Age value received most recently at
the root port and the time elapsed from receipt of the configuration message conveying’that value to
transmission of the Configuration BPDU.

c) The value of the Message Age parameter when the bridge is not the root shall’'not overestimate the
time from receipt of the original configuration message on the root port’to transmission of the
Configuration BPDU by more than a stated value for maximum/  Message Age increment
overestimate (see ISO/IEC 10038: 1993, as referenced by 7.10).

d) The Max Age, Hello Time, Forward Delay, and Topology  Chadnge parameters (7.5.1.6, 7.5.1.8)
shall take the values of the corresponding bridge parameters¥(7.5.3.4 through 7.5.3.6, 7.5.3.12).

e) The Topology Change Acknowledgment parameter shall be set if the Configuration BPDU is the
first one transmitted since reception of a Topology €hange Notification BPDU [7.7.1.1 b), 7.6.10].

7.7.2 Protocol operation at a root port

A LAN port that has been selected as the root posf-shall operate the Spanning Tree Protocol as follows.
7.7.2.1 Configuration BPDUs

No Configuration BPDU shall be tfansmitted via the port, provided that an acceptable Configuration BPDU
(as in 7.6.1.1) is received at theyport within a time interval of (Max Age — Message Age) from receipt of the
previous such BPDU.

7.7.2.2 Ceasing to/be root port

If an acceptable(€onfiguration BPDU (as in 7.6.1.1) is not received at the port within the time interval
(Max Age —Message Age) from receipt of the most recently accepted Configuration BPDU, the port ceases
to be the root port. The port’s Designated Priority is set equal to the update priority for the port (7.3.4.2),

and thebridge’s configuration is then updated as specified in 7.6.2.

7:7.2.3 Transmission of Topology Change Notification BPDUs

A Topology Change Notification BPDU shall be transmitted via the port on the bridge’s Topology Change
Detected flag being set, or on the port being newly selected as the root port when that flag is set. Further
Topology Change Notification BPDUs shall be transmitted at intervals of Bridge Hello Time as long as the
Topology Change Detected flag remains set (see 7.6.3).
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7.7.3 Protocol operation at an alternate port

A LAN port that has been selected as an alternate port shall operate the Spanning Tree Protocol as specified
in 7.7.2.1 and 7.7.2.2 for a root port. It shall not transmit Topology Change Notification BPDUs.

7.8 Management of the bridge protocol entity

The following management operations can affect the bridge and port parameters, and hence the roles of a
bridge and its ports in the spanning tree; the effects are as specified in the subclauses referenced.

— Initialization of the bridge (7.8.1)

— Enabling a port from Disabled state, or resetting (re-enabling) a port from any other state (7.8.2)
— Disabling a port (7.8.3)

— Changing the priority part of the bridge’s identifier (7.8.4)

—  Changing the priority part of a port’s identifier (7.8.5)

— Changing the path cost associated with a port (7.8.6)

7.8.1 Initialization
7.8.1.1 Setting the bridge parameters

[he bridge parameters are initialized as follows:
a) The values of the Root Port and Root Path Cost parameters ar€ both set to zero.
b) The value of the Designated Root parameter is set to the.value of the bridge identifier.

c¢) The values of the Max Age, Hello Time, and Forward Delay parameters are set to the values of the
Bridge Max Age, Bridge Hello Time, and Bridge.Forward Delay parameters, respectively.

d) The Topology Change Detected flag and Topolegy Change flag parameters are both reset to False.
y.8.1.2 Setting the ports’ parameters

For each of the bridge’s ports, the port parameters are set as follows:
a) The port’s Designated Priority'is set equal to the update priority for the port (7.3.4.2).

b)  The port state is set to Bloeking if the port is to be enabled following initialization, and otherwise is
set to Disabled.

c) The Topology Change Acknowledge flag is reset to False.

d) For a subgroup port, the Peer New Cluster Identifier and Peer Old Cluster Identifier are set to the
null clusterjidentifier.

y.8.1.3 Setting the remote bridge groups’ parameters

For gach non-virtual-LAN remote bridge group of which the bridge is a member

a)y The Reclustering State parameter is set to Stable

b) If all of the virtual ports attaching to the group have port state set to Disabled, the Current Cluster
Identifier, New Cluster Identifier, and Old Cluster Identifier parameters are all set to the null cluster
identifier; otherwise, all three parameters are set to the same new cluster identifier value,
determined as specified in 7.6.2.4.1 b) 3).

70 Copyright © 1998 IEEE. All rights reserved.


https://standardsiso.com/api/?name=f5d93023960bcfbb358c020ed6f95fc6

ISO/IEC 15802-5 : 1998(E)
COMMON SPECIFICATIONS: REMOTE MAC BRIDGING ANSI/IEEE Std 802.1G, 1998 Edition

7.8.1.4 Enabling the ports
The procedure for port state selection (7.6.4.2) is performed.
7.8.2 Enable Port

The port’s parameters are set as follows:
a) The port’s Designated Priority is set equal to the update priority for the port (7.34.2).

b) __ The port state is set to Blocking.

¢) The Topology Change Acknowledge flag is reset to False.
d)  For a subgroup port, the Peer New Cluster Identifier and Peer Old Cluster Identifier are setto the
null cluster identifier.
The procedure for port state selection (7.6.4.2) is then performed.

7.8.3 Disable Port

The port’s parameters are set as follows:
a)  The port’s Designated Priority is set equal to the update priority for the’port (7.3.4.2).
b)  The port state is set to Disabled.

c) The Topology Change Acknowledge flag is reset to False:
The bridge’s configuration is then updated as specified in 7.6:2:
7.8.4 Set Bridge Priority

The new value of the bridge identifier (7.5.3.7)\is calculated. For each port that has been selected as a
designated port, the Designated Bridge parameter is set to the new value of the bridge identifier; the
bridge’s Bridge Identifier parameter is then sét to the new value.

The bridge’s configuration is then dpdated as specified in 7.6.2. If the bridge is selected as the root by the
configuration update, the bridgels Topology Change flag parameter is set.

7.8.5 Set Port Priority

The new value of tHe-port identifier (7.5.4.1.1) is calculated. If the port has been selected as a designated
port, the Designated Port parameter is set to the new value of the port identifier; the Port Identifier
parameter is then/set to the new value.

If the pott is a LAN port for which the value of the Designated Bridge parameter is equal to the value of the
bridge’s bridge identifier, and the new value of the port identifier is of higher priority than the value
reCorded as the designated port, then

L ic cat agual tao tha nndate nreiarity for the nort (7.3 4.2)
ar-to-tie-Hp P Y P

Tl o Dagt tad Deioeity
a) TITC POTT S DCSTEITatCU T IO y 15~ O Tt ot

b)  The procedure for port state selection (7.6.4.2) is performed.

NOTE—This happens when the bridge has two or more ports attached to the same LAN, with the bridge as designated
bridge for the LAN, and the update of the port priority causes a change in the port selected as the designated port.
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7.8.6 Set Path Cost

The Path Cost parameter for the port is set to the new value, and the bridge’s configuration is then updated
as specified in 7.6.2.

7.9 Encoding and validation of BPDUs on LANs

Each Configuration BPDU and Topology Change Notification BPDU transmitted through a LAN port shall
be encoded as a sequence of octets as specified in ISO/IEC 10038: 1993. Each BPDU received on a LAN

[port oI a remote bridge s T B

7.10 Performance

This subclause specifies requirements on the performance of bridges in an RB-LAN and on the|setting of
the parameters of the Spanning Tree Algorithm and Protocol. These are necessary to émsure that the
algorithm and protocol operate correctly.

It recommends default operational values for performance parameters. These have been specified in order
to avoid the need to set values prior to operation, and have been chosen with a view to maximizing the ease
with which RB-LAN components interoperate.

It specifies absolute maximum values and ranges of applicable values, for performance parameters. The
ranges of applicable values are specified to assist in the choice{of ‘operational values and to provide
guidance to implementors.

7.10.1 Requirements

The requirements for correct operation are met by placing constraints on

a) The maximum bridge diameter of the RB-LAN, derived from the maximum number of bridges
between any two points of attachmentyof end stations (for remote bridges, a weighting function
applies—see 7.10.3).

b) For local bridging, the maximum bridge transit delay, defined as the maximum time elapsing
between reception and transmission of a forwarded frame by a bridge, with frames that would
otherwise exceed this limitbeing discarded.

¢) For local bridging, the-maximum BPDU transmission delay, defined as the maximum delay prior to
the transmission~ef.a BPDU on a LAN following the need to transmit such a BPDU arising, as
specified in 7(7-

d) For local-bridging, the maximum Message Age increment overestimate that may be made to the
value(of the Message Age parameter in BPDUs transmitted on LANs or to the age of stored
configuration message information.

e) _<For remote bridging, the group maximum transit delay, defined as the maximum time elapsing
between reception of a frame by a remote bridge and transmission of a forwarded frame by an
adjacent remote bridge in the same group.

f)  For remote bridging, the group maximum message propagation delay, defined as the maximum
time between either reception of a configuration message on the root port of a remote bridge that is
a primary bridge or expiry of the Hello Timer in a remote bridge that is the root bridge, and
transmission of a corresponding Configuration BPDU on a Designated LAN port by an adjacent
remote bridge in the same cluster.
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g) For remote bridging, the group maximum Message Age increment overestimate, defined as the
maximum amount by which the difference between Message Age values transmitted and received
or originated as in f) can exceed the actual propagation delay incurred; the same limit applies to
Message Age information stored with ports selected as alternate ports.

h) The values of the Bridge Hello Time, Bridge Max Age, Bridge Forward Delay, and Hold Time
parameters.
Additionally, a bridge shall not

—  Underestimate the increment to the Message Age parameter in transmitted configuration messages.

—  Underestimate forward delay.

—  Overestimate the Hello Time interval when acting as the root.
7.10.2 Parameter values

Recommended default, absolute maximum, and ranges of values for parameters are as specified in ISO/IEC
10038: 1993, subject to the following extensions and conditions that relate specifically to the operation of
remote bridges (7.10.3 through 7.10.6).

7.10.3 Bridge diameter and effective bridge count

ISO/IEC 10038: 1993 uses bridge diameter as a convenient measure €or the maximum transit delay and
frame lifetime in a bridged LAN. This is based upon assumptien$, about transmission rates and mediaj
access delays that relate to the values typical for LANs. In particular, delay is assumed to occur in bridges,
but to be negligible for the transfer of frames on the media between bridges.

In an RB-LAN, if the speed and/or transit delay of.theZnon-LAN communications for a given group is|
significantly worse than would be expected on a LAN—producing transit delays of the order, say, of more|
than 100 ms—it is recommended that the remote~bridge group be treated for configuration purposes as
contributing a value greater than two to the diameter of the RB-LAN. (The minimum value of two for a
group’s contribution to the diameter corresponds simply to counting the two remote bridges on each path|
across the group, in the relaying model of Clause 6.)

The contribution of a group to the.total diameter is known as its effective bridge count. An appropriate]
value for the effective bridge count (which is not required to take only integral values) may be derived from
Table 7-1, working back fromractual transit delay and propagation delay times. Alternatively, the default
assignment

effective bridge count = (2 + 50 000/n)

may be made, where n bits per second is the limiting aggregate speed of the attachment of any bridge in the|
group to the-non-LAN communications equipment.

7.10.4 Remote bridging transit and propagation delays

For remote bridging, Table 7-1 of this International Standard applies in place of ISO/IEC 10038: 1993,

Table 4-2.
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Table 7-1—Remote bridging transit and propagation delays

Parameter Recommended Absolute
value maximum
Group maximum transit delay 1.0 x EBC 10.0
Group maximum message 1.0 x EBC 15.0
propagation delay
Group maximum Message Age 2.0 8.0
increment overestimate

All times in seconds
EBC = effective bridge count

7.10.5 Reclustering delay parameters, and relationships with forward delay

The permitted range and recommended default value for the Primary Reclustering Delay parameter are as
gpecified in Table 7-2.

Table 7-2—Primary Reclustering Delay values

Parameter Default yalue Range

Primary Reclustering Delay 3.0 2.0-6.0

All times in seconds

The Primary Reclustering Delay should be choseiras an estimated upper bound on the expected time that it
yill typically take for new cluster membership.information to propagate throughout the group (see 7.3.8.3).
ts value is used in setting the reclustering-delay that is used when the bridge is the primary bridge for the
roup [7.6.5 d)].

remote bridge that attaches te.one or more non-virtual-LAN groups shall ensure, for each such group,
hat the value of the Primary Reclustering Delay parameter satisfies the relationship:

Primary Reclustering Delay < Bridge Forward Delay — 1.0 s €))]

A primary bridge~foer a non-virtual-LAN group shall ensure that the value of the Reclustering Delay
parameter for the-gtoup satisfies the relationship:

Reclustering Delay < Forward Delay — 1.0 s 2)

NOTES

1—In most practical cases, the Bridge Forward Delay values will exceed the Primary Reclustering Delay values by
considerably more than the 1.0 s in condition (1), and similarly for Forward Delay and Reclustering Delay in condition
(2). The minimum figure applies to an RB-LAN of diameter 2, (i.e., with one group and no local bridges).

2—Conditions (1) and (2) derive from considering how the performance characteristics of the whole RB-LAN are
affected by the presence of one or more groups that can undergo reclustering periods when the RB-LAN topology
changes (see C.7.10).
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7.10.6 Path costs for virtual ports

The formula specified in 4.10.2 of ISO/IEC 10038: 1993 for default values for the Path Cost parameter
shall apply also to virtual ports; the range of permitted values and minimum permitted value for path cost
shall be as specified in Table 7-3.

NOTES

1—Where an RB-LAN is configured in such a way that the path costs of virtual ports can have a significant influence
on the Spanning Tree structure, it is likely that values other than those given by the default formula will need to be

assigned:

2—The extension of the range of permitted values from that in Table 4-5 of ISO/IEC 10038: 1993 accommedates
attachment speeds down to 1000 bits/s under the default formula.

Table 7-3—Path cost parameter values

Parameter Minimum value Range

Path Cost 1 14100 000

8. Relaying by remote bridges

Detailed mechanisms for support of the Internal SublayerService are outside the scope of this International
Standard. Any such mechanisms shall provide thé& Internal Subnetwork Service defined in 5.4, in
accordance with the relaying connectivity requirement specified in 8.1, the QOS requirements in 8.2, and
the cluster integrity requirements in 8.3.

8.1 Relaying connectivity requirement

Any remote bridge cluster shall be fully connected with respect to transfer of MAC frames via the Internal
Sublayer Service between virtual'ports that are in the Forwarding state (i.e., when a MAC frame originating
outside the cluster is receiyed at a given remote bridge, the cluster shall support transfer of the frame to any
other remote bridge in_the-¢luster for forwarding outside the cluster through the appropriate ports of the
other remote bridges). See 6.7.1.

NOTES

1—An impOgtant particular case is the flooding of a frame with an unknown destination MAC address to all other
remote bridges in the cluster (see 6.7.1).

2-<The requirement is stated with respect to clusters, not groups, since LAN-to-LAN relaying of MAC frames occurs
only via clusters. However, since formation of clusters within a group is dynamic, fulfilling the requirement will in

gemerat Tvotveconstderationsrelevant-to-the-grotp-as-a-w hete:
There is no requirement to transfer a frame across the cluster to any remote bridge that would filter the

frame on all its other ports; implementations are free to optimize their use of cluster bandwidth in their own
ways.
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Conversely, there is no requirement either to transfer, or to avoid transferring, frames across a group
between remote bridges belonging to different clusters, when the group has partitioned. However, any such
frames are discarded on receipt as specified in 6.5: the cluster_id parameters of M-UNITDATA primitives
are present to allow modeling of this behavior (see 8.3).

Failure to maintain full relaying connectivity shall result in virtual ports on one or more of the remote
bridges being disabled, so that any remaining remote bridges form a fully connected set with respect to

their support for relaying.

failure of relaving connectivity shall be detected and acted upon within a stated maximum time. It is

recommended that this time be the current Max Age value.

In the event of such a failure, an implementation of a group may divide the remote bridges into two or more
Kubsets each operating as a separate group, provided that each of those new groups satisties the
connectivity requirement.

NOTES

3—In general, mechanisms additional to those used in maintaining the Spanning Tree will be néeded to monitor the
relaying connectivity, since Spanning Tree traffic does not flow along all the paths relevant forMAC frames.

14— Connectivity is only required, by the first paragraph of 8.1, for MAC-frame traffic that actually needs to flow
through a cluster. If there is no applied user-traffic load for an extended period, therefore, measurement of the time to
detect a failure of connectivity need not start until traffic resumes. This allows, for'example, the bridges in a group to
support relayed traffic over switched connections, with suitably short set-up~délays, which are established on demand
and released after periods of inactivity.

8.2 Relaying QOS requirements
8.2.1 Misordering and duplication

There shall be no misordering or duplication of frames transferred, with a given user_priority and with a
given destination_address and source_address;” between the virtual ports connecting any pair of remote
bridges.

8.2.2 Loss

For each pair of peer virtual\ports attaching to a given cluster, the probability that a correctly relayed
M-UNITDATA indication does not occur at one virtual port following an M-UNITDATA request at the
peer virtual port shall obey

Probability (non-occurrence of correctly relayed M-UNITDATA indication) < 0.005

provided that

a) «The Guaranteed Bridge Relaying Rate of each remote bridge involved in the relaying operation is
not exceeded; and

b) The relayed frame is not subject to discard on the basis of either filtering or MSDU-size

information in the bridges.

A correctly relayed M-UNITDATA indication is one in which the values of the destination_address,
source_address, and user_data parameters are the same as the values of those parameters in the
corresponding M-UNITDATA request, and in which the frame_check_sequence parameter, if present, has
the value that corresponds to those parameter values for the MAC type indicated, at the indicated
user_priority.
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a)  The probability that an M-UNITDATA indication with no frame_check_sequence parameter has a
destination_address, source_address, or user_data parameter with a value different from that of the
same parameter in the corresponding M-UNITDATA request (see C.5.3.7) shall obey

-~y

Probability (erroneous M-UNITDATA indication) < 5 x 10-14 per octet of MSDU length

b) The probability that an M-UNITDATA indication with a frame_check_sequence parameter has a
destination_address, source_address, or user_data parameter with a value different from that of the

Same parameter i the corresponding M=tNITDATA Tequest, but—the—frame_—check—sequence
parameter has the value that corresponds to the parameter values in the M-UNITDATA indication)
for the MAC type indicated at the indicated user_priority (see C.5.3.7), shall also obey

Probability (erroneous M-UNITDATA indication) < 5 x 10-14 per octet of MSDU length
8.2.4 Transit delay

The transit delay which shall be used in assigning an effective bridge count to a group as specified in 7.10.3
is the elapsed time between receiving the last bit of a frame at a LAN port of onecbridge of the group and
transmitting the first bit of a corresponding relayed frame at a LAN port of angther bridge of the group.

8.2.5 Maximum MSDU size

Any group shall support transfer of MSDUSs between a given pair(of its remote bridges, of sizes at least up
to and including the largest MSDU size that is supported by“both bridges, on some LAN port of each

heidon
vl IUBC.
8.2.6 Priority

The group may support an access_priority mechanism, with up to eight levels of priority (use of such a
mechanism is as specified in 5.4 and 6.7.4).

8.3 Cluster integrity requirements

Correct operation of an RB-LAN requires that frames be relayed through any group only between pairs of]
bridges belonging to the same Cluster. This requirement is expressed, in terms of the cluster_id parameters
of the Internal Sublayer Seryice, in 6.5 a).

The remainder of (this subclause specifies requirements on the mapping between abstract cluster_id
parameters and the)cluster identifier values created and exchanged by the bridges in a group, as specified in
Clause 7. The specification is in terms of correspondences between cluster_id values and cluster identifier
values or pairs of cluster identifier values.

NOTE—The concept of mapping or correspondence here is important: implementations are not required to transmit
full 8-octet cluster identifiers with every frame. However, to comply with 6.5 a), implementations are required to be
able to associate all transmitted and received frames with corresponding full cluster identifier values. Annex C includes

8.3.1 Virtual LANs

In a virtual LAN, cluster membership is determined exactly by the spanning tree roles of the virtual ports.
There can be only one cluster in the group, and any bridge with a designated port or root port attaching to
the virtual LAN belongs to the cluster. Mapping of the cluster_id parameters is automatic, as specified in
7.3.4.3 for virtual LANs. No explicit exchange of cluster identifier information is needed.
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8.3.2 Frames transmitted on subgroup ports

Any frame transmitted on a subgroup port shall have a cluster_id corresponding to both the Current Cluster
Identifier and Old Cluster Identifier values for the group,

NOTES

1—When the Reclustering State for the group is Stable, or during a reclustering period that was entered from Stable
state, the Current and Old Cluster Identifier values are equal, so a transmitted frame’s cluster_id corresponds in fact to
only a single cluster identifier value. During an overlap period, or during a reclustering period that was entered from an
gverlap-period,-a-transmitted frame’s cluster_id corresponds to two different cluster identifier values

1—The New Cluster Identifier value for a group is never mapped to a cluster_id parameter. An updated New Cluster
Identifier value is not established as valid for use in relaying frames until the end of the reclustering period. Use ofronily
gstablished values in mapping to cluster_id is necessary to preserve correctness (otherwise, for example, there ¢ould be
leakage of frames relayed prematurely on the new active topology, using the new but not yet established Cluster
identifier, and a port state of Forwarding that will change to Listening on establishing the new cluster menibership).

8.3.3 Frames received on subgroup ports

At a subgroup port that is in the Forwarding state (6.7.1), a received frame, Wwith a cluster_id value
¢orresponding to its transmitter’s Current and Old Cluster Identifier values, shall'be accepted if and only if

a) The received frame’s Current Cluster Identifier value is equal to.the-Current Cluster Identifier value
at the receiving bridge, or

b) The received frame’s Old Cluster Identifier value is equal to the Current Cluster Identifier value at
the receiving bridge, or

c) The received frame’s Current Cluster Identifier valu@ is equal to the Old Cluster Identifier value at
the receiving bridge.

NOTES

—When the receiving bridge’s Old Cluster Identifier and Current Cluster Identifier values are equal, condition c) is
learly equivalent to condition a). Similarly,; when the received frame’s Current and Old Cluster Identifier values are
he same, condition b) is equivalent to condition a).

P A received frame is discarded «f \there is no match for equality between either of its Current and Old Cluster
dentifier values and the Currenf and Old Cluster Identifier values at the receiving bridge, or if the Old Cluster
dentifier values are equal but the Current Cluster Identifier values are unequal.

B—The simple formulatiom)of the conditions a) through c) relies upon correct behavior by bridges when transmitting
rames and when performing cluster selection and cluster port state selection. For example, in Overlap state, a frame
hould never be receiyed that has a matching Old Cluster Identifier but a different Current Cluster Identifier, since this
epresents a chafge-in cluster membership on the part of the transmitting bridge: that bridge’s ports should therefore be
n the Listening’or Learning state, with no frames being transmitted.

