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International Standard ISO/TED 8802.3 : 1983
ANSHIEEE 5td 802.3, 19983 Edition

{This edition contains ANSBVIRER Std 8023 1968,

ANSVIEEE Std 802, 301888, ANSVIEEE Std 802.34-1887,
ANSIIEEE Btd 802 351085, ANSIIEEE Std BO2. 801887,
ARNSFIEEE Std #02.30-1990, ANSVIEEE $1d 802.31-1990, and
correntions resuliing from Muintenance Ballot 41)

Information technology—
Local and metropolitan area networks——

Part 3:

Carrier sense multiple access with
collision detection (CSMA/CD)
access method and
physical layer specifications

Sponsor
Technical Committee on Computer Communications

of the
IEEE Computer Seciety

Abstract: Thiz Local and Metropolitan Area Network standard, ISOJAEC 8R02-3 ;. 1983 [ANSVIEEE Bid
502.3, 1993 Bdition], specifies the media access contral characteristics for the Carrier Sense Multiple Avcess
with Colligion Detection (CSMA/CD) accsss method. It also specifies the media, Medium Attachment Unit
(MALT) and physical layer repeater unit for 10 Mbfs bazeband and broadband systems, and it provides a
1 MW baseband implementation. Specifications for MAU types 10BASED, L0BASEZ, FOIRL (fiber optiz in-
ter-repeater link), TUBROADSS, 1BASES, and 10BASE.T are insluded. System considerations for multizseg-
ment 10 Mb/s baseband networks are provided. Layer and sublayer interface specifications are aligned to
the 180 Open Systems Interconnection Basic Reference Model and 8302 maodels. The 8862-5 internal model
ig defined and used.

Keywords: data processing, information interchange, local area networks, mode ol data transmission, net-
work interconnection, models

Adepted us an International Standard by the
International Drganization for Standardization
and by the

International Electrotechnical Commission

i, Arpciven Nstionsl Standecd
R

 Published by
* The Institute of Blectrical and Blectronivs Engiseers, Inc. W
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International Standard [SO/MEC 8802-3 : 1593

IBO (the International Organization for Standardization) and TEC (the International Elee
trotechnical Commission) form the specialized system for worldwide standardization.
National bodies that are members of IS0 or TEC participate in the development of Interna-
tional Standards through technical committees established by the respective organization to
deal with particular fields of technical activity, 180 and [EC technical committees collaborate
in fields of mutual interest. Other international organizations, gevernmental and nongovern-
mental, in lialson with 180 and [1EC, also take part in the werk.

In the field of information technology, IBO and TEC have established a joint technical com-
mittes, [SOAEC JTC 1. Draft International Standards adopied by the joint technical commit-
tee are circulated to national bodies for voting. Publication as an International Standard
reguires approval by at least 75% of the national bodies casting a vote,

In 1985, IEEE Standard 802.3-1885 was adepted by ISO Technical Committee 97, Informa-
tion processing systems, as draft International Standard ISO/DIS 8202-3. Following the proce-
dures desceribed abave, the Standard was subisequently approved by IS0 and published ag IS0
BRO2-3 : 1989, incorporating ISO $802-3/DAD 1 which had resulted from the adoption by I8
in 1987 of ANSIVIEEE St 802.3a.

A forther revision was subsequently approved by ISOAEC JTC 1 in 1990, incorporating
ISOTEC BROZ-3/Amendments € and 5.

A third edition, published in 1992, incorporated ISOAEC 8802-3/Amendments 3 and 4.

This fourth edition cancels and replaces ISOWIEC 8802-3 : 1992 and incerporates [SOAEC
8802-3Amendment 6, Maintenance Ballof; Amendment 7, Laver management; and Amend-
ment B, System consideragions for multisegment 10 Mbls baseband netiworks ond Twisted-
pair medium ottacfiment unit (MALD and baseband medinm, type HIBASE-T These amend-
ments were approved in 1992,

For the purpese of assigning organizationally unigue identifiers, the Institute of Electrical
and Electronies Engineers, Inc., USA, has been designated by the IS0 Counecil as the Regis-
tration Authority. Communications en this subject should be addressed to

Registration Authority for IROAEC 8802-3

o/o The Institute of Electrical and Electronics Enginsers, Inc.
445 Hoss Lansg

PO Box 1331

Pigcataway, NJ 08855-1331

USA

During the preparation of this International Standard, information was gathered on pate
ents upon which application of this standard might depend. Relevant patents were identified
as belonging te Xerox Corporation. However, 130 and 1EC cannot give authoritative or com-
prehensive information about evidence, validity or scope of patent and like rights, The patent-
holder has stated that lcenses will be granted under reasonable terms and conditions and
cominunications on this subject should be addressed o i

Kerox Corporation
PO. Box 1800
Stamburd, CT 06904
118A

International Organization for Standardization/International Blectrotechnica] Commission
Case postale B8 « CH-1211 Gendve 20 * Swilzerland
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Foreword to International Standard ISOAEC 8802-3: 1663

This standard is part of a family of standards for Local and Metropolitan Area Networks. The relation-
ship between this standard and the other members of the family is shown below. (The numbers in the fig-
ure refer to [80 standard numbers.}

£e02-2 ??Jb?

LAYER

b oo o oo o e oo oo hoes oy e oo e

HR02-3 BB02-4 88025 8802-7 LINK
LAYER

This family of standards deals with the Physical and Data Link layers as defined by the IS0 Open Sys-
tems Interconnection Basic Reference Model (ISO 7498 | 1984). The access standards define four types of
medium access technologies and associated physical media, each appropriate for particular applications or
syatem objectives. Other types are under investigation.

The standards defining these technologies are as follows:

(1) ISOAEC 8802-3 [ANSUVIEEE Std 802.3, 1893 Edition], a bus utilizing CEMA/CD as the access
method,

{2y ISOVIEC 8802-4 [ANSVIEEER Std 802.4-19904, a bus utilizing token passing as the access method,

(3) ISO/EC 8802.5 [ANSIVIEEE Std 802.5-1092], a ring ntilizing token passing as the access method,

{4} IS 8802-7, aring utilizing slotted ring as the aceess methed.

IS0 88022 [ANSVIEEE Std 802.2.1989], Logical Link Control protocel, is used in conjunction with the
medium access standards.

IBOAEC 16038 [ANSIIEEE Std 802.1D, 1983 Edition], Media aceess control (MAC) bridges, specifies an
architecture and protecol for the interconnection of [EEE 802 LANSs below the MAC service boundary.

The reader of this document is urged to become familiar with the complete family of standards.

The mazin body of this standard serves for both the ISO/AEC 8802.3 and ANBIVIEEE Std 8023 stan-
dards. ISO/TEC and IEEER each have unique forewsord sections. The Annex applies to the IEEE standard
only, The Appendixes serve as useful reference material to both standards.
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ANSTAEEE Std 802.5, 1993 Edition

IEEE Standards documents are developed within the Technical Committees of the IEER
Societies and the Standards Coordinating Comunittees of the IEEE Btandards Board. Mem-
hers of the commitiees serve voluntarily and without compensation. They are not necessarily
members of the Institete. The standards developed within TEEE represent o consensus of the
broad expertise on the subject within the Institute as well ag these activities outside of [ERE
which have expressed an interest in participating in the development of the standerd.

Use of an IEEE Standard is wholly voluntary. The existence of an TEEE Standard does not
imply that there are no other ways o produce, test, measure, purchase, market, or provide
other goods and services relaied to the scope of the IEEE Standard. Furthermore, the view-
point expressed at the lime o standard is approved and issued ig subject o change brought
abaut through developments in the state of the art and comments received from users of the
standard. Bvery IHEE Standard is subjected o review at least once every five years for revi-
sion or reaffirmation. When a document is more than five years old, and has not been reaf-
firmed, it is reascnable to conelude that its contents, although still of seme value, do not
wholly reflect the present state of the art. Users are cautioned to check to determine that they
have the [atest edition of any IEEE Btandard.

Comments for revision of IREE Standards are welcome from any interested party, regard
lass of membership affiliation with IEEE. Suggestions for changes in documents should be in
the form of & proposed change of text, together with appropriate supporting comments.

Interpretations: Oecasionally questions may arise regarding the meaning of portions of
standards as they relate to specific apphications, When the need for interpretations is brought
to the attention of TEEE, the Institute will initiate action to prepare appropriate responses.
Since IEEE Btandards represent o eonsensus of all concerned interests, it is important fo
ensure that any interpretation has alse received the concurrence of a balance of interests. For
this reason IEEE and the members of its teclinical eommittees are not able to provide an
instant response to interpretation reguests execept in those cases where the matter has previ-
ausly received formal cansideration.

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

Secretary, IEEE Standards Board
345 East 47th Streel

New York, NY 10017

sA

IEEE Standards documents are adopled by the Institute of Electrical and Elecironics
Enginesrs withoul regard to whether their adoption may involve patents en articles, ma-
terials, or processes. Such adoptions does not assume any lability to any patent owner, nor
does it assume any obligation whatever o parties adepiing the standards dosuments,
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Foreword to ANSVIEEER Std 802.3, 1993 Edition

{This Worewnrd i% not a part of this International Standard or of ANSIIEEE 8023, 1993 Edition

~ 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

[EEE standard numbers.)

BOZ 1 SECURITY

j 022 LORIOAL 11K I

f

4

i

ng & ! 027 BRIDGING I SATA

i & ANK

5 & LAYER
E :
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* Formerly IEEE Std 80234

This family of atandards deals with the Physical and Data Link lavers as defined by the International
Ovganization for Standardization (IS0} Open Systems Interconnection Basic Reference Model (IS0
7498 1 1984). The aceess standards define several types of medium access technologios and associated phys-
ieal modia, each appropriate for particular applications or system objectives. Other types are under investi-

gation.

The standards defining these technologies are as fullows:

o [EDE Std 802°:

« [EEE Std 802.1B:

=ISOAEC 10038 © 1993
[ANSIIELE Std 802,113

= [EEE Std 802.1E:

® [SO 86802-2 IANSIVIEEE Std 2802.2):

Crverview and Architecture. This standard provides an overview
to the family of IEEE 802 standards. This decument forms part
of the 8021 scope of work,

LAN/MAN Management. Defines an Open System Interconnec-
tion (OS1) management-compatible architecture, and services
and protocel elements for use in a LANMAN environment for
performing remote management.

MAC Bridging. Specifies an architeeture and protocol for the in-
terconnection of IEEE 802 LANs below the MAC service
boundary. .

System Load Protocl, Specilies & set of services and protocel for
those aspects of management concerned with the loading of svs-
tems on IEEE 802 LaANs.

Logical Link Control

s IBOAEC 8802-3 JANSIIEEE 8td 80231 CSMA/CD Access Method and Physical Laver Specifications

“The 802 Architesture and Overview Bpecification, criginally known as TEEE Std 802,14, has been renumbered as IRER Std 862, Thiz
has been done o ascornmodate recognition of the base standard in a family of standards, Heferences to TEEE 8id 802.1A should be

copsidered as vefersnces 1o [TREE Ntd 802,
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» ISOVIEC 8802-4 IANSIIEEE Sid 862 41 Token Bus Access Method and Physical Laver Specifications

= [BOIREC 8802.5 [ANSIAEEE 8id 802.5]: Token Ring Access Methed and Physical Layer Specifications

s IEEE Std 802.6 Metropolitan Area Metwork Access Method and Physical Layer
Specifications
s [EEE Std 802.10: Interoperable Local Avea Network Security, Currently Condaing

Secure Data Exchange (SDE)
In addition to the family of standards the following iz a recommended practice for a comumon technelogy,

» [REE 8td 802.7: IREE Reeomunended Practice for Broadband Local Area
Networks

The reader of this decoment is urged to become familiar with the complete family of standards,

Conformance Test Methodology

Anocther standards series, identified by the number 1802, has been established to identify the conform-
ance test methodology documents for the 802 family of standards. This makes the correspondence betwaen
the various 802 standards and their applicable conformance test requirements readily apparent. Thug the
canformance test decuments for 802.9 are numbered 1802 3, the conformanee fest docaments for 802.5 will
be 18025, and so on. Similarly, 1SO will use 18802 o number conformance test standards for 8802
standards,

ISOAEC 8802-3 : 1898 (ANSVIEEE Std 802.3, 1893 Edition}

This edition of the standard defines 10 Mh/s baseband snd broadband implementations and 2 1 Mb/s
baseband implementation of the Physical Layer using the CSMA/CD sccess method, It i anticipated that
future editions of the standard may provide additional implementations of the physical layer to support
different needs {for example, media, and data rates).

This standard containg state-of-the-art material. The ares covered by this standard i3 undergoing evalu-
tion. Revisions are anticipated to this standard within the next few years to clarify existing material, to
eorrect possible errors, and to incorporate new related material,

Readers wishing to know the state of revisions should contact

Seeretary

IEEE Standards Board

Institute of Electricsl and Electronics Engineers, Tnc
PO Box 13381, 445 Hoees Lane

Piscataway, Nd 0B855-1331

USA

The IEEE 802.3 Working Group acknowledges and appreciates that many concepts embodiad in this
standard are based largely upon the CSMA/CD access methed earlier described in The Ethernef specifica-
tion as written jointly by individuals from Herex Corperation, Digital Equipment Corporation, and Intel
Corporation. Appreciation is alse expressed to Robert M. Meteaife and David B. Beggs for their pioneering
work in establishing the original concepts.
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Participants

When the [IEEE 802.3 Working Group approved the original standard (ANSIIEEE Std 802.3-1985) in

1883, it had the following membership:

Fhil L, Acst
Hobert F. Bridge
(harles Brill

& J. Claney
John Davidson
Ralph DeMent
HRank (H. Mo Dorris
Judith Egtrin
Richard Fabbri
Imgrid Fromm
Milton C, Harper
Bryan Hoover
George D. Jalatis
Harold W, Katz

Bonald C. Loughry, Chair

Denald 1, Bolas
William P Lidinsky
Leaurie Lindsey
William D, Livingston
Andy Lugue

Daniel Maltbie
Jderry MeDowell

(I, Kenneth Miller
Robert L. Morrell
Wensdell Nakamios
W. P. Neblett
James Nelson
Thomas L. Phinney
Diavid Potter

Robert 8. Printis
Gary 8 Robinson
Robert Rosenthal
Gary Stephens
Daniet P. Btokasberry
Een. F Sumner
Daniel Sze

Vietor J, Tarassov
P. B. Wainwright
Lyle Waiman
Hugh E. White
Choa-Ping Wa
Nick Zades

Me E. Zonoun

Additional individuals who contributed actively in the development of the original standard (ANSIIEEE
Std 802.8-1885) throughout its elzboration wezre

Juan Bulnes
Ron Crane
Drane Ellist.
Alan Flatman
Maris Graube
Guy Harkins

Dean Lindsay
Then. T Lia
Robert Moles
Tony Leazack
Fogeph &t Amand
Richard Seifert
Nathan Tobol

Mark Townsend
Roger Vun Brunt
Bo Vicklund
Chris Wargo
Richard Willlams
Ron Yara

The BCMA TC24 Committee on Communication Profocols alse provided helpful input inthe developmant

of this standard.