—See-Annex C, and particularly C.8.2.4, for further discussion of relaying and cluster identification.
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9. Bridge management

9.1 Management functions

The management functions defined for remote bridges are a compatible extension of those defined in ISO/
IEC 10038: 1993 for local bridges. Management functions relating to LAN ports are identical to those in
ISO/IEC 10038: 1993; management functions relating to ports in general are extended to apply equally to
virtual ports and LAN ports. Some functions applicable to virtual ports require details that differ from the
corresponding ones for LAN ports (e.g., allowable values for certain parameters). Additional management

functions are defined to describe a remote bridge’s view of the remote bridge group(s) of which it is a
member.

9.2 Managed objects

Managed objects model the semantics of management operations. Operations upon an‘object supply
information concerning, or facilitate control over, the process or entity associated with thatobject.
The managed resources of a remote MAC bridge are

a) The bridge management entity (9.4; 6.11).

b) The individual MAC entities associated with each LAN port (9.5;6:2,6.5, 6.6).

c¢) The forwarding process of the MAC relay entity (9.6; 6.2, 6.3,,6.7).

d) The filtering database of the MAC relay entity (9.7; 6.3,£6)9)

e) The bridge protocol entity (9.8; 6.10, Clause 7).

The management of each of these resources is specified(interms of managed objects and operations.

NOTE—The values specified in this clause, as inputs and outputs of management operations, are abstract information
elements. Questions of formats or encodings are -a\matter for particular protocols, etc., that convey or otherwise
represent this information. This International Standard specifies one such protocol encoding in 10.6 (for optional
remote management).

9.3 Data types

The data types used are as.specified in ISO/IEC 10038: 1993.

9.4 Bridge management entity
The bridge mranagement entity is described in 6.11. The managed objects for the bridge management entity
are

a) «—The Bridge Configuration managed object.

b)* The Port Configuration managed objects, one for each LAN port and virtual port.

LI AN
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9.4.1 Bridge Configuration
The Bridge Configuration managed object models the operations that modify or enquire about the

configuration of the remote bridge’s resources. There is a single Bridge Configuration managed object per
remote bridge.
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The operations that can be performed on the Bridge Configuration object are Discover Bridge, Read

t n can V
Bridge, Set Bridge Name, and Reset Bridge.
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D.4.1.1.3 Outputs

For each bridge responding to the Discover Bridge operation, the outputs are those specified if-9:4.1.2.3 for
he Read Bridge operation on a single bridge.

L0 ARCal DLUET Uptiaulil

D.4.1.2 Read Bridge

D.4.1.2.1 Purpose

To obtain configuration information about a specific bridge.
9.4.1.2.2 Inputs

None.

9.4.1.2.3 Outputs

a) Bridge Address—the MAC address for the remote bridge, from which the bridge identifier used by
the Spanning Tree Algorithm and Protoeol is derived.

b) Bridge Name—a text string of up'to 32 characters, of locally determined significance.

¢)  Number of LAN Ports—the-total number of LAN ports.

d) LAN Port Addresses—a list specifying for each LAN port

1) Port Number—the number of the LAN port.
2) Port Address/—the specific MAC address of the individual MAC entity associated with the
port.

e) Number of Virtual LANs—the number of virtual LANs to which the bridge belongs.

f)  Number of Non-Virtual-LAN Groups—the number of non-virtual-LAN remote bridge groups to
which the bridge belongs.

2} Number of Subgroup Ports—the total number of virtual ports attaching to non-virtual-LAN groups.

B Nirtnol Dot T 2ot o lice firing s rti\l\l Bnort
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1) Port Number—the number of the virtual port.

2) Group Number—rzero for a virtual LAN port, and otherwise the group number (see 9.4.3) for
the group to which the subgroup port attaches.
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3) Virtual Port Type, an indication of whether the virtual port is

— A virtual LAN port, or

— An individual virtual port, or
— A multipeer virtual port, or
— A dummy virtual port.

i)  Uptime—count in seconds of the time elapsed since the remote bridge was last reset or initialized.

9.4.1.3 Set Bridge Name

9.4.1.3.1 Purpose

To associate a text string, readable by the Read Bridge operation, with a bridge.
9.4.1.3.2 Inputs

Bridge Name—a text string of up to 32 characters.

9.4.1.3.3 Outputs

None.

9.4.1.4 Reset Bridge

9.4.1.4.1 Purpose

To reset the specified bridge. The filtering database is cleared and initialized with the entries specified in
the permanent database; the Initialization procedure (78.}) is used to initialize the bridge protocol entity.

9.4.1.4.2 Inputs

None.

9.4.1.4.3 Outputs

None.

9.4.2 Port Configuration
The Port Configuration managed object models the operations that modify or enquire about the]
configuration of the ports of a remote bridge. There is a fixed set of LAN ports and virtual ports per remote
bridge, each’identified by a permanently allocated, non-zero, port number.

The allocated port numbers are not required to be consecutive. Also, some port numbers may be dummy
entries; with no actual LAN port or virtual port (e.g., to allow for expansion of the bridge by addition of

further MAC interfaces in the future, or because the implementation provides for some measure of dynamid
reconfiguration of remote bridge groups). Such dummy ports shall support the Port Configuratio

management operations, and other port-related management operations in a manner consistent with the port
being permanently disabled.

The information provided by the Port Configuration consists only of summary data indicating its name and
type. The forwarding process managed object maintains port-specific counter information pertaining to the
number of packets forwarded, filtered, and in error, and also information about the transmission priorities
for ports; the Bridge Protocol Entity managed object maintains state information for each port.
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The management operations that can be performed on each Port Configuration object are Read Port and Set
Port Name.

9.4.2.1 Read Port
9.4.2.1.1 Purpose
To obtain general information regarding a specific LAN port or virtual port.

9.4.2.1.2 Inputs

Port Number—the number of the LAN port or virtual port.
9.4.2.1.3 Outputs

a) Port Name—a text string of up to 32 characters, of locally determined significance.
b)  Port Type, either

1) For a LAN port, the MAC entity type (ISO/IEC 8802-3; ISO/IEC 8802-4; ISO/IEC 8802-5;
ISO/IEC 9314-2; ISO/IEC 8802-6; other); or
2) For a virtual port, an indication of the type of non-LAN communijcations support.

[0.4.2.2 Set Port Name

9.4.2.2.1 Purpose

To associate a text string, readable by the Read Port operation; with a LAN port or a virtual port.
9.4.2.2.2 Inputs

a) Port Number.

b) Port Name—a text string of up to 32 Characters.
9.4.2.2.3 Outputs

None.

9.4.3 Group Configuration

The Group Configuration managed object models the operations that modify or enquire about the
configuration information held by a remote bridge about a given non-virtual-LAN group to which it
belongs. A given remote bridge belongs to a fixed set of such groups, each identified by a permanently
allocated ,group number. The groups are numbered consecutively starting from 1, so that the highest
allocated\gfoup number value is equal to the Number of Non-Virtual-LAN Groups in the Bridge
Configuration, 9.4.1.2.3 f).

exchanged between remote bridges as part f the topology computation, or in association with relaying of frames.
The information provided by the Group Configuration consists only of summary data indicating its name

and the set of virtual ports by which the bridge attaches to the group. The Bridge Protocol Entity managed
object maintains detailed parameter information for each group to which the remote bridge belongs.

82 Copyright © 1998 IEEE. All rights reserved.


https://standardsiso.com/api/?name=f5d93023960bcfbb358c020ed6f95fc6

ISO/IEC 15802-5 : 1998(E)
COMMON SPECIFICATIONS: REMOTE MAC BRIDGING ANSVI/IEEE Std 802.1G, 1998 Edition
$.4.3.1 Read Gioup

9.4.3.1.1 Purpose
To obtain general information regarding a bridge’s attachments to a specific non-virtual-LAN group.

9.4.3.1.2 Inputs

¥

Group Number—the number that identifies the group, within the set of non-virtual-LAN groups to whic
the remote bridge belongs.

=

A - n

5.4.3.1.3 Ouiputs

a)  Group Name—a text string of up to 32 characters, of locally determined significance.

b)  Virtual Ports—a list specifying the port numbers of each virtual port by which thé.remote bridge
attaches to the group.

9.4.3.2 Set Group Name
9.4.3.2.1 Purpose

To associate a text string, readable by the Read Group operation, witlnthe information held by a remote]
bridge about a given non-virtual-LAN group to which it belongs.

9.4.3.2.2 Inputs

a)  Group Number.

b)  Group Name—a text string of up to 32 chardcters.
9.4.3.2.3 Outputs

None.

9.5 MAC entities

The management operations and facilities provided for the MAC entities are those specified in the Layer
Management standards for the individual MACs.

9.6 Forwarding Process

The Forwarding Process managed object maintains port-specific counter information pertaining to thg
numben.of packets forwarded, filtered, and in error, and also information about the transmission prioritieg
for ports.

The Forwarding Process Tmamagedobject comnsists—of —the—Port—Counters—mmamaged—objects—amd—th
Transmission Priority managed objects (one object of each class for each port).
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The Port Counters object models the operations that can be performed on the port counters of the
Forwarding Process managed object. There are muitipie instances of the Port Couniers object, one for each
LAN port and virtual port of a given remote bridge.

9.6.1.1 Read Forwarding Port Counters

o~k B B | | » VU TUTSRipp.
§.6.1.1.1 Purpose

To read the forwarding counters associated with a specific LAN port or virtual port.
9.6.1.1.2 Inputs

Port Number.

9.6.1.1.3 Outputs

a) Frames Received—count of valid frames received, as M-UNITDATA indication primitives.

b) Discard Inbound—count of valid frames received that were discarded. (filtered) by the forwarding
process.

¢) Forward Outbound—count of frames forwarded to the associated MAC entity or subgroup.

d) Discard Lack of Buffers—count of frames that were to betransmitted but were discarded due to
lack of buffers.

e) Discard Transit Delay Exceeded—count of frames that were to be transmitted but were discarded
due to the maximum bridge transit delay being excceded.

f)  Discard on Error—count of frames that were'to be forwarded on the associated MAC or subgroup
but could not be transmitted (e.g., because the frame was too large).

g) Discard on Error Details—a list of «1¢’elements, each containing the source MAC address of a
frame and the reason why the frame was discarded (frame too large, the only currently defined
reason for error). The list is maintained as a circular buffer.

9.6.2 Transmission Priority

Management operations on) Transmission Priority control how frame priority is handled for each

transmitting port, in accordance with 6.7.4. The management operations that can be performed are Read

Transmission Priority and Set Transmission Priority.

9.6.2.1 Read/Transmission Priority

9.6.2.1.1 Purpose

To read the settings of the parameters governing the use of priority for relayed frames.

9.6.2.1.2 Inputs

Port Number.
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9.6.2.1.3 Outputs

a)  Outbound User Priority, in the range 0-7.

b)  Outbound Access Priority, in the range 0-7.
9.6.2.2 Set Transmission Priority

9.6.2.2.1 Purpose
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9.6.2.2.2 Inputs

a) Port Number.
b)  Outbound User Priority, in the range 0-7.

¢) Outbound Access Priority, in the range 0-7.
9.6.2.2.3 Outputs

None.

9.7 The filtering database

The filtering database is described in 6.9: it contains information used by the forwarding process (6.7) in
deciding through which ports of the remote bridge frames-are to be forwarded. The definition here is
equivalent to that in ISO/IEC 10038: 1993 for local bridges, with virtual ports included on an equal basis
with LAN ports—see 9.7.5.1.2 ¢).
Managed objects relating to the filtering database are

a) The Filtering Database managed object.

b)  The Static Entry managed objécts.

¢) The Dynamic Entry managed objects.

d) The Permanent Database managed object.
9.7.1 Filtering Database managed object

The Filtering Database managed object models the operations that can be performed on, or affect, the
filtering database as a whole. There is a single Filtering Database object per remote bridge.

The management operations that can be performed on the Database are Read Filtering Database and Set
Filtering Database Ageing Time, as defined in ISO/IEC 10038: 1993; and the Create Filtering Entry, Delete
Filtering Entry, Read Filtering Entry, and Read Filtering Entry Range operations defined in 9.7.5.

9.7.2 Static Entry

A Static Entry object models the operations that can be performed on a single static entry in the filtering
database. The set of Static Entry objects within the filtering database changes under management control. A
Static Entry supports the Create Filtering Entry, Delete Filtering Entry, and Read Filtering Entry operations
defined in 9.7.5.
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9.7.3 Dynamic Entry

A Dynamic Entry models the operations that can be performed on a single dynamic entry in the filtering
database (i.e., one that is created by the learning process). A Dynamic Entry supports the Delete Filtering
Entry and Read Filtering Entry operations defined in 9.7.5.

9.7.4 Permanent Database

The Permanent Database managed object models the operations that can be performed on, or affect, the
permanent database. There is a single permanent database per filtering database.

The management operations that can be performed on the Permanent Database are Read Permanént
Database, as defined in ISO/IEC 10038: 1993; and the Create Filtering Entry, Delete Filtering Entry )Read
Filtering Entry, and Read Filtering Entry Range operations defined in 9.7.5.

9.7.5 General filtering database operations

9.7.5.1 Create Filtering Entry

9.7.5.1.1 Purpose

To create an entry in the filtering database or permanent database. Only static'€ntries may be created.

9.7.5.1.2 Inputs

a) Identifier—filtering database or permanent database.
b)  Address—the MAC address of the entry.
¢) Port Map—a list specifying for each port

1) Inbound Port—the port number of theZAN port or virtual port.

2) Outbound Ports—a set of Boolean indicators, one for each LAN port and virtual port. If a
member of Outbound Ports is“True, the entry permits forwarding to the associated port;
otherwise, frames are filtered.,The member of Outbound Ports that represents the Inbound Port
takes the value False.

9.7.5.1.3 Outputs

None.

9.7.5.2 Delete Filtering Entry

The Delete Filtering Entry operation is as specified in ISO/IEC 10038: 1993.
9.7.5.3_Read Filtering Entry

9.7.5.3.1 Purpose

To read an entry from the filtering database or permanent database.
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a) Identifier—filtering database or permanent database.

b) Address—MAC address of the desired entry.
9.7.5.3.3 Outputs
a) Address—MAC address of the desired entry.

b) __ Entry Type—either Dynamic or Static.

c) Either
1) Port Number, if the Entry Type is Dynamic, or
2) Port Map, as defined in 9.7.5.1.2, if the Entry Type is Static.
9.7.5.4 Read Filtering Entry Range
9.7.5.4.1 Purpose

To read a range of entries from the fiitering database or permanent database.

Since the number of values to be returned in the requested range may ‘exceed the capacity of the service
data unit conveying the management response, the returned entry range is identified. The indices that define
the ranges take on values from zero up to Filtering Database Size minus one.

a7 Ao
Fed It

a) Identifier—filtering database or permanent database.
b)  Start Index—inclusive starting index of the-desired entry range.

¢) Stop Index—inclusive ending index of“the desired entry range.
9.7.5.4.3 Outputs

a)  Start Index—inclusive starting index of the returned entry range.
b)  Stop Index—inclusive'ending index of the returned entry range.
¢) For each filtering'entry returned

1) Addresss—MAC address of the desired entry.

2) Eftry’Type—either Dynamic or Static.

3)v-Either
i)  Port Number, if the Entry Type is Dynamic, or
ii) Port Map, as defined in 9.7.5.1.2, if the Entry Type is Static.

o-Q
7.0

The bridge protocol entity is described in 6.10, and is responsible for performing the Spanning Tree
Algorithm and Protocol as specified in Clauses 7 and 12.
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The managed objects relating to the bridge protocol entity are

a) The Bridge Protocol Entity managed object.

b) The Bridge Port managed objects, one for each LAN port and virtual port.

¢) The Remote Bridge Group managed objects, one for each group of which the remote bridge is a

member.

9.8.1 Bridge Protocol Entity managed object

about, th operation of the Spanning Tree Algorithm and Protocol. There is a single Bridge Protocol Entity;
object per remote bridge. The definition here is compatible with that in ISO/IEC 10038: 1993 for local

bridges, extended only to allow virtual ports on an equal basis with LAN ports.

The management operations that can be performed on the Bridge Protocol Entity are Read Bridge Protocol
Parameters and Set Bridge Protocol Parameters.

9.8.1.1 Read Bridge Protocol Parameters

9.8.1.1.1 Purpose

To obtain information regarding the remote bridge’s bridge protocol entity-
9.8.1.1.2 Inputs

None.

9.8.1.1.3 Outputs

a) Bridge Identifier—as defined in 7.5.3.7.

b) Time Since Topology Change—count in seconds of the time elapsed since the Topology Change
parameter for the remote bridge (%45.3.12) was last True.

c¢) Topology Change Count—count of the number of times the Topology Change parameter has been
set (i.e., has changed value from False to True) since the remote bridge was initialized.

d) Topology Change (7.5:3:12).
e) Designated Root (7:5:3.1).

f)  Root Path Cost(7.5.3.2).

g) Root Port(7:5.3.3).

h) MaxAge (7.5.3.4).

i) <Hello Time (7.5.3.5).

i~ " Forward Delay (7.5.3.6).

f—Bridge MaxAge (7538

1)  Bridge Hello Time (7.5.3.9).

m) Bridge Forward Delay (7.5.3.10).
n) Hold Time (7.5.3.14).
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9.8.1.2 Set Bridge Protocol Parameters

9.8.1.2.1 Purpose

To modify parameters in the remote bridge’s bridge protocol entity, in order to control the configuration of

9.8.1.2.2 Inputs

a)  Bridge Max Age—the new value (7.5.3.8).

b) Bridge Hello Time—the new value (7.5.3.9).
¢) Bridge Forward Delay—the new value (7.5.3.10).

A\ Rr

U/ AL
9.8.1.2.3 Outputs
None.

9.8.1.2.4 Behavior

The input parameter values are checked for compliance with the relationships specified in 4.10.2 of ISO/
IEC 10038: 1993. If they do not comply, or if the value of Bridge Max Age or Bridge Forward Delay is less
than the lower limit of the range specified in Table 4-3 of ISOAEC 10038: 1993, no action shall be taken
for any of the parameters. If the value of any of Bridge MaxAge, Bridge Forward Delay, or Bridge Hello
Time is outside the range specified in Table 4-3 of ISO/IE€\10038: 1993, the remote bridge is not required
to take any action.

Otherwise, the remote bridge’s Bridge Max Age, Bridge Hello Time, and Bridge Forward Delay
parameters are set to the supplied values. The\Set Bridge Priority procedure (7.8.4) is used to set the
priority of the Bridge Identifier to the supplied value.

9.8.2 Bridge Port

A Bridge Port managed object models the operations on an individual LAN port or virtual port that relate to
operation of the Spanning Free Algorithm and Protocol. There is one Bridge Port object for each allocated
port number value (see 9.4:2), each such object being permanently identified by its corresponding port

number value.

The management-operations that can be performed on a Bridge Port managed object are Read Port
Parameters, Force Port State, and Set Port Parameters.

9.8.2.1< Read Port Parameters

9:8.2.1.1 Purpose

To obtain information regarding a specific port.
9.8.2.1.2 Inputs

Port Number—the number that identifies the LAN port or virtual port (9.4.2).
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2.8.2.1.3 Cutputs

a) Uptime—count in seconds of the time elapsed since the port was last reset or initialized.

b) State—the current state of the port (i.e., Disabled, Listening, Learning, Forwarding, or Blocking)
(714,754.12).

¢) Port Identifier—as defined in 7.5.4.1.1.
d) Path Cost (7.5.4.1.3).
e) _ Designated Root (7.5.4.1.4).

f)  Designated Cost (7.5.4.1.5).
g) Designated Bridge (7.5.4.1.6).

ignated Port (7.5.4.1.7).

i)  Topology Change Acknowledge (7.5.4.1.8).
The following output values are returned only for a subgroup port:

j)  Peer New Cluster Identifier (7.5.4.2.1).

k) Peer Old Cluster Identifier (7.5.4.2.2).
9.8.2.2 Force Port state

9.8.2.2.1 Purpose

To force the specified port into the Disabled state, or to re-enable or reset the port by forcing it into the
Blocking state.

9.8.2.2.2 Inputs

a) Port Number—the number that identifies the LAN port or virtual port.
b) State—either Disabled or Blocking (7.4, 7.5.4.1.2).

9.8.2.2.3 Outputs
None.
9.8.2.2.4 Behavior

If the selectedstdte is Disabled, the Disable Port procedure (7.8.3) is used for the specified port. If the
selected state’is Blocking, the Enable Port procedure (7.8.2) is used.

9.8.2.3-*Set Port Parameters

19.8.2.3.1 Purpose

To modify parameters for a port in order to control the configuration of the spanning tree.

90 Copyright © 1998 IEEE. All rights reserved.


https://standardsiso.com/api/?name=f5d93023960bcfbb358c020ed6f95fc6

ISO/IEC 15802-5 : 1998(E)
COMMON SPECIFICATIONS: REMOTE MAC BRIDGING ANSV/IEEE Std 802.1G, 1998 Edition

9.8.2.3.2 Inputs

a)  Port Number—the number that identifies the LAN port or virtual port.
b) Path Cost—the new value (7.5.4.1.3).

¢) Port Priority—the new value of the priority field of the port identifier (7.5.4.1.1).
9.8.2.3.3 Outputs

None.

9.8.2.3.4 Behavior

The Set Path Cost procedure (7.8.6) is used to set the Path Cost parameter for the specified poft-yThe Set
Port Priority procedure (7.8.5) is used to set the priority part of the port identifier to the suppliéd value.

9.8.3 Remote Bridge Group
A Remote Bridge Group managed object models the operations relating to operation of the Spanning Tree
Algorithm and cluster membership, for a given non-virtual-LAN remote bridge.group of which the remote

bridge is a member.

The management operations that can be performed on a Remote Bridge' Group managed object are Read
Group Parameters and Set Reclustering Delay.

9.8.3.1 Read Group Parameters

9.8.3.1.1 Purpose

To obtain information regarding the bridge’s view;0f a particular non-virtual-LAN group.
9.8.3.1.2 Inputs

Group Number—the number that identifies the group (9.4.3).

9.8.3.1.3 Outputs

a) Reclustering State (7.5.5.1).

b)  Current Cluster-Identifier (7.5.5.2).
¢) New Cluster Identifier (7.5.5.3).

d) Old'Cluster Identifier (7.5.5.4).

e) ~Reclustering Delay (7.5.5.5).

)¢~ Primary Reclustering Delay (7.5.5.6).

—9.8:3:2—Set Primmary Reclustering Detlay
9.8.3.2.1 Purpose

To modify the value of the Primary Reclustering Delay parameter.
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9.8.3.2.2 Inputs

a)  Group Number—the number that identifies the group (9.4.3).

b) Primary Reclustering Delay—the new value desired for the Primary Reclustering Delay parameter.
9.8.3.2.3 Outputs

None.

The input value for the reclustering delay is checked to be within the range specified in 7.10.5. If (ityis
outside that range, no modification of the group parameter values shall occur; otherwise, the Primary
Reclustering Delay parameter for the indicated group is set to the supplied value, and if the bridge is the
primary bridge for the group, the Reclustering Delay parameter for the group is also set to{the” supplied
value, adjusted if necessary for compliance with condition (2) specified in 7.10.5.

10. Management protocol
When the management facilities provided by a remote MAC bridge are realized’through the use of ISO/IEC

15802-2: 1995 or ISO 9596-1: 1991, that realization shall be as specified\for local MAC bridges in IEEE
Std 802.1j-1996, with the additions specified in 10.1 through 10.6.

10.1 Mapping of operations onto LMMS services
The operations on objects defined in Clause 9 are carried out by means of the LMMS services specified in

IEEE Std 802.1j-1996, with the additional mappings to the M-GET and M-SET LMMS services and
parameters specified in Tables 10-1 through 10-6:

Table 10-1—Mapping of bridge,management entity operations to LMMS services

Management operation

LMMS service element

Managed object class

Read Group

M-GET

Group

Set Group Name

M-SET

Group

Table 10-2—Mapping of bridge protocol entity operations to LMMS services

Management operation LMMS service element Managed object class
Read Group Parameters M-GET Group
Set Reclustering Delay M-SET Group
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Table 10-3—Mapping of Read Group operation parameters (see 9.4.3.1)

M-GET parameter name Req/Ind (operation inputs) Rsp/Conf (operation outputs)
Base object class Group —
Base object instance Name of Group managed object —
Scope Base object alone —
Filter Not required —_
Attribute identifier list Read Group attribute group name -—

Managed object class — Group
Managed object instance — Name of Group¢managed object
Attribute list — Names /,values of all attributes
that arednembers of the Read
Groupattribute group (10.5.11)

Table 10-4—Mapping of Set Group Name operation parameters (see 9.4.3.2)

M-SET parameter name Req/Ind (operation inputs)
Base object class Group
Base object instance Name of Group managed object
Scope Base object alone
Filter Not required
Modification list Group Name attribute name and
desired replacement value
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Table 10-5—Mapping of Read Group Parameters operation parameters (see 9.8.3.1)

M-GET parameter name

Req/Ind (operation inputs)

Rsp/Conf (operation outputs)

Base object class

Group

Base object instance

Name of Group managed object

Scope

Base object alone

Filter

Not required

Attribute identifier list

Read Group Parameters
attribute group name

Managed object class

Group,

Managed object instance

Name of Group managed object

Attribute list

Names, £ values of all attributes
that'are.members of the Read
Group Parameters attribute
group (10.5.12)

Table 10-6—Mapping of Set Reclustering Delay<operation parameters (see 9.8.3.2)

M-SET parameter name

Req/Ind (operation inputs)

Base object class

Group

Base object instance

Name of Group managed object

Scope

Base object alone

Filter

Not required

Modification list Primary Reclustering Delay
attribute name and desired

replacement value

10.2.Managed object containment structure

The containment structure specified in IEEE Std 802.1j-1996 applies to the managed objects for remote

bridges, with the following addition.

Zero or more Group managed objects are contained in each MAC Bridge DLE managed object. The Group
managed object models the manageable properties of a single group, other than a virtual LAN, to which a
remote bridge attaches. These entries are instantiated at initialization, and are not created or deleted
dynamically.
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Figure 10-1 shows the resulting managed object containment structure for a remote MAC bridge. Elements
indicated in the figure by dashed lines show the Data Link layer containment structure defined in ISO/IEC
10742: 1994.

1
\  DATALINK SUBSYSTEM !
|._____.._.__.._|_ ___________ |
1
ey A= to-mmmmm-- ottt '
1 v T
——mleen -l __.. —_——=Ll_o,
—-'-——--: 1 I"-'-—--': 1 P R |
1 X256, v MAC MAC , LLC &
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-------------- DLE P V&
— |
FILTERING PERMANENT
PORT GROUP DATABASE DATABASE
[ ' [ | ' —
SELECTIVE (STATIC) (DYNAMIC) (STATIC)
TRANSLATION DATABASE DATABASE DATABASE
TABLE ENTRY ENTRY ENTRY ENTRY

Figure 10-1—Managed object containment structure for a remote bridge

NOTE—The managed object classes defined in IEEE Std 802.1j-1996 are MAC Bridge DLE, Port, Selective
Translation Table Entry, Pepmanent Database, Filtering Database, and Database Entry. The MAC Bridge DLE
managed object combines tlié tharacteristics of the Bridge Configuration object (9.4.1) and the Bridge Protocol Entity|
object (9.8.1). A Port managed object combines the characteristics of the Port Configuration object (9.4.2), the Port]
Counters object (9.6.1), the Transmission Priority object (9.6.2), and the Bridge Port object (9.8.2). The Database Entry|
managed object conibines the characteristics of the Static Entry and Dynamic Entry objects (9.7.2, 9.7.3).

10.3 Additions to MAC Bridge DLE managed object class definition

10.3.1 Remote MAC Bridge conditional package definition

The following conditional package is defined for the MAC Bridge DLE managed object.
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pRemoteMACBridge PACKAGE
BEHAVIOUR
bRemoteMACBridge BEHAVIOUR
DEFINED AS !Present when a MAC bridge supports remote MAC bridging!

’

ATTRIBUTES

aBridgeNumVirtualLANs GET,
aBridgeNumNonVLANGroups GET,
aBridgeNumSubgroupPorts GET,
aBridgeVirtualPorts GET

REGISTERED AS {Bridge.package remoteMACBridge (0)};
10.3.2 Bridge Number of Virtual LANs attribute definition

hBridgeNumVirtualLANs ATTRIBUTE
WITH ATTRIBUTE SYNTAX Bridge.BridgeNumVirtual LANS ;
MATCHES FOR EQUALITY, ORDERING ;
BEHAVIOUR
bBridgeNumVirtualLANs BEHAVIOUR
DEFINED AS !See 9.4.12.3¢€). !

REGISTERED AS {Bridge.attribute bridgeNumVirtualLANs (52)J;
10.3.3 Bridge Number of Non-Virtual-LAN Groups attribute definition

hBridgeNumNonVLANGroups ATTRIBUTE
WITH ATTRIBUTE SYNTAX Bridge.BridgeNumNonVLANGroups ;
MATCHES FOR EQUALITY, ORDERING;
BEHAVIOUR
bBridgeNumNonVLANGroups BEHAVIOUR
DEFINED AS !See 9.4.1:2.34). !

REGISTERED AS {Bridge.attribute bridgeNumNonVLANGroups (53)};
10.3.4 Bridge Numberof Subgroup Ports attribute definition

nBridgeNumSubgroupPorts ATTRIBUTE
WITH ATTRIBUTE SYNTAX Bridge.BridgeNumSubgroupPorts ;
MATCHES FOR EQUALITY, ORDERING ;
BEHAVIOUR
bBridgeNumSubgroupPorts BEHAVIOUR
DEFINED AS !See 9.4.1.2.3 g). !

)

REGISTERED AS {Bridge.attribute bridgeNumSubgroupPorts (54)};
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10.3.5 Bridge Virtual Ports attribute definition

aBridgeVirtualPorts ATTRIBUTE
WITH ATTRIBUTE SYNTAX Bridge.BridgeVirtualPorts ;
MATCHES FOR EQUALITY;
BEHAVIOUR
bBridgeVirtualPorts BEHAVIOUR
DEFINED AS !See 9.4.1.2.3 h). !

’

REGISTERED AS {Bridge.attribute bridgeVirtualPorts (55)};

10.4 Additions to Port managed object class definition
10.4.1 Subgroup Port Parameters conditional package definition
The following conditional package is defined for the Port managed object.

pSubgroupPort PACKAGE
BEHAVIOUR
bSubgroupPort BEHAVIOUR
DEFINED AS !Present when the Port managed object is fora subgroup port!

ATTRIBUTES

aPeerNewClusterld GET;
aPeerOldClusterld GET

REGISTERED AS {Bridge.package subgroupPort(1)};
10.4.2 Peer New Cluster Identifier attribute definition

aPeerNewClusterld ATTRIBUTE
WITH ATTRIBUTE SYNTAX Bridge.ClusterIdentifier ;
MATCHES FOR EQUALITY, ORDERING ;
BEHAVIOUR
bPeerNewClusterld- BEHAVIOUR
DEFINEB.AS !See 9.8.2.1.3j),7.5.4.2.1. !

’

REGISTEREB _AS {Bridge.attribute peerNewClusterld (56)};
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10.4.3 Peer Old Cluster Identifier attribute definition

aPeerOldClusterld ATTRIBUTE
WITH ATTRIBUTE SYNTAX Bridge.ClusterIdentifier ;
MATCHES FOR EQUALITY, ORDERING ;
BEHAVIOUR
bPeerOldClusterld BEHAVIOUR
DEFINED AS !See 9.8.2.1.3k), 7.5.4.2.2.!

’

REGISTERED AS {Bridge.attribute peerOldClusterId (57)};
10.5 Group managed object class and attributes
10.5.1 Group managed object class definition
pbGroup MANAGED OBJECT CLASS
DERIVED FROM “ISO/IEC 10165-2":top;
CHARACTERIZED BY
pGroup PACKAGE
BEHAVIOUR
bGroup BEHAVIOUR
DEFINED AS !'The Group managed object class combines the
characteristics of the Group Configuration managed
object and:thé.Remote Bridge Group managed object,
as defined'in 9.4.3 and 9.8.3. !
ATTRIBUTES
aGroupNumber GET, -- Naming attribute
aGroupName GET-REPLACE,
aGroupVirtualPorts GET,
aReclusteringState GET,
aCurrentClusterIld GET,
aNewClusterId GET,
aOldClusterId GET,
aReclusteringDelay GET,
aPrimaryReclusteringDelay GET-REPLACE
ATTRIBUTE GROUPS
agReadGroup,
agReadGroupParameters
REGISTERED AS {Bridge.moClass group (6)};
nbGroup-MACBridgeDLE NAME BINDING

QIHR-ARPINATFRE- ORI A A oQ P A NI R A OO
DUDURUVIINATE UDJECU T ULASYS OUTOUp AIND SUDCLASSES,

NAMED BY SUPERIOR OBJECT CLASS oMACBridgeDLE AND SUBCLASSES;
WITH ATTRIBUTE aGroupNumber;
REGISTERED AS {Bridge.nameBinding group-MACBridgeDLE (8)};
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10.5.2 Group Number a
aGroupNumber ATTRIBUTE
WITH ATTRIBUTE SYNTAX Bridge.GroupNumber ;
MATCHES FOR EQUALITY, ORDERING ;
BEHAVIOUR
bGroupNumber BEHAVIOUR
DEFINED AS !See 9.4.3,9.4.3.1.2. !

)

REGISTERED AS {Bridge.attribute groupNumber (58)};
10.5.3 Group Name attribute definition

aGroupName ATTRIBUTE

WITH ATTRIBUTE SYNTAX Bridge.GroupName ;
MATCHES FOR EQUALITY

JA\S Ve W S U3 5§ NI B U AN B} Fup t % U U QN

BEHAVIOUR
bGroupName BEHAVIOUR
DEFINED AS !See 9.4.3.1.3 a). !

REGISTERED AS {Bridge.attribute groupName (59)};
10.5.4 Group Virtual Ports attribute definition

aGroupVirtualPorts ATTRIBUTE

WITH ATTRIBUTE SYNTAX Bridge.GroupVirtualPorts ;

MATCHES FOR EQUALITY ;
BEHAVIOUR
bGroupVirtualPorts BEHAVIOUR
DEFINED AS !See 9.4.3.1.3'b)” !

REGISTERED AS {Bridge.attribute groupVirtualPorts(60) };
10.5.5 Reclustering State attribute definition

aReclusteringState ATTRIBUTE
WITH ATTRIBUTE SYNTAX Bridge.ReclusteringState ;
MATCHESWFOR EQUALITY ;
BEHAVIOUR
bReclusteringState BEHAVIOUR
DEFINED AS !See 9.8.3.1.3 a), 7.5.5.1. !

’

PG DI IN A C (1 -1 PSS R 1 4 - Qeot oL 1N
REUTIS TERED AS TDITUET. Al TUUIC TULTUSTCT HTE ST AU Ty,
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10.5.6 Current Cluster Identifier attribute definition

aCurrentClusterld ATTRIBUTE
WITH ATTRIBUTE SYNTAX Bridge.ClusterIdentifier ;
MATCHES FOR EQUALITY ;
BEHAVIOUR
bCurrentClusterld BEHAVIOUR
DEFINED AS !See 9.8.3.1.3b), 7.5.5.2.!

REGISTERED AS {Bridge.attribute currentClusterId (62)};
10.5.7 New Cluster Identifier attribute definition

hNewClusterld ATTRIBUTE
WITH ATTRIBUTE SYNTAX Bridge.Clusterldentifier ;
MATCHES FOR EQUALITY ;
BEHAVIOUR
bNewClusterld BEHAVIOUR
DEFINED AS !See 9.8.3.1.3 ¢), 7.5.5.3."!

REGISTERED AS {Bridge.attribute newClusterld (63)};
10.5.8 Old Cluster Identifier attribute definition

AOldClusterld ATTRIBUTE
WITH ATTRIBUTE SYNTAX Bridge.Clusterldentifiet’;
MATCHES FOR EQUALITY ;
BEHAVIOUR
bOldClusterld BEHAVIOUR
DEFINED AS !See 9.8.3.1.3 d),@5.5.4. !

REGISTERED AS {Bridge.attribute oldClusterld (64)};
10.5.9 Reclustering Delay attribute definition

aReclusteringDelay ATTRIBUTE
WITH ATTRIBUTE SYNTAX Bridge.ReclusteringDelay ;
MATCHES FOR EQUALITY, ORDERING ;
BEHAVIOUR
bRéchusteringDelay BEHAVIOUR
DEFINED AS !See 9.8.3.1.3 e), 7.5.5.5. !

y

REGISTERED AS {Bridge.attribute reclusteringDelay(65)};
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10.5.10 Primary Reclustering Delay attribute definition

aPrimaryReclusteringDelay ATTRIBUTE
WITH ATTRIBUTE SYNTAX Bridge.ReclusteringDelay ;
MATCHES FOR EQUALITY, ORDERING ;
BEHAVIOUR
bPrimaryReclusteringDelay BEHAVIOUR

DEFINED AS !See 9.8.3.1.31),7.5.5.6. !

’

REGISTERED AS {Bridge.attribute primaryReclusteringDelay(66)};
10.5.11 Read Group attribute group definition

agReadGroup ATTRIBUTE GROUP
GROUP ELEMENTS
aGroupName,
aGroup VirtualPorts
IXED ;
DESCRIPTION !This attribute group is used in the mapping of the Read Group operation, as
defined in Table 10-3.!

oo

REGISTERED AS {Bridge.attributeGroup readGroup (8)};
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agReadGroupParameters ATTRIBUTE GROUP
GROUP ELEMENTS
aReclusteringState,
aCurrentClusterld,
aNewClusterId,
aOldClusterId,
aReclusteringDelay,
aPrimaryReclusteringDelay

FIXED ;
DESCRIPTION !This attribute group is used in the mapping of the Read Group Parameters
operation, as defined in Table 10-5.!

REGISTERED-AS' {Bridge.attributeGroup readGroupParameters (9)};
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10.6 ASN.1 definitions

The definitions of data types and data values given below are added to the Bridge ASN.1 module specified
in IEEE Std 802.1j-1996, resulting in version 2 of the module, as follows.

Bridge (iso(1) member-body(2) us(840) ieee802dot1D(10009) asn1Module(2) bridgeDefinitions(0)

version2(1))
DEFINITIONS ::= BEGIN
MPORTS
everything
FROM Bridge {iso(1) member-body(2) us(840) ieee802dot1D(10009) asn1Module(2)
bridgeDefinitions(0) version1(0)}
-- All definitions from IEEE Std 802.1j-1996
-- End of IMPORTS
BridgeNumVirtualLANs = INTEGER --  Range 0-255
BridgeNumNonVLANGroups ::= INTEGER -- Range 0-255
BridgeNumSubgroupPorts := INTEGER -- Range 0-255
BridgeVirtualPorts ::= SET OF { SEQUENCE { PortNumber,
GroupNumber,
VirtualPortType } }
ClusterIdentifier = SEQUENCE { ClusterIndex,
BridgeAddress' }
ClusterIndex := INTEGER --\*Range 0-65535
(GroupName := GraphicString ~- Max 32 characters
(GroupNumber := INTEGER --  Range 1-255
GroupVirtualPorts := SET OF { PortNumber }
ReclusteringDelay := INTEGER -- Units of 1/256 seconds
ReclusteringState .= INTEGER { Stable (0),
Reclustering (1),
Overlap (2) }
VirtualPortType = INTEGER { VLANport (0),
IndVirtPort (1),
MultipeerVirtPort (2),
Dummy VirtPort (3) }
END
11. Performance
The performance parameters spe01f1ed in ISO/IEC 10038: 1993 for local brldges apply also to remote

Rate for the remote brldge)
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12. The Extended Spanning Tree Protocol

12.1 Introduction
This clause specifies an optional protocol that may be used by a set of remote bridges, to support the
Spanning Tree Algorithm over one or more remote bridge groups. The protocol is a straightforward

extension of the Spanning Tree Protocol for use on LANS, specified in ISO/IEC 10038: 1993.

The specification makes use of the definitions of the logical protocol parameters, contained in 7.5.

Much of the protocol is specified by reference to the specification in ISO/IEC 10038: 1993 for logal
bridges. When provisions of ISO/IEC 10038: 1993 are invoked in this way, references in them to
parameters and elements of procedure are to be interpreted as referring in the first instance.to the
corresponding specifications in this International Standard, rather than to those in ISO/IEC (10038: 1993
itself.

Where the phrase “extended for designated virtual ports” is used, this means that there is'a reference in the
ISO/IEC 10038: 1993 text to the designated port for the LAN to which a (LAN) port is attached; when
applied to a virtual port, that reference shall be taken to mean a virtual port-whese spanning tree role is
designated port.

NOTE—Where a remote bridge attaches to a virtual LAN, the remote bridge!s)operation of the Extended Spanning
Tree Protocol is precisely equivalent to operation of the Spanning Tree Protetol as specified in ISO/IEC 10038: 1993,
with virtual ports included on an equal basis with LAN ports. The additional parameters and elements of procedure
specific to the Extended Spanning Tree Protocol are not required,.sinice they are defined to enable the protocol to
support the more general interconnection configurations where remote bridges attach to groups by multiple virtual
ports. The only extension of the Spanning Tree Protocol in this case s its application to virtual LAN ports as well as to
LAN ports.

12.2 Bridge-protocol support in remote bridge groups

Specification of detailed mechanisms for support of the Extended Spanning Tree Protocol over specific
non-LAN communications technologies is outside the scope of this International Standard. Such
mechanisms shall provide the subfietwork service defined in 12.2.1, in accordance with the connectivity
requirement specified in 12.2.2,

Transmission and reception'of BPDUs are mapped to the subnetwork service as specified in 12.2.3.

12.2.1 RB-Protocol-Subnetwork Service

The service to“be provided within a group in order to support the Extended Spanning Tree Protocol is an
unacknowledgéd connectionless-mode service, operating in broadcast mode within each subgroup, as

follows¢

12.2.1.1 Primitives and parameters

The primitives and parameters that describe the KB-PTotocol Subnetwork Service are
RBP-UNITDATA request ( destination_RB_address,

source_RB_address,
RBP_service_data_unit )
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RBP-UNITDATA indication ( destination_RB_address,
source_RB_address,
RBP_service_data_unit )

The destination_RB_address parameter in an RBP-UNITDATA request issued at a virtual port identifies all
bridges in the subgroup to which the requesting virtual port belongs.

The source_RB_address parameter in an RBP-UNITDATA request identifies the remote bridge at which
the primitive is issued.

The RBP_service_data_unit parameter in an RBP-UNITDATA request is a sequence of four or morg
octets.

An RBP-UNITDATA request results in one corresponding RBP-UNITDATA indication primitivé-at-each
other remote bridge in the same subgroup, subject to a small probability of loss (see 12.21)2.2). The
indication primitives occur at the peer virtual ports of the requesting virtual port, except possibly at (some
or all) peer ports that are disabled.

The parameters of each corresponding RBP-UNITDATA indication primitive take the Same values as those
in the original RBP-UNITDATA request primitive.

No corresponding RBP-UNITDATA indication primitive occurs at any virtual port attached to a different
subgroup, or to a different group.

NOTES

1—This last characteristic is essential for correct operation of the’Extended Spanning Tree Protocol. Propagation of
BPDUs has to be confined to a single subgroup, in the same waythat it is confined to a single LAN for the Spanning
Tree Protocol of ISO/IEC 10038: 1993.

2—Whether or not a protocol providing this service negds to convey explicit information in support of the subgroup-
addressing requirements will depend upon the characteristics of the group’s supporting communications capabilities. In
the case of a group consisting of two bridges and,.4 point-to-point link, addressing can be entirely implicit. In the case
of a network supporting several groups, it could well be necessary to convey group or subgroup identification
information in PDUs supporting this servide;'in order to ensure correct occurrence of corresponding indication
primitives.

12.2.1.2 Quality of service(QOS)

NOTE—The QOS specified here relates only to the conveyance of BPDUs of the Extended Spanning Tree Protocol. It
is independent of the QOS\requirements for relaying, specified in 8.2.

12.2.1.2.1 Misordering and duplication

The subnetwork service does not misorder or duplicate information transferred between a given pair of
remote bridges (i.e., the order of a sequence of RBP-UNITDATA indication primitives at a virtual port, all
of whiech have the same source_RB_address, is the same as the order of the corresponding request
primitives). The definition in 12.2.1.1 of the occurrence of RBP-UNITDATA indication primitives

12.2.1.2.2 Loss

The probability that a corresponding RBP-UNITDATA indication will not occur after an RBP-
UNITDATA request shall not be higher than 0.005.
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12.2.1.2.3 Undetected error rate

~is

The probability that the parameters of an RBP-UNITDATA indication differ from those of the

corresponding RBP-UNITDATA request shall not exceed 1.5 x 10-5 for an RBP_service_data_unit iength
of 54 octets.

NOTE—This probability can be assured, for example, by use of a 16-bit cyclic redundancy check, or by use of a pair of
modulo-255 checksum octets calculated as specified in ISO/IEC 8473-1: 19944 or ISO/IEC 8073: 1992.5

12.2.1.2.4 Transit delay

The transit delay of the subnetwork service is the mean elapsed time between an RBP-UNITDATA reduest

and any corresponding RBP-UNITDATA indication. This is used in assigning an effective bridge count to
the group as specified in 7.10.3.