When the IEEE 802.3 Working Group approved ANSUIEEE Std 802.3a-1988 {(Section 10) in November

1984, it had the following membership:

Donald C. Loughry, Chair
Alan Flatman, Chair, Type 10BASEZ Task Force

Menachem Ahrabam
. V. Balakrishnan
William Belknap
Ciharles Briil

Juan Bulnes
Etephen Cooper
Ronaid Crane
John Davidson
Mark Devon

FPhil Edholm
Gregory Ennis
Judy Eslrin
Highard Fransan
Ingrid Fromim
Kabart Gahn

Rich Graham
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Guy Harkins

Greg Hopkins

doe Kennedy
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William Livingston
Hugh Logan
Leland Long

Andy Lugue
Damial Maltbie
Bteven Moustakas
Wendell Nakamine
Ldeyd Oliver
Aidan Paul

David Potter
BEugene Reilly

Joseph Rigkart
Gary Bobinson
Rohert Bosenthal
Joseph St, Amand
Walter Schreder
Stephen Soto
Gary Spencer
Robert Sammers
Pat Thaler

Geoff Thompson

Wendell Turner

David White
Lawrence White:
Rich Williams
Ronald Yara
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J. Becker 8. Hellander 0 Power
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Bourstyn P Induiage M. Repko
A. Carrate T. Iahida ¥ Restivo
. Carson o Jelemenshy 1. Rich
8, Chakeadarti 0, Kahn Ix Rine
H, Chandra 3. Kak K. Bosenthal
F. Chang K. Katendf P Ruosadri
€. Chao €, Kessler 2 Samaylenko
(. Chen 13, Kivachen B Bashi
P. Chen R. Kolm A. Sager
K. Chon T. Kuki N. Schneidewingd
R. Chow R Kunkel 0. Berlin
G, Clingue W. Lai I3 Shepard
1. Cotion V. Lasker . Slayer
D. Cox N. Lau £ Selonion
R. Dedarding R. Laaghhn G Stephens
D. Dickel F. Lim C. Stiflebroer
C. Eldridge T. Lia ¥ Sumner
P Enslow d. Loo E. Sykas
4. Fendirch K. Leaghner A. Tantawi
M. Figuersa D. Loughry D. Tether
D. Fisher T. Louhenkilibi d. Toorret
4. Fletcher D. Manchester K. Tu
W. Franta M Marco D Umbaogh
R. Gaglians D). Matters J. Varkies
D. Gan D. Melnode A Wazsberger
M. Graobe D. Michels W. Wenker
M. Greene L. Moraes T Wickiune
R, Gustis D Morriss T Wall
K. Harbaugh J. Murayama F. Wold
G, Harkins 8. Nelson R Youg

3. Ofsevit
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When the IEEE 802.2 Working Group approved ANSVIEEE Btd 802 8c- 1985 (9. 1-8.8) in July 1885, ithad
the following membership:

Donald C. Loughry, Chair
Geoffrey 0. Thompson, Chair, Repeater Task Force

Menachem Abraham
Heith albright

R, ¥. Balakrishnan
William Belknap
Richurd Bennett
Charles Brill

Juan Bulnes
Stephen Cooper
Paul Bastman
Phil Edhelm
Gregory Ennis
Alan Flatman
Richard Fransen
Togrid Fromm
RBobert Galin
Sharad Gandhi
Rich Grabam
Richard Gumpertz

Hacene Hariti
Gy Harldns
Frod Huang
Stephen Janshege
Dapald Jobnsen
Hwi-Yung Jung
Paul Kellam

Joo Kennedy
Hireshi Kobayashi
Les LaBarre

Tony Lauck

Jahn Laynor
William Livingston
Terry Lockyer
Jamas Laucas
Andy Lugue
Tanis! Malthis
SBteven Moustakas
Tloyd Olivar

Aldan Paul
David Potier
Eric Rawson.
Joseph Hickert
Gary Bohinson
Timothy Hock
David Koos
Heobert Horenthal
Jozeph Bt Amand
Walter Schrauer
Semir Sirazi
Dravid Smith
Stephen Sute
Robert Summers
Pat Thaler
Wendell Turner
Mure Warshaw
Ronald Yara

The following persens were on the balloting committee that approved ANSIIEEE Std 802 .3¢-1985 (9.1~
9.8) for submission to the [EEE Standards Board:

Marshall Abrams
John Adams
Witliam B. Adams
5 R. Ahuja

P13, Amer

Kit Athul

Wikliam Aven
Yong-Myung Baeg
Wesley A, Balleager, Jr.
Edwarde W. Bergamini
. F. Boley

Paul W, Camphball, Jr
George 8. Carzen

Po Chen

L. Y. Cheung
Kilmam Cheon

T. Ricky Chow

W. F. Chow

David Cohen

Allen F. Conrad
Hobert 8. Crowder
Michel Diaz

Philip H. Enslow, Jr.
Judith Estrin

Jdohn W, Fendrich
Heevey &, Freeman
R.J. Gagliano
Patrick (onia
Ambuj Goyal
Michael D Grasboer
Maris Granle
Notposhirp Hamada
dogeph L. Hammond
8 M. Harria

4. Beote Haugdahl
W, Hobbs

Jim P. Hang

Paul L. Huotton
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Hichard L
Goorge D, Jelatis
ED. Jensen

Guy Jubnole

Karl . Eellermayr
Mladen Kozunovie
Hamue! Kho

Tavid Kollm

Bastri L. Bota
Hirayr M. Kodyan
Takahike Buki

Lee LaBarre
Wai-Sum Lay
Lanse M. Leach
Htephen E. Levin
¥.0 Lim

Willam Livingston
Don €. Loughry
Joseph F. P. Lahukay
Meh Maree

Marce Marsan
Jozeph Mese:
Darrell B. Melndoe
Patrick 8. Melntosh
David 8. Miliman
Aditya N Mighra
Travid B, Morgan
Mike Maorganti
Kinji Mori

o Morxis

H T Meuftah

Dale A, Murrsy
Ruth Nelsen

. Duane Morthoutt
Charles Cestereicher
Young Gh

George Parowaki
Thomas L. Phinney
David Potter

Jokin Potveek

Gary 8. Hobinson
Marya Repha
Habert Rosenthal
iian Faole Rossi
David JJ. Rypka

. 1 Bameylenks
WNorman ¥ Schoeldewind
Qzear Sepulveda
Cmiri Serlin

D. Bheppard

H M. Simmons

L. Bintenen

David W, 8loyer
Htephen Soto

Fred Strauss

Bart W, Stuck
Tatsuya Suda
FEfstathios 0. Sykas
Daniel T. W. Sze
Ahmed N, Tantaui
Marie Tokoro

H. C. Tarng
Donald ¥. Towsley
Wei-Tek Taat

M. Tauchiya
Richard Tung
Stanke Turk

L, David Umbaugh
James Vorhies
Peari 5. C. Wang
Don Weir

Alan J. Weissherger
Williarn J, Wenker
Earl J. Whitaker
Michael Willett
Taong-Ho Wa
Oren Yuen
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When the IBER Standards Board spproved ANSIIERE Std 803.3¢-1985 (2. 1-9.8) on Decomber 12, 1684,
i had the fullowing remberghip:

Jolia B, Blay, Chair John ¥ Bipanatl, Viee Shair
Hava L Blevr, Secreinry

ol s B Bagdl Sy Bty Liawrenee V., Matiall
Thaleherd, Fugkley Panial L Uoldbare Donsid T Michaal*
Beoe Castensphinid Hewnsth 13 Hendein Freank 1. Bos
Bdward Chelortt fevia . Howell Chifford O, Baanson
Fdwand J, ﬁzmen Jank Bing J, Richard Weger
Paal ( Cumings dogeph L. RoepSnger* W EL Wiy

Egmald €, Flecke: minzm Treing Maloday Claarles J. Wella
H P Lowreses
=Hieubay #meritcg

ANSHIREER St 808801988 was approved by the Awmerican National Svandards Tnstitale on June 4,
1986,

When the TREE 8028 Werking Geoup approved ANSUVIEEE Bré 802841987 (2.9, it had the fellowing
membarship:
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Diomald €, Eoughay, Chalr

Btoven Moustalas, Chalr, Fash Forme
Menacham Abrahun Lduyd Hasley Flmothy Roek
Huith Almight CHawming Haung David Boos
Halih Aovedee: Chsrles Hollner Woalter Sclurper
Jdwae Piared Astarg Michact Highes By el
Y Balabrialinag Donald dohnson Fisvid Senbeh
Hichard Heangry M Jabimngn Robert Biommary
Lo tet Bt B Yumg Jung Pat Thaler
Hune Bobnea. Motk Haltenbach fisall Thassuman
Eabert Canspbiell i"%i Rl bathan Tabol
Laig Uanayeas Suett Hesler Cazton Tompszonshi
Slnare Chessnon E“hmam Hobmpanhi Wanhall Tasrmar
Boter Down iideianne ﬁm&sw@ Snemphy Wisneko
Peter Dosasiniemnm Les LaBarre: Bruey Willinms
Beaymond Uiley B Lare 7
Jott Blwiing Wi Eandignist UBDERVERS
CGiiavfrance Harkn Terry Laghyes
Abmn Flagmam Bom Foughey A.iwn hrein
Bichard Franass Aames Lueas Sahin Doasvaamr
Euprid Fronom. Anidy L Pyt Bastmas
Fobued, Galin oyl Ciiver Bldul Biriorl
Blark Corhaid Aldon Paul Jive Kaahis
Adi Golbert Hop Piezns Aivhasl Los
Bk Graiem Erde Bemmon Eugians Muchitto
Brich Guriparts Joseph Rickart dimn Mastrase
Eincans Harisl Crary Hobinsen Fetay Torrant

The DEC TC83 Commities on Information Techaclogy Equipment also provided very helpful faput to the
developmeat of the FOIRL Standurd (8.9).
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The following persons were on the balloting commitiee that approved ANSUVIEEE Std 802.34-1987 (9%
for submission to the IBER Standards Board:

Wiliiam B, Adames
& R. Ahuja

Kit Athal

William Ayen

Eduardn W, Bergamini

Paul W Camole
George 3. Carson

B Chen

L. Y. Choung
Kilpam Chon

W. F. Chow

stichael Coden

A. ¥, Conrad

Hobsrt & Crowder
Michel Diaz

N Dmopoilne

M, 3. Duncan
Philip H. Enslow Jr.
Judith Hstrin

dabn W, Fendrich
Harvey A, Freeman
FPatrick 8. Gonia

R L Gordon

A Goval

M D Grashoer
Maris Graube
Joseph L. Hammoad
Stephon Harrtg

J. Beott Havgdahi
C W. tiobbs

Paul Hutien
Richard

E D Jansen

(iuy Juannle

Karl H. Kellarmaypr

M. Kezunovic
Samue!l Kno

2 E Kille

David Bolln
Pakahike Koki

Lee Lalarre
Wai-Buan Las

Eanss M. Leach
Baward ¥ Les

H 0 Lightbagn
F.C. L

Witlzun £ Livingston
BDon €, Teoghry
Joseph P Lubukay
Wo-Shaen Luk

Karso Ajmone Marsan
Soseph Maas)

Marcn Meh

Darrel 8. Mclndos

¥ B dolntosh
Dovid & Mithmano
Aditya N. Mishza
Pravidd ¥ Morgan
Mike Maorgaoti

Hanii Mo

Dravaed Morris

H. I T Mouttah
Dale N, Murray

. R Nasdsnn

J. [ Martheut
Charies Qestarecher
Yosng Ob

Dy ge Parowsh
Thomas L. Phinney
J. M Potuesk

avya Hepho

Gary 5. Robinson
Trebiorvt Hosenthal
art Paolo Rossi
David J. Rypka

8 1 Samavienks
Nerman F. Schoeidewind
it Berlin

1. Bheppard

Run Simmons

A4 B Sinclair

L. Bintonen

Torm Stack

Carei M. Btiliebrasr
Fred Strausy
Tatsuva Soda

P, Bugar
Eistathios D). Svkas
Daniel T. W Sze
Abrned N, Tantaw
H. O Torng

D Towslay
WaiTek Traj
Stanko Turk

L David Unbaugh
401 Vorkies

Peari 8. €. Wang
Den Weir

Alan . Weisshurger
W, Wanker

Eart . Whitaker
Breun Whitile
Michael Willett
Bavid € Wood
Tyong-Hu Wu

Oren Yaen

When the IEEE Standards Board approved ANSIIEEE Std 802.3d-1987 (8.9 on December 12, 1483, it

had the following membership:

Dronald O, Fleckenstein, Chair
Andrew G, Salem, Secretary

Maveo Mighiaro,Vice Chair

James H. Baall Leslie 12, Kerr Donald T Michusl®
Dennis Bodson Jack Einn L. dobm Hankine
Marchall L. Caln Irving Kalodoy Jdohn P Biganat
James M. Daly dosoph L Hoaphoger? Gary 8. Robinzon
Siephen K. Dillon Hdward Lohse Frank L. Rose

Bugene P, Fagarty Jdonhn May Habert B. Rountres
Jay Farster Lowrencs V. Melall Willlara B. Tackaberry
Kenneth I Headniw L. Bruee MoClung Willipm B, Witkens
frvin N Howell Halen 8, Waood

*Meantber emuritus

ANSITEEE Std 802,34 1987 was approved by the American National Standards Institate on February 9,
1898y,
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The following persony wore on the balloting sonumities that epproved ANBIAREE Sd 809801080
CReation 110 o abrainsion to the THEE 8 Braned:

e? ﬁﬁm %%wgéea%s}
Bhass Hosly
45 W, Hahba
pas P, gy
Fatsséa Fluttas

EE Yot OB
Limvese B, Folatls )

A, Welsidnge
Wit . Wanler
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Bt . Whitader
Heyia S Wit

z%.‘ it !xad the m mbma!ﬁp“

Jobm B, May, Chair

Eropgm ¥, Wit
ooy B Wiy

EE Sl RE2. 851585 Mestion 11 o Seotembe

When the FEEE 802 3 Working Uroup approved ANSHIEEE Sud 802 3¢- 1887 (Section 18} in November
1868, 1 bod Yhe following memberahip:

MW&,M% mmm
Mesachen Alrabus ek Grabam Eduvd Ollver
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The following persens were on the ballsting committer that spproved ANSIIERE Sid 808 20-1987
{Section 12} for submigsion to the 1EKE Standards Board:

Marshall D, Abramss
Willinm B, Adams
5. R. Ahwja

P D Ay

Kit Athul

Williar dyen
Feluarde W. Bergassing
H.F, Boley

Paol Wi Comabedl, Tr,
Ceoarge B. Carson

P e

T ¥ Chavng
Kilgom Chun

W. ¥, Chew

Michu! Codas

& B Conrad

Trs Cobbun

0. B. Croity

Robecr 8. Crowder
Michel Diax

N. I Dimopoukos

M. G, Duncan

¥ M., Elliot

Philip H. Enalow, Jr.
Judith Eatrip

Jahn W, Feadviah
. A Yogginte
Harvey 4. Freemurn
Bobert 4. Gaghlans
T, F Gannon 11
Patrick 9, Gonia

B. L Guvdon

& Gogal

M. 0 Greshnar
BMurie Graube
doseph L. Hummend
Hiaphen Huvls

o Beott Hsugdabd
W, Hobbe

Faul Hatwm

Bichurd Dhtf

E. D, Jeamn

Guy fosnale

8. L. Junitec

Rart }H. Hellermayr
B, Heronovie
Manond Ko

4B Rille

Ehgrebed Tl
Takahiko Kuki

Lee Lallarm
WaiBom Lai
Eansa M. Laock
Pdwand ¥, Les

8. B, Tavin

B £ Lighthun
F.C L

Witliars D, Livingsion
Don <. Leughry
Josepl ¥, P, Lahukey
Wo-Shun Lk
Marco Ajmons Muresn
Josmph. Mpni
Marco Meall

Dacrel B. Melndee
P 8 Melatoah
Devid 8. Millman
Addiiye N. Miskrs
Doyvid K. Morgan
Mike Marganti
Kanji Bors

Diavid Moreis
ELHLE MouBaly
Datu N, Mureny

. 1. Nelson

o, P Nogthout
Charles Centareicher
Pty O

Gearge Pasowekl
Thomas L Phinsey
vl Pottar

+. B Potuok

Rebart Hosenthal

Ciinn Panls Ronei

Dravig . Rynka

g1 Qﬁmﬂ}'lﬁnkﬁ
Herman F, Sehneidewisd
Gt Barlly

T Bheppard

Rep Blowmong

1. B Sieclaly

Yo Simtonm

Breyhes I Soin

Tom Shack

Carel B Stillabrow
Fred Jiranss

Bt W Stuck

Tetaugs Seda

P

Efstathios 1. Nykas
Phariel T. W Sz
Ahmed ¥, Tantawi
H.C Tomg

D.F Towsley
WeiTok Tam
Maszhire Teuchiva
Saswnks Turk

1. Pavud Unbaugh
3. T Vorhies

Forel 8, 3 Wang
Doa Weir

Alan 3. Welsahnrger
W, 3. Wenker

Heal o, Whitaker
Bopan Whitile
Michae Wilkait
Pavid O, Wood
artrg Fle Wi
Gren Yoan

When the [EEE Standards Board approved ANSUIEEE Std 503 Se-1887 {Sectior 12 on June 11, 1987, it

had the following mentberabipn:

Donald C. Fleckensiein, Chair Marce W. Migliaro,Vice Chair
Andrew G. Salean, Secretary

James H. Beall Leshe K. Kuer L. John Bapkine
Danxis Bodsar Jack Kinn doha P, Riganst!
Harghell L. Cas Trving Molsdny Gary 5. Robivssn
James M, Daly daraph L. Xoephingare Frani L. Hose
Stephan K Dillen Edward Lobse Hobaet £, Bountree
Fageos P Fegurty Jobn May Saes L Shast
Jday Forstes Lewrenice V. MeCall Withan R Toeskaboenry
Koometh I Hendris L. Broce MeClang Wiliaw B Wilkeon
Trein N. Howsil Dionald T. Michual* Halen M. Woed

fifern ber acnaritam

ANHPIEEE Sid 802.3¢-1887 was appeoved by the American National Btandards Institute on Dacember

15, 1987,
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When the IEEE 8023 Working Group approved ANSUIEEE Std 802 3h-1899 (Section 5), it had the fal-
fowing membership:

Donald C. Loughry, Chair
Andy J. Lugue, Chair, Lover Management Task Foree

Maenachem Abraham
Jobha B Ages
Richard Anderson
Eklkohard Amta
Heith Amundsen
Husie Armatrong
. V. Ralakrishnan
Murk Bohrar
Righard Brand
Thomas Butler
Luea Caliera
Robert B Campbell
Laigi Canavese
dacques Christ
Michae! Cotden
Raobsrt Conte
Bilf Cronin
Peter Crosk
Jahn DeCramer
Lan Urayferd
Nabil Dumouny
Handay Dhawan
Raymond 8 Duley
Paud Bastman
Richard By
Chanframen Harieo
Morman Erbacher
Siave Buitts
Alan V. Flatman
Tegrul Fromm
KeiGable
Bob Galin
Mark Gerhuld
Rach Graham
Andreas Gulle
Rishard Gumpertz
Jive Hallatt
Rewin Hamilsor
Bernny Hanigal
Lioyd Hasloy

The following persons were on the balisting commitiee that approved ANSIVIEER Std 802 301990 for

sithmission to the IEEE Standards Board:

William Adams
Hin Athut

William E. Ayen
Al Babrolsloani
Goovge 8, Cargon
Chih-Taal M. Chen
Kichael H. Coden
E. A Conser

B 5 Crowder
Arndrew Davidson
Luig F. M. D Movass
M. L Dimopoules
Rlitchiell Duncan
Fohp B Bmrich
Gobn W, Fendrich
Harold C Folts
Harvey Fraoman
Ingred Fromm
343 (Gan

Pagrick Guoriia
Julbia Gonzaler Sanz
Michael Grachner
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W. B, Halbeld
Stephen Haughey
Carl G, Haysgen
Arie! Hended

Chip Hicks
Wilkiam Hingston
Charles Hoflner
Ernin Jemsen
Charencs Joh
Dister W. Junkers
Doalé 1 Johnsen
Mire Johnson
Beotl Kesler

Hob Kilgore
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Information technology—Local and metropolitan
area networks—

Part 3: Carrier sense multiple access with collision
detection (CSMA/CID) access method and physical
layer specifications

1. Introduction
L1 Ovesview

111 Bagic Concepds. The Carvier Sease Moltiple Aveess with Collision Defection (CEMAD) medla
access method is ihe means by which favo or more stations share & common trangmissian medium. To
trapsnnt, u station waits (defers) for & quiet period on the medivm (that is, no other station is transmits
ting} and then sends the intended message in bitserial form. If, after initiabing s transmisgion, the mes-
gage collides with that of another station, then each transmitéing station intentionally sends a few
additional bytes to ensure propagation of the collivion throughout the sysiem. The station remains silent
for a random amount of time {backelf} before attempiing o trarsmit again. Esch aspsct of this access
method process is specified i delail in rubsequent sections of this standard.