12.2.1.2.5 Throughput

The subnetwork service is required to support a mean throughput at any virtual port of the order of at most

440 (n—1) bit/s
of RBP_service_data_units where there are n remote bridges in the group. The requirement is likely to be
substantially less than that in many practical configurations.

NOTE—See C.12.2 for discussion of this requirement.

12.2.1.2.6 SDU size

The subnetwork service is required to support transfer of RBP_service_data_units of size up to 54 octets.
12.2.2 Group connectivity requirement

The set of active bridges in any group shall be fully connected with respect to provision of the RB-Protocol
Subnetwork Service (i.e., any activebridge in the group shall be able to communicate via the subnetwork
service with each of the other remote’ bridges in the group, via the virtual port attaching to the appropriate
subgroup). A bridge is definedito be active in a group if the virtual ports attaching it to the group are not
disabled.

The connectivity représented in this way for the RB-Protocol Subnetwork Service shall reflect the relaying
connectivity, as in“8)I. Where a group is partitioned into multiple clusters (including isolated remote
bridges), the RB“Protocol Subnetwork Service is only required to reflect the potential connectivity between
remote bridges'belonging to different clusters in the group. This potential connectivity would be realized in
the event that a reconfiguration and consequent reclustering called for establishment of relaying between
previously separated bridges.

Failure to maintain the full RB-Protocol Subnetwork Service connectivity shall result in one or more of the
remote bridges ceasing to be active (as defined above), so that any remaining active remote bridges form a

fully connected set.

4ISO/IEC 8473-1: 1994, Information technology—Protocol for providing the connectionless-mode network service: Protocol
specification.

SISO/IEC 8073: 1992, Information technology—Telecommunications and information exchange between systems—Open Systems
Interconnection—Protocol for providing the connection-mode transport service.
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In the event of such a failure, the remote bridges of a group may be divided into two or more subsets, each
operating as a separate group, provided that each of those new groups satisfies the connectivity
requirement.

Each remote bridge shall detect connectivity failure within a stated maximum time; it is recommended that
this time be the current Max Age value.

12.2.3 Mapping of BPDU transfer to the RB-Protocol Subnetwork Service

Each BPDU is conveyed across the group as the complete RBP_service_data_unit parameter of an RBP-

UNITDATA request and, hence, of the corresponding RBP-UNITDATA indication primitive(s).

12.3 Protocol parameters and timers

l

'he logical information in configuration messages and topology change notifications (7,54137.5.2) is
ansferred between the bridge protocol entities of individual bridges in the concrete form ¢fBPDUs. This
ubclause specifies (12.3.1, 12.3.2) how those parameters are conveyed in the two corresponding types of
PDUs: Configuration BPDUs and Topology Change Notification BPDUs. The\encoding of these
arameters and additional information elements in BPDUs is specified in 12.4 and 12.5.

ach bridge protocol entity maintains the remote bridge parameters, port parameters, and remote bridge
roup parameters specified in 7.5.3, 7.5.4, and 7.5.5, respectively. The-Specification of the Extended
panning Tree Protocol makes use of some additional parameters, and of a number of timers for the remote
ridge and for each port. The parameters and timers are specified in2.3.3 through 12.3.8.

2.3.1 Parameters of Configuration BPDUs

he parameters contained in Configuration BPDUs transmitted and received at LAN ports and virtual LAN
orts are those specified in 7.5.1.1 through 7.5.1.8for configuration messages. Configuration BPDUs
ansmitted and received at virtual LAN ports may-also contain parameters specified in 7.5.1.9 through
.5.1.11. The parameters contained in Configuration BPDUs transmitted and received at subgroup ports are
ose specified in 7.5.1.1 through 7.5.1.11.

12.3.2 Parameters of Topology Change Notification BPDUs

Topology Change Notification BRDUs transmitted and received at LAN ports and virtual LAN ports do not
have any parameters. Topology’Change Notification BPDUs transmitted and received at subgroup ports
ghall have the parameterg-specified in 12.3.2.1 through 12.3.2.4.

12.3.2.1 Cluster ddentifier

The Cluster Identifier parameter is as specified in 7.5.2.1.

2.3.2.2Originating Bridge Identifier

The Originating Bridge Identifier parameter takes as its value the unique bridge identifier of the bridge that

detected the topology change that originally gave rise to this notification. This parameter is absent, or takes
the null bridge identifier value, when that information is not available.
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12.3.2.3 Port Identifier

When a non-null Originating Bridge Identifier is present, the Port Identifier parameter shall be present, and
takes the value of the port identifier for the port whose change of state to Forwarding or Blocking gave rise
to this notification; otherwise, this parameter is not significant.

12.3.2.4 Reason

When a significant Port Identifier parameter is present, the Reason parameter shall be present, and indicates
the reason for the notification associated with the port’s change of state. Values are from the set

—  Port state Forwarding

— Port state Blocking, condition unspecified
—  Port state Blocking, spanning tree

—  Port state Blocking, isolated remote bridge
—  Port state Blocking, partitioned cluster

— Port state Blocking, management reset

where the new state of the port is identified in the value.
12.3.3 Remote bridge parameters

The parameters that describe a remote bridge operating the Extended Spanning Tree Protocol are those
specified in 7.5.3, with no additions.

12.3.4 Remote bridge timers

12.3.4.1 Hello Timer

The Hello Timer serves to ensure periodic tran$mission of configuration message information by the
remote bridge when it is, or is attempting to be¢ome, the root. The timeout value of the timer is that of the
bridge’s Bridge Hello Time parameter.

12.3.4.2 Topology Change Notification Timer

The Topology Change Notification Timer serves to ensure that the designated bridge on the LAN or cluster
to which the bridge’s root port is attached is notified of any detected topology change. The timeout value of
the timer is that of the bridge’s Bridge Hello Time parameter.

12.3.4.3 Topology Change Timer

The Topology ‘Change Timer serves to determine the time period for which the remote bridge transmits
Configuration BPDUs with the Topology Change flag set, following the detection of a topology change,

when it§s the root. The timeout value of the timer is that of the bridge’s Topology Change Time parameter.

12.3.5 Port parameters

The parameters that describe a LAN port or virtual port of a remote bridge operating the Extended
Spanning Tree Protocol are as specified in 7.5.4, with the additional Configuration Pending parameter as
specified in 12.3.5.1.
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12.3.5.1 Configuration Pending
The Configuration Pending parameter is a Boolean parameter, which is set to record that a Configuration
BPDU is to be transmitted on expiry of the Hold Timer for the port. This parameter is used, in conjunction

with the Hold Timer for the port, to ensure that Configuration BPDUs are not transmitted too frequently,
but that up-to-date information is transmitted.

12.3.6 Port timers

12.3.6.1 _Message Age Timer

The Message Age Timer serves to measure the age of the received configuration message information
lecorded for a root port or alternate port, and to ensure that this information is discarded when its, age
bxceeds the value of the Max Age parameter recorded by the remote bridge. The timeout value of this, timer
s that of the bridge’s Max Age parameter.

[12.3.6.2 Forward Delay Timer

The Forward Delay Timer determines the time spent by a port in the Listening and-I-€arning states. The
limeout value of this timer is that of the bridge’s Forward Delay parameter.

12.3.6.3 Hold Timer

The Hold Timer serves to ensure that Configuration BPDUs are not transmitted too frequently through any
port. The timeout value of this timer is that of the bridge’s Hold Time parameter.

12.3.7 Remote bridge group parameters

The parameters that describe a remote bridge group, other than a virtual LAN, over which the Extended
Spanning Tree Protocol is operated are those specified'in 7.5.5, with no additions. A virtual LAN requires
no parameters at a bridge additional to those for.the virtual port by which the bridge attaches to the virtual
LAN.

12.3.8 Reclustering Delay Timer
There is one Reclustering Delay Timer for each remote bridge group that is not a virtual LAN. The timer

implements the reclustering peried, and also the overlap period that follows a reclustering period (7.3.8).
The timeout value for each period is the value of the bridge’s Reclustering Delay parameter for the group.

12.4 Encodingof BPDUs on LANs

A remote bridge-that operates the Extended Spanning Tree Protocol over its virtual ports shall encode
BPDUs transtitted on its LAN ports, and validate BPDUs received on its LAN ports, as specified in ISO/
[EC 10038:71993.
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12.5 Encoding of Extended Spanning Tree Protocol BPDUs in remote bridge
groups

NOTE—The Extended Spanning Tree Protocol specified here is identified as version 1 of the Spanning Tree Protocol,
where the basic Spanning Tree Protocol (specified for LANs in ISO/IEC 10038: 1993) is identified as version 0. The
encoding specified for BPDUs of the Extended Spanning Tree Protocol is a compatible extension of the encoding
specified for BPDUs in ISO/IEC 10038: 1993, using the same value of protocol identifier but a different value of
protocol version identifier. In a virtual LAN, version 0 BPDUs can be used, encoded exactly as specified in ISO/IEC
10038: 1993; see 12.5.1.3 of this International Standard.

—12.5.1 BPDU structure

12.5.1.1 Transmission and representation of octets

All BPDUs shall contain an integral number of octets. The octets in a BPDU are numbered starting from 1
and increasing in the order in which they occur in an RBP_service_data_unit parameter (see12:2.1.1). The
bits in an octet are numbered from 1 to 8, where bit 1 is the low-order bit.

When consecutive octets are used to represent a binary number, the lowest-numbered octet has the most
significant value.

When octet values are represented as sequences of bits in 12.5.2 and 12.5.37the bits within each octet are
shown with bit 8 to the left and bit 1 to the right (grouped in fours to improve legibility).

12.5.1.2 BPDU components
Each BPDU of the Extended Spanning Tree Protocol shall consist of, in order

— A BPDU header

— A set of version 0 BPDU parameters
— A version 1 parameter-length indicator
— A set of version 1 BPDU parameters

12.5.1.2.1 BPDU headers

Each BPDU header contains a protocol identifier, a protocol version identifier, and a BPDU type.

The protocol identifier value is encoded in the initial octets of each BPDU, and is that specified by ISO/IEC
10038: 1993 for use by bridge protocol entities operating the Spanning Tree Algorithm and Protocol. This
International Standard.places no further restriction on the structure, encoding, or use of BPDUs with

different values of-the‘protocol identifier, should these be specified by other standard protocols.

The protocol version identifier distinguishes BPDUs of the Extended Spanning Tree Protocol, version 1,
from those 'of the basic Spanning Tree Protocol, version 0.

The'BPDU type takes the same values as specified in ISO/IEC 10038: 1993, and determines the parameters
that'the BPDU can contain.
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12.5.1.2.2 Version 0 BPDU parameters

For each BPDU type, the version 0 parameters are exactly the parameters specified for that BPDU type in
ISO/IEC 10038: 1993, encoded in the same way.

NOTE—In particular, the set of version O parameters for a given BPDU type consists of a fixed number of parameters,
occurring in a fixed order and each of fixed length.

12.5.1.2.3 Version 1 parameter length

mmediately Tollowing the version U parameiers, each BPDU contains an indicator ol the Iengih in octets of
he set of version 1 parameters present.

NOTE—Use of this explicit length serves two functions:

a) It provides for the future specification of further extensions of the protocol, as further new versions; with the
flexibility for such versions either to include the version 1 parameters in the same way as verSion 1 includes
the version 0 parameters, or to add new parameters directly to the version O set; in the latter case, use of a
version 1 parameter length of zero would be all that was required in order to maifitain compatibility of
encoding.

b) It provides for some of the version 1 parameters to be optionally present,-accerding to the needs of the
transmitting bridge protocol entity.

12.5.1.2.4 Version 1 parameters

[he set of version 1 parameters that can be present is determined by the BPDU type of each BPDU. Each
barameter is encoded in one or more octets and is of fixed length. The order of occurrence of the version 1
pbarameters in each given type of BPDU is fixed; parameters,may be omitted from the end of the set, with
efault values applying, as specified in 12.5.3.

12.5.1.3 BPDUs in virtual LANs

BPDUs transmitted through a virtual LAN pert may be structured as specified above, or they may be
tructured as specified in ISO/IEC 100381993, with protocol version identifier for version 0 and without
he version 1 parameter length and parameters. When version 1 BPDUs are transmitted through a virtual
AN port, the version 1 parameters are set to default values as specified in 12.6.1.3 ¢) and 12.6.6.3 c).

12.5.2 Encoding of parameter types
12.5.2.1 Encoding of parameter types common to version 0 and version 1

I'he following BPDU header elements and version O parameters are encoded as specified in ISO/IEC
0038: 1993,

—  Protocol identifiers

— «Protocol version identifiers
=\, 'BPDU types

— Flags

— Bridge identifiers
— Root path cost
— Port identifiers
—  Timer values

The bridge identifier null value shall be encoded as eight octets, each assigned the value 0000 0000.
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12.5.2.2 Encoding of cluster identifiers

A cluster identifier shall be encoded as a sequence of eight octets. The null cluster identifier is encoded as
eight octets each assigned the value 0000 0000. Otherwise, the first two octets encode the cluster index,
considered as a 16-bit binary number; the remaining six octets encode the globally unique bridge address,
in exactly the same way as for a bridge identifier.

12.5.2.3 Encoding of topology change notification reasons

A reason value for a topology change notification shall be encoded as a single octet, according to

Table 12-1.

Table 12-1—Encoding of reasons for topology change notifications

Reason value Octet encoding
Port state became Forwarding 0000 1000
Port state became Blocking, condition unspecified 00000111
Port state became Blocking, spanning tree 0000,'0010
Port state became Blocking, isolated remote bridge 0000 0011
Port state became Blocking, partitioned cluster 0000 0100
Port state became Blocking, management reset 0000 0101

12.5.3 Formats and parameters for BPDUs of the Extended Spanning Tree Protocol
12.5.3.1 Format and parameters of Configuration BPDUs

The format of the Configuration BPDU is shown in Figure 12-1. Each transmitted Configuration BPDU
shall contain the following parameters (7.5.1)and no others:

a) The protocol identifier is encoded in octets 1 and 2 of the BPDU as specified in ISO/IEC 10038:
1993.

b) The protocol version identifier is encoded in octet 3 of the BPDU. It takes the value 0000 0001,
which identifies the protocol version as the Extended Spanning Tree Protocol.

¢) The BPDU typé€ is encoded in octet 4 of the BPDU as specified in ISO/IEC 10038: 1993.

d) The Topology’Change Acknowledgment flag, Topology Change flag, Root Identifier, Root Path
Cost, Bfidge Identifier, Port Identifier, Message Age, Max Age, Hello Time, and Forward Delay
parafaéters (7.5.1.1 through 7.5.1.8) are encoded in octets 4 through 35 of the BPDU as specified in
ISO/IEC 10038: 1993.

e)e“The version 1 parameter length is encoded in octet 36 of the BPDU. It takes the value 18 or 10,
depending upon whether or not the Old Cluster Identifier parameter is present.
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g)  The Reclustering Delay (7.5.1.11) is encoded in octets 45 and 46 of the BPDU.

h) The Old Cluster Identifier (7.5.1.10), when present, is encoded in octets 47 through 54 of the
BPDU. Absence of this parameter from the BPDU (version 1 parameter length equal to 10)
indicates that its value is equal to the value of the New Cluster Identifier parameter.
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Octet
Protocol identifier ;
Protocol version identifier 3
BPDU type 4
Flags 5
6
Root Identifier |
|
13
14
Root Path Cost |
17
18
Bridge Identifier I
|
25
o 26
Port Identifier 7
28
Message Age 29
30
Max Age N
. 32
T
Hello Time 33
34
Forward Delay 35
Version 1 parametertength 36
37
New Cluster Identifier |
|
44
. 45
Reclustering Delay 46
47
Old Cluster Identifier * |
|
54

* Optionaly when value equal to that of the New Cluster Identifier parameter.

Figure 12-1—Configuration BPDU parameters and format
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12.5.3.2 Format and parameters of Topology Change Notification BPDUs
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Topoiogy Change Noiification BPDU shail coniain the following parameiers {
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in octet 3 of the BPDU. It takes the value 0000 0001
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which identifies the protoco

<

ersion as the Extended Spanning Tree Protocol.

c¢) The BPDU type is encoded in octet 4 of the BPDU as specified in ISO/IEC 10038: 1993.

d) The version 1 parameter length is encoded in octet 5 of the BPDU. It takes the value 19, if’the
parameters f) through h) are present, and the value 8 otherwise.

e) The Cluster Identifier (7.5.2.1) is encoded in octets 6 through 13 of the BPDU.

f)  The Originating Bridge Identifier (12.3.2.2), when present, is encoded in octetsVI4 through 21 of
the BPDU. Absence of this parameter from the BPDU (version 1 parameter length equal to 8)
indicates that its value is equal to the null value.

g)  The Port Identifier (12.3.2.3), when present, is encoded in octets 22 and 23 of the BPDU. The value
of this parameter is not significant if the Originating Bridge Identifiér is present but has the null
value.

h) The Reason (12.3.2.4), when present, is encoded in octet 24.0f the BPDU. This parameter shall be
present if the Originating Bridge Identifier is present; its)value is not significant if the Originating
Bridge Identifier is present but has the null value.

Octet
Protocol-identifier ;
Protocel\version identifier 3
BPDU type 4
Version 1 parameter length 5
6
Cluster Identifier |
|
13
14
Originating Bridge Identifier * I
|
21
Port Identifier * 22
23
Reason * 24

* Optional, as a set—either all three parameters are present, or none is present

Figure 12-2—Topology Change Notification BPDU parameters and format
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12.5.4 Validation of received BPDUs

A bridge protocol entity that operates the Extended Spanning Tree Protocol shall process a BPDU received
MNDIMTT 144 ..l 1 }

on a virtual port as specified in 12.7 if and only if the BPDU contains at least four octets and the protoco
identifier has the value specified for BPDUs, and

a)  The protocol version identifier has the value 0000 0001, the BPDU type denotes a Configuration
BPDU, and the BPDU contains either

— at least 46 octets with the version 1 parameter length value equal to 10, or

— at least 54 octets with the version 1 parameter length value equal to 18; or

b) The protocol version identifier has the value 0000 0001, the BPDU type denotes a Topelogy
Change Notification BPDU, and the BPDU contains

— atleast 13 octets with the version 1 parameter length value equal to 8, or
— at least 24 octets with the version 1 parameter length value equal to 19; or

— at least 46 octets with the version 1 parameter length value equal to 10, or
— at least 54 octets with the version 1 parameter length value equal to 18; or

d) The protocol version identifier has a value other than 0600“0000 or 0000 0001, the BPDU type
denotes a Topology Change Notification BPDU, and the.BPDU contains

— at least 13 octets with the version 1 parameterlength value equal to 8, or
—  at least 24 octets with the version 1 parameter length value equal to 19; or

e) The protocol version identifier has any octet value other than 0000 0001, the BPDU type denotes a
Configuration BPDU, the receiving pért is a virtual LAN port, and the BPDU contains at least 35
octets; or

f)  The protocol version identifier-has any octet value other than 0000 0001, the BPDU type denotes a
Topology Change Notification BPDU, and the receiving port is a virtual LAN port.

In cases a) through d), any_octets that are present beyond the last parameter indicated by the version 1
parameter length valu€ aré ignored, as far as processing according to this International Standard is
concerned. In casess€)and f), any octets that are present beyond octet 35 or octet 4, respectively, are
similarly ignored-

In cases a) thirough d) when the receiving virtual port is a virtual LAN port, the values in the Version 1
parameter fields are ignored, and are not checked for consistency with the default information.

126 Elements of procedure

The elements of procedure specified in this subclause apply to a bridge protocol entity’s operation both of
the Spanning Tree Protocol through LAN ports and of the Extended Spanning Tree Protocol through virtual
ports. These elements of procedure do not apply to any port with port state set to Disabled.
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12.6.1 Transmit Configuration BPDU

12.6.1.1 Purpose

To convey knowledge of the designated root, root path cost, designated bridge, designated port, and the
values of protocol timers to other bridge ports attached to the same LAN or subgroup as the port on which
the Configuration BPDU is transmitted; also, for virtual ports, to convey knowledge of the transmitting
bridge’s cluster membership.

12.6.1.2 Use

As specified in ISO/IEC 10038: 1993.

12.6.1.3 Procedure

a) For a LAN port, or if the Hold Timer for a virtual port is active, the procedure, i§}as’specified in
ISO/IEC 10038: 1993.

b)  Otherwise, for a virtual port for which the Hold Timer is not active

1)

2)

3)

A Configuration BPDU shall be transmitted through the yiftual port within a time of
maximum BPDU transmission delay (as specified in ISO/IEC 10038: 1993) after any
invocation of this procedure.

The Configuration Pending and Topology Change Acknowledge flag parameters for the
virtual port are reset.

The Hold Timer for the virtual port is started.

¢) The Configuration BPDU transmitted through+<awirtual port shall have parameters set as follows:

1)

2)

3)

4)

The Configuration BPDU’s Root Identifier, Root Path Cost, Bridge Identifier, Port Identifier,
Message Age, Max Age, Hello Time, Forward Delay, Topology Change Acknowledgment,
and Topology Change parametérs shall be set as specified in ISO/IEC 10038: 1993.

If the Configuration BPDUsis to be transmitted through a virtual LAN port, the transmitted
BPDU may be a versién 0 BPDU (see 12.5.1.3). Alternatively, it may be be a version 1 BPDU
with parameters as_in.3) through 5) below, using default values for the group parameters as
follows:

i)  The valué for each cluster identifier parameter is constructed from the bridge’s bridge
address and a cluster index of zero.
ii) The’Reclustering Delay value is zero.

The) Configuration BPDU’s New Cluster Identifier parameter shall be set to the value of the
New Cluster Identifier parameter for the group to which the virtual port attaches.

The Configuration BPDU’s Old Cluster Identifier parameter shall be set to

i)  The value of the Old Cluster Identifier parameter for the group to which the virtual port
attaches, if the bridge is the primary bridge for the cluster, and otherwise to

5)

ii) The value of the Peer OId Cluster Identifier parameter for the root port.

The Configuration BPDU’s Reclustering Delay parameter shall be set to the value of the
Reclustering Delay parameter for the group to which the virtual port attaches.
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12.6.2 Record configuration information
12.6.2.1 Purpose

As specified in ISO/IEC 10038: 1993.
12.6.2.2 Use

As specified in ISO/IEC 10038: 1993.

12.6.2.3 Procedure

As specified in ISO/IEC 10038: 1993; in addition, for a subgroup port, the Peer New Cluster Identifier and
Peer Old Cluster Identifier parameters are set to the values, respectively, of the New Cluster Identifier and
DI1d Cluster Identifier parameters conveyed in the received Configuration BPDU.

12.6.3 Record configuration timeout values

12.6.3.1 Purpose

As specified in ISO/IEC 10038: 1993.

12.6.3.2 Use

As specified in ISO/IEC 10038: 1993.