Thix is & comprehensive standsrd for Local Ares Metworks employing CSMAZD a3 the access method.
This standard s intended {0 tnoompass several medie types and tedniques for sigoal rates of foem | Mivs
to 20 Mbds. This edifion of the standard wovides the necessary specifications for 1 Mbl brsehand and
broadband syeteme, 2 1 Mivz haeeband yyster, and 3 Repeater Unit.

LLAArchitectural Pesspaciives, There are two inpoertent wavs to vies Jocal sres -tmsmfk.u'ie:eégn onr.
rasponding to

(1} Arcititocture. Erophasizing the Ingicsl divisions of the system and how they B logether,
(2} Implomentution. BEwmphagizing sctnal eomponunts, their packaging and interconnection.

This standard is organized slong architectural lines, emphasiving the large-scale separstion of the sys.
tem into Ywo puris: the Media Access Control (MAC) sublayer of the Data Link Layer, and the Physical
Layer, These lavers arv intended in correspond clogely o the Jowest lnyers of the 180 Model fax Open Sys-
tems Interconnection fsee Fig 1-13 Sve IS0 74981584 1101} The Lagical Link Contral (LLO) sublayer and
MAC sublayer together ancompass the fanciions intended for the Dats Link Layer as dofined in the (8]
maodel.

L1 An architectural axganization of the standard has two main advantages:
(1} Clarizy. A clean overall Sivision of the design 2long erchitectural ines makes the standard elesrer
(2) Flexibglity. Segregation of medium-dependent agpects in the Physical Layer allows the LLC and

MAC sublayers to apply o @ family of transmission media.

Purtidening the Data Lisk Layer allows vnrious maedin access methads within the family of Local Ares
Network, standards,

; ¥ ePhie monens i brickets pveapend to thosn of she reforenicas kisted in 13 when preceded by A, thay eocsespund to thoes Tibed n
Sha Anac,
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IBO/IEC 38025 1943

ANEYA

EEE Qe ROZ S 1480 Biditon LOCAL ANDYRIETROPOUITAN AREA NETWORE

oy LN

HEFERENCE ceRarD

PODEL LAYERS
LAYERS

APPLICATICN HIGHER L AVERS

e LG
PRESENTATION £ 1 LOGIGAL LINK CONTROL

SESSION

DYE % prye
(AL not
SRS

THRANSPORTY

NETWORK

DATA LINK

PHYSBICAL

AU = ATTAUHMENT UNIT INTESFACE
MAL = MEDIUMATTACHMENT UNIT

MO = MEDIUM DEPENDENT INTERFACE
PMA = PHYSBICAL MEDIUM ATTACHMENT

Fig 1-1
LAN standard Relationship {0 the SO Open Svstems Interconnection
(ST Beference Modal

The architectural mode} is based an a set of interfaces that may be different from those emphasized
implementations. One crifical aspect of the design, however, shall be addressed lavgely in terms of ¢
implementation interfaces: compatibility.

1.1.2.2 Two important compatibility interfaves are defined within what ig architecturally the Physic

Layer.

1)

4
L

A

Mediume-Dependont Intorfuce (MBI To conusunicate in 3 compatible manner, all statiens shu
adbere rigidly to the exact specification of physical media signals defined in Section & {and beyon
in this standard, and fo the provedures that define correct behavior of a station. The medivm-ind
pendent aspects of the L1L sublayer and the MAU sublaver should not be taken as detracting fro
this puint; communieation by way of the 150 8802.8 [IEEE 802.8] Loval Area Network reguires cal
plete compatibility at the Physical Medinm interface (hat s, the coaxial cable interface).

Atiachment Unit Interface (AU Tt is antidipated that most DTEs will be located some distan
from their connection fo the coaxial cable, A small amount of cirenitey will exist in the Mediu
Attachment Unit (MAL directly adjacent to the coaxial cable, while the majority of the hardwsa
and all of the softwvare will be placed within the DTE. The AT s defined as a second compatibili
interface. While conformanee with this interface is not strictly necessary lo ensure communicatio
it is highly recommended, sinee 8 allows masimom Sexibility In intermixing MAUs and DTE:. T
AUT may be aptional ar not specified for some implementations of this standard that are expecied
be connected directly to the medinm and so do not use a separate MAU or is intercennecting &
cable. The PLS and PMA are then part of a single unit, and no explicit AUT specification is require

113 Layer Interfaces, In the arehitectural model used here, the layers interach by way of well defir
interfaces, providing services as specified in Sections 2 and 8. In general, the interface reguirements are
fullows,
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. SSOVERC BBOS-S 5 Juun
CHMACD ANSIERE Sed Bon.4, 1999 Bdition

{1r 'The laterface hebween the MAC sebizver and the DLC sublayer includes facilision for fravemitting
and recolving frames, and provides peroperation siatus infermation for vie by Kgherdayer srror
recgvery procedunes,

{% The interface between the MAC sublayer snd the Physieal Layer includes signals far framing gﬂaru
C rler semse, Sransesil indilation) and contention veslution Gollisien detect), facilition B pessing &
pair of serial bit strenms (tranemit, recelve! hebween the tive isymg, ard & walt fonckion for timing,

Thess interfaves sre doseribed more pregisely in 4.3, Additional interfaces are neenssary o allow iagimr
fevel sebwork management fpeilition fo ndernel with thess ivers to perform: spevatisn, mainfenance, and
planmdng fimctions, Network management functions will ba dlscussed in Seetion 5,

144 Applicaiion Areas. The applicstions environment for the Local Area Network fs intonded o be
opmeretal and Hebt tndustrial. Use of CBMAKLD LANs in home or hawvy industrial etvivonments, whils
wet provhuded, s not sonsidared within the scope of this standaxd.

1.3 Motatlon

121 Biate Blagram Conventions. The operation of 2 protecs! can be described by subdividing the pro-
toou] into s number of inderrelated fonctions. The sperative of the funotivns tan be deseribed by siate dia-
grams. Each diagram roprosents the domain of 2 Haciion wnd congists of s group of connected, mutually
exclusive stater. Only one state of  Tunction {x active af sy given fime (see Fig 121

...... STATENAME
. Emﬁmmu&m
TERMSTOGNTER o conoimony | TEPHSTQENT
ALTHONS TAKEN

Ko 13 om%kz'z,tcrmwa £ e cadlisiont
& % L 1, Mo ereetigie, frount ?Ls;-msﬁﬁm‘

& £ Lj M@ﬂm
4w [odinad TR
Te = YWD TENG. IMQRTMEnion dopende
Tg = Delry Theseout
Th o Beckoft Timeout
l#é“‘? w ponditons ranwfion

Fig 12
Heate Dlagrass Motaton Brample

. Hach gtate thet the functlon can assume Is reprusented by vectangle. Thess are divided into two paris
by a horizontal Hae. In the upper pard the state is identified by o name in capital letiers. The lower part
canbalon the neme of any ON digaal that b generated by the function. Actions are deseribed by short
phrases nad enclosed in brackets.

All peemissible transitions betwoen the states of u function are reprasented graphically by arraws
between them. A transition that fs global b mature (for example, an exit condition from all states to the
{DLE or BESEY siate)is indicated by sn open arrow. Labals on transilions are qualifiers that must be ful
filledd before the trangition will be taken, The label UCT desipgnates an unconditiensl transition. Qualifiers
sheseribed by short phraves are enclosed in parenthesss.

Btate transttions and sendlng and rmmg of mnessages cecur nstantanesusly When 2 state is entored
and the condition to Ieave that stals s not mmmimteiy folfilled, the state sxecuies continuvasly, sonding
the mesaages and exscuting the svtions sentained i the state in & continucns manner.
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IBOERC 80245 (458
ANGIERHE Sud BOES, 1995 Bdlton TACAL AND METROPOLITRY ARHA NETWORK

Homse devicss deseribod fn this sinndard (o, repaaters)ave allowed to have two or mors porks. 8ia
dlapemns sapable of doseribing the eperation of dovicos with an unspsetfied number of pords, regudred gue
Her notubion thet allows tesiing for conditions ot mulﬁ;ﬁe.;icmé The nolation vesd i3 & berm that ncind
# descriphion in parensthesss of which ports must mest the ferm for the qualifier to be satinfied (g AR
and ALL). 1t is alee necessary to provide for lorm-yssignment statements that assign @ name b o port &
satisBos s qualifier. The followdng convention is wied o dencribe a flermeamignment statoment that iz ags
siatod with a bransition:

(1} The character ** {soln) is a dolbndter veed to denote that & term agsignment statement fillows.

(4} The characier Yo' (lefi arrew) dencles sssignment of the vales following the arsow to the term pr

soding the arvew,

“The state diagrams condain the sutharitative statement of the functions they depiol; when apparent ca
Bists bebwosn deseriphive toxt and state degrame arise, the state dlagrame sre to take precedence. Th
doss not overvide, howsver, nuy explicit descripbion in the text that has no puealiel in the stele disgrams

The models pmmml bry winde Hagroms are intended ae the primeary specifications of the fenctions ta
wrovided. It is imporiant €0 distinguish, boweve, bebwean a model nnd 4 real ;mgié*m(,sﬂmgem The mode
sre optimized for simplicity and clarity of pmﬁm&ﬁm, while any vealistie faaplementation wmay pla
heavier wephasds oo ofidensy and suitability 10 « pavelonlar Dnpleentation tochnelgy Tt is the fun
tonal bolhmvior of puy unit that mast mgich the stendard, oot ls internsl structure. The nforns] details
themodel are wseful enly to the extend thel they specily the external bebuvior clearly and precisely

L22 Gexvice SpeciBiestion Method and Notation. The servios of a layer of culllayir iy the set
capahilitios that 32 offers to 8 user in the nexi higher {szﬁ;}i&ym Abstract services sre specified s |
@mmé}lgﬁg ihe service primibives and parameters that charactorize sach service. s definition of nervi
i independant of any particsksr oplementaiion (e Fg L3

LAYER B LAYER W
BEFMICE UBER SERVICE USeR
EAVEE bt
[rrarring
¥ig 13
Seevics Primitive Nolation

Eﬁtwﬁg inplementations may alse include provisions for interfacs lnteractions that have no divest en
toend effects. Examples of nach jocsl internctions include interfrcs flow control, states raguosts snd ing
caticns, errer raoftfications, and layer management, Specific implementation ﬁﬁmﬁs are wpithed from th
service specifivation hoth beeause they will differ S inplementation 10 implementetion and hecawy
thery do not bopact the peento-peer protousls.

1281 Classification of Seevice Primitiven. Primitives ave of bwo genevic typess

(1} HEQUEST. The request primitive iz passed from lsyer N 1o layer No1 b0 roquest that p service |
wnitinted.
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B  ISONERCBEILE 1333
TSHAKTD ANSTIERE S 888 1508 Rulion

i

2 INDICATION. The indicatien primilive 1 passed frem laver N-4 %o daver M to indicate au internal
fyer No1 event that is significant & Javer M. This event may be logioally related te  romaete sezvice
seguest, o may b cansed by an evernt internal i layes N1,

The servies primifives sre an abstraction of the Boctional specificalion and dhe usvr-laper inbersotion,
The abstract dofinition does not contein Jocrl detail of the veerprovider inforaction. Por inslaace, it does
net Indicate the local mechanier thet allosws & user tu indicate that 3t s awaiting an ioomning eall. Each
prisaitive hay & seb of zexe or more parameters, representing dada elements that shall be passed b quadify
the fnchivne trvoked by the primitive. Paxameters indieate mformation avallebls I o wserfprovider fuder.
aotitn; in any particelar miecface, some poramction may bo &k;:lms%b stated teven though nob explicitly
ﬁ'ﬂ:f‘inééi inthe weimitive) vr lmphitly amaw& with the sérvice avesss paint. Smilady i sy paﬁma§m~
wretocsl specification, Tanctions corvesponding to & servive primitive may be explicitly wfmeé.ﬁr..mmr" by
aeailnbie

1.8 Phgsioal Layer and Media Notation Users of this standard need te referonce whish prxticuiay
implamentation i3 butng tsed or identified. Therefore, o means of ientifying sach implementation & Eiven
by » simple, thrao-fiold, bype notstion that e explicitly siated a8 the beginoing of each relevant ssetion. In
genarad, the Physiosl Layer type i apecified by thews fiekds:

edpta rale in MO cmedinm brper anegimus sepment largth (100 mi

For @xm})ie. the standard contains & 10 Mbs barchand suscifitation idenisfied as “IYPE IOBARES"
moning o 10 Mifs baseband medbum whoss saximom segment !w;fgt"a B AOD m Bach mucesssive Phvoical
Layer spucification will state e swn unieoe TYPE identifier along imilar lines.

124 ?hvsw&% Layer Yﬁmang{s Maolation, M%ﬁagﬁ:-ﬁ gf?m*mlﬁﬂ within the Physeal Laver, sither

watknh oy bobwenn FL&: amdd thie BEATT Gihut B, PRIA siresitryd, ave desipaated by ge dic bypo to designate

either favn of physicel or lnghnl medsage need t axasute t‘rw phpaienl iyer digeling process (For example,
r“,.g}.sz‘_ﬁzi.e o R, augilo bal

1 Bedoronces

(1 CUNPR Pubiisabion 2211985} Limis igz:i.};?f&tkmih of Meesarement of Radic Intwference Characteris.
tiow of Informntion Techmolegy Bquipment.”

12§ [BC Publication $6-1, Radie-frequency cables, Part & Ueneral vequivements and mreasuring wethods,®

31 IEC Poblication $6-14, 1e¢ Supploment to Rudiodreauency cables, Part 1 Appendiz Seetion 5.4, Toe-
mingied triavinl test meathod for transter Impedance wp te 100 MHz,

g IEC Pebiicadion 1888 and 16, Radiofe requetey oonnestan, Bart 8 Badivfrequency eosxinl eonnec
foms with inser dismeter of outer cnduetar 6.5 mm (0.256 ind with Dayonet logkCharactoriatic fmped
wriee B oshms "’W’pﬁ B"%’{} Part 1B Badio Froguency poniinl gopnechors with inoer disrmeter of Gyter
condueter F e (0,278 in) with serew conpling — Charasteriotic ipedance 50 ohms (75 ohrns) (Type N),

5 IEC Publication 888, Safuly of eleciricaily esergized office machines.

i IEC Publication 435, Safaty of data procersing equipmeni.

"f STEEFE docmenti sv9 svel ﬂ;i? from he Inbernational E‘im.xmwaml Curorpsanion, § o de Vouumhe, Cuxe Povtsle (8L CH

1211, Gendve 24, Swit wﬁ*m@& . CISHE Coumants are dden weallxble in the Uniled Stages Sram theSales Depariment Anerionn
"‘w&;m&i Srpdands Inwtregte, TE eEng Stvest, 18k Pleer Maw York NY “31‘;3* EiRA

B nubBeatioes ave avaliable T TH Saler Begarimend, Saes Fostaly 385 3 e de Varnmhe, CEIBRE, Gioakve 30, Bwitnar
Tead/Bumes TEC pobiicstions srs dlve svsibahlo in 1he Uit Batos ove tho ok Uepariaent, Anerivey Natisual Standada fosti-
ke, I West £ Hreent, 18tk Pleor, Wag Yo, MY 10008, DR

S5
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ISOARC 3862-3 1 1993 )
ANSVIEEE S 8023, 1093 Hdition LOCAL ANTY MTRTROPOT TPAN ARFA NFTWORKS

{71 TEC Publication 807-2, Rectangular connectors for frequencies below
3 MHz, Part 2; Detail specification for a range of connectors with round contacts—Fixed selder contac
types.

(8] 1EC Publication 950, Safety of Information Technology Equipment, Including Electrical Busines:
Keguipment.

9] IS0 2382-9 : 1984, Data processing—Vocabulury—Part 09: Data communication.®

{101 IS0 7498 @ 1984, Information processing systems-open systems interconnection-Basic reference
model.

{11] TEC Publication 60, High-veliage test technigues.

{12] IEC Publication 68, Environmental testing,

[13] IEC Publication 783-1, Optical fibres, Part 1. Generic speeification.

{141 TEC Fublication 7932, Optical fibres, Part 22 Produet speciﬁcatitans.5

{15] [EC Publication 784-1, Optical Abre cables, Part 1r Generie specification,
(18] 1EC Publication 794-2, Optical fibres eables, Part & Product specifications.

{17] TEC Publication 825, Radiation safety of laser products, equipment classification, requirements, and
user’s guide.

(18] IEC Publicstion 874-1, Connectors for optical fibres and cables, Part 1: Generic specification.

{19] IBC Publication 874-2, Connectors for cptical ibres and cables, Part 2: Sectienal specification for fibre
aptic connector type F-SMA,

{20] ISOAEC 7498-4 : 1989, laformation processing systems—Open Systems Interconnection—Basic Ref.
erence Model—Part 4: Management Framework,

211 IS0 8877 ; 1987, Information processing systems—Interface connector and confact assignments for
ISDN basic access interface located at reference points S and T.

Local and natienal standards such as these supported by ANSI, EIA, IEEE, MIL, N¥PA, and UL are nol
a formal part of the IBG/AEC 8802-3 standard. Reference to such local or national standards may be usefal
resource matertal and are identified by a bracketed number beginning with the letter A and located in
Annex A,

1.4 Definitions. The definitions used in this standard are consistent with IS0 2382.9:1984 [9]. A more
specific Part 25, pertaining to LAN systems, is in development,

“I80 publivations are available from the IR0 Central Secretariat, Case Postale 58, 1 rue de Varembs, CH. 1211, Genave 720, Bwitzer
larel/Buisse. I80 publications are alse available in the Tinlted States from the Sales Department, American National Standards Insti
fute, 11 West d2od Street, 18th Floor, New York, NY 16036, USA

o

? Bubsection 9.9 is to be read with the understanding that the followisg changes 1o IEC Poblication 763-2 {14] have been requested

(11 Correctinn of the numerical aperture tolerance in Tabbe I tox 0015,

(2} Addition of another bandwidth category, of 2 150 Mz referred w1 km, for the type Alb fber in Table 111

38

Page 39


JW15785
Sticky Note
None set by JW15785

JW15785
Sticky Note
MigrationNone set by JW15785

JW15785
Sticky Note
Unmarked set by JW15785

JW15785
Sticky Note
None set by JW15785

JW15785
Sticky Note
MigrationNone set by JW15785

JW15785
Sticky Note
Unmarked set by JW15785

JW15785
Sticky Note
None set by JW15785

JW15785
Sticky Note
MigrationNone set by JW15785

JW15785
Sticky Note
Unmarked set by JW15785

JW15785
Sticky Note
None set by JW15785

JW15785
Sticky Note
MigrationNone set by JW15785

JW15785
Sticky Note
Unmarked set by JW15785

JW15785
Sticky Note
None set by JW15785

JW15785
Sticky Note
MigrationNone set by JW15785

JW15785
Sticky Note
Unmarked set by JW15785


! IBOVIRS 8802, 1 18493
{SMAKTD ANTIEER B 802.3, 3590 Bditen

2. MAC Service Specification

2.1 Seope and Field of Applieadion. Thin section specifies the mervices proavided by the Modia Acvess
Cantrol {MAC) sublayer o the Logieal Link Control {LLC) sublayer for the IS0 WEEE] Loeal Aras Network
standard (see Fig 2-1). The services wre described in an sbitract way sod de not Imply any particular
inplementation, er sny expoged onterface. There is not nucessarily a ane-to-one correspondence betwoen,
the primitives and the formal procedures snd interfaces described in 4.2 204 4.5,

ot LAN
REFERENGE MOORL CHOD
LAYERS LAVEAS
AFPLICATION © OHWGHERLAVERS @ :
s Lo
PRRESRATICN # | LOBICAL LINK CONTROL
e MAC :
SESSION | DI accEss conRoL STE S prs
y m— (Al et
- . Expuset
TRANSFOR P ,‘ PHYSICAL SIGNALING ‘
5 L . i ] -
RETWORK g : X
’ il 5
7 . B
DATA LINK ? : Ll
PAA
FPHYRICAL
R -
4 MEDIM
Akl s ATTACHMENT UNEY INTERFADE
WAL w VEDILUM ATTACHMENT LNT
DI = MEQIUM DEPENDENT INTEAFACE

PRIA o PHIYSICAL BEDHUM ATTAGHIMENT

Fig 2-1
Bervice Bpecification Reladion o the LAN Model

22 Overview of ihe Beyvice

221 General Description of Services Provided by the Layer. The services provided by the MAC
sublayer stiow the focal LLC sublayer entity to exchange LELC data uniis with peer LLC sublayer entities.
Oyptionsl support may be provided for resetting the MAC sublayer entity to a known state,

2.2.2 Model Used for the Service Specification. The medel used in this service apecification is identi-
eal to that oeed in 1.2,

823 Orvirview of Internctions

MA_DATA reqaost
MA DATA ndication

&4 Baste Services and Opltions The BA DATA raquest end Ma_DATS indicabion sorvics primi-
tivor described In this section are constddered mandatory,
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ANSIAEES S 8003, 1808 Edition LOOAL AN METROPOLITAN APEA NETWORKS

2.3 Detailed Service Specification
2.3.3 MA DATArequest

2.3.1.1 Function. This primitive defines the transfer of data from a local LLC zublayer entity to a sin
gle peer LL.C entity or multiple peer LLC entities in the case of group addresses,

2.3.1.2 Semantics of the Service Primitive, The semantics of the primitive are as follows:

Ma&_DATA reguest {
destination_address,
m_sdu,
service clasgs
}

The destination_address parameter may specity either an individual or a group MAC entity address. Ii
must contain sufficient information to create the DA field that is appended to the frame by the local MAC
sublayer entity and any physical information. The m_gdu parameter specifies the MAC service data unit t«
be transmitted by the MAC sublayer entity. There iz sufficient information associated with m_sdu for the
MAC sublayer entity to determine the length of the data unit. The service class parameter indicates ¢
quality of service requested by LLC or higher layer (see 2.3.1.5).

2.3.1.8 When Generated. This primitive is generated by the LLC sublayer entity whenever data shal
be transferred to a peer LLC entity or entities. This can be in response to a request from higher protoco.
layers or from data generated internally to the LLC sublayer, such as required by Type 2 service,

2.3.1.4 Effeci of Receipt. The receipt of this primitive will eause the MAC entity to append all MAL
specific fields, inchuding DA, 84, and any fields that are unique to the particular media aceess method, ang
pass the properly formed frame to the lower protecol layers for transfer to the peer MAC sublayer entity o
entities.

2.3.1.5 Additional Comments. The CSMA/CD MAC protocol provides a single quality of service
regardiess of the service_class requested,

2.8.2 MA DATA .indication

2.3.2.1 Function. This primitive defines the transfer of data from the MAC sublayer entity to the LLC
sublayer entity or entities in the case of group addresses.

2.3.2.2 Bemantics of the Bervice Primitive, The semantics of the primitive are as follows:

Ma_ DATA indication
destination_address,
source_address,
m_sdu,
reception_status

)

The destination_address parameter may be either an individual or a group address as specified by the
DA field of the incoming frame. The source_address parameter is an individual address as specified by the
SA field of the incoming frame. The m_sdu parameter specifies the MAC service data unit as received by
the local MAC entity The reception_status parameter is used to pass status information to the peer LLL
sublayer antity,

£2.3.2.3 When Generated. The MA DATA indication is passed from the MAC sublayer entity to the
LLE sublayer entity or entities to indicate the arrival of a frame to the local MAC sublaver entity Suck
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4. Media Aceess Contral Frame Strocture

' the relative positions ﬁ§ the variones mmgmma? ﬁws m
the mﬁmﬁ fwupmtéﬁx slation addsesses, 1t defines o partition of the address space

into md#vidmi {mingle station) and group multicast or multistation) sddresses, and into user sdministored
and globally sdminiutered addressss.

ﬁa&dsaﬁa&m%mmm,%m%m

; : ination, & jeagth feld 1o indiente the length of

ﬁwagwﬁammmthmmmuﬁmﬁ aMMmuﬁmp&ﬁimﬁmm

the frume check saqueste Sa3d containing 3 cwdie redundoncy check salue to detest ervor In recoived

frammen. mmwm@mdmmmmmmmm Mmmﬁx
: %&%@WM%M%W

FOUTETY io

HOCTET  {grp

WS WM 8
FRAME TTRANEMITTED
IRFTT O G

“Relstive to Pig 3-1, the octeta of a frame are bowiu from top to bottam, ad the biks of each octet are
tranamitted Bowm loft 1o right.

3.2 Elomussts of the MAC Feameo

321 Preamble Field. The preamble field i n T.outet fisld that is used to allow the PLS cireuitry to
reach ite staady-stoto synchronization with the recelved frame timing (see 4.2.5).

dL
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8.2.% Start Frame Dolimiter (SFD) Field, The SFD Beldis the segsenoe IBTGE0IL 1L ;{M;ﬁé‘i&i@i}*
oy the preumblo pattery and fndiontes the stertof o fravse,

323 Addross Fields. Fach MAL frome shall vontais twe addyesy Selde the Destination Address fie
sad the Sourve Addross fiold, in that erder The Deslination Address Bald whall spesify :,Ew dz:é&tm&i;
addrossess) for winch the frame is intendod. The Rouree Address Sold shall Mentify the s
the fams was initiated, The representation of such addross fisld witall Be ax follows Geoe Flp 505

£1 Hash sddrass Sold shall contain elther 18 hits se 48 Wis. However ol any given e, the Sourcen
Diestination Address size shall be the snme for all sfotitons on a purticalar loeal ares nebwork.

¢ The sopport of 18 or 48 bit ecddress Emgﬁs T Bowres and Dostinetion Addresy aholl he lef fu §

- menufackurer s an implementation dechdon. There is ne requirensent that manufhebasers supp
bobh sises,

(4 The Bt bit fL58) shall bg used In the Destiaption Address fiekd as an address type designation |
to identify the Destinaiion Addeess sither oy an mndividual o¢ a8 & group sddeess. In the Sow
Adslress Said, the fead W2 s vosorved sl sl 6o B, 1 this BIC ks &, 8 shall Indicate that the addre
field condaing an individual addvens, IF this Bt is L i shall indieate that the address field sontaby
group address that identifies nane, one or wmore, or & of the slations connstiad b the loenl av
natwark,

147 For 48 bl addresaes, the second bt shall bo used to daiapuish Betwen Iseatly ar giaﬁa&ii&; mdbeniry
tored addresses, For globally ﬁémamaﬁm} for U, univarsel} addeesson, the bit i sst b 015
address in o be assigned losally, this bt shall besetto 1. Note that R the broadeant address,
bitisalaon L

{51 Hach sciel of osch sddvens feld shall be transmiiied lesal glgnificant B8 St

&8 BT ADDRESS FORMAT

4 . A 46 B ARDHECRS

BT ADDREES FORMAY

P i T ARERS

e om G
j% w r‘a
GA
- Figsa
Addross Flold Formad

384,71 Addecss Designation. A MAC sublayer address {s of oneof two bepes:

Chy  Individusl Address. Fhe addrvas seeacinted with 4 pacticnlar stalion on the nefwork.
(2} Oroup Address. A multidestination addeess, associated with ane or more siations en s given o
work, There sre bwo kinds of woolifesst addreas:
iy Multioost-Crowp Address. An addvess nisodated by bigherdevs! eonvention with @ group of
ivally related slations,
(b Broedeast Address, & digtinguished, predofined mullicast address that nlways dencies the ¢
of all statieons o o gheen loeal area nebwork.

All ¥'s in the Destination Address Seld (for 18 or 48 bit addross size LANg) shall be prodefined to be €
HBroadeast addeass, This group shall ba pradefined for ench comminnicntion medivm to condist of all static

4%
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actively connocied to thal ssodivey it shall be used fo broadeast to all the active stations on that medium.
All stations shall be able t recognize the Broadeast addrass, 1t is nul necossary that o siation be capable of
geuarating the Broadeast address.
The uddress spage shall aiso be porbitioned mnie lotily sdministered pad glebally administored
pddresses. The natuee of a bady and the precedures by which it sduniniuters these piohal (U addresses is
bevond the scope of thes standard.®

224 Dostipation Address Field The Destination Address fleld specifion tre stationds; for which the
frame i intended. It may be an individusl or multicsst (ncluding broadeasti addrass.

8.2.6' Sourve Address Fisld. The Source Addresy Adld spocifion the station sending the frame. The
Spvree Addrusy flekl i not interpreted by the CBMACD MAC sublayer.

3,26 Longth Fiold. The length Hield is 8 S-octet Had whose value? ndicates the nwmber of LLC data
pebete b the data Geld, I the vabue i Jose than e mindmoen reguired for proper aperation of the protocal,
a PAT fiekl (a sequence of aetets; will be added at the end of the date Beld byt prior i the FES Held, epecir
fied belnw, The pracedars thes deienmines the waze of the pad fiekd is spevitied in 4.8.8. The im;xt.z imlri is
tranamitted and reveived with the high erder octet first,

387 Data and PAD Fields, The data fleld contains 2 sequence of 7 petete. Full dada iransparency s

¥ srovided in the sense that any srbifrery sequence of octet values niay appear in the deta feld up fo 2 max
jatum numbor specificd by the implementation of this standard ﬂ.ﬂt 1 used A minboem Famo size i

vequired for corvect CEMA/CD protocal speration and s spocified by the partioular implementation of the
skandard. If recessary, ihe daia field i3 extended by appending extra bits (812t i, & pad) In undts of celety
after the LLO date Seld but prior to calenisting aad awmj!ng the FOE, The size of the pad, if any, is defer-
mined by the size of the data fiold supelied by LLC and the minimum fame dze and addross mze parame
tore of the parbieular implementatinn. The maximum stz of the data Beld is dotermined by the madimunm
frame size and address size parameters of the partivculay implementadian,

The length of PAR field regaired for LLC date that is o oclets long is max {0, minFrameize - (850 + 2
N addrersSize + 487 bitn, The marbnum poesible size of the LLC dats fodd v maxPrameSize « (2 x addross-
Hize » ABYR octots, See 4.4 for o discussion of implementntivn parameters: sos 4 2.5.3 for a discassion of the
minFromeSiz.

S48 Frame Uheck Sequonce Fisld, A oyclic redundancy dheck (R is nsed by the tranumit wnd
vesrive algorithune (o generate 2 CRC value for the FUS fuld, The frame chogk seguence (FCR) ficld cune
talas a deociot (32-bit) eyclie redundaney cheek COROY walue, This value i computed as s faetinn of the
contants of ¢hp souree sidress, destination address, lengh, TLO data and pufl fihat iz, nll Gelds exwcept the
presmble, SFD, and FOS). The cnseding v dolined hr.* the following generating soivnomizl,

G g9 g6 4 83 4 L 338 L, ¥ )M B P e e e sBoxn+ d
Mathematically, the CRC value sorresponding (o a givon frame i& defined by the following procedurs:

{1} The first 32 bits of the frame sra complemented.

{2y The n bita of the frame ave ther considersd W be the cosfficients of a pelynemial MG of degreen- L
The first bit of the Destination Address feld onrresponds ty the ¥ 8 term snd e Jast bit of the
duls fleld enervopnnds to the x¥ terma

(3) Mix)is multiphied by 232 and divided by (i), producing o retvainder Rix) of degres <],

4} The coefficienis of Rix) are annsidored to bo o 32-bit sequerice.