12.6.3.3 Procedure

As specified in ISO/IEC 10038: 1993; in addition, for a-subgroup port, the Reclustering Delay parameter
for the group to which the port attaches is set to the-value of the Reclustering Delay parameter conveyed in
the received Configuration BPDU.

12.6.4 Configuration BPDU generation

12.6.4.1 Purpose

To convey, to bridges attached\to'each LAN and subgroup for which the bridge is the designated bridge,
[knowledge of the designated 1o0t, root path cost, designated bridge, and designated port, and the values of
protocol timers. In addition to convey, to remote bridges attached to each subgroup in which the bridge is a
designated bridge, knowledge of the bridge’s cluster membership within the relevant group.

12.6.4.2 Use

As specified in ISO/IEC 10038: 1993.

12:6.4.3 Procedure

As specified in ISO/IEC 10038: 1993, extended for designated virtual ports.
12.6.5 Reply to Configuration BPDU

As specified in ISO/IEC 10038: 1993, extended for designated virtual ports.
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12.6.6 Transmit Topology Change Notification BPDU
12.6.6.1 Purpose

As specified in ISO/IEC 10038: 1993.

12.6.6.2 Use

As specified in ISO/IEC 10038: 1993.

12.6.6.3 Procedure

A Topology Change Notification BPDU shall be transmitted via the root port within a time of maximum
BPDU transmission delay. (See 4.10.2 of ISO/IEC 10038: 1993.)
a)  If the root port is a LAN port, the transmitted BPDU has no parameters (7.5.2).

b) If the root port is a virtual LAN port, the BPDU may be a version 0 BPDU ‘with no parameters
(12.5.1.3), or it may be a version 1 BPDU with parameters as in c) and d).

c) If the root port is a subgroup port, the Cluster Identifier parameter of-the ‘transmitted BPDU takes
the value of the Current Cluster Identifier for the group to which the’port attaches. If the root port is
a virtual LAN port, the Cluster Identifier parameter takes the default value constructed from the
bridge address component of the port’s Designated Bridge parameter and a cluster index value of
ZEero.

d) The Originating Bridge Identifier, Port Identifier, and-Reason parameters may be omitted, or
equivalently set to null values, or they may be set«0 'values indicating the cause of the topology
change notification.

12.6.7 Configuration update

12.6.7.1 Purpose

As specified in ISO/IEC 10038: 1993:

12.6.7.2 Use

As specified in ISO/IEC 10038: 1993, extended for designated virtual ports.

12.6.7.3 Procedure

As specified _in ISO/IEC 10038: 1993; in addition, the procedure for cluster selection (12.6.17) shall be
used to deteraiine the cluster membership for each non-virtual-LAN group.

12.6:8-Root selection

As specified in ISO/IEC 10038: 1993, extended for designated virtual ports, and with the reference to “the

bridge identiffer recorded asthe desigmated-bridge for the EANto-which it Tsattached ™ Tmterpretedfor =
virtual port as “the bridge identifier recorded as the designated bridge by the virtual port.”

12.6.9 Designated port selection

As specified in ISO/IEC 10038: 1993, extended for designated virtual ports.
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As specified in ISO/IEC 10038: 1993, extended for designated virtual ports.
12.6.11 Port state selection
12.6.11.1 Purpose

,J:-,J_
1

To select the relaying state of each of the remote bridge’
information that indicates, for each port, its role in the activ
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NOTE—This procedure does not alter the relaying state for any subgroup ports attaching to a
h reciustering delay when the procedure is invoked. Port states are bCIELlCC'l at the end of
12.6.19 and 12.6.20.

12.6.11.2 Use

As specified in ISO/IEC 10038: 1993.

12.6.11.3 Procedure

For each of the bridge’s LAN ports and virtual LAN ports, and for eaph of its subgroup ports that attaches
to a group for which the Reclustering State parameter is set to Stable or Overlap:

a) If the port is a LAN port or a virtual LAN port, or a subgroup port that is a root port or designated
port, the procedure is as specified in ISO/IEC 10038; 1993 extended for designated virtual ports.

b)  Otherwise (when the port is a subgroup port that'has been selected as an alternate port)

1) The Configuration Pending flag parameter and the Topology Change Acknowledge flag
parameter for the port are reset.

2) If

i)  Each other virtual porpattaching to the same group has also been selected as an alternate
port, or
ii) The port is ansisolated alternate subgroup port as determined by 7.6.8,

then the make(blocking procedure (12.6.13) is used for the port, and otherwise—when neither
i) nor ii) holds—the make forwarding procedure (12.6.12) is used for the port.

12.6.12 Make forwarding
As specifiediin’ ISO/IEC 10038: 1993.

12.6.13. Make blocking

As.specified in ISO/IEC 10038: 1993.

12.6.14 Topology change detection
12.6.14.1 Purpose

As specified in ISO/IEC 10038: 1993.
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12.6.14.2 Use
a)  On receipt of a Topology Change Notification BPDU on a port that is the designated port for the
LAN or subgroup to which it is attached.

b) When a bridge port is put into the Forwarding state following expiry of the Forward Delay Timer
for the port, provided that the remote bridge has at least one port that is the designated port for a
LAN or subgroup.

c) When a bridge port in either the Forwarding or Learning state is put into the Blocking state.

AN Whan tha hetdoa hanamac tha rant
oeSthe oot

1} vV e tnCorTagCoto

12.6.14.3 Procedure

As specified in ISO/IEC 10038: 1993.

12.6.15 Topology change acknowledged
12.6.15.1 Purpose

As specified in ISO/IEC 10038: 1993.
12.6.15.2 Use

Following receipt on the root port of a Configuration BPDU witlf.the Topology Change Acknowledgment
flag parameter set, from the bridge recorded as the designated bridge for the root port.

12.6.15.3 Procedure

As specified in ISO/IEC 10038: 1993.

12.6.16 Acknowledge topology change

As specified in ISO/IEC 10038: 1993, extended for designated virtual ports.

12.6.17 Cluster selection

12.6.17.1 Purpose

To determine the most/up-to-date cluster membership information for each non-virtual-LAN group to
which the remote-bridge attaches, including creation of a new cluster identifier when the remote bridge first
becomes the pritpary bridge for a cluster.

12.6.17:2Use

As part of the configuration update procedure.

40 0~ 49 2 Deananeliivn
1. V. TT.9 T TUuLLUuure

The cluster information for each non-virtual-LAN group is set as specified in 7.6.2.4. If those actions
include setting the Reclustering State parameter for any group to Reclustering [7.6.2.4.2 a) 1)] the
Reclustering Delay Timer for that group is started.
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12.6.18 Cluster resolution
12.6.18.1 Purpose

To determine the cluster, if any, to which a remote bridge belongs following a change in the observed
cluster information for a non-virtual-LAN group.

12.6.18.2 Use

On expiry of the Reclustering Delay Timer for a group for which the Reclustering State is Reclustering.

12.6.18.3 Procedure
a) If the bridge is newly selected as the primary bridge for the cluster [7.6.5 d)], the Reclustering
Delay parameter for the group is set as specified in 7.6.5 d).

b) The Reclustering State and cluster identifier parameters for the group are set as specified in 7.6.5 a)
through d).

c) If the Reclustering State is set to Overlap [7.6.5 d)], the Reclustering Delay_ Timer for the group is
started; otherwise, the Reclustering Delay Timer remains stopped.

d) The procedure for cluster port state selection is then performed (12.6.19).
12.6.19 Cluster port state selection
12.6.19.1 Purpose

To select the relaying state of each subgroup port attaching to a group that has completed a reclustering
operation. Also to ensure that the Configuration Pending and Topology Change Acknowledge flags are
cleared and Message Age Timers and Forward Delay Fimers are stopped when necessary.

12.6.19.2 Use
After the cluster information has been updated by the cluster resolution procedure.
12.6.19.3 Procedure

The port flags and Message-Age Timers of the virtual ports attaching to the group are adjusted as in a). The
port state parameters of the-virtual ports attaching to the group are set as in b), c¢), or d), according to the
actions selected in clusterresolution, 7.6.5 a) through d).

a)  For eachivirtual port attaching to the group:

1) Ifithe port has been selected as the root port or an alternate port, the Configuration Pending
and Topology Change Acknowledge flag parameters for the port are reset, to False.

2) Otherwise (when the port has been selected as a designated port), the port’s Message Age
Timer is stopped, if it is running.

b) If the remote bridge attaches to no cluster in the group [7.6.5 a)], i.e., if none of its virtual ports
attaching to the group is the root port or a designated port, the make blocking procedure (12.6.13) is
used for each of the virtual ports attaching to the group.
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¢)  If the remote bridge attaches to the same cluster as it did before the reclustering [7.6.5 b), 7.6.5 d)],

mote b attaches to the same
the port state of each virtual port attaching to the group is set as follows:

1) If the virtual port has been selected as an alternate port and it is an isolated alternate subgroup
port as determined by 7.6.8, the make blocking procedure (12.6.13) is used for the port.

2) Otherwise, the make forwarding procedure (12.6.12) is used for the port.

d) If the remote bridge attaches to a different cluster from that, if any, to which it attached before the
reclustering [7.6.5 ¢)], the port state of each virtual port attaching to the group is set as follows

port as determined by 7.6.8, the make blocking procedure (12.6.13) is used for the port.

2) Otherwise, the port state is set to Listening and the Forward Delay Timer is restarted\if-it is
running, or started if it is not running.

12.6.20 Cluster confirmation

12.6.20.1 Purpose

To establish new steady-staie cluster information for a non-virtual-LAN grpup, ‘following a reclustering
that leaves the bridge in the same cluster as that to which it previously belofiged but with a different cluster
identifier applicable.

12.6.20.2 Use

12.6.20.3 Procedure

The Reclustering State parameter for the group.iszset to Stable, and the Old Cluster Identifier parameter for
the group is set equal to the value of the Current Cluster Identifier parameter. For each virtual port that has
been selected as an alternate port and is an-isolated alternate subgroup port as determined by 7.6.8, the
make blocking procedure is performed (12:6.13).

12.7 Operation of the protocol

A bridge protocol entity in’ aremote bridge shall

a) Communicate\with its peer entities in other bridges (local and remote) by the transmission of
BPDUs,

b) Updatestored protocol variables and timers, and

¢) Charnge the state of the LAN ports and virtual ports.

following the reception of BPDUs and the expiry of bridge and port Timers, as required by the
specrfrcatron in 12.7.1 through 12. 7 9 In any case of ambrgurty, reference shall be made to the Procedural

entlty None of the procedures specrfled apply to ports with port state set to Disabled.
12.7.1 Received Configuration BPDU

a) If a Configuration BPDU is received that conveys protocol information superseding that already
held for the port on which the BPDU was received (i.e., if the received message priority is higher
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than or equal to the port’s designated priority as defined in 7.3.4.2), the sequence of procedures is

daesighiatetd DUIOTIL

as speafxed in ISO/IEC 10038: 1993.

b) If a Configuration BPDU is received that does not convey protocol information superseding that
held for the port on which it was received, and if the receiving port is the designated port for the
LAN or subgroup to which it is attached, then the reply to Configuration BPDU procedure (12.6.5)
is used.

12.7.2 Received Topology Change Notification BPDU

a) When a Topology Change Notification BPDU is received on a LAN port or virtual LAN port, the
prscodurn is as cnpr‘lﬂpri in ISO/IEC 10038: 1993, extended for degwna[ed virtual ports.

b) When a Topology Change Notification BPDU is received on a subgroup port and the valdeyof the

a)

b)

5% 8 Hold Ti iry

received Cluster Identifier parameter is equal to the vaiue of the Current Clustef |Identifier
parameter for the group to which the subgroup port attaches, then the procedure is @s specified in
ISO/IEC 10038: 1993, extended for designated virtual ports.

12.7.3 Hello Timer expiry

The procedure is as specified in ISO/IEC 10038: 1993.
12.7.4 Message Age Timer expiry

The procedure is as specified in ISO/IEC 10038: 1993.

12.7.5 Forward Delay Timer expiry

If the state of the port for which the Forward Delay Timer has expired was Listening, the procedure
is as specified for this case in ISO/IEC 10038:*1993.

Otherwise, if the state of the port for‘which the Forward Delay Timer has expired was Learning,
then
1) The port state is set to Forwarding.

2) If the bridge has at\least one port that is the designated port for a LAN or subgroup, the
topology change(détection procedure (12.6.14) is invoked.

12.7.6 Topology Change Notification Timer expiry
The procedure is-as-specified in ISO/IEC 10038: 1993.
12.7.7 Topology Change Timer expiry

The precedure is as specified in ISO/IEC 10038: 1993.

The procedure is as specified in ISO/IEC 10038: 1993.
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12.7.9 Reclustering Delay Timer expiry

If the value of the Reclustering State parameter for the group whose Reclustering Delay Timer has expired
is Reclustering, the cluster resolution procedure (12.6.18) is used for the group, followed by the cluster port
state selection procedure (12.6.19); if the value of the Reclustering State parameter is Overlap, the cluster
confirmation procedure (12.6.20) is used for the group.

12.8 Management of the bridge protocol entity

t2-8-tnitiatization

a) The Designated Root parameter held by the bridge is set equal to the value of the bridge ideffifier,
and the values of the Root Path Cost and Root Port parameters held by the bridge are set fo-zero.

b) The Max Age, Hello Time, and Forward Delay parameters held by the bridge are set\to the values|
of the Bridge Max Age, Bridge Hello Time, and Bridge Forward Delay parametefs,‘respectively.

c) The Topology Change Detected and Topology Change flag parameters for the'bridge are reset, and
the Topology Change Notification Timer and Topology Change Timer ate stopped, if running.

d) For each of the bridge’s ports

1)
2)
3)

4)
5)

e)  For each group to which the remote bridge attaches, other than virtual LANs

1)
2)
3)

4)

)¢~ The port state selection procedure (12.6.11) is invoked to select the state of each of the bridge’s
ports.

The Become designated port procedure (12.6.10) is invoked to assign values to the Designated
Root, Designated Cost, Designated Bridge, and Designated Port parameters for the port.
The port state is set to Blocking if the port is. to be enabled following initialization, and
otherwise is set to Disabled.

The Topology Change Acknowledge and Configuration Pending flag parameters are reset.
Each of the Message Timer, Forward Delay Timer, and Hold Timer is stopped, if running.
For a subgroup port, the Peer New\ Cluster Identifier and Peer Old Cluster Identifier
parameters are each set to the null claéter identifier value.

The Reclustering Staté parameter is set to Stable.

The Reclustering Delay Timer is stopped, if running.

The Reclustering-Delay parameter is set to the value of the Primary Reclustering Delay

parameter, adjusted if necessary to comply with condition (2) specified in 7.10.5.

i)  If all-the“virtual ports attaching to the group have port state set to Disabled, the Current
Cluster Identifier, New Cluster Identifier, and Old Cluster Identifier parameters for the
group are all set to the null cluster identifier value; otherwise,

if) y"The Current Cluster Identifier, New Cluster Identifier, and Old Cluster Identifier
parameters for the group are all set to the same new cluster identifier value, determined as
in 7.6.2.4.1 b) 3).

g) The Configuration BPDU generation procedure (12.6.4) is invoked and the Hello Timer (12.3.4.1)
is started.
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12.8.2 Enable port

For a subgroup port, the Peer New Cluster Identifier and Peer Old Cluster Identifier parameters are each set
to the null cluster identifier value, and the cluster selection procedure (12.6.17) is then invoked.

For any bridge port, the remainder of this operation is then as specified in ISO/IEC 10038: 1993.

12.8.3 Disable port

This operation is as specified in ISO/IEC 10038: 1993.

12.8.4 Set bridge priority

[his operation is as specified in ISO/IEC 10038: 1993, extended for designated virtual ports.
12.8.5 Set port priority

[his operation is as specified in ISO/IEC 10038: 1993, extended for designated virtual ports.
12.8.6 Set path cost

This operation is as specified in ISO/IEC 10038: 1993.
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13. The Extended Spanning Tree Protocol: Procedural model
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The basis for the procedural model is as specified in 4.9 of
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are to ue J.ul.c.LpJ.cl.cu GlL,LUJ.uJ.lM:j to the coxrresponaence aocumnencea indannex

of this International Standard.
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#define ESTP

/************************‘k************************‘k***'k************************

*

DEFINED CONSTANTS

*)\'************************‘k************‘k**************************************/

#define Zero 0
#define One 1
#define False 0
#define True 1

/** port states. **/

#define Disabled 0 /* 7.4.5 (4.4.5) */
#define Listening 1 /* 7.4.2 (4.4.2) */
#define Learning 2 /* 7.4.3 (4.4.3) */
#define Forwarding 3 /* 7.4.4 (4.4.4) */
#define Blocking 4 /* 7.4.1 (4.4.1) */
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#ifdef ESTP
/****x ESTP : kinds of port. **/

#define LAN_port
#define VLAN_port
#define Ind_virt_port
#define Mp_virt_port

w N = o

/****x ESTP : group reclustering states,
and constant for set_reclustering_state. **/

#define Stable 1
#define Reclustering 2
#define Overlap 3

#define One_Second ((Time) 1.0)
#endif
/** BPDU type constants **/

#define Config_bpdu_type 0
#define Tcn_bpdu_type 128

/** pseudo-implementation constants. **/

#define No_of_ports 2
/* arbitrary choice, to allow the code below{to compile */

#define All_ports No_of_ports+l
/* ports start at 1, arrays in C start ak 0 */

#define Default_path_cost 10
/* arbitrary */

#define Message_age_increment 1
/* minimum increment possible\to avoid underestimating age, allows
for BPDU transmission time */

#define No_port 0
/* reserved value fof ‘Bridge’'s root port parameter indicating no
root port, used.whén Bridge is the root */

#ifdef ESTP
/***%  ESTP : pseudofimplementation constants for groups **/

#define No_of_greups 2
/* arbitrary choice, to allow the code below to compile */

#define Allngroups No_of_groups+1l
/& groups start at 1, arrays in C start at 0 */

#endif
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/************************'k************‘k************‘k***************************

* TYPEDEFS, STRUCTURES AND UNION DECLARATIONS

‘k*********‘k********‘k******‘k***************************************************/

/** basic types. **/
typedef int Int; /* to align with case stropping convention used
here. Types and defined constants have their

initial letters capitalized. */

typedef Int Boolean; /* : (True, False) */

typedef Int State; /* : (Disabled, Listening, Learning,
Forwarding, Blocking) */

#ifdef ESTP
/**** ESTP : kinds of ports, reclustering states **/

typedef Int Kind; /* : (LAN_port, VLAN_port,
Ind_virt_port, Mp_virt_port) */

typedef Int Reclustering_state; /* (Stable, Reclustering, Overldp) */
#endif

/** BPDU encoding types defined in 12.4 and 12.5.2, imgluding references
from 12.5.2.1 to ISO/IEC 10038: 1993 Section 5, are:

Protocol_version (5.2.2)

Bpdu_type (5.2.3)

Flag (5.2.4)

Identifier (5.2.5) (**x** GESTP : 12.5.2.2)
Cost (5.2.6)

Port_id (5.2.7)

Time (5.2..8)

Reason (FF**x  ESTP : 12.5.2.3)

* %/

#include "typessc" /* defines BPDU encoding types */
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/** Configuration BPDU Parameters,

typedef struct

7.

5.

1

LOCAL AND METROPOLITAN AREA NETWORKS—

**/

{ Bpdu_type type;
Identifier root_id; /* 7.5.1.1 */
Cost root_path_cost; /* 7.5.1.2 */
Identifier bridge_id; /* 7.5.1.3 */
Port_id port_id; 7% 7.5.1.4 *7
Time message_age; /* 7.5.1.7 (@)
Time max_age; /* 7.5.1.8 */
Time hello_time; /* 7.5.1.8 */
Time forward_delay; /* 7.5.1.8 */
Flag topology_change_acknowledgment; /* ING. 1.5 */
Flag topology_change; /7%77.5.1.6 */

tifdef ESTP

**xx*x  ESTP additional parameters **/
Flag version_1; /* 12.5.1.2.1 */
Identifier new_cluster_id; /* 7.5.1.9 */
Identifier old_cluster_id; /* 7.5.1.10 */
Time recluster_delay; /* 7.5.1.11 */

hendif
Config_bpdu;

** Topology Change Notification BPDU Parameters, 7.5.2 **/

Fvpedef struct

( Bpdu_type type'

jtifdef ESTP

**kxx  ESTP additional parameters **/
Flag version_1; /* 12.5.1.2.1 */
Identifier cluster_id; /* 7.5.2.1 */
Identifier originating bridge; /* 12.3.2.2 */
Int originating_port; /* 12.3.2.3 */
Reason tcn_reason; /* 12.3.2.4 */

#endif

} Tcn_bpdu;
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/** Bridge Parameters, 7.5.3 **/

typedef struct

{ Identifier designated_root; /* 7.5.3.1 */
Cost root_path_cost; /* 7.5.3.2 */
Int root_port; /* 7.5.3.3 */
Time max_age; /* 7.5.3.4 */
Time hello_time; 7* 7.5.3.5 *7
Time forward_delay; /* 7.5.3.6 4
Identifier bridge_id; /* 7.5.3.7 */
Time bridge_max_age; /* 7.5.38 */
Time bridge_hello_time; /* 7.5.8.9 *x/
Time bridge_forward_delay; /¥¢7,.5.3.10 */
Boolean topology_change_detected; /* 7.5.3.11 */
Boolean topology_change; /* 7.5.3.12 */
Time topology_change_time; /* 7.5.3.13 */
Time hold_time; /* 7.5.3.14 */

} Bridge_data;
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/** Port Parameters, 7.5.4 **/

typedef struct

LOCAL AND METROPOLITAN AREA NETWORKS—

{ Port_id port_id; /* 7.5.4.1.1 */
State state; /* 7.5.4.1.2 */
Int path_cost; /* 7.5.4.1.3 */
Identifier designated_root; /* 7.5.4.1.4 */
Int designated_costy 7 7-5.4.I-5 7
Identifier designated_bridge; /* 7.5.4.1.6 *a
Port_id designated_port; /* 7.5.4.1.7 */
Boolean topology_change_acknowledge; /* 7.5.4.1.8 */
Boolean config_pending; /* 12.3.5\1 */

#ifdef ESTP

**%x% ESTP : additional parameters **/
Identifier peer_new_cluster_id; ¥ 7.5.4.2.1 */
Identifier peer_old_cluster_id; /* 7.5.4.2.2 */

#endif

] Port_data;

$ifdef ESTP

****x  ESTP Group parameters, 7.5.5 X*/

typedef struct
Reclustering_state reclustereng_state; /* 7.5.5.1 */
Identifier current_clustexr~id; /* 7.5.5.2 */
Identifier new_clustertid; /* 7.5.5.3 */
Identifier old_cluster_id; /* 7.5.5.4 */
Time reclustering delay; /* 7.5.5.5 */
Time primary_reclustering_delay; /* 7.5.5.6 */