5 The bit sequence s complemunted snd the resull s the (RC

! addvesier, soe IRRE Sbd 8021000, Overvlnie aid Arebitociurs, Thnpply Sor an Uspenivetis
ém* 3 S1AU addoss, contact B Regintration sathoriy, (KRR Stundards Gaetoent, ¥, Bog 1531
ik H'm:-a E;mw k"m'm.amy, NGRS IR, UBA: (BOSYSA2-30 1, tax (008 5521871
Pkl with v bgth Seld valag groator L dhova gpecifend Lo 459 may be lgnorod, decarded, o2 weed 1o & petenie marawr, The
ae ol wach padhets Is bepoud the svope +ithis atandard,
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The 5% mas of the CRE vaive zre piaved in fhe foaue cherk sequenee fivld so thad he ¥ torm s the le
ment hit of the Beed oedet, aud the e torem b Ehe right most bt of the lost octet, (The hite of the CRO »
thus transmitied in the srder o, 2% g L &%} Sop reference [A18)

3.2 Order of Bit Transmission. Fach octed of the MAD faame, with the axespiion of the BO8,
Eransmitted krarordor bit et

3.4 Invalid MAC Frame. An invelid MAC frame shall be defored a8 one that meeis at Jeast one of L
fullowing comditions:

{33 The frame longth is toeonaistent with the longth Seld.

€2y Itiyneban mms;mi numtber of oolels in longth,

(43 The bite of the inveming frame (excluzive of the FOCY feld isalf do not generabe & URC value iden
cal i the ane resuived,

The conterds of invakid MAC frames shiall nut be possed 0 LLO. The vovurronce of invralid MAC fram
may by sovninicated to network wanageent.
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4. Media Access Control
&1 Funetional Maodel of the Medin Avvess Contrad Method

411 Overview. The arhitectural model described in Section 1 is weed in this section te previde a fune.
thoral deseription of the Local drex Network CSMAACT MAT sablayer,

The MAQ sublaver defines o wedivmdndependent Pecility, built on the medinpsdependent physioal facll
ity provided by the Physical Layer, and under the seosss-layerdndependent ncal areg network LLO sub-
layer. 1t dx applicable to o genersl class of boeal ares brosdonst medin suitabls for vse with the media access
discipline knows as Cacricr Sense Multiple Avcess with Coltislon Detecthon (CEMACT).

The LLOC sublaver and the MAC sublsyer ogether are intonded to have the same fonction ag that
described in the 081 model fr the Data Link Layer alone. In 3 broadeast network, the netion of s dats Bok
between two network eatities does not verrespond direstly to & distinet physiesl connestion. Nevertheless,
the prrtisioning of functions presented in this wandard vegulres two maln functions genernlly sssevintod
with 2 data Hink control procedure fo be performed in the MAD sublsyer. They sre as follows:

(8 Data encapsulstion (transmit snd receive)

{8} Framing Hframe boundary delimitation, frame synchironization)

(b} Addressing (handling of scuree and destinstion addrasses)

e} Error detoction (deboction of physieal medivon transmission ervors)
(2} Bedin Acvess Manapement '

(2} Medium allogating {collision avoitance)

(b Contention resclution feolision handling?

The remainder of this ssction provides a functional model of the CEMAD MAC method.

4.1.2 CEMACD Operetion, This scetion provides an overview of frame transminsion nod reception in
tevens of the functional model of the srehitectire. This overview bs deésoriptive, rather than definitionsd; the
formel specifications of the wperativns deveribed here axe gtwm in 42 and 4.3 Specific implemenintions foy
CEMA/CTD mechanisms that meet this standurd are given in 4.4, Figure 41 provides the architectural
maodel desoribed functionally in e seetivni that Sollow.

The Physica! Layer Signaling (PLS) component of the Physienl Layer provides an interfacs to the MAC
sublayer for the sorisl transmivsion of bits onde the shysival media. For complefoness, in the operational
dueseription that fellows some of these funcliond are indluded s desoriptive material, The concise specifica-
o of these functions is given in 4.2 fbr the MAC fonelions and in Bectien T for PLE,

Transmet frame eporations ave independent feom the recelve lrame eporations. A bansmitied Bame
sddressed to the originasing station will be recelved and psssed to the LLO sublayer ot that station. This
characteristic of ihe MAC sablaver may be boplemonted by fmetionality within the MAC sublayer or full
dupten charseleristivs of portions of the lewer layers.

#1841 Normeal Operation

#0200 Transmoission Without Contencion. When a LEC sublaver reguests the transmiasion of &
frame, the Transinit Date Encupruiation component of the CSMACD MAC sublsyer construsts the flame
fromn the LLC-supphied datw, 18 apgonds a preamble and = start of frame delimiter o the beginning of the
frame. Using information passed by the LLC sublayer, the CSMAT MAC sublaver also appends & PAD at
the end of the MAC information feld of sufiient lengil to enevre thal the transmitied frame loseih satis-
fes o minimum frame siae requirsment (see 4.2.3.31 | alss appends destination and souree addresses, a
longth count feld, and  frame check sequence W provide for error detestion. The fums is then banded t
the Transmit Medie Access Mansgement eomponent fn the MAC sublaver for trapsmiseion,

Fransmit Media Access Management then atbempis to aveid confention with other traffic on the mediam
by monltoring the carrior seose wignal provided by the Physieal Layer Signsiing (PL8} somponent and
deforring Lo passing traffic, When the medium jo clomr, frame branmnission iz inltizied (sfer 2 brisf inter.
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PHYSICAL 5
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MDI = MEDIUM DEPENDENT INTERFACE
PMA = PHYSICAL MEDIUM ATTACHMENT
Fig 4-1
MAC Sublayer Partitioning, Relationship to the ISO Open Systems Interconnection
(0S1) Reference Model

frame delay to provide recovery time for other CSMA/CD MAC sublayers and for the physieal madior
The MAC sublayer then provides a serial stream of bits to the PLS interface for transmission.

The PLS performs the task of actually generating the electrical signals on the medium that represent t
bits of the {frame. Simultanecusly, it monitors the medium and generates the collision detect signal, whic
in the contention-free case under diseussion, remains off {or the duration of the frame. A fanctional deserd
tion of the Physical Layer ig given in Sections 7 and beyond.

When transmission has completed without contention, the CSMA/CL MAC sublayer so informs the LI
sublayer using the L1C to MAC interface and awaits the next request for frame transmission.

4.1.2.1.2 Reception Withount Centention. Al each receiving station, the arrival of a frame is fir
detected by the PLS. which responds by synchronizing with the incoming preambie, and by turning on t
carrier sense signal. As the encoded bits arrive from the medium, they are decoded and translated ba
into binary data. The PLS passes subsequent bits up to the MAC sublayer, where the leading bits are d
carded, up to and including the end of the preamble and Start Frame Delimiter.

Meanwhile, the Receive Media Access Management component of the MAC sublayer, having observ
carrier sense, has been waiting for the incoming bits to be delivered. Receive Media Access Manageme
collects bits from the PLS as long as the carrier sense signal remains on. When the carrier sense signal
removed, the frame is truncated to an octet boundary, if necessary, and passed to Receive Data Decapsul
tion for processing.

Receive Data Decapsulation checks the frame’s Destination Address field to decide whether the frar
should be received by this station. If so, it passes the Destination Address (DA), the Source Address (5¢
and the LLC data unit (LLCDU) to the LLC sublayer along with an appropriate status code indicati
reception_rempiete or reception_teo_long. 14 also checks for invalid MAC frames by inspecting the frar
check sequence to detect any damage to the {rame enroute, and by checking for proper octet-bounda
alignment of the end of the frame. Frames with a valid FCS may also be checked for proper sotet bounda
alignment,

4.1.2.2 Access Interference and Recovery. If multiple stations atternpt to transmit at the say
time, it is possible for them to inlerfere with each other’s transmissions, in spite of their attempts to ave
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this by deferving When frassmissions from two stations everlap, the resulting conbention i salled & solli-
mien. A gieen sludion can gupecionse a collision durby the infind st of ite franemisndon fhe wllision win
daw) Before Ha franemiited sipgnal has had bwme o pr (rmgﬁm in ail slztions oo the CEMARTD medinm,
Dnce the sellislon, window has ;3;&5'-3\&*@ w brsnsndtilny station 1a sald o have acgulned the wediinn; subse-
quant eollivions are avelded since all othor {pfoperly ﬁmﬁmm;;;;g stationg san be asguraed b have noticed
the signal thy way of carrec seused mud to be defarring to 16 The Home to avguire the mediam & thos hased
an the rownd-drip propagation e of the phivsioal lnver whoss elements include the PLS, PMA, sod phvsl-
cut medium,

o the ovent of 5 oliision, the lransrmitiing siation'y Physieal Layer initially notices the laterfevente on
sdinm wed then furny o8 the sollision detesd signal This b soticed tn baen By ‘?m Transmit Media
;’&{x;ﬁ:sm Managemant comppaent of the MAC sublayer, and collixion handling begins, Fivet, Transmit Modia
Hness Management snferees the coilision by trensmittiag o big sequence called jam. In 44 an img,sim“’“ws‘ia«
Hon that nses this enforcemant provedurs i provided. Thix cssures that the darstion of the eotlision is suft
ficient ta be noticed hy the ether 1 temssmithing stationts) nwulved o the cellivion, After tho jare s senk
Tronwerit Modin Accses Menagement ferminates the teasamisbion and ns""mtis;ée\s anather fansmission
;yg,ﬁm}:sf aftar a vandoemly sedocted Hme lnterval, Refransmission i a&iemizsvz‘d .-.;*iim inthe e ol ;@g}gngi
saliisions, Sinoe repestad collishong lndicade o busy medbu, howsvor, Tranwndt Media Avcens Mmmﬁe s,
attemipts toowiiust to the medium bad by backing off twluntarily delaying e own refransmingions o
veduee 6% oad ot %fm medive), Thin s zapsnplished by cmanding the ntereal from whdch the random
sstransmineion Hoe s selocted va each suceossivs tranemit atlempt, Evontually, s&:ii_;hﬁt the fransmission
susvesis, or the atterspt i abandened an the assuapdion thet the medivg has failed or has Beoowy sror.
ionded,

At the rei:-myzm;v and, bhe bits reanlting from 2 callision sre renowved and deosded by the PLE just ss ave
the Bits of & eadid fracie. Fragmontary frames recaivodd during eolfisives ars distin Eg-.ﬁ:'ii ad from vaiid beans
weigeinne by the MAC sublayer’s Hoosive Medin Avvess Manngement somnonent,

A1.% Relationslips to LLO Bublayer sud Physies] Layer The CUMAOD MAL sublaver provides
services b the LLL sublayer requived for the transmission and reception of fraves. Accoss to ihese survices
b speried dn 4.8 The (EMACD MAC sublpyer mmakes a beat offnt to acgulee the mwfmw and transler n
werial stroam of bite iy the PLE. Although sortain eriors are repseted o the LLL, mrrur recovery i not pro-
vided by HAC Freve cevavery poay be previded te ihe 1L o h.!.;\.,hgﬂ‘,s&uﬁ‘;fi.*}’iﬂ;.ﬂz‘

4l.d CEMAMLY Aveoss Mathod Funelions] Capebilities The Gllowing sumunary of the funstlens!
supabilitian of the USMAMD MAC sublayer 8 Intended a8 4 guick referoncs pidds 1 the copabilividn ef the
Erandard. as dopisiadl I Fig 4.8

11} Faor Frams Transoission
e} Accepis data feor the LT sublayer and oonsiricts & foame
Y Presents a bibserial data steosim Tothe physies! mver By tranamiseios e the modbur

ROTE: Sncvmnds duiy passed from the LIET pobdoper o selebanlfiplon,

(31 Por Frane Rosoption
(al Weeoives o Bit-serial dale streson from fhe physiad layey
by Presents fo the LLC wablayer Sames thad are diibar brosdesst famas s diraatly addrossed o
the Teeal station '
) Discards or passes fo Network Manspement all Sames ot addvossed i the sewiving slation
e

3 Defars iransmission of 3 Biisarisd stronm whenever the physicsl medium b busy

(42 Appends proper PFOUE value fo sulgoing frames aud verifier full vetet boundary alignment

48] Checks incoming Frames for tropsmissgion srrers by way of B N mnd veridies odet Ew;mda::y-a}jimw
;!fié'ns.

& Dolags transesssion of Bave bit steenn for spevified interome gap period

1 Halkig tranemission when eollaion e detogtod

(8] Saheduios retrenamisdon aftur 2 oollision ontil 2 speoshied relry Bmit s reached

& Enfurces collision to ensute propagation thronghost netseark by ag &émg jHEE MesEEgs

(18 Thscords received tranmissions Bt ore fors than o iwivr Joagth

Q1 Appends preamble, Start Feame Delimiter, DA, 84, lonath count, and FOS o ol frarnes, and. interds
pad feld for Baomes whose LA date ongeh iy lose thay & seiniman valug

&%
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{12} Removes preamble, Start Frame Delimiter, DA, SA, length count, FCS and pad 8eld (if necessary,
from received frames

LLC SUBLAYER i

PUE——— sl R R ER R R

TRANSMIT AECEIVE
DATA ENCAPSULATION %\Tﬁl\. DECAPGULATION
ia
TRANSMIT REDIS FECEIVE MEDIA
mgﬁﬁﬁ»\aﬁwmv ACCESS MANAGEMENT
3486780 Y 2af0812

pusi— ALCESS VO PHYSICAL INTEREACE

&

TRANSMIT HECENVE
DATA ENCODING BATA DECORING

PHYSICAL LAYER SIGHALING
NOTE: Numbers refer to functions lsted in 404,

Fig 4-2
CEMAMCTD Media Acecess Control Functions

4.2 CSMA/CD Media Access Contrel Method (MAC): Precise Specification

4.2.1 Introduction. A precise algorithmic definition s given in this section, providing procedural model
for the OBMA/CD MAC process with a program in the computer language Pascal. See references [A2] and
1A17] for resource material. Nols whenever thers is any apparent ambiguity eoncerning the definition ol
some aspect of the CSMA/CD MAC method, it is the Pascal procedural specification in 4.2.7 through 4.2.10
which should be consulted for the definilive statement. Sections 4.2.2 through 4.2.6 provide, in prose, a
deseription of the access mechanism with the formal terminolagy to be used in the remaining subsections.

4.2.2 Overview of the Procedural Model. The functions of the CSMA/CEH MAC method are presented
helow, modeled as a program written in the computer language Pascal. This procedural model is intended
as the primary specification of the functions to be provided in any CSMA/CD MAC sublayer implementa-
tion. It is important to distinguish, hewever, between the model and a real implementation. The modsl is
optimized for simplicity and elarity of presentation, while any realistic implementation shall place heavisr
emphasgis on such constraints as efficlency and suitability to a particular implementation technolagy or
computer architecture. In this confext, several important properties of the procedural model shall be con.
sidered.

4.2.2.1 Ground Bules for the Procedural Model

{1} First, it shall be emphasized that the deseription of the MAC sublayer in o computer lunguage is in
ne waey intended to imply that procedures shall be implemented as o program executed by u computer,
The implementation may consist of any appropriate technology ineluding hardware, firmware, soft-
ware, or any combination,

{2y Similarly, it shall be emphasized that it is the behavior of any MAC sublayer implementations that
shall mateh the standard, not their internal strueture. The internal details of the procedural model
are useful only to the extent that they help specify that behavior clearly and precisely.

(@) The handling of incoming and vutgoing frames is rather stylized in the procedural model, in the
sense that frames are bandled as single entities by most of the MAG sublayer and are only serial-
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fred for presentation the Physies! Layer. In reslity, mmy uplementations will instead hendle
Feamos seriaily an & b ootot o woed besls, Fhis approach hag ned been refoctad in the procedural
medal, sinee this anly wm;ﬁ;mes thie desoviption of the functions without changing them i any
WA
{4} The moedel consists of slgorvithms designed €0 be avecuted by & pumber of wacurrent processos;
- ghese sigorithms eollschively fmploment the UBMAKCT procedure. The timing dependencies intro.
duead by the need for copeurrent retivity are resslved In twe ways
fai  Processes Yersus Brterne! Everge ¥ is asvumed that the siporithems gre exsouted “vory fast”
relative bo exbornal svents, inthe s@mmg@.g precen never falle hehind 10 s work and fails ¢
rempond 1o an external ovent in o timely manner. For example, when a frame is to be received,
it is assnmed that the Media Access procedure BeceiveFrame i always enlled well befors the
- deapne b guoestion heas etorbed fo arvive.
€ Frocesses Versus Proverses. Among procusess, no asswmaptions are made about relative speeds of
expention. This menns thatensh interaction between two provesses shail be structered to work
coevactly independent of thely respertive speeds. Note, however, that the thring of sterastions
smonz processes Is often, i pavt, an lodirect mﬁmz of the fming of sxbernal events, in
which case nppropriste timing sssumptions may still be made.

Ti s intended that the woncurventy i the model reflect the parallelism intrinsie to the task of tnpie
:ﬁwmg the LLO and MAC procedures, although the setual paralisl strusture of the implementativns is
iikely 1o vare

4.2.8.8 Use of Paseal in the Procedursl Model. Severs! observations swed to be made regarding
the method with which Pescnl v weed for the medel. Bome of these ebservations sre as fullpws:

87 Some Hmitations of the baogoage bave beenespvumvented to simplify the specification:

{(a} ‘'The olomonts of the program tvariables and proceduces, for sxample) sre prosented i fogdeat
mrenpings, in wp<down orden, Usrizis Pasesl ordering vesirictons have thus been cireum-
wented to bmprees readability _ _

bt The prosese snd eyele constructs of Coneurvent Pascsl, 8 Pasesd dentvative, have heen inlre-
duced to indicute the sites of nutonomens toncurrent sotivity, Az uged here, a proesse is simply
8 parameteriess pracedure thet bepine exeeution at “the beginning of Ume” rather than boing
inveked by & prosedure oall. A ovele statement reprosents the muin body of # provess and is
axsruted mepestedly forgven

{e}  The lack of variahle seeay bounds in the langeage has heen cirdamventid by treating firames a8
i they are always of & single Haed size Dwhich is never actunlly speeifisd). The sive of o Trame
deperds on the siee of ibs data feld, hence the value of the *’gxﬁmmﬁm’smmm P frammedize should
B thouphl of s verving i the kaypderm, oven Shough 1t Ie Bued for any givan Brame.

(d:  The use of & vartant record o represent a franie (as felds and oy bits) follows the spirit but not
the letler of She Pagest Report, sives it allows the pmderiying representative &6 be vipwed 8§
fwa diffarent data types,

{21 The model medies no vse of mny explisdt interproosss synchronization primitives. Instead, all lnfer
nropess Sedevaction s done By way of earefully stylized manipelation of dhared variahios. For exam-
e, somne varisblos are ot by only one provoss and Mhspotted by srothey provess in such a manner
Ehat the nel resnll is Indopendent of thely axscuiion sgee:&zis, While such technigues are net gm&aﬁy
suitabie farthe somtroction of lurge somenrrant programe, they stmplify the moedel and mers nearly
pegemble $he methods appro priste 6 the most likely impleantation techinslogies Emmmda hard-
ware state-machines, ele)

4.2.0.3 Organization of the Provedural Model. The provedural model ueed here is based on five
sopurating concurrent processes. Three are setusly defined in the MAL sublayer. The remaining two pro-
ceages ave provided hy the clients of the MAC sublayer fehich may include the LI sublayer) and viilive
the inberfuoe operations provided by the MAL sblayer The five processes are thus:

{85 Frame Transsmitter Provess
(2} Frame Recoiver Prosess
{3} Bit Transmitser Process
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LOCAL AND METROPOLITAN AREA NETWORK!
(4! Bit Ropedver Process
(8] Deferense Pracsss

This organization of the modal iz Hlustrated in Fig 4-9 and rotiects the fact that the commumieation
sutire framnes is injtiaiod by the elent of the MAC sublayer; whils tho thming of esliisien backofY and .
individual bt transfsrs & haged on interactions between the MAC sublaver and the Physical Laye
dependont bit tims,

.......... —
P :
[Ty
I TrgnaniDetlt ) E ‘ Hoosbrmbatweas
311' \L i ul-u-----...l
| Coepubad || o | IWWj
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Fig 4-8
Relationship Among CEMA/CD Proeedures

Figure 4-8 depicis the statie girpvinre of the procedural medel, showing how the various prooesses an
procadurts mterast by invoking euch othier. Figures 44 snd 4.5 summarize the dynamic bebaviar of th
model during transmission and yecoption, focusing vn the sieps that chall be parformed, rether than th
rrocedurdl sirictiuve that performy them. The oeage of the shared stale vartables i3 not degoted in the il
ures, but i described in the cormments snd proge in the follawing sections.

42,24 Layor Manngersent Extensions to Provedural Model. In order t¢ ingorporate nobwar
manpgement functiong, this Procedural Model has besn expanded beyond thet in ISOARC B802-9 1 1991
Network managament functions have been incorporated in two ways. Firet, 4 27-4.2.10, 4.3.2, and Fig 4-
have been vindified ond sxpandesd to provide managemens gerviess. Seeond, Layer Managﬂmkm procodice
bave heen added as 524 Note that Paseal vurinbles are shured betwess Soctions 4 snd 5, Withis thy Pa
cal deseriptions provided n Section 4, 48 i the lef maxgin indicates & ling that has been added ta sug
gort manapement services. Thess lines are only reguired  Layer Maosgemest & being tmplementec

BG
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AR S 800 5, 1008 Rdition LOOAL ARS METROI AN ARBS NETWORER:

These changos do aot stiect any svpoct of the MAL bebavicr a8 ebserved ot the LEOMAC and MACPLS
intariess of IROAEC 8802-3 1 1956,

The Pasval procedural specification shall be commuited R the definitive statement when thew i any
anpmrest sbipaity conosrndng die defluition o serne supect of the CEMASH MAL mrathd.

488 Fruone Ty
RS ERL ARpbalyr

ieshon Model, Frame frarmaizsion indiudes dats sneapsluiion and Madia Aosess

L0 Tronsmis Data Encepeuiation includes the assombly of the oulgeing Brame From the vebues pro-
vidod bythe LLC sublaeer and fone cheole sequanss genaration,
{2} Prangrait Medis Acoses Mensgement includes covrise deferonce, nterframe apacing, soliision dates
How and enfrcement, and colliaion budkol and retransmission.
ABAE Tranmeis Duls Bgecapsulaiion

b The Helds of the O

0D MAC Samoe am st 1s the vadues provided

by the Wmh&&w&aawm m%&w‘i‘%&m&mﬁmmﬁm Come 4.7 with the mmgmm af the wad.
ding nevesary b exfbree the mivtmem Banesies wad e Brame choek segrenes that s seb o the CBC
vnine genersted by the MAL seblaper.

e ‘IE% E?ﬂﬁf wﬁm a&ﬁﬁxmi i:s ﬁ % b g&wmm E

#5320 Caerler Beforonce. Even whes it o notbing lo tanemit, the CEMA/D MAC sullayer
manibors the phewies! medinn o nife by witehing tie carriarSense m;gxmi provided by the PLE When.
sver the meding i busy, the CEMALD MAL sublayer dofors to He passiog frame by i&@éwmg azyy perding
fransenission of s own, Alter the bt Bit of the posutag Doove (0668 #5, when ey -
frae bo Sdeel the USHIANT MAD sublayer cominues to defer B & propey %m%&%ﬁmw G
&3228

B, 6 the ond of e InderPrameSeecing, & frame i walting 1o be booositnd, ramsmsissim i infioted
imdepundent of the vudue of Whes Granemielun Bay oomspleted for basedinlely, 1 there was
sedbdng to branamitithe O MAL subluver masnmes its oriping mondturing of sorrierBanes,

Whas & frame is submitted by the LEC subluyer for transmission, the transmdasion ix initisted ae soon

ae possinle, bt is confermenss with e reles of delirence siated sheve,
SEFTEE B ok ponedids for Ui PLE carsier pense iniiention b Bl £o be weaeted brielly derivg o collision o6 the waeddin, 17 She Doforanse
s géw;&,g: S e inlarFraram gap Tt o e Tadiontion & ix porsihle fir's St iokedPuane oy b be pedoratad, oading ta
& pretontinf resption Bilere of o aubmortent faae. Th welmoos sy robsringes the ilvwkey aptinast ety 5 spocified in
r& @, s vesmmmended whes mtaFrane &mam’i‘mi iy arhar than s
& '"=mmmg£m # Lranminasos, sl Basing e interpuelont pip se soanwe teaosmdiing sed carcierBemn o etk falee.
thmabe wn dnter Frame pup Reilewing recdption, sals (e m«?@"masgi,§ ey i sereilie mwmdmﬁgtﬁw Hump'

ﬁe‘%*\sf%ﬂz&w*mmm timing istaresd, Buving the 8ol 13 of the loteres] {ne dimey shall 6ot Do rest s snenns foie sooss o e
st i initind period whertor than 20 of Bhe ot D pteshuile ocinding vevs

pag, A éﬁzﬁmi i %i&‘i&h %%w rules for ﬁiﬁsé*s&mag o @mﬁ% ﬁgmm

m@m reewvery Hine for oiber CAMAKLD w%siw st far é&egﬁmwi m@égm
Hate that faterFramelipacing is the minlmem velue of the interfvarne spading. I nove
mantalion rossons, & branemitiing mﬁ%ﬁ&gﬁt may wwe & loger valee with & ronliing
Eizwm;%&g&x The larper valoe i dotermined by the purameiers of the implesentniin, see 4.4,

42:3.2.3 Cellision Handling. Onoe o SRMAKT sublayer has finished deferring nod bas started
traneeineion, 5 b st possible for B e eperlancs sontentien Tor the medbun. Collisions san cocur wutll
neuisition of the network bus been soeonsplished through the deforgnce of sll ether stations’ CEMAKCD
sublayers
The dynamics of oollision handiing sre largely determined by a single parameter called the sint time.
Thin sinpte pavasater deserives Hiree imuoriant sepocts of collision bandling:

54
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BOABC §500-4 ; 1988
CEMACEY ANSPIEES Std 80%.3, 100 Bditlen

{1} I iean upper bound on the scguisition time of the medinm,
{2) Itis an ppper bound on the length of a franie fragment generated by a callision
@) Iir the scheduling guantum for refranamission,

Ty fulfill all three functions, the slol Eme shall be larger than the sum of the Physica! Layer round-trip
propagation e and the Media Access Layer maximuom jam time. The siot time is determined by the
parameters of the buplamentation, see d.4.

4.2.8.2.4 Collision Deteotion and Exforeement, Collisions are deiectsd by monitoring the colli-
mcnﬁﬂtm sigmal provided by the Phygdieal Layer When a wilision is debectsd duriag o frante tramimis-
eion, the fransmission i not teominated moediste’y Tostead, the trandsmission continces until ndditionnl
bt specitiod by sam‘i‘rxﬁ have been transmitted (comnting from the time collisionDetect went on. This col-
tision enforcement v jam guayantess that the duenbion of the collision i sufficient to eurure its detéckion
by all transmitting statives on the setwork. The content of the jae s urepeciiied; it may be any fixed or
variable pattern convenient to the Media Accoss bnplomentation, however, the faplementation shall not bo
intontionally designed te be the 32-bit URC value corresponding to the {(partisl) frame tranamitied arive ta
the jam,

4.2.3.2.5 Collision Backeff snd Retransmission, When a transanission sttempt has terminated
gue ta a collision, 1% iz reiried by the iransmifting CSMARCD scblayer wntil cither 1his suecessiul or a max-
o pumber of nitempis {attemptiimit) have béen made aud 2ll have irrminated dus o collisians. Nyte
that all attempis to tranamit & given frame are completed before any subseyuent oulgoing Bames are
tronsmittad, The scheduling of the rotransmissions is determined by a contrddled randomization process
called "runcated binary expenontial backo®” At the ond of enforcing a collimion (Jamming), the CSMA/CD
sublayer delays before atfempling to rebranamit the frame. The delay is an integer muitiple of slotTime.
The number of slot times to delay before the nth retransmission atbempt iz cheson as g uniformly distrib-
uted randem integer r in the range:

04« gk
where
ke anin (o, 10}

Tf adl mibemptinit attempes G, this ovont ie reported as an ervor. Algorithins vaed to genoraio the ates
ger rsheuld be designed to minimize the eorrelation between the nusbers genersied by auy two stations
#t any given tinc, _ _

Nate that the valwes giver sbove define the most aggreswive behavior that a slation muy exhibit n
attempting to retransmit ofter ¢ colligion, lo the course of impiomenting the refranamissivy scheduling
procedure, a station may introdure extra delays that will dogrado ifs owr thooughput, bt in no caes may n
station’s retransmission scheduling resall in s lower averape delay hetween retransmission sttempls than
the procedure defined shove,

4,2.8.8 Minimum Franve Size, The (SMACD Media Access mechanism requires that a minimum
frame length of minFrameBize bits be transmiteed. If fromeSize v leas than mmFPrameSize, then the
CEMACD MAC sublayer shall sppend extra bits in unita of cetets, afier the end of the LLC dais field but
priar te calculating, and appending, the FCS, The number of extra bits shall be sufficient to engure that the
frame, from the DA feld through the FUS feld inclusive, is of loast minFrameSize bits. The content of the
pad iz unspec fied.

424 Frame Becepiion Model CSMACD MAC sublayer frume recoption indudes bisth data decapan-
latitn and Media Accoss managament sspects:

(1) Recoive Deta Decapsulabon comprizes address recognition, frame chieck sequence validation, wad
frama disassemBly t pass the fekls of e received frame o the LI aublayen.

t2) Recolve Media Acceng Manogoment comprises recognition of collision frapments fram Tneoming
frames angd bruncation of Sasmes o octet baun davies,
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TROVIRG € G903 L o0 . .
ANRIERD Std 8052, 1993 Bdition SACHRL ANTI METROPOLITAN AREBA NETWORKES:

S 241 Hevplye E}gm .E}mp_@ﬁmmﬁ.

AZ450 Address Beoagnitien, The CEMAD MAU sublayer ix copable of recogniving mdividual
zad group sddrasses,

{13 Individual Adddrenses. 'The CAMAKTD MAD sublaver recopnizes and nceepty any frame whase DA
figld contains the individual address of the station.

{23 Chrowy Sdidresses, The OSMALT MAD sublayer recopnizes and scvepds any Frame whose DA feld
‘pontaing the Broadeast sddrens,

The CEMACT) MAT sublayer v copable of activating some pumbsr of gronp addresses as specified by
higher 'iag;ﬁ:n-e The USMA/CE MAC sublayer recopmizes and accepts any frame whage Destination Address
field containg an active greup address. An active group sddvess may be deactivated.

4.24.1.2 Fromn Cheok Sequences Valldetion, FOS validation s sesentindly Mentiosl fo POS gon-
erativn. I the bits of the incoming frame *’exs:lg,,.?n'e‘e' of the FOE fiold fself do net genvrats g ORO valne
identical tv the ene received, an crror hag cwcusved and the Same i identified as invalid.

424 LS Frome Disssserabiy. Uoon recognition of the Start Frawe Delimiter st the vad of the pre:
amhie snguence, the CEMACQD MAC mblayer acoupts the frame. 1f there are ne evrors, the feame is disas-
sembled and the fields are paswed i6 the LIC sublayér by way of the cutput pevameters of the
frecaiveFrams aperation.

4.2.4.2 Recedve Modin Acvess Management

ES TN ?r&mmg The USMACD saldayer rovoguizes the boandaries of an meoming fame by
mpxxﬁm..zxg the earrerBonse signal provided by the PLE, There are fwo possible length crrovs that can
ceuar, that indioate Db framad datm the frame rs‘m?' he ton fong, or its lengdd may vt be an infeger nomber
of sutets,

{1y Bloximum Frame Sise. The receiving USMAKCT) sublayer is not roquired 0 endbree e frame sire
i, bk i s allewed fo francale Frames ager than maxfraneize scbets and ropat s svent an
an Smplemantintiondepmdent) crmr

{2y Integer Number of Cetets in Frame. Singe the formpt of 8 valid frame ﬁ?&’ﬁf‘ﬁ*ﬁ sy vteper number of
oditis, only 4 collighon oran eeoe can produce a frame with a le agih that is not an intoper muliinle
of & bits, Conrplebe frarnes (that s, not reisched s colbision Bagments see 4245200 that de not cone
fain an ioteger pamber of oclels are troncated fo the nearest scted besndary If fame check
seauence validaiion defecs an errar in auch & Frame, the staton code alignmentBeror fe roporied.