Group_dataj

bendif

130
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/** types to support timers for this pseudo-implementation. **/

typedef struct

{

Boolean active; /* timer in use. */

Time value; /* current value of timer, counting up. */
} Timer;

el ke ke e ke sk ke sk b b ok ke o ok b ok ok ok ok ok ok ok ok

ViRl

*  STATIC STORAGE ALLOCATION

***********************************~k******************************************/
Bridge_data bridge_info; /* 7.5.3 */
Port_data port_info[All_ports]; /* 7.5.4 */

Config_bpdu config_bpdu[All_ports];

Tcn_bpdu tcn_bpdul[All_ports];

Timer hello_timer; /% 12.3.4.1 */
Timer tcn_timer; /* 12.3.4.2 */
Timer topology_change_timer; /* 12.3.4.3 */
Timer message_age_timer [All_ports]; /* 12.3.6.1 */
Timer forward_delay_timer[All_ports]; /* 12.3.6.2 */
Timer hold_timer[All_ports]; /* 12.3.6.3 */

#ifdef ESTP
/****x ESTP : static storage for group-related information **/

Group_data group_info[All_groups]; /* 7.5.5 */
Timer reclustering_ délay_timer[All_groups]; /* 12.3.8 */
/** group-related information to support the pseudo-implementation **/

Identifier null_gluster_id; /* 7.3.4.3 */
/* meéeds to be initalized to the correct all-zero value. */

Int group_number [All_ports]; /* 9.4.3 *x/
7/* for each port, zero means LAN or VLAN port, so no group info;
non-zero means subgroup port, and is index in Group_data. */
Kind port_kind[All_ports]; /* LAN_port/VLAN_port, etc. */
#endIf
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/******************************************************************************

* CODE

*******‘k******************************************‘k*************************‘k*/

/** Elements of Procedure, 12.6 (4.6) **/

transmit_config(port_no) /* 12.6.1 (4.6.1) */
Int port_no;
{
if (hold_timer[port_nol.active) /* 12.6.1.3 a) */
{
port info[port_no].config pending = True; /* 12.6.1.3 a) */
}
else /* 12.6.1.3 c) 1) */
{ /* (4.6.1.3.2 W74

config_bpdulport_no].type = Config_bpdu_type;

config_bpdul[port_no].root_id = bridge_info.designated_root;

/* (4.6.1.322(1)) */
config_bpdul[port_no] .root_path_cost = bridge_info.root_path_costs

/* (4.6.10.3.2(2)) */
config_bpdulport_no] .bridge_id = bridge_info.bridge_id;

/* $4,6.1.3.2(3)) */
config_bpdul[port_no] .port_id = port_info[port_no].port=ad;

/¥ (4.6.1.3.2(4)) */
if (root_bridge())

{

config_bpdul[port_no] .message_age = Zero; /* (4.6.1.3.2(5)) */
}
else

{
config_bpdu[port_no] .message_age
= message_age_timer [bridge_info.moot_port].value
+ Message_age_increment; /* (4.6.1.3.2(6)) */

}

config_bpdul[port_no] .max_age =_bridge_info.max_age; /* (4.6.1.3.2(7)) */
config_bpdul[port_no] .hello_time = bridge_info.hello_time;
config_bpdu[port_no].forwardydelay = bridge_info.forward_delay;

config_bpdul[port_no].tepdology_change_acknowledgment
= port_info[port_nolstopology_change_acknowledge;
/* (4.6.1.3.2(8)) */
port_info[port_ne]\topology_change_acknowledge = False;

/* 12.6.1.3 b) */
/* (4.6.1.3.2(8)) */

config_bpdul[port_no].topology_change
= bridge<info.topology_change; /* (4.6.1.3.2(9)) */
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#ifdef ESTP
/**%*% ESTP : additional BPDU parameters **/

if (group_number [port_nol != Zero)

{

Group_data *group = & group_info[group_number [port_no]l;

config_bpdulport_no].new_cluster_id = group->new_cluster_id;
/* 12.6.1.3 c) 3) */
config_bpdulport_no].old_cluster_id
= (primary_bridge (group_number port_noj)
? group->o0ld_cluster_id

port_info[bridge_info.root_port].peer_old_cluster_id);
/* 12.6.1.3 c) 4) &/
config_bpdul[port_no].recluster_delay = group->reclustering_delay;
/* 12.6.1.3 c), 5N */
}
#endif

send_config_bpdu(port_no, &config_bpdulport_no]);

port_info[port_no].config _pending = False; /* ,1236.1.3 b) 2) */
VA .6.1.3.2(10))*/
start_hold_timer (port_no)j ; AX12.6.1.3 b) 3) */
} 7* .6.1.3.2(11))*/
}
/* where

send_config_bpdu(port_no, bpdu)
Int port_no;
Config bpdu *bpdu;

is a pseudo-implementation specifig¢rroutine which transmits
the bpdu on the specified port within the specified time.

*/
/* and */

Boolean root_bridge ()
{
return (bridge_info.designated_root == bridge_info.bridge_id) ;

}

#ifdef ESTP
/***x*%  ESTP : additidnal ESTP routine **/
/* and &/

Boolean primary_bridge (group_no)
Int\group_no;
{
return (group_number [bridge_info.root_port] != group_no);
}
#endif
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ersedes_port_info(port_no, config) /* 7.3.4.2 (4.6.2.2)*/
Config_bpdu *config;
{
return (
( config->root_id
< port_info[port_no].designated_root /* (4.6.2.2.1) */

)
( ( config->root_id
== port_info[port_no].designated_root

&&
( ( config->root_path_cost
< port_info[port_no].designated_cost /* (4.6.2.2.2) L ®
)
L
( ( config->root_path_cost
== port_info[port_no].designated_cost
)
&&
( ( config->bridge_id
< port_info[port_no].designated_bridge /* {(4.,6.2.2.3) */
)
'l
( ( config->bridge_id
== port_info[port_no].designated_bridge
) /* (4.6.2.2.4) */
&&
( ( config->bridge_id != bridge_info.bridge_id
) /* (4.6.2.2.4(1)) */
'l
( config->port_id
<= port_info[port_mel.designated_port
) /* (4.6.2.2.4(2)) */
) )y )y ) ) )
)i
Fecord_config_information(poft.,no, config) /* 12.6.2 (4.6.2) */
[nt port_no;
fonfig_bpdu *config;
(
port_info[port_nol] designated_root = config->root_id; /* (4.6.2.3.1) */
port_info[port_ne],designated_cost = config->root_path_cost;
port_info[port-no] .designated_bridge = config->bridge_id;
port_info[port-nol .designated_port = config->port_id;
ifdef ESTP
**x*x*  ESTPN\: peer cluster identifiers **/
if «tgroup_number [port_no] != Zero)
{ /* 12.6.2.3 */
port _info[port nol] .peer _new cluster_id = config->new cluster_id;

port_info[port_no] .peer_old_cluster_id = config->o0ld_cluster_id;
}
#endif

start_message_age_timer (port_no, config->message_age); /* (4.6.2.3.2) */
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record_config_timeout_values (config) /* 12.6.3 (4.6.3) */
Config _bpdu *config;
{

bridge_info.max_age = config->max_age; /* (4.6.3.3) */

bridge_info.hello_time = config->hello_time;
bridge_info.forward_delay = config->forward_delay;
bridge_info.topology_change = config->topology_change;

#ifdef ESTP
/**** ESTP : if root port is a subgroup port **/

if (group_number [bridge_info.root_port] != Zero)

{

group_infol[group_number [bridge_info.root_portl].reclustering_delay

= config->recluster_delay; /* 12.6.3.3 R~
#enéif
}
config_bpdu_generation() /* 12.6.4 (4.6.4) */
{ Int port_no;
for (port_no = One; port_no <= No_of_ports; port_no++N~'/* (4.6.4.3) */
( if ( designated_port (port_no) /* (4.6.4.3) */
%gort_info[port_no].state = Disabled)
( )
transmit_config(port_no); /* (4.6.4.3) */
} /* (4.6.1.2) */

/* where */

Boolean designated_portfport_no)
Int port_no;
{
return ( ( %ort_infolport_no].designated_bridge
== bridge_info.bridge_id

( port_info[port_no].designated_port
== port_info[port_no].port_id

b
replylport_no) /* 12.6.5 (4.6.5) */
Ink, port_no;
{
transmit_conftig(port_no); /* (4.6.5.3) =7
}
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transmit_tcn() /* 12.6.6 (4.6.6) */
{

Int port_no;

port_no = bridge_info.root_port;
tcn_bpdu[port_nol.type = Tcn_bpdu_type;

#ifdef ESTP
/***%x  ESTP : add cluster id **/

if (group_number [port_no] != Zero)
tcn_bpdu[port_no].cluster_id /* 12.6.6.3 c) */
L = group_info[group_number[port_no]].current_clusterﬂld;
endif
send_tcn_bpdu (port_no, &tcn_bpdulbridge_info.root_port]);/* (4.6.6.3) *7
}
/* where
send_tcn_bpdu (port_no, bpdu)
Int port_no;
Tcn_bpdu *bpdu;
is a pseudo-implementation specific routine which“trfansmits
the bpdu on the specified port within the specified time.
*/
configuration_update() /* 12.6.7 (4.6.7) */
{
root_selection(); /* (4.6.7.3.1) *x/
/* (4.6.8.2) */
designated_port_selection() ; /* (4.6.7.3.2) */
/* (4.6.9.2) *x/
#ifdef ESTP
/****  ESTP : select cluster membership **/
cluster_selection(); /* 12.6.7.3 */
/* 12.6.17.2 */
#endif
}
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root_selection() /* 12.6.8 (4.6.8) */
{

Int root_port;
Int port_no;

root_port = No_port;

for (port_no = One; port_no <= No_of_ports; port_no++) /* (4.6.8.3.1) */
{
if ( ( (!designated_port(port_no))
&&
(port_info[port_no].state != Disabled)
&&

(port_infolport_no] .designated_root < bridge_info.bridge_id)

( (root_port == No_port)
I
( port_info[port_no].designated_root
< port_infol[root_port].designated_root /* (4.6(8-3.1(1)) */

( port_info[port_no].designated_root
== port_info[root_port].designated_roet

( ( ( port_info([port_no].designated_cost
+ port_info[port_no] .path cost

)

( port_info[root_port).designated_cost
+ port_info[root {port].path_cost
) /* (4.6.8.3.1(2)) */

( ( port_infol[port_no].designated_cost
+ porthinfo[port_no] .path_cost

port_info[root_port].designated_cost
+ port_info[root_port].path_cost

( ( port_info[port_no].designated_bridge
< port_info[root_port].designated_bridge
/* (4.6.8.3.1(3)) */

( port_infol[port_no].designated_bridge
== port_info[root_port].designated_bridge

( ( port_info[port_no].designated_port
< port_info[root_port].designated_port
) /* (4.6.8.3.1(4)) */

t———port—irmfoiport—ordesignated_port
== port_info[root_port].designated_port

( port_infol[port_no].port_id
< port_info[root_port] .port_id
) /* (4.6.8.3.1(5)) */
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{
root_port = port_no;
}
}
bridge_info.root_port = root_port; /* (4.6.8.3.1) */
if (root_port == No_port) /* (4.6.8.3.2) */
{
bridge_info.designated_root = bridge_info.bridge_id;
/* (4.6.8.3.2(1)) */
bridge_info.root_path_cost = Zero; /* (4.6.8.3.2(2)) */
}
else /* (4.6.8.3.3) J
{
bridge_info.designated_root = port_info[root_port].designated_root;
/* (4.6.8.3.3(L)) */
bridge_info.root_path_cost = ( port_info[root_port] .designated(cost
+ port_infol[root_port] .path_cost
) /* (4.6.8%3.3(2)) */
}
Hesignated_port_selection() 7* 12.6.9 (4.6.9) */
(
Int port_no;
for (port_no = One; port_no <= No_of_ports; port_no++) /* (4.6.9.3) */
{
if ( designated_port (port_no) /* (4.6.9.3.1) */
I
(
port_info[port_no] .designated_root
= bridge_info.designatéd, root /* (4.6.9.3.2) */
)
Il
( bridge_info.root_path_cost
< port_infolpextiho] .designated_cost
) /* (4.6.9.3.3) */
[
( ( bridge.info.root_path cost
== p@rt>info[port_no].designated_cost
)
&&
(¢~ bridge_info.bridge_id
< port_info[port_no].designated_bridge
) /* (4.6.9.3.4) */
|
( ( bridge_info.bridge_id
== port_info[port_no].designated_bridge
)
& &
( port_infolport_no].port_id
<= port _info[port_no].designated port
) /* (4.6.9.3.5) */
) ) ) )
{
become_designated_port (port_no) ; /* (4.6.10.3.2.2) */
}
}
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ome_designated_port (port_no) /* 12.6.10(4.6.10) */
port_info[port_no].designated_root = bridge_info.designated_root;
/* (4.6.10.3.1) */

port_info[port_no] .designated_cost = bridge_info.root_path_cost;
/* (4.6.10.3.2) */

port_info[port_no] .designated_bridge = bridge_info.bridge_id;
/* (4.6.10.°

w
w
~

*/

port_info[port_no].designated_port = port_info[port_no] .port_id;
/* (4.6.10.3.4) 3/
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port_state_selection() /* 12.6.11 (4.6.11) */
{

Int port_no;

for (port_no = One; port_no <= No_of_ports; port_no++)
{
#ifdef ESTP
/**** ESTP : no port-state change during reclustering delay **/

Int group_no = group_number [port_no];

if ( (group_no != Zero)
&& /* 12.6.11.3 */
(group_info[group_no] .reclustering_state == Reclustering)
)
{1}
else if (port_no == bridge_info.root_port) /* (4.6.11.3.1) %/
else
E if (port_no == bridge_info.root_port) /* (4.6.11.3.'1) */
endif
{
port_info[port_no].config_pending = False; /* (4.6.11.3.1(1))*/

port_info[port_no].topology_change_acknowledge = False;

make_forwarding (port_no) ; ANN4.6.11.3.1(2))*/
;lse if (designated_port (port_no)) 7* (4.6.11.3.2) */
{ stop_message_age_timer (port_no) ; /* (4.6.11.3.2(1))*/
make_forwarding (port_no) ; /* (4.6.11.3.2(2))*/
élse /* (4.6.11.3.3) */
{ port_info[port_no].config_pending'=* False; /* (4.6.11.3.3(1))*/

port_info[port_no].topology_charge_acknowledge = False;

#ifdef ESTP
/**** ESTP : alternate ports **/

if ( (group_no == Zero) /* 12.6.11.3 a) *x/
N
isolated_in (gxrodp_no) /* 12.6.11.3 b)2)*/
I
isolated_aflternate_vp (port_no) /* 12.6.11.3 b)2) */

)
make_blogking (port_no);
else
make_forwarding (port_no) ;
#else
make_Pblocking (port_no) ; /* (4.6.11.3.3(2))*/
#endif
}
}
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make_forwarding (port_no) /* 12.6.12 (4.6.12) */
Int port_no;
{
if (port_info[port_no].state == Blocking) /* (4.6.12.3) */
{
set_port_state(port_no, Listening); /* (4.6.12.3.1) */
start_forward_delay_timer (port_no) ; /* (4.6.12.3.2) */
}
}
make_blocking (port_no) 7% 12.6.13 (4.6.13) */
Int port_no;
{
if ( (port_info[port_no].state != Disabled)
&&
(port_info[port_no] .state != Blocking)
) /* (4.6.134%3) */
{
if ( (port_infol[port_nol].state == Forwarding)
|l
(port_info[port_no].state == Learning)
)
{
topology_change_detection() ; /* (4.6.13.3.1) */
/* (4.6.14.2.3) */
}
set_port_state (port_no, Blocking); /* (4.6.13.3.2) */
stop_forward_delay_timer (port_no); /* (4.6.13.3.3) */

/* where */

set_port_state(port_no, state)
Int port_no;
State state;
{
port_info[port/no].state = state;

}
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topology_change_detection() /* 12.6.14 (4.6.14) */
if (root_bridge()) /* (4.6.14.3.1) */
{ bridge_info.topology_change = True; /* (4.6.14.3.1(1))*/
start_topology_change_timer () ; /* (4.6.14.3.1(2))*/
}
else if (bridge_info.topology_change_detected == False) /* (4.6.14.3.2) */
{ transmit_tcn(); /* (4.6.14.3.2(1))*/
start_tcn_timer(); /* (4.6.14.3.2(2))*/

}

bridge_info.topology_change_detected = True; /* (4.6.14.3.3) */
topology_change_acknowledged () /* 12.6.15N(#.6.15) */
bridge_info.topology_change_detected = False; /* (4,.6715.3.1) */
stop_tecn_timer(); /% N(4.6.15.3.2) */
hcknowledge_topology_change (port_no) /* 12.6.16 (4.6.16) */
Int port_no;
i
port_info[port_no].topology_change_acknowledge' = True; /* (4.6.16.3.1) */
transmit_config(port_no); /* (4.6.16.3.2) */
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#ifdef ESTP
/**** ESTP : cluster-membership functions **/

cluster_selection() /* 12.6.17 */
{

Int group_no;

for (group_no = One; group_no <= No_of_groups; group_no++)

{ /* 12.6.17.3, 7.6.2.4 */
Group_data *group = & group_infol[group_no]l;
if (group_number[bridge_info.root_port] == group_no)
group->new_cluster_id /* 7.6.2.4.1 a) */

= port_info[bridge_info.root_port].peer new_cluster_1d;

else if (isolated_in(group_no))
group->new_cluster_id = null_cluster_id; /* 7.6.2.4.1 c) */

else if (bridge_addresses_match(bridge_info.bridge_id,
group->current_cluster_id))
group->new_cluster_id = group->current_cluster_id; /* 7.6{2:4.1 b)1)*/

else if (bridge_addresses_match(bridge_info.bridge_id,
group->new_cluster_id))
; /* no action, new cluster id is OK as it is: 7.6.2.4.1 b)2)*/

else /* 7.6.2.4.1 b)3)*/
group->new_cluster_id = create_cluster_id(group_no);

if ( (group->new_cluster_id != group->currents cluster_id)
&&
(group->reclustering_state != Reclustering)
) /* 7.6.2.4.2 *x/
{
group->reclustering_state = Reclystering; /* 7.6.2.4.2 a)l)*/
if (primary_bridge(group_no))
set_reclustering_delay (greup) ; /* 7.10.5 (2) */
start_reclustering_delay_timet (group_no) ; /* 7.6.2.4.2 a)2)*/
}
}
}
/* where

Boolean bridgeladdresses_match(bridge_id, cluster_id)
Identifier _,port_no;
Identifier \cluster_id;

is a psetdo-implementation specific routine which compares
the Bridge-address components of its arguments.

*.

/* and

Identifier create_cluster_id(group_no)

.
TITCgroup—1oT

is a pseudo-implementation specific routine which creates a new
cluster identifier value for the group.

*/
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#define No_cluster 0
#define Same_cluster 1
#define Different_cluster 2

cluster_resolution (group_no) /* 12.6.18, 7.6.5 */
Int group_no;
{

Group_data *group = & group_info[group_no];

if (group->new_cluster_id == null_cluster_id)

{ /* 7.6.5 a) */

group->reclustering_state = Stable;

group->o0ld_cluster_id = null_cluster_id;
group->current_cluster_id = null_cluster_id;

cluster_port_state_selection(group_no, No_cluster); /* 12.6.19.2 EX
}
else if (group->new_cluster_id == group->current_cluster_id)
{ /* 7.6.5 b) */
group->reclustering_state = Stable;
group->o0ld_cluster_id = group->current_cluster_id;
cluster_port_state_selection(group_no, Same_cluster); /* 12036.19.2 */
}
else if (!primary_bridge (group_no)
&&
(port_info[bridge_info.root_port].peer_old_cluster_id
= group->current_cluster_id)
)
{ /* 7.6.5 c) */
group->reclustering_state = Stable;
group->0ld_cluster_id = group->new_cluster_d4d;
group->current_cluster_id = group->new_cluster_id;
cluster_port_state_selection(group_no, Dififerent_cluster) ;
/* 12.6.19.2 */
}
else
{ /* 7.6.5 4d) */
if (primary_bridge(group_no)) set_reclustering_delay (group) ;
group->reclustering state = Owerlap;
group->0ld_cluster_id = group~>current_cluster_id;
group->current_cluster_id~="group->new_cluster_id;
cluster_port_state_selection(group_no, Same_cluster) ; /* 12.6.19.2 */
start_reclustering_delay timer (group_no) ;
}
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cluster_port_state_selection(group_no, no_same_diff) /* 12.6.19, 7.6.6 */
Int group_no;
Int no_same_diff;
{
Int port_no;
for (port_no = One; port_no <= No_of_ports; port_no++)
{ /* 12.6.19.3 *x/
if (group_number [port_no] == group_no)
{ /* 12.6.19.3 a) */
if (designated_port(port_no))
stop_message_age_timer (port_no) ; /* 12.6.19.3 aj)2) */
else
{ /* 12.6.19.3 a)l) */
port_info[port_nol.config_pending =
port_info[port_nol.topology_change_acknowledge = False;
}
if (no_same_diff == No_cluster)
make_blocking (port_no) ; /* 12.6.19.3'b) */
else if (no_same_diff == Same_cluster)
{ /* 12.6.19:3 c) */
if (isolated_alternate_vp (port_no))
make_blocking (port_no) ; /* 12.6.19.3 c)1) */
else
make_forwarding {port_no) ; /*\12.6.19.3 c)2) */
}
else /7* 12.6.19.3 d) *x/
{
if (isolated_alternate_vp (port_no))
make_blocking (port_no) ; /* 12.6.19.3 d)1) */
else
{ /* 12.6.19.3 d)2) */
port_info[port_no].state = Listéning;
stop_forward_delay_timer (port_no) ;
start_forward_delay_timen(port_no);
}
}
}
}
}
#undef No_cluster
#undef Same_cluster
#undef Different_cluster
cluster_confirmation (group_no) /* 12.6.20, 7.6.7 */
Int group_no;
{
Int portino;
Group=data *group = & group_infol[group_nol;
group->reclustering_state = Stable; /* T7.6.7 */
group->0ld_cluster_id = group->current_cluster_id; /* 7.6.7 */
for (port_no = One; port_no <= No_of_ports; port_no++)
{
if ( (group_number [port_no] == group_no)
&&
(isolated_alternate_vp (port_no))
)
make_blocking (port_no) ; /* 7.6.7 c) */
}
}
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set_reclustering_delay (group) /* 7.10.5 (2) */
Group_data *group;
{

Time rc_delay_limit = bridge_info.forward delay - One_Second;

if (group->primary_reclustering_delay <= rc_delay limit)
group->reclustering_delay = group->primary_reclustering_delay;
else
group->reclustering_delay = rc_delay_limit;

Boolean isolated_in(group_no)
[nt group_no;