48488 Collision Filleving, The amallest valid frarpe ahall be ab lvast one ¢leiTime in Jength,
This detoraines the minFrameSize, Any frame conbaining less than minframeSize bits is presumed fo be
s fragment resulting frore & ooliision, Since ewasional collisions are a novmal part of the Medis Acvess
mpnapement procedues, the discarding of mich 2 Sagment i nod reported oy an srvor to the TLC sullayer

4.2 Presmibde Uensration In o LAN imxxéx}mmmﬁmg,, mpat of the Physival Luyor sorapone abs axe
allewed bo provide valid entput some number of bit tmes after being prosented valld input signals, Thas i
is necensary for a presmble to be aunt befure the stark of data, 1o allow the PLE cirenitey 1o vaach i stoady-
state, Upon reguest by TrapemittTinkMemt to traremnit he fivet bl of n new freee; PhysiceiSignaifinesp
shall izt Leansnit the preamble, a bt secuence waed for physical medivn stabilization nod synchrenize-
tien, followad by the Stest Frame Delimiter. If, while trunmmitiing the preamble, the PLE asscrts the el
sion detect signal, any remaining proamble Emr» shalt be sent, The proamble pattern i

TOI01010 10101910 10101010 F0IGI010 1081050 101010610 1l
The bite ave fransunted in order, from loft Yo right. Ths nobure of the nettern tp such that, for Manches.

tor encoding, it appests ax o pericdic waveform on the medinm that enables bit sprehronization. It dhould
e noted that the presmble onde with 2 %07

ﬁs.
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IBGARC S805.4 1 1908
CRMARLD ANSHIEER Sid $65.3, 1995 Bdtiion

426 Start Frame Sequenes. The PLS recognizes the prosence of achiviiy on the medivm through the
carvisr gense signal, Thix is the frst indication that the frame recoption process shonld begin, Upon recep.
tinn of the sequence 10101011 immadiately following o latter part of the preamble pattern, PhysicalSignal-
Decap shall begin pasing successive bits fo ReceivelinkMprnt for pussing to the LLC sublaser,

4.2.7 Glohal Peclarntions. This section provides detuiled formal speaifications for the CEMA/KCD MAC
sublayer. 1t is & spetification of generic features and parameters to be used in systems tmplementing this
media secezs method. Subsection 4.4 provides vaiuss for these sofs of parametors for recommended imple.
mentations of this medis acooss mochardsm,

424.7,1 Common Constants and Types. The follewing declarations of vonstants snd types are used
by Ehe frame transmission and recopbivn sectivns of cach CEMA/CT sublayer:

conet
addressSize = o, ; {18 or 4% bils in compliance with 3.2.3}
lengthSize = 1% Hu bils
[dCdataSize = 2 {LLO Dats, see 4.2.2.2, (¥
padBiee = . He bits, = max (0, minFrameSize « (2 % addressBize + longthSize + LLOdntaBize +
ercBizgd.
dataSize = ...} = LLCdstaSize + padSize)
<reSize = 3% B2 bit TR = 4 sctetal
frameSize = . ; {= 2 x addressSize + lengthSize + dutalize + crelize, sec 4. 22213
minFrameSize = ... ; fx bitg, implementation-dopendent, see 4.4}
slotTime = ... | {unit of time for collision handling, implementation-dependent, see 4.4
preambleBize = ... ; {io bits, physical-medium-depondent}
sfdSize = & % bit start frame delimiter]
headerSize = .. lsum of preambieSize and afdSive
type
Bitw D 1
AddressValue = orray [LoaddressSize] of Bit;
Length¥aloe = array (L lenpthBize] of Bit;
DataValoe = wrray [L.dataSiae] of Bit;
CROValwe = array [oareSue] of Bit
PreambleVales » arvey U peeamblefise] of Bit;
SidValue = array [L.sfidSizel of Bit;
ViewPuint = {fioids, bital Mo ways to view the contents of & frame}
HeaderViewPoint » (headerFields, headerBita),
Frame = record {Formet of Media Acosss frame}
sase view: ViewPoint of
fields: {
dostinationField: AddreszValug
guureeFiald: AddressValue;
length¥Field: LangthValue;
dataField: DataValuc;
fesField: CROValue):
bits; {vomitenis: array L fonmeSizel of Bit}
ared, {Frame}
Header = record (Farmat of geesmblo and start frame delimiter
case headerView | HanderWawPolnt of
BeaderFiolds : €
proaibie | ProambleVaine;
sfd : SRIValuek
headerBide : (
headerCantonts + arvoy 13, BoaderSizo] of Bith
endds defines honder for MALD Bamsl

Page 59


JW15785
Sticky Note
None set by JW15785

JW15785
Sticky Note
MigrationNone set by JW15785

JW15785
Sticky Note
Unmarked set by JW15785

JW15785
Sticky Note
None set by JW15785

JW15785
Sticky Note
MigrationNone set by JW15785

JW15785
Sticky Note
Unmarked set by JW15785

JW15785
Sticky Note
None set by JW15785

JW15785
Sticky Note
MigrationNone set by JW15785

JW15785
Sticky Note
Unmarked set by JW15785

JW15785
Sticky Note
None set by JW15785

JW15785
Sticky Note
MigrationNone set by JW15785

JW15785
Sticky Note
Unmarked set by JW15785

JW15785
Sticky Note
None set by JW15785

JW15785
Sticky Note
MigrationNone set by JW15785

JW15785
Sticky Note
Unmarked set by JW15785


IEVIRG REOR-S | 1BS
ANSHREE Sid 802.8, 1955 Bdittan BOCAL AND METROPGLITAN AREA NETWORIS:

4272 Transmit State Varinbles. The ilewing items am spetific to framme transmission. {Bee alse
440

cairgE

inter¥FrameSpacing = ., | einivnry e betwosn franes)

foterf mmﬁﬁpnmng’ﬁ?ﬁ e ciduration of Rrst portien of nterPrame tming, Inrange O up to 28
':E_::;*.&:?I‘frsxmeﬁgmar&gg _

interFromelSpacingPart@e . iduration  of romainder  of  intorFreme  thwing.  Howal o
Hmﬁ‘mm%mmg - Iy Fraroefpacin g?z;rﬁ‘ )

ahtemptlinedt = . IMax number of thnes to abiempt fransmission?

BadkOFLimit »...  {Linit on nomber of $imes b back off}

jamize = .. ;_{ir‘a bite: the vatue depends npon medivia and collision detect implementationd

v
autguingFrane; Frome, [Tha frame to be wapsmitied)
auigoingtender: Hoader,
sarrent TranswitBit, lastTransmitBit: L frave iz
[Pogitions of evrront and lost sutgoing bite in outgeingFreme)
lostHeaderBib, 1. headerfine,
deforring Boolear; Tuphes any ponding transmisgion mast wall for the medium to dear
frameWaiting: Boolesry; Hndicates that smi;gn:mg??mm i deforring!
pitamptn C.attemptLingdt; (Nvabor of transmiseion atZemyts oo ontgeingBeamst
nowCsllision: Boeslesn; ndicates that e colliaion has oderrred bub has nod yol boes jammed]
trangmitSuecerding: Bovleun) (Running indicstor of whether transmiarion 15 suoresding)

4.8.7.8 Hecelve Biate Vaviahles. The hllowing iteins are specifio to frams recoption. (Hee siso 4.4,

T
incomingPrame: Frams; (The frome being regaived)
ssvrenifocobveRiit: 1. frareBise: [Postian of cuzverst bit in mcﬁmmgﬁmm
wacedving: Boolenn; (Indicabes (hat o frame recoption is in progross!
excessBha: $.7 i’}mmﬁ; of excess traibing bits bepond ostet bonndary
vﬁmwﬁumrp;hng Boolean; Running indieator of whether reception 1% sucteading)
valldLength: Bosleaw; (Indieator of whether reteived frame hae o longth srvort
axeveds MarLengih: Bosloan; {Indieatar of whether meeived frame hag 3 lngth longer than thw
maxiovns perptitted lengthl

4.8.7.4 Bummary of Interlayer Interfaces
{1} Theinferface to the LLC sublayer, defined in 4.8.2, Is summacized below:

e
i TrensmitStetus = (ransmitDizabled, ranemidE, excessiveCollisionBrear ),

{Result of TransmiiFoams aperation;
¥ ReteiveStaiue = (reouivelisabied, W&*ﬁi}& frameToolong, Gametd Hock! Brvor, longthBivor,
slignmentErver)y; iRsgult of RecoiveFrams operation]

fumetion Tranwnitframe {
destinationPrran: AddresValue,
seuroeParam: AddvesaValoe;
fangthPavam: LengthValue;
datalaram DataValon: TraneniiBtaive Myansemils one fame!

Farasion BecelveRrams ¢
var destinationParas: AddressValue
s goarcePavary AddressValos;
war lengthFParam: LengthValus:
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. SROAT BROR ¢ T
CRMLARCE ANSUIEEE fd 5URS, 1883 Edition

sar dotalurane BotaValueh Beosiveliiatus; {Hocoives vng frome!
{23 The interface o the Plhysical Layer, defined fn 4.8.8, is sumenarized below:

Fhir g
carferfense; Boclowy, indioates nopming bial
transmithing: Booleas; Indicates sutpeing bitsl
wasTrangmitting: Boclean; Hndicates iransmission in PrOgress or just complsted)
solfizionDeteet: Bosloan; Eh’nmmm& meditn contendion)
procedure Transmd 1Bt (st Peiam: Bity [Dranamits oie bit]
Funetion Rocorvelit: Bit; [Recsives one bit}
pravedure Walt (it Times: futegorl Walts for ndicated number of blidimes}

4.2.7.5 Btate Vartobie Tui Helization. The procedure Initiskize must be run whes the MAD sublaver
Bagins vperation, bofoye any of thie procusses begin. arecution, faitialize sets certaln crucial shared stale
werishies to thelr fndtis] vataes. (ANl other giobal vavinkles sre apyropristaly reinitialized bofore sach wse.)
Initislize then waita for the medium e be idle, and starts eperation of the various provesses,
T Luyer Munagoment is implemented, the Initislize procedure shall anly be called as ihe resull of the
initiadize AL setion (5.3.22.10

provedure Indtiale;

Begrin
frameWaiting o falne;
deforring = false;

. pnewlalliston o false;

Fransitithing = fdsey (n tterface t Phislenl Layer; sse below]
raceivigg = false;
whily carrierSBense do nothing
{8iart oxprution of all provosses!

ene; nitiplingl

428 Frame Trassisdion, The algerithas b tis seetion define MAT soblayer frame transminsion.
The funetion TransmitFrame implements the frame transmission operation provided to the LLO sublayer:

Srmodion TrapsmitPrame {
destingtionPorame AddeosdValue
sourseParam: AddrassValos;
tengihParar: LengthValos,
detaParan: DetaVaboek TransmitSintas

provedure TranemitDetaEviay,; ... (nevted ;mﬁminm see body beler]
- if transmitEnabled then
begin

TrausimitDaalinea
Transmitframe = TrassmitlinkMent
and
cloe TranemitPrame s dramemitieakiod
enel; Flyanemitframel

H tranemizssion iz ensbled, TransmitPrame ealla the internal procedurs TransmitDataEncap to construct
the fraene. Newt, ToansmitLinkMpmi s valled to perform the sctual transmisslon. The TranmuiiSiates
returnad indicates the success or fallure of the transmission altempt,

TransmitDatalnoap builds the fraree snd places the §2-4i3 CAC in the frame check seguence Seld:

progeduee TramamitData By
begin

with sutgelsgBrame do

5
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T . PRONTED 48084 38
SR A é?‘;’%ié‘%:‘i&k*tm G A SABE Ellvian

Each Hme s framse transmission ﬁ%zwm o6 inidlated, Starimneut s called to slend the B Transmitwy
prusols that bit Tranem ission dheuld begin:

prosedure BlartTianamit;,

begin
LTS ntiransmigBid o L
fastTransmitBit = FameBizg
transtiSuoueniding (= Leuey
Srapsmitiing = dean;
LastHenderBit = henderBine

Cened; IBtortTronsmit

{Omes Tame transsmionon bas been indtiated, Tranmnd tLankiemt monitors the medium for condontion by
ropeatedly ealling WalcdhForllollision:

provedere WalehForCollision;

bugin
ér’” Lrarpers Succeoding ond eollisanlictod then
boggins

i enrrentTranssm Bt » {minPeameSine - hoaderBive) then
latelsllisinnBirer = rue
newUollislen w brag
sransmitBuccesding = fulse
erdd
eadd WatehPorlollisiond

WabchFueCofisian, vpnn delecting 8 wollishvn, vpdutes newCollidlon W ensuze proper jemming by the
BitTronarritier process. The corrent transmit bit number is checked to see iF this is = Iate cuilision, I the
eablision veoucs later than 2 collision window of BI2 bk times lnlo the ﬂcﬁm;; tis sonsiderad axovidonoe of
& lote enBision. The point at reosived is determinod by the network media @fumm-
Hon e and the delgy € o through 2 slation and, ue such, is implement mn«de*r@mmm (e 402020 A
mamentaiéon may epticnally eleet to end wir&m:;;m&saz.m attempts ﬁﬁ:ﬁi‘ Jntooullinion is detested.

After traasmizsion of the jam hos been completed, ¥ fmmmﬂ.z:m."ég b detenuines thut anathur
atbormpt shonld e smade, BackOf s calied to sehedule the next silompt B retransmit the Buame.

v s Backi R 21084, Werking variahle of BackOH
arediery Baek O
3.‘3*-;;’-".*'
i atiempiy = 1 then marBackiil o= 8
slse i alinmpts € buekO Limis
then mx{‘hmt‘f‘f = maxBackOF » 2,
WaitlslotThime x Bendom 0, masBuck 80

et {Backf
Furscion Handow (ow, high: integern iniﬁ’tr,
hegen S8 _ . _
Bandum o L fopifermby distribated randem sutoger o such thal lose 8 r< baghl

wndh (Handom]
33&&‘%’ 'p{'r‘“*;mns &h@'*&raamé;&é Binary sxponential backeff compulition and then walts for the sslectad

’?*m i‘x« wa:z ;zﬁms suns pavrebvancusly fo continuaisly somputs the praper valee Rie the vamable
deferring.

proces Deference,
begin
cyeietmain fompl

&l

Page 63


JW15785
Sticky Note
None set by JW15785

JW15785
Sticky Note
MigrationNone set by JW15785

JW15785
Sticky Note
Unmarked set by JW15785

JW15785
Sticky Note
None set by JW15785

JW15785
Sticky Note
MigrationNone set by JW15785

JW15785
Sticky Note
Unmarked set by JW15785

JW15785
Sticky Note
None set by JW15785

JW15785
Sticky Note
MigrationNone set by JW15785

JW15785
Sticky Note
Unmarked set by JW15785

JW15785
Sticky Note
None set by JW15785

JW15785
Sticky Note
MigrationNone set by JW15785

JW15785
Sticky Note
Unmarked set by JW15785

JW15785
Sticky Note
None set by JW15785

JW15785
Sticky Note
MigrationNone set by JW15785

JW15785
Sticky Note
Unmarked set by JW15785


LOCAL AND M3 TEORGEFTAN 4

wrSanse do nething: (watch fur carrier to sppeszi
&msg = m i&e%a;f start G‘f e rnnsmasions)

MMMM:MWﬁ
2 ¥ TS e x-';_'__'.-.-v','
defirring m&i&gi&ﬂwm&mmm§
while frameWalting do nuthing; lallow walting transmdseitn il any:
me
aned; nferonce]

procedire StartRealTimeDelay
{mmt im m&&m&mm& wtart 4 taingl

scup; Send prearsble and start of Bramme delimiter]

Risiont cFramefrwrrentTranemitBitd); Isend nest 51t to Physical Layer)
ﬂim@aﬁmmmwmm NextBit
wnsed; By loogs
aned; fuwser loon}
w Bt Tranami " ik i)
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ROAEC BRORY ;1993
CHMALT ANBIIEEE S 8021, 15es Edisdon

TransmitBittovigoingHenderfrurrentTransmitBit]y (rensmit hender une bt nt o time)
cu o Tennsni B waurrantransndtBil + 4
erf
if newCollinion dhon Bisriiam el
currentranmnit Bt o 3
ersed; [PhvadondBipnalBueap)

provedure Nexillt;
begin
curvenilrenamitBiE = correntTransmitBit + 13 _
transmitiing e (ourrentTransmitiie £ lnet Tranmnithis)
arnd; INoxtBiY

procedure Rt

begin
strrentTransmitBil = &
InetTranpmitBit o jammBize;
newllollision = fhlse

anddy [Staetdam?

BitTenmeonitter, upen delocting & new collision, imonodiately enfbress i by calling stertdan to botiate
the trangmssion of the jam. The jum should contain o safficlent nimber of bite of axbitrary data so that i
“ie ageured that both communicating siations detoed the sallision. (Btertdum uees the Syet g0t of bite of the
fraios ap to jrmiise, merely to shmplife Sis program.)