X

5

Int port_no;

if (group_number [bridge_info.root_port] == group_no)
return(False) ;

for (port_no = One; port_no <= No_of_ports; port_no++)
{
if ( (group_number [port_no] == group_no)
&&
designated_port (port_no)
)
return(False) ;
}

return (True) ;

Boolean isolated_alternate_vp (port_no)
[nt port_no;

8
Group_data *group = & group_info[group_number[port_no]ll;
if ( (port_kind[port_no] == Ind_virt_port)
& &
(group->current_clustef.id != port_info[port_no].peer_new_cluster_id)
&&
(group->current_cluster_id != port_info[port_no] .peer_old_cluster_id)
)
return (True) ;
else
return(local _knowledge_says_isolated(port_no));
/* whexe
Boblean local_knowledge_says_isolated(port_no)
Int port_no;
is a pseudo_implementation_specific routine which returns True if
there is local knowledge available that the port is isolated in
its group, and returns False otherwise.
*/
#endif
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received_config_bpdu(port_no, config) /* 12.7.1 (4.7.1) */
Int port_no;
Config_bpdu *config;
{
Boolean root;
root = root_bridgel();
if (port_infol[port_no].state != Disabled)
{
if (supersedes_port_info(port_no, config)) /¥ 12.7.1 a) */
{ /* (4.6.2.2) fe !
record_config_information(port_no, config); /* (4.7.1.1.1) X #
/* (4.6.2.2) */
configuration_update() ; /* (4.7.1.1.2) *x/
/* (4.6.7.2.11) */
port_state_selection(); /* (4.7.100.8) */
/* (4.6 21<2.1) */
if ((!'root_bridge()) && root) /* (4.7.1.1.4) */
{
stop_hello_timer () ;
if (bridge_info.topology_change_detected) /* (4.7.1.1.5) */
{
stop_topology_change_timer () ;
transmit_tcn() ; /* (4.6.6.1) */
start_tcen_timer () ;
}
}
if (port_no == bridge_info.rgot_port)
{
record_config_timeout values (config); /* (4.7.1.1.6) */
/* (4.6.3.2) */
config_bpdu_generation() ; /* (4.6.4.2.1) */
if (config->topology_change_acknowledgment) /* (4.7.1.1.7) */
{
topologynchange_acknowledged() ; /* (4.6.15.2) */
}
}
}
else if_(designated_port (port_no)) /* 12.7.1 b) */
{
reply (port_no) ; /* (4.7.1.2.1) */
} /* (4.6.5.2) */
}
}
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received_tcn_bpdu(port_no, tcn) /* 12.7.2 (4.7.2) */
Int port_no;
Tcn_bpdu *tcn;
{
if (port_info[port_no].state != Disabled)
{
#ifdef ESTP
/***x* ESTP : check received cluster_id on subgroup port **/

if ( (designated_port (port_no))
&&
( (group_number [port_no] == 0) /* 12.7.2 a) */
!
(tecn->cluster_id /* 12.7.2 b) */

== group_info[group_number [port_nol].current_cluster_id)
)

else
if (designated_port (port_no))

endif
{
topology_change_detection() ; /* (4(7,2.1) */
/* (L.6.14.2.1) */
acknowledge_topology_change (port_no) ; /xENM.T7.2.2) */
} J* )(4.6.16.2) */
}
}
hello_timer_expiry () /* 12.7.3 (4.7.3) */
{
config bpdu_generation() ; /* (4.6.4.2.2) */
start_hello_timer();
}
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message_age_timer_expiry (port_no) /* 12.7.4 (4.7.4) */
Int port_no;
{
Roolean root;
root = root_bridge();
become_designated_port (port_no) ; /* (4.7.4.1) *x/
/* (4.6.10.2.1) */
configuration_update() ; /* (4.7.4.2) */
/* (4.6.7.2.2) */
port state selection(); * (4.7.4.3) */
/* (4.6.11.2.2) *
if ((root_bridge()) && (!root)) /* (4.7.4.4) ¥/
{
bridge_info.max_age = bridge_info.bridge_max_age; /* (4.7.4.4.1) */
bridge_info.hello_time = bridge_info.bridge_hello_time;
bridge_info.forward_delay = bridge_info.bridge_forward_delay;
topology_change_detection() ; /* (4.7.4.4.2) */
/*/(di6.14.2.4) */
stop_tcn_timer(); MRNA.T.4.4.3) */
config_bpdu_generation() ; /* (4.7.4.4.4) */
/* (4.6.4.4.3) */
start_hello_timer();
}
}
forward_delay_timer_expiry (port_no) /* 12.7.5 (4.7.5) */
Int port_no;
{
if (port_info([port_no].state == Listening) /* 12.7.5.1 *x/
{
set_port_state (port_no, Learning); /* (4.7.5.1.1) */
start_forward_delay_ timex(port_no) ; /* (4.7.5.1.2) */
}
else if (port_infol[port_no].state == Learning) /* 12.7.5.2 *x/
{
set_port_state(port_no, Forwarding) ; /* 12.7.5.2(a) */
if (designated_for_some_port()) /* 12.7.5.2(b) */
{
topology_change_detection() ; /* 12.6.14.2(b) */
}
}
}
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/* where */

Boolean designated_for_some_port ()

{
Int port_no;
for (port_no = One; port_no <= No_of_ports; port_no++)
{
if ( port_info[port_no].designated_bridge
== bridge_info.bridge_id
)
{
return (True) ;
}
}
return(False) ;
}
ten_timer_expiry () /* 1W2\T7.6 (4.7.6) */
{
transmit_tcn(); /™\N\(4.7.6.1) */
start_tcn_timer () ; /* (4.7.6.2) */
}
topology_change_timer_expiry() /* 12.7.7 (4.7.7) */
{
bridge_info.topology_change_detected = False; /* (4.7.7.1) */
bridge_info.topology_change = False¥ /* (4.7.7.2) */
}
hold_timer_expiry (port_no) /* 12.7.8 (4.7.8) */
Int port_no;
{
if (port_info[port_no].config'pending)
{
transmit_config(port.no) ; /* (4.7.8.1) */
} /* (4.6.1.2.3) */
}

#ifdef ESTP
/****  ESTP : end/of reclustering delay or overlap period **/

reclusteringhdelay_timer_expiry(group_no) /* 12.7.9 */
Int group.Iio;

{

if. tgfoup_info[group_no].reclustering_state == Reclustering)
cluster_resolution (group_no) ; /* 12.6.18 */
else
cluster_confirmation(group_no) ; /* 12.6.20 */
}
#endif
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/** Management of the Bridge Protocol Entity (4.8) **x/
initialisation() /* 12.8.
{
Int port_no
#3 FAaf TITD
#ifdef ESTE
/**x*%x ESTP : for-loop control for group initialization **/
Int group_no;
#endif
bridge_info.designated_root = bridge_info.bridge_id; /* 12.8.1 a)
bridge info.root path cost = Zero;
) PR e A E A A A — NA mAart .
PIriage__1i11io.L00C_puL o WNO_pUL vy
bridge_info.max_age = bridge_info.bridge_max_age; /* 12.8.1 b) 7
bridge_info.hello_time = bridge_info.bridge_hello_time;
bridge_info.forward_delay = bridge_info.bridge_forward delay;
bridge_info.topology_change_detected = False; /* 12.8.0D.8)
bridge_info.topology_change = False;
stop_ten_timer();
stop_topology_change_timer () ;
for (port_no = One; port_no <= No_of_ports; port_no++) ("A¥ 12.8.1 d)
{
initialize_port (port_no);
}
#ifdef ESTP
/***%x ESTP : initialize group information &%/
for (group_no = One; group_no <= No_of\groups; group_no++)
{ /* 12.8.1 e) /
initialize_group (group_no)
. p (g p_no);
}
Hamn A3 F
TeLliUL L
port_state_selection(); /* 12.8.1 £)
config_bpdu_generation(); /* 12.8.1 g)
et mandt a1l T A Edrmanl) .
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Int port_n

{
become_designated_port (port_no) ; /* 12.8.1 d)1) */
set_port_state(port_no, Blocking); /* 12.8.1 d)2) *x/

port_info[port_no].topology_change_acknowledge = False;

/* 12.8.1 4d)3) */
poxt—infolportnal config pending = False: (* 12.8.1 d)3) *
stop_message_age_timer (port_no); /* 12.8.1 d)4) *{
stop_forward_delay_timer (port_no) ; /* 12.8.1 4)4) */
stop_hold_timer (port_noj; /* 12.8.1 dyd) */

fifdef ESTP

R mamy . demt bl aldon vmanr ~luniater 137 a *x /
/ C T mLoLlr [ llliciatsize peerl Cruscerl 1G o5 /
if (group_number[port_no] != 0)

{ A*)y12.8.1
port_info[port_no) .peer_new_cluster_id = null_cluster_id;
port_info[port_no].peer_old_cluster_id = null_clluster_id;

}

#endif

}

#ifdef ESTP

/****  ESTP : initialize group information\»**/
initialize_group (group_no) /* 12.8.1 e) */
Int group_no;
{

Int port_no;
Group_data *group = & grXoup_infol[group_no];

group->reclustering_state = Stable; /* 12.8.1 e)1) */
stop_reclusteringsdelay_timer (group_no) ; /* 12.8.1 e)2) */
set_reclustering{ delay (group) ; /* 12.8.1 e)3) */
group->new_cluster_id = null cluster_id; /* 12.8.1 e)d4)i) */
for (port_fie,= One; port_no <= No_of_ports; port_no++)
{
if « (group_number [port_no] == group_no)
&&
(port_info[port_no].state != Disabled)
)
{ /* 12.8.1 e)4)ii) */
group->new_cluster_id = create_cluster_id(group_no) ;
break;
}
}
group->current_cluster_id = group->new_cluster_id; /* 12.8.1 ed) */
group->0ld_cluster_id = group->new_cluster_id; /* 12.8.1 e4) */
}
#endif
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enable_port (port_no) /* 12.8.2 (4.8.2) */
Int port_no;
{
initialize_port (port_no);
#ifdef ESTP
/****% ESTP : cluster selection needed on enabling a subgroup port */
if (group_number[port_no] != 0) cluster_selection(); /* 12.8.2 */
#endif
port state selection{); /* (4.8.2.7) */
}
disable_port (port_no) /* 12.8.3 (4.83) */
Int port_no;
s
1
Boolean root;
root = root_bridgel() ;
become_designated_port (port_no) ; AR .8.3.1) */
set_port_state(port_no, Disabled); 7* (4.8.3.2) */
port_infolport_no].topology_change_acknowledge = False; /* (4.8.3.3) */
port_info[port_no].config_pending = False; /* (4.8.3.4) */
stop_message_age_timer (port_no) /* (4.8.3.5) */
stop_forward_delay_timer (port_no); /* (4.8.3.6) */
configuration_update() ;
port_state_selection() ; /* (4.8.3.7) */
if ((root_bridge()) && (!root)) /* (4.8.3.8) */
{
bridge_info.max_age £ bridge_info.bridge_max_age; /* (4.8.3.8.1) */
bridge_info.hello_tdmé = bridge_info.bridge_hello_time;
bridge_info.forward _delay = bridge_info.bridge_forward_delay;
topology_change~detection() ; /* (4.8.3.8.2) */
stop_tcn_stimer () ; /* (4.8.3.8.3) */
configybpdu_generation() ; /* (4.8.3.8.4) */
start_hello_timer();
}
}
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set_bridge_priority(new_bridge_id) /* 12.8.4 (4.8.4) */
Identifier new_bridge_id; /* (4.8.4.1) */
{

Boolean root;
Int port_no;

root = root_bridge();
for (port_no = One; port_no <= No_of ports; port_no++) /* (4.8.4.2) */
{
if (designated_port(port_no))
{
port_infolport_no].designated_bridge = new_pridge_1d;
}
}
bridge_info.bridge_id = new_bridge_id; /* (4.8.4.3) */
configuration_update(); /* (4.8.4.4) */
port_state_selection() ; /* (4.8.4\.5) */
if ((root_bridge()) && (!root)) /* (448.4.6) */
{
bridge_info.max_age = bridge_info.bridge_max_age; AX._N(4.8.4.6.1) */
bridge_info.hello_time = bridge_info.bridge_hello_times
bridge_info.forward_delay = bridge_info.bridge_forward delay;
topology_change_detection() ; /* (4.8.4.6.2) */
stop_ten_timer () ; /* (4.8.4.6.3) */
config_bpdu_generation(); /* (4.8.4.6.4) */
start_hello_timer();
}
get_port_priority(port_no, new_port_id) /* 12.8.5 (4.8.5) */
[nt port_no;
bort_id new_port_id; /* (4.8.5.1) */
if (designated_port (pSrt_no)) /* (4.8.5.2) */
{
port_info[port_hno].designated_port = new_port_id;
}
port_info[pdrtnol] .port_id = new_port_id; /* (4.8.5.3) */
if ( ( ‘%ridge_info.bridge_id /* (4.8.5.4) */
== port_info[port_no].designated_bridge
)
&&
( port_infol[port_no].port_id
< port_info[port_no] .designated_port
)
{
become_designated_port (port_no) ; /* (4.8.5.4.1) */
port_state_selection() ; /* (4.8.5.4.2) */
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set_path_cost(port_no, path_cost) /* 12.8.6 (4.8.6) */
Int port_no;
Cost path_cost;
{
port_info[port_nol].path_cost = path_cost; /* (4.8.6.1) */
configuration_update() ; /* (4.8.6.2) */
port_state_selection(); /* (4.8.6.3) */
}
/** pseudo-implementation specifilic timer running support **/
tick()
{
Int port_no;
#ifdef ESTP
#*x*x* ESTP : add awareness of groups **/
Int group_no;
#endif
if (hello_timer_expired())
{ hello_timer_expiry();
}
if (tcn_timer_expired())
{ tcn_timer_expiry();
}
if (topology_change_timer_expired())
{ topology_change_timer_expiry();
}
for (port_no = One; port_no <= No_efiports; port_no++)
{
if (forward_delay_timer_expixed(port_no))
{
forward_delay_timer_expiry(port_no);
}
if (message_age_timerwexpired(port_no))
{
message_age_timer_expiry (port_no);
}
if (hold_timer.expired(port_no))
{
hold_timer_ expiry(port_no);
}
}
#ifdef ,ESTP
/**** \NESTP : reclustering delay timer **/
for (group_no = One; group_no <= No_of_groups; group_no++)
{
j.L L ck,lub LTl iug_\lcla_y_tiulc;_c:zxyi; C\l (g.l_ oOP_1ITO )
{
reclustering_delay timer_expiry(group_no) ;
}
}
#endif
}
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/* where */

start_hello_timer ()
{ hello_timer.value = (Time) Zero;
hello_timer.active = True;

}
stop_hello_timer ()
{ hello_timer.active = False;

}

Boolean hello_timer_expired()

{ if (hello_timer.active && (++hello_timer.value >= bridge_info.hello_time))
{ hello_timer.active = False;
return (True) ;
}

return (False) ;

start_ten_timer ()
{ tcn_timer.value = (Time) Zero;
tcn_timer.active = True;

}

stop_tcn_timer ()
{ tcn_timer.active = False;

}

Boolean tcn_timer_ expired()
{ if (tcn_timer.active && (++tcn_timer.value >=
bridge_info.bridge_hello_time))
{ tcn_timer.active = False;
return (True) ;
}
return(False) ;

}

start_topology_change_timer ()
{ topology_change_timer.value =, (Time) Zero;
topology_change_timer.activer= True;

}

stop_topology_change_timex ()
{ topology_change_timexsactive = False;
}

Boolean topology_change_timer_expired()
{ if ( topology~Change_timer.active

&& ( ++topology_change_timer.value

>= bridge_info.topology_change_time
)

)
{ topology_change_timer.active = False;

return (True) ;
%

return (False) ;
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Int port_no;
Time message_age;

{ message_age_timer[port nol.value = message_age;
message_age_timer {port_no].active = True;

}

stop_message_age_timer {port_no)

Int port_no;
{ message_age_timer[port_no].active = False;
3

Boolean message_age_timer_expired(port_no)
Int port_no;

{ if (message_age_timer [port_no].active &
(++message_age_timer[port_no].value >= bridge_info.max_age))
{ message_age_timer[port_no].active = False;

ot n (M )

1a) .
returniyirue; ;

return(False) ;
N

start_forward_delay_timer (port_no)

Int port_no:;

{ forward_delay_timer[port_no].value = Zero;
forward_delay_timer[port_no].active = True;

}

stop_forward_delay_timer (port_no)
Int port_no;
{ forward_delay_timer[port_n

}
Boolean forward_delay_ timer_expired(portxno)
Int port_no;
{ if (forward_delay_timer[port_no] :détive &&
(++forward_delay_ timer [port_mno].value >= bridge_info.forward_delay))
{ forward_delay_timer [port_mQ).active = False;
return (True) ;
}
return(False) ;

}

start_hold_timer (port_ho)

Int port_no;

{ hold_timer[portyno].value = Zero;
hold_timer [port/no].active = True;

}

stop_hold/thmer (port_no)
Int portimnoe;
{ hold)\timer [port_no].active = False;

}

Boolean hold_timer_expired(port_no)
Int port no;

{ if (hold_timer[port_no].active &&
(++hold_timer [port_no].value >= bridge_info.hold_time))
{ hold_timer [port_no].active = False;
return (True) ;
}

return(False) ;
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#ifdef ESTP
/*x**x ESTP : reclustering delay timers **/

start_reclustering_delay_timer (group_no)

Int group_no;

{ reclustering_delay_timer[group_no].value = Zero;
reclustering_delay_timer [group_no].active = True;

}

stop_reclustering_delay_timer (group_no)
Int group_no;
{ reclustering delay timer[group no].active = False;

}

Boolean reclustering delay_timer_expired(group_no)
Tnt group_no;
{ if (reclustering_delay_timer[group_no].active &&
(++reclustering_delay_timer [group_no] .value
>= group_info[group_no] .reclustering_delay))
{ reclustering_delay_timer[group_no].active = False;
return (True) ;

}

return (False) ;
}
Mendif

/** pseudo-implementation specific transmit routines */

#include "transmit.c"
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Annex A
(normative)

PICS proforma?

A.1 Introduction

The supplier of a protocol implementation which is claimed to conform to ISO/IEC 15802-5: 1998 shall
complete the following Protocol Implementation Conformance Statement (PICS) proforta:

A completed PICS proforma is the PICS for the implementation in question. The PICS is a statement of
which capabilities and options of the protocol have been implemented. The(PICS can have a number of
uses, including use

— By the protocol implementor, as a checklist to reduce the risk.of failure to conform to the standard
through oversight.

— By the supplier and acquirer—or potential acquirer—of-the implementation, as a detailed indication
of the capabilities of the implementation, stated-relative to the common basis for understanding
provided by the standard PICS proforma.

— By the user—or potential user—of théZimplementation, as a basis for initially checking the
possibility of interworking with another implementation (note that, while interworking can never be

guaranteed, failure to interwork can‘often be predicted from incompatible PICS’s).

— By aprotocol tester, as the basis for selecting appropriate tests against which to assess the claim for
conformance of the implementation.

A.2 Abbreviations-and special symbols

A.2.1 Statussymbols

M mandatory

(0] optional

O.n optional, but support of at least one of the group of options labeled by the same numeral n is
required

X prohibited

pred: conditional-item Symbol, including predicate identiicaton. see . 3.4

= logical negation, applied to a conditional item’s predicate

ICopyright release for PICS proformas: Users of this International Standard may freely reproduce the PICS proforma in this annex so
that it may be used for its intended purpose and may further publish the completed PICS.
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R.L.£4 GEliTiAdl auviTviIiauviio

ESTP Extended Spanning Tree Protocol

N/ A not annlicahle

AN UL uyyllvuulv .

PICS Protocol Implementation Conformance Statement

[FDDI] reference to ISO 9314-2: 1989

ICS

"Cl
7]

ting the proforma

A.3.1 General structure of the PICS proforma

The first part of the PICS proforma, Implementation identification and protocol summary, is-to be
completed as indicated with the information necessary to identify fully both the supplier ;and the
implementation.

The main pari of the PICS proforma is a fixed-format questionnaire, divided into several subclaiises, each
containing a number of individual items. Answers to the questionnaire items are to_be provided in the
rightmost column, either by simply marking an answer to indicate a restricted choice/(usually Yes or No),

af valn
O Uy ClllCllllg a value or a set or rangc o1 vaiucs. (Note that there are somé_ifems 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 seCend 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 this International Standard. The remaining colunins record the status of the item (whether
support is mandatory, optional, or conditional), and provide the space for the answers; see aiso A.3.4.

A supplier may also provide, or be required to provide, further information, categorized as either
Additional Information or Exception Information. When present, each kind of further information is to be
provided in a further subclause of items labeled Ai6r Xi respectively for cross-referencing purposes, where
i is any unambiguous identification for the item (€.g., simply a numeral); there are no other restrictions on
its format and presentation.

A completed PICS proforma, including any Additional Information and Exception Information, is the
Protocol Implementation Conformation Statement for the implementation in question.

NOTE—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 that makes for easier and clearer presentation of
the information.

A.3.2 Additional Information

Items_6f-Additional Information allow a supplier to provide further information intended to assist in the
intetptetation of the PICS. It is not intended or expected that a large quantity will be supplied, and a PICS
cambe considered complete without any such information. Examples might be an outline of the ways in

which a (single) implementation can be set up to operate 1n a variety of environments and configurations,
or information about aspects of the implementation that are outside the scope of this International Standard
but that have a bearing upon the answers to some items.

References to items of Additional Information may be entered next to any answer in the questionnaire, and
may be included in items of Exception Information.
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A.3.3 Exception Information

It may occasionally happen that a supplier will wish to answer an item with mandatory status (after any
conditions have been applied) in a way that conflicts with the indicated requirement. No pre-printed answer
will be found in the Support column for this: instead, the supplier shall write the missing answer into the
Support column, together with an Xi reference to an item of Exception Information, and shall provide the
appropriate rationale in the Exception item itself.

An implementation for which an Exception item is required in this way does not conform to this
International Standard.

NOTE—A possible reason for the situation described above is that a defect in this International Standard has (been
reported, a correction for which is expected to change the requirement not met by the implementation.

A.3.4 Conditional status
A.3.4.1 Conditional items

The PICS proforma contains a number of conditional items. These are itefnS for which both the
applicability of the item itself, and its status if it does apply (mandatory or (optional) are dependent upon
whether or not certain other items are supported.

Where a group of items is subject to the same condition for applicdbility, a separate preliminary question
about the condition appears at the head of the group, with an_instruction to skip to a later point in the
questionnaire if the “Not Applicable” answer is selected. Otherwise, individual conditional items are
indicated by a conditional symbol in the Status column.

A conditional symbol is of the form “pred: S’wherepred is a predicate as described in A.3.4.2, and S is 4|
status symbol, M or O.

If the value of the predicate is true (see A.34.2), the conditional item is applicable, and its status i
indicated by the status symbol following the predicate; the answer column is to be marked in the usual way.
If the value of the predicate is false, the“{Not Applicable” (N/A) answer is to be marked.
A.3.4.2 Predicates

A predicate is one of the following:

a)  An item-reference for an item in the PICS proforma: the value of the predicate is true if the item is
marked as supported, and is false otherwise.

b) A ptedicate-name, for a predicate defined (at the end of A.5) as a Boolean expression constructed
by\combining item-references using the Boolean operator OR: the value of the predicate is true if]
one or more of the items is marked as supported.

¢) The logical negation symbol “=” prefixed to an item-reference or predicate-name: the value of the

pradicata 1c trno of tho valiie af tha nradicata formad hy amatting tha 2% cymhal 10 falca and vy
H—te— Ve © tr} S TS

PreartateToTrattTr Ot P o St T oM e oo y— Ot Fs) < YOO T TS S

versa.

Each item whose reference is used in a predicate or predicate definition, or in a preliminary question for
grouped conditional items, is indicated by an asterisk in the Item column.
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Item Protocol Feature References | Status Support
J— — P PR s it ZA 2Q £ 0O A oo [
FI Maintenance of fiitering information (A.7) 0.3, 0.9 M Yes L
. ] - o ~ S o N
FMr | Can the filtering database be read by 6.9 O Yes LJ No LJ
management? _ _
*FMu | Can static entries be created and deleted? 6.9.1 (0] Yes Ll No ULJ
o ~ . L g 02 e [ .
FMp | Can static entries be created and deieted in the 6.9.3 O Yes L] No UJ
" | permanent database?
1 Lrid 1 £ 1 L0090 ray AVA [_\ NL r-l
rivia CalT Te DITUET 0T TOMTZUICtto ST arT U7z < eSSt N0t=
arbitrarily chosen value from the specified
range of vaiues for ageing time?
. . . N o N - A ~ < M 2 mM
FR1 | Is filtering information exchanged with other 6.9 O Yes LJ Do.LJ
remote bridges belonging to the same
group(s)?
groupts)
AD | Addressing (A.8) 6.12 Yes LI
e ATT el a1 1 . Vo e £ e AQ Lle £ 1N n < VAo I_\ N~ [“
A an ihe drigge oe contgured to usc 46-oit 0.1 .o Ies L INO Lo
universally administered MAC addresses?
- N o - o s ~ R o R o
*AL | Can the bridge be configured to use 4s-bit 6.12 0.5 Yes LI No LJ
locally administered MAC addresses?
ST Spanning Tree Algorithm (A.9) 7.3-7.6,7.8 M Yes [
. . P - . o —— e . s < M
SLp | Spanning Tree Protocol on LAN ports 7.7,7.9 M Yes LJ
M mrm
*SMt 7.2 (0] Yes LI No LJ
*SMp 710 0 Yes (1 No [
*EP1 9,13 NA L ves L] No L
S P R e B O T |
*EP2 9,13 N/A L) Yes LJ No UJ
*EP3 9,13 NA L) Yes L] No [
*BM 9 O Yes L) No U
s o~ TPRA atra 1 < mM wr .
*BMp 10 BM:0 | NJA L Yes UJ oL
Predica{e dp 1nitiong CGc = G2 OR CGR
efinitions S CG2 OR CG3
EPvl = EP2 OR EP3
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Item Protocol Feature References Status Support
Rme | Are received frames with MAC errors discarded? 6.5 M Yes [J
Rlp | Are correctly received frames submitted to the 6.5 M Yes [
learning process?
Rlc Are all frames addressed to LAN ports of the 6.5 M Yes [J
bridge submitted to LLC?
Rud | Are frames of type user_data_frame the only type 6.5, 6.6 M Yes [
of frame relayed on LAN ports?
Rnr | Are request_with_no_response frames the only 6.5,6.6 M Yes [J
frames relayed on LAN ports?
Rql Are relayed frames queued for transmission only 6.7.1 M Yes [J
under the conditions in 6.7.1?
Rq2 | Isthe order of relayed frames of given user 6.7.1,6.7.3, yeo
priority between a given pair of MAC addresses 8.2.1
preserved?
Rqg3 | Is arelayed frame submitted for transmission only 6.7.3 M Yes [
once to the MAC entity or MAC service support
functions for each port to which it is forwarded?
Rg4 | Are queued frames discarded if a port leaves 6.7.3 M Yes [J
Forwarding state?
Rtd | Is a maximum bridge transit delay enforced? 643 M Yes [J
Rue | Is the undetected frame error rate greater than that 5.3.1 X No [
achievable by preservation of the FCS where
possible?
Rfp | Is the FCS preserved for frames relayed between 54¢g) (6] Yes [J  NolJ
ports supporting the same MAC type?
Rpl Is the user priority of relayed frames preserved 6.7.4 Yes [
where possible?
Rp2 | Is the user priority set to Outbound User Priority 6.7.4 Yes [
where appropriate?
Rp3 | Is the access priority, when supported, set to the 6.7.4 0.6 Yes ] No[J
user priority?
Rp4 | Is the access priority, when supported, set to the 6.7.4 0.6 Yes [ No I
Outbound Access Priority?
Rp5 | Can the bridge use the specified default values of 6.7.4 M Yes [J
Outbound Acgess Priority?
If FDDILAN ports are not supported, item CP4,
mark N/A and continue at item Rpm1: N/A O
Rfdl\Ms an M-UNITDATA indication generated on 5.5, [FDDI] X No UJ
receipt of a valid frame transmitted by the LAN
port’s local MAC entity?
Rfd2 | Is only Asynchronous service used? [FDDI] M Yes [J
Rfd3 | On receiving a frame from an FDDI ring for 5.5, [FDDI] (0] Yes LI NoUJ
forwarding, does the bridge set the C indicator?
Rfd4 | On receiving a frame from an FDDI ring for 5.5, [FDDI] (0] Yes [ No [
forwarding, does the bridge leave the C indicator
unaltered?
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item Protocol Feature References Status Support
Rpml | If management of priority is supported, can the 6.74 RPm: M | N/A [] ves []
Outbound User Priority be set to each value in the
range of values specified, for each port?
Rpm?2 | If management of priority is supported, can the 6.7.4 RPm: M| NA L] ves [
Quthound Access Priority be set to each value in
the range of values specified, for each port?
Rpm3 | If management of priority is not supported, is the 6.7.4 -RPm: M| N/A U] Yes [
Outbound User Priority for each transmission
port set to the specified default value?
Rpm4 | if management of priority is not supported, is the 6.7.4 -RPm: M| N/A [0 Yes [
Outbound Access Priority for each transmission
port set to the specified default value?
A.7 Maintenance of filtering information
Item Protocol Feature References Status Support
Fse Does the filtering database support static entries? 6.9 M Yes [J
Fde | Does the filtering database support dynamic entries? 6.9 M Yes [J
Fd1 Are dynamic entries created and updated if and 6.8, 7.4 M Yes [
only if the port state permits?
Fd2 | Are dynamic entries made on receipt of frames 6.8,6.9.2 X No [J
with a group source address?
Fd3 | Can a dynamic entry be created that conflicts with 6.8, 6.9 X No [J
an existing static entry?
Fd4 | Are dynamic entries removed from the filtering 6.9.2 M Yes [
database if not updated for the ageing tifne’period?
Fd5 | Does the creation of a static entry remove any 6.9 M Yes [
dynamic entry for the same address?
Fs1 Does each static entry speéify a MAC address and 6.9.1 M Yes UJ
an outbound port map fer€ach inbound port?
Fs2 | Does each dynamic(entry specify a MAC address 6.9.2 M Yes [
and a port number?
Fip Is the filtering database initialized with the entries 6.9.3 M Yes [J
containethinthe permanent database?
If static entries cannot be created and deleted, item
EMu, mark N/A and continue at item Fma: N/A U
Fmsl' | Can static entries be made for individual MAC 6.9.1 M Yes [J
addresses?
Fms2 | Can static entries be made for group MAC addresses? 6.9.1 M Yes U]
Fms3 | Can a static entry be made for the broadcast MAC 6.9.1 M Yes [
address?
Fma | Can the bridge be configured to use the default 6.9.2 (0] Yes (] No [J
value recommended for ageing time?
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A.8 Addressing

ISO/IEC 15802-5 : 1998(E)
ANSVIEEE Std 802.1G, 1998 Edition

Item Protocol Feature References Status Support

DIl Does each LAN port have a separate MAC 6.12 M Yes [
address?

Dgl | Do all BPDUs transmitted on LANs use 6.12,7.2 M Yes [
the same destination group MAC address?

Dg2 | Do all BPDUs transmitted on LANS use the 6.12,7.2 AU:M | NA O Yes UJ
Bridge Protocol Group Address when
universally administered addresses are used?

DI2 | Is the source MAC address of each BPDU 6.12 M Yes [
transmitted on a LAN the address of the
transmitting port?

Dlu | Is the bridge address a universally 6.12,7.2 M Yes [
administered MAC address?

Dra Does the bridge relay any frames addressed 6.12 X Ne [J
to any of the Reserved Addresses?

Dmp | Is bridge management accessible through 6.12 BM: 0 | XN/A T Yes [J No[J
each LAN port using the MAC address of the
port and the assigned LLC address?

Dmg | Is bridge management accessible through 6.12 BM:O | NA J Yes [ No [
all LAN ports using the All LANs Bridge
Management Group Address?

Dbp | Is the bridge address the MAC address of 6.12 AU:0 | NA O Yes D No
port 1?

*Dpa | Are group addresses additional to the 6,12 (6] Yes [ No [J
Reserved Addresses preconfigured in the
permanent database?

Dpd | Can the additional preconfigured entries in 6.12 Dpa: O | N/A O Yes 0 No[J
the permanent database be deleted?

Dbpe | Can a group MAC address be assigned-to 7.2 AL:M | NA [ Yes UJ
identify the bridge protocol entity?

Dpi Does each port (LAN port and virtual port) 7.2, M Yes [J
have a distinct identifier? 7.54.1.1

Copyright © 1998 IEEE. All rights reserved.
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Item Protocol Feature References
Sir Are protocol parameters maintained, and BPDUs 7.1,75.3, Yes
‘,,UUM_JAI ANT ot ag wmmazlizn d oo onn T8 A 7KK
transmitted at LAN ports, as lcquucu on each of 1.9.4, 1.5.5,
the following events? 7.6
— Received Configuration BPDU on LAN port or 7.6.1,7.6.2
recelveo configuration message on virtuai port
R IS 1 N $3£3 S 760 7712
TNCCCTVveTr lV}JUAUEJ Crrangc HottHeattonon =0T
LAN port (as BPDU) or virtual port
N T T U R P v M
Slt Are protocol parameters maintained, and BPDUs 1.7,77.5.3, Yes LJ
transmitted at LAN ports, as required in relation to 754,755,
the following timer parameters? 7.6
— Hello Time 7.7.1.1
~m 712
— Topology Change Time 7.7.1.3
— Hold Time 7.7.1.1.1
— Max Age and received Message Age 7.6.2.1
— Forward Delay 7.42,7.4.3
— Reclustering Delay 7.6.5,7.6.6
Sln Are Topology Change Notification BPDUs 7723 M Yes ||
retransmitte d at the specified intervais at any LAN
port that is the root port?
SIm meters mOdiﬁed and BPDUs 9.7,7.5.3, Yes LJ
11 S B M e A e
, as required by the 71.5.4,7.5.5
7.8.1
7.8.2
7T Q"1
1.0.0
7.84
7.8.5
7.8.6
Item Protocel\Eeature References
Sti Does the bridge underestimate the mcrcmcm io 7.10.1 X No
theMessage Age parameter in transmitted BPDUs
at.AN ports and configuration messages at
virtual ports?
SiZ5] Does the bridge underestimate forward delay? 7.10.1 X No UJ
St3 | Does the bridge overestimate the Hello Time 7.10.1 X No L/
interval?
Si4 Does the bridge use the specified value for Hold 7.10.2 M Yes [J
Time?
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ISO/IEC 15802-5 : 1998(E)
ANSI/IEEE Std 802.1G, 1998 Edition

LOCAL AND METROPOLITAN AREA NETWORKS—

A.9.4 Management of spanning tree topology and timers

Item Protocol Feature References Status Support
If management of the spanning tree priority parameters,
item SMp, is not supported, mark N/A and go to item
Smtl: N/A U
Smpl | Can the relative priority of the bridge be set? 7.2,7.53.7, Yes [
784
Smp2 | Can the relative priority of each port be set? 7.2,754.1.1, Yes [J
7.8.5
Smp3 | Can the path cost for each port be set? 7.2,754.123, Yes [
7.8.6
If management of the Spanning Tree protocol timers,
item SMt, is not supported, mark N/A and go to A.9.5: A U
Smtl | Can Bridge Max Age be set to the full range of 7.10.2,7.5.3.8 M Yes [
values specified?
Smt2 | Can Bridge Hello Time be set to the full range of 7.10.2,7.5.3.9 Yes [
values specified?
Smt3 | Can Bridge Forward Delay be set to the full range 7.10.2, Yes [
of values specified? 7.5.3.10
Smt4 | Can Primary Reclustering Delay be set to the full 7.1050.5.5.6 | CGs: M | N/A O Yes U
range of values specified, for each non-virtual-
LAN group?
A.9.5 BPDUs transmitted and received at-LAN ports
Item Protocol Feature References Status Support
Sibl | Are all of the following BPDU parameter types 7.9 M Yes [J
encoded as specified?
— Protocol identifier
— Protocol version.identifier
— BPDU type
— Flags
— Bridge identifiers
— Root path cost
— Peort.identifiers
—Timer values
S1b2 <}=Do Configuration BPDUs transmitted at LAN ports 7.9 M Yes [
have the format and parameters specified?
Sib3—| Do-Topoloay-Change Notification-BRDUs 79 M Yes [ ]
transmitted at LAN ports have the format and
parameters specified?
Slb4 | Are BPDUs received at LAN ports validated as 7.9 M Yes [J
specified?
170 Copyright © 1998 IEEE. All rights reserved.
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A.10 Extended Spanning Tree Protocol

If the Extended Spanning Tree Protocol is not supported,

items EP1-EP3, mark N/A and go to A.11: N/A O
Item Protocol Feature References Status Support
Ebt Are all of the following bridge timers maintained? 13, M Yes [
— Hello Timer 12.3.4.1
— Topology Change INotitication limer 12342
— Topology Change Timer 12.3.4.3
Epp | Is the Configuration Pending port parameter 12.3.5.1, 13 M Yes [
maintained for each port?
Ept | Are all of the following port timers maintained for M yesl
each port? 13,
— Message Age Timer 12.3.6.1
— Forward Delay Timer 12.3.6.2
— Hold Timer 12.3.6.3
Egt | Is the Reclustering Delay Timer maintained for 12.3.8, 13 M Yes [J
each non-virtual-LAN group?
Ert Are protocol parameters and timers maintained, 7.53 554, M Yes [
and BPDUs transmitted at LAN ports and virtual 7.5.5,7.6, 13
ports, as required on each of the following events?
— Received Configuration BPDU 12.7.1
— Received Topology Change Notification BPDU 12.7.2
— Hello Timer expiry 12.7.3
— Message Timer expiry 12.7.4
— Forward Delay Timer expiry 12.7.5
— Topology Change Notification Timer expiry 12.7.6
— Topology Change Timer expiry 12.7.7
— Hold Timer expiry 12.7.8
— Reclustering Delay Timer expiry 12.7.9
Ebm | Are protocol parametersiand timers maintained, 7.5.3,7.5.4, M Yes [J
and BPDUs transmitted.at LAN ports and virtual 7.5.5,7.6, 13
ports, as required for-€ach of the following
operations?
— Initializatien 12.8.1
— Enable.Port 12.8.2
— Disable Port 12.8.3
—< Set'Bridge Priority 12.8.4
~>~Set Port Priority 12.8.5
/— Set Path Cost 12.8.6
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Item Protocol Feature References Status Support
Etx1 | Are all of the following BPDU parameter types M Yes [J
encoded as specified, in BPDUs transmitted at
virtual ports? 1252
— Protocol identifier 12.5.2.1
— Protocol version identifier 12.5.2.1
— BPDU type 12.5.2.1
— Rndge identifiers i2.5.2.1
— Root path cost 12.5.2.1
— Port identifiers 12.5.2.1
— Timer values 12.5.2.1
— Cluster identifiers 125.2.2
— Reason 12.5.2.3
Etx2 | Do Configuration BPDUs transmitted at subgroup 12.53.1, EP3:M | NAE]  Yes [J
ports have the format and parameters specified for Figure 12-1
Version 1 BPDUs?
Etx3 Do Configt ouration BPDUs transmitted at virtual LAN 12.5.3.1, EP2:M | N/A D Yes D
ports have the format and parameters specified for Figure 12-1
Version 1 BPDUs?
Etx4 | Do Configuration BPDUs transmitted at virtual LAN 12.5.31 EPL:M | NA [ Yes U
ports have the format and parameters specified for Figure 12-1
Version 0 BPDUs?
Etx5 | Do Topology Change Notification BPDUs transmitted 12.5.3.2, EP3:M | NA [ Yes [J
at subgroup ports have the format and parameters Figure 12-2
specified for Version 1 BPDUs?
Etx6 | Do Topology Change Notification BPDUs transmitted 12.53.2, EP2:M | NA ] Yes UJ
at virtual LAN ports have the format and parameters Figure 12-2
specified for Version 1 BPDUs?
Etx7 | Do Topology Change Notificatioh BPDUs transmitted 12.5.3.2, EP1:M | NA [ Yes [J
at virtual LAN ports have'the format and parameters Figure 12-2
specified for Version @-BPDUs?
Etx8 | Are the optionaldiagnostic parameters supported in 12322 - EPv1:O | Yes [ No [
Topology Change’Notification BPDUs? 123.24
Erx Are reecived BPDUs validated as specified? 12.54 Yes [J
Essl | Ineach group, do the mechanisms for transfer of M Yes [
BPDUs between remote bridges conform to the QOS
requirements for the RB-Protocol Subnetwork 12.2.1,
Service, in respect of the following? 12.2.1.1,
— Misordering and duplication 12.2.1.2.1
— Loss 12.2.1.2.2
— Undetected error rate 12.2.1.2.3
Ess2 | Ineach group, do the mechanisms for transfer of M Yes [J
BPDUs between remote bridges meet the group
connectivity requirement? 12.2.1,12.2.2
172 Copyright © 1998 IEEE. All rights reserved.
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A.11 Bridge management

ISO/IEC 15802-5 : 1998(E)
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If bridge management is not supported, item BM, mark N/A and go to A.12: N/A U
Item Protocol Feature References | Status Support
Are the following bridge management
operations supported as specified?
Mbl DiscoverBridge 9411 M Yes [
Mb2 | Read Bridge 94.12 M Yes [
Mb3 | Set Bridge Name 9.4.13 M Yes [J
Mb4 | Reset Bridge 9.4.1.4 M Yes [J
Mp! | Read Port 9.4.2.1 M Yes [
Mp2 | Set Port Name 9422 M Yes [
Mgl | Read Group, if subgroup ports supported 9.4.3.1 CGs:M | N/A [ Yes-[
Mg2 | Set Group Name, if subgroup ports supported 9432 CGs:M | A O, YesUJ
Mp4 | Read Forwarding Port Counters 9.6.1.1 M Yes [
Mp5 | Read Transmission Priority 9.6.2.1 M Yes [J
Mp6 | Set Transmission Priority 9.6.2.2 M Yes [J
Mf1 | Read Filtering Database 9.7.1 M Yes
Mf2 | Set Filtering Database Ageing Time 9.7.1 M Yes
Mf3 | Read Permanent Database 9.74 M Yes [
Mf4 | Create Filtering Entry 9.7.5.1 M Yes [J
Mf5 | Delete Filtering Entry 9.7.5.2 M Yes L]
Mf6 | Read Filtering Entry 9.75.3 M Yes [J
Mf7 | Read Filtering Entry Range 9.7.54 M Yes [J
Mbpl | Read Bridge Protocol Parameters 9.8.1.1 M Yes UJ
Mbp2 | Set Bridge Protocol Parameters 9.8:1%2 M Yes [J
Mppl | Read Port Parameters 98.2.1 M Yes [
Mpp2 | Force Port State 9.8.2.2 M Yes [
Mpp3 | Set Port Parameters 9.8.2.3 M Yes [J
Mgpl | Read Group Parameters, if subgroup ports 9.8.3.1 CcGs:M | NA I Yes [J
supported
Mgp2 | Set Reclustering Delay, if subgroup ports 9.83.2 CGs:M | N/A [ Yes [
supported
If ISO/IEC 15802-2 LAN/MAN management is not supported,
item BMp, mark N/A and go to,A.12: N/A O
Item Protocol-Eeature References Status Support
MIm | Does the bridge conform to ISO/IEC 15802-2: 1995? 10 M Yes [J
Mop | Are’thé management operations mapped to 10.1-10.6 M Yes [
EMMS services and parameters as specified?

Copyright © 1998 IEEE. All rights reserved.
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Specify the values of the parameters indicated.

Item Parameter References | Status Values Supported

Pgr | Guaranteed Bridge Relaying Rate Gy, 11 M Gg = frames/s
and the associated measurement
interval T Ty = S

Pgf | Guaranteed Port Filtering Rate G, 11 M

A tha
and the associated measurement

interval T, for each LAN port:
identify each port clearly, by port

ol

nuchr Or Oiner means.

Port(s): Gr = frames/s
Tr = S
Port(s): Gp=Cc~ __ frames/s
T = S
Port(s): Gp=___  frames/s
Tp = s
Port(s): Gp=___  frames/s
Tp = S
Port(s): Gp = frames/s
Tp = s
Psf Size of the filtering database 6.9 M entries
Psp | Size of the permanent database 6.9 M entries
Pfr Time to deteet failure of the relaying 8.1 M Range: from S
connectivity'\tequirement
to S
Default S
Pfg._| Time to detect failure of the group 1222 M Range: from s
connectivity requirement
to S
Default s
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Annex B
[im v ntivra)
l‘ 10111Iauve)
Ailiocation of obiect identifier vaiues
B.1 Introduction
This annex contains a summa f all object identifier values allocated by this InternationalStandard.

Each table shows allocations related to a specific category of information obiec‘ T
e

’dentmes the categorv OI mIormatlon ODICC[ and shows the invariant par[ of'

C  Current. The obiect identifier value has been allocated to an information object that is identified
within the current revision of this International Standard.

Ar¢ Purpose Status

N/A N/A N/A

or functional unit naf‘l(aapc

Invariant part of object 1dent1t1er value =

ra 3 1 1IN/ 100000 C e LRSS ) 1 LI
{ISO(1) lllclllUCl-UUuy\L} Ust840) Teee862dotB(1H6669 ) furctromattnitPackageth}
A " Qa4
Arc rurpose Status
- T A NI/ A
N/A / INFA
Ao LA A 400 IECEE AN ialada raaarsand 178
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