428 Frame Bacoption. The algocithme in this section define USMACT Media Accesi sublaver frame
rocepting,
The provedurs BacsiveFrame inplements the feame vevepdion operstion provided fo the LLOC sublayey:

Frrnetion BevetveFynme {
v dustination Param: AddressValu;
verr pource Pasnm: AddressValus;
ver bength Pava: LonpthValue:

- vur daduParam: DataValoeh RecoiveStabus; -
Funetion RessiveDataDecap: ReoviveStatus; . Ineated fanclion; see bedy below}
Berine

i recoiveBnabled then
repead
RecolvaLinkMgmt;
Besoive Frame 1= ReveiveDataDecap:
wnrdi receiveSucending
plog
HogpiveFrame w recsivellisablod
i {HwesivePramed

M cnsbled, ReveiveFrame calls ReestvaliiMems by rorsivs the next valid Brame, and then ealls the
inkenel procedure HecovelataDeup to retwrn the frame’s fedds to the LLC subluyer i the Frames
address indicatos that i should do so. The returnsd RecoiveStatus indicates the presence or shsence of
detectad transmizsion errovs in the frame,

Fanastion ReevtvaliataDecap: RecateoSiutus;

¥ vorstutes RocolveBtatos; tholds recelve status mforsiation]
begin

3 with icomingFrame do

& bepin

% view = felda;

rezuivefiuoceeding = Revognizedddress CmemmingPrae, destinatioaPiald)y

83
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i fth&& mmminﬁ if recsive framse nize sxecsds the maximem
parmitiod frame size maxFrameSizel
if excoedsMaxLength then stetus = frameTooLong;
alue

if fesbiold = CRO32 GnoombngFrase) than

b 4
%
-
£
LayarMgmiRecstveCountorsistaingy
{update reecive g5d roceive error countors in 5.2 4.8
wipw e hits

andd {disnssamble frame|

Ffenetion Hemwe

s iewgm?mmmmaa
s dataParam DataValue )k DataValee;

v&ﬁcﬁ&mggh e {Cheek to determine i valuo represestad by lengthPasasm mabhes sorsivod
LECd ataSive);
i vabid Benglds then
RemowPad = Braneate the dataParam (whes prescat) to valuo ropresented by langthParam
{in setets) and rotyrs the resulil

; @ S bkt of & frume, dcarding wuy fragaaite from aol
Mh?mwmm &x&ﬁm minwmmﬁa frame wlre:

while wmving i mothing (walt By frame to Boiuh areviving!
exspaaibity o framaSize mod B,
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frameSize = frameSize - excessBits; Hruncate to octet boundaryl
receiveSucceeding = (frameSize 2 minFrameSizel; (reject collision fragmentsi
wntil receiveSucceeding
end; {ReceiveLlinkMgmt}

procedure StartReceive;
begin
currentBeceiveBi = 1;
recgiving = trug
erud; [BtartReceivel

The BitRecetver provess runs asynchronously, receiving bits from the medium at the rate determined by
the Physical Laver’s RecelveBit opsration:

process BitReceiver;
sar b Bit)
bewrin
evele {auter Inopl
while recetving do
begin (nner loup)
if currentReceiveBit = 1 then
PhysicalSignalDecap; Btrip off the preamble and start frame delimiter)
b .= ReceiveBit, {Get next bit from physical Media Access]
if carrierBense then
beginiappend bit to framel
meomingFramelcurrentRecsiveBit] = b;
current RecelveBit i= currentReceiveBit + 1
end; fappend bit to frame)
receiving = carrierSense
end {inner loopl
frameSize ‘= currentReveiveBit - 1
end jouter loop}
end; [BitReceiver}

procedure PhysicalSignal Decap;

begin
{Receive one bit at a time from physical medinm until a valid fd is detected, discard bits, and
returni

end; [PhysicalSignalliecap}

4.2.10 Common Procedures, The funciion CRC32 is used by hoth the iransmit and receive algorithms
to generate a 32 bit CRC value: '

funetion CRC32 (f Framey CR{OValue;
begin
CRO32 i= The 32-bit CRC |
end; [CRC32I
Purely to enhance readablity, the following procedure iz also defined:

procedure nothing, begin end;

The idle state of a process (that ig, while waiting for some event) is cast as repeated calls on this
provedure.
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4.3 Interfaces to/from Adincent Layers

451 Uverview. The purpose of this section is to provide precise definitions of the interfaces betwesn the
architostural lnyers defined b Section 1in complisnos with the Media Acoess Servioe Specification giventin
Hection 2. In addition, the services roguived from the physical mediurm are defined,

Fhe notstion used here i3 the Pascal langtage, in Reeping with the provedursl nature of the precise MAC
sublayer specification (see €21 Erch tnderface i desoribed ge o set of procedures or shared variables, or
beath, that esllectivaly provide the only valid intersetions batween lavers. The sceompanyiog tost deseribion
the mesning of éach provedurs or variahle and polnts oot any lsplict interactions among then,

Nobe thes the deseription of the intesfices in Paseal s e notational technique, and v no way imples that
they cam orshenid be implemented in softwars, Phis peint s distuesed more fully in 4.3, thed provides come
g}zm Pageal declarations for the dals types used in the remaiader of thia section. Nete alao that the “ayn-
chronows” {one frame at o Eme) natore of the frane transmisslon and reception operations is z property of
he architesturs! interface between the LLC and MAC sublayers, ond need not be reflected in the iupie-
mentation nberfaes between 8 station mnd e soblaper.

£.52 Bervices Provided by the MAT Sublayer, The services provided to the LLC sublsyer by the
MAC mgﬁs&yw are travamission snd reception of LIC frames. The inferies through which the LLU sub-
tayer uzes the facilitien of the MAC sublaver therefors consists of » pair of functions.

Funetions:
TranamitFrams
RecetveFrame

Each of these funetions has the compenents of a 1L frame as is parameters fnpat or culput), and
regeng A sbabus code ns M resull, Note that the sorvice dlass defined fn 23,0 Is fgeored by CEMALCD
MAL,

The LLC aeblayer transmits 2 frame by nvoking TrasanwitFrame

Funetion TransmitFrame ¢
destinationParnny AddressValue,
senyeeParam: AddraseValue;
lengthPerans: LengthValue;
dataParam: DateValueh TransmitSiatug

The Trenemit®rame opervabion i3 syndhvonsus. fis duration fa the entive ativmpt o transmit the frame:
when the eperation complotes, iransmissiun bos aither succoeded or failed, 48 indweated by the resuliing
whabus onde:

avpe TransndtSitatig » HranenltOR, excessiveCollinion Brrors:
i type TrenemiStatus « AranemBlDisablad, transmitOR excossiveCellislonlrrary;

The transmitiisebled status code indicates that the tranemitier is not enabled. Sueesssful transmission
i indicnted by the stalus code tranandttOR; the code exsessbreliollislon®rror indlontes that the tranamis-
wion attempl was aboried due o the excssive collisions, Becsuse of heavy trafile or o notwork falliee,

The LLC sublayer accepts fncoming frames by invoking Receiveframe: o

Funstion BecelveFrame (

var destinationPyrane AddressValus;

var saureeFaram: AddressValue;

var length Pavam: LengtnValue;.

v i Parse: DataVales) BoostveSilatus

The RewsiveFrame opuration i smmhmmm The operstion does not comsplete until & frame bas been
rexeived, The folds of the Game are deliverod vis the output purnmetors with g status tode:

ope HecelveBtatus = (recelveOR, longihPrron, fameCheckrroy, slipnmentBreord;

a8
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$ type Bevsive Slatus = Gecelvel i, v
aliprmentireey;

: H: ﬁmm mﬁiﬁ:&m% mmwa m&ms&mﬁ &w&t peeplh

%?zm&mmt i;%z e i}ma&m z:ui" the m@&ém f‘zmm e code Wﬂn&%’m tnddicates that the ﬁ*&m
sceived was dacsaged, sod that in addition, its Jongth was not an integor number of oetets,

433 Bervives Heguived from the Physionl Layer. The interfiace throuigh which the CEMACCD MAC
sublaver wses the fusililies of the Phyaice! Layer consiats of a function, 8 pir of proosdures aud thres Boole
s variables

ﬁxmﬁm

procedare a8t (bitFaram: Bih

Eueh invsonion of TronsmitBie pesees ane sew bit of the oylpeing Trams to the Pheslol Laver, The
TeangmidEt operation fo wyncheossus, The duraton of the spevetion is the snbive brarsmisslon of the bit,
The speration seorpietes, whon the Physicad Layer s veady to sooep! the next 31 sad U teanefers gomtred to
thie MAL sublayer _ _ N

Fhe sesrall svent of dety being bavssitiod b sigoaled to the Fhesiend Layer by way of the varinble

s tranawiiting: Bealesn;

i the feat Big of & foume, the MAC mﬂ&wxmmsmm o truses, B Bt the Py
i Acvens that w stresm of Bits will Be prosentied via the Trans Bt apeeation, After the lnst bit of

mﬁﬁ%mw fus been preswded, the MAD sublayer sebs transrctiing o False to indionte the end of the Eunwe.
st of o ecl Halon B the phvsical modie bnadpaaled fo the MAD sublayer by the varlsble colih

ger gollisionlistect: Boolasn;

The sollisienDetect signal romains e during the doration of the collisien.
WA Sleow an entire ol Be dheriog povesnble praaiion, the WAL aldaper sl bandle this pomili wwiring
W;&ﬁg%ﬁmm o A2 fee St e g e
m soliislontistoct signal ix ponsrated voly during Gransmission sod o pever rus o8 any ofher thues in
porbiono, 1 esnnet be used during Bame ropsption W deteot collisions bebwoen weerlipping repmnisslons
T — wthier shations.
%‘,‘mﬁﬁg fon, Ehe montents of an feomping Trame aee rebrivved fros the Physton! Laver by the MAD
wibbaesr win Wa&aﬁ wse of the Resstveallit oparation:

Funiiian BeoseeBil Ba
Barly dnvestion of HecelveRlit relrioves vie new 16 of Un noondng Fraune Brom the Physiaal I.sasmr The
Roseivellit operation is syrchronous. [4s durstion is the satire recepiion of & singlo bit. Upen recviving »

e, the MAC sublayer shall ninedistely request the next bit natid ol hits of the fearme have beon seteivad,
{Sow 4.9 for dotadls )

7
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The overall ovent of duls belug revdlved is

i o the AL subloyer by the variable sarrierBonse
o carrigrBense; Boolean;

beems the Plsioal Layer sotz cornarBense b trae, the MAD sublayer shadl inunadiately begle retsioviog
the inenmming bits b the Ressivelllt operatien, When serrisrSonse subseguently b falue, the MAC
subiaver aos buin wroceasing the reoived bile we n sompleted frame. Note thel e trae/iilse transitivas of
carriorBanse ave not defined to be proeisely avachiroaised with the beginmag snd md of the Gae, bet may
proosde the hegluning and iag the end, respeciivaly 12 an evoeaiton of RecuiveBlit is panding whies sarel
wfhmes beoomes filse, ReoviveBE returns an undefined value, whish should be disonrded by the MAD subs
Inyer: (Sie 4.5 far details )

The MALD sublsyer shall also monitor Uw value of corvierBiense o deley e swn rangmissddons whan the
mpcinns s buay o

The Paysioal Layer also grovides the procedure Wails

wrovedure Valh G e nlepark

graced by ihe speaifiod comber of bt tloes, Thie allews the MAC sullayer to messues
&‘m uﬁ%ﬂ‘ﬁﬁ m wnite of Ehe {gx%zy&%g&mmh&m«é&mﬁﬁﬁb i b

Ansther uporiant soperty s the P ! Lo, which s an bopiicl gart of the e e
mmyﬁﬁaﬁrzﬁk%mﬁ%gmwﬁmmﬁ&mxﬁymm&imﬁam&iww&mw. £ Yo
um Bne rotuired fn 2 signal 1o propagets from soe and of the network B vhe othn st Bor gooll
son b progagate o, The sovnddely prepapation e iy primerily (et pot @a%&m{ﬁ # Toetbon of the
physicel slze of the nebwork, The rowndarin sropagatin tme of T Physion! Layer ds dofivd in 48 Bir g
selection of ghipstcad medin,

secifio implemeniations

4.5 Sttty Orarviow T provide tota! compatibfivy o all lovels of Uhe standand, 1 & rogudred
that sach nelwork component implementing the USMACD MAC sullayer procedure adheres sigidly to
this speciBontions. The infenadion W:&@aﬁ in 4481 below provides desige gm’ﬁmm for . &gﬁxﬁ&s
implementstion of this soess method. Yariatioes from theve values rosult in & system fmplen
thad vistetes the standard.
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4.4.2 Allowable Implementations

ISOARC 8802-3 1993
ANSIVIEERE 81d 80231593 Edition

4,4.2.1 Parameterized Values, The following table identifies the parameter values that shall be
used in the 10 Mb/s implementation of a CSMA/CD MAC procedure. The primary assumptions are that the
physical medium is 2 baseband eoaxial cable with properties given in the Physical Laver saction(s) of this

standard.

Parameters
slotTime
interframeGap
attemptLimit
hackoffLimit
jamBize
maxFramebize
minFrameSize

addressSize

Values

512 bit times

9.6 us

16

10

32 bits

1518 ogetats

512 bits (64 oetets)
48 bits

operation of the LAN.

WARNING: Any deviation from the above plans specified for a 10 Mb/s system may affect proper

See alsa DTE Deference Delay in 12.9.2,

4.4.2.2 Pavameterized Values. The following parameter values shall be used for 1BASES implemen-

tations:

Paramoters
slotTime
interFrameGap
attemptLimit
backoffLimit
jamBize
maxFrameSize
minFrameSize

addressSize

See also DTE Deforence Delay in 12.9.2,

Values

512 bit times

96 ps

16

10

32 bits

1518 octets

512 bits (64 octets)
48 bits

WARNING: Any deviation from the ahove specified values may affect proper operation of the notwerls.
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5. Layer Management

8.1 Introduction. This section provides the Leyer Management specification for networks based on the
CEMANCD access method, IE defines facilities comprised of a set of statistics snd actions needed to provide
Layer Management services, The information in this chapter should be used in conjunction with the
Procedural Model defined in 4.2.7-4.2.10. The Procedural Model provides a formal deseription of the
relationship between the C8SMA/CD Laver Entities and the Layer Management facilities,

This Layer Management specification has been developed in accordance with the OSI management
architeeture as specified in the 180 Management Framework document, ISOAEC 7498.4:1989 [20]. It is
independent of any particular management application or management protocol.

The management facilities defined in this standard may be accessed beth locally and remotely. Thus, the
Laver Management specification provides facilities that can be accessed from within a station or can be
accessed remotely by means of 8 peer management proioco! operating between application entities.

In CSMA/CT no peer management facilities are necessary for initiating or terminating normal protocsl
sperations or for handling abnormal protocol conditions. The monitoring of these activities is done by the
casrier senss and eollision detection mechanisms. Since these activities are necessary for normal operation
of the protocol, they are not considered to be a funetien of Layer Management and are therefore not dis-
cussed in this section,

At this time, this standard does not include management facilities that address the unigue features of
repeaters or of I0BROADS36 broadband MAUs,

5.1.1 Systems Management Overview, Within the 150 OUpen Svstems Interconnection (O8D architec-
ture, the need to handle the special problems of initializing, terminating, and monitoring on-going activi-
ties and assigting in their harmoninus operations, as well as handling abnormal conditions, is recognized.
These needs are collectively addressed by the gystems management component of the 051 architecture.

The gystems management cemponent may conceptualiy be subdivided into a System Management Appli-
cation Entity (SMAE) and Layer Management Entities (LMEs), In addition, a Management Protocel is
requured for the exchange of information between systems an a network, Thia Layer Management standard
is independent of any particolar Management Protocol.

The SMAE iz eoncerned with the management of resources and their status across all layers of the O8]
architecture, The System Management Application facilities have been grouped into five entities; Configu-
ration, Faull, Performance, Security, and Accounting.

Configuration and Name Management is concerned with the initialization, normal operation, and close-
down of communication facilities. It is also concerned with the naming of these resources and their interre-
lationship as part of a communication system. Faull Management is concerned with detection, isclation,
and correction of abnormal operations. Performance Management is concerned with evaluating the behav-
inr and the effectivenass of the communication activities, Security Management 18 concerned with monitor-
ing the integrity and controlling access to the communication facilities. Accounting Management is
eoncerned with enabling charges to be established and cost to be assigned apd providing information on
tariffs for the use of communication resources. ‘

This Laver Management standard, in esnjunction with the Layer Management siandards of other lavers,
provides the means for the SMAR to perform its various functicns. Layer Management collects information
needed by the SMAE from the MAC and Physical Layers. It alse provides a means for the SMAE to exer-
eise control over those layers. This Laver Management standard is independent of any specific SMAE.

The SMAE has a conceptual interface to an LME concerned with the actual menitoring and control of a
specifie laver. The LME interfaces divectly only with the SMAE, to whom it provides Layer Management
facilities.

Strictly, only those management activities that imply actual exchanges of information between pesr enti-
ties are pertinent to OS] architectures. Therefore, only the protocols needed to eonduct such exchanges are
candidates for standardization, As a practieal matter, however, the specification of the Layer Management
facilities provided across the conceptual Layer Management Interface (LMI) betwesn the LME and SMAE
iz required. Btandardization of these facilities will make practical the use of higher layer protocals for the
contrel and maintenance of LAN=.
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There ave twe interfeses that relate the varieny sutngeawnd entities These ars 42 Siews

{17 'The conoeptual Layer Managersent laterface batwoen (e SMAE and TME.
{2) 'The nermal layer servies intorfece for peor-ts-piey communkation,

The relationshdp bobween the various seanagoment ontities ond the Japer entition sooording to the IRD
Maodul 1a shown in Fig 5L
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e im:m Entities Aveording to the 180 Open Systems Intereony
{681 Refervace Moded

The concoptund LMI botween the SMAE and the LME will be described in this standsrd in tevma of the
Luyer Management SBeiiitios provided. Itmwhcuiwiyimxﬂmtﬁwmm&m be dofined becsuse
they may be indirectly requesiad on behalf of & remots SMAE. The use of this specification by othe
sgenens moeharinme s not preduded,

vt I!ﬁiiﬁsaswmﬁgw&mw; W&W&WMWWWM{M{
mwmm

The CHMALD Aoy TEs. i order 2o support tho abeve facilitiss, offer @ set of statisticy
1AL The cliont of the LME Gu, the HMAE & thuy sbie 1o read

M&Mﬁma&éiﬁwm

1t I by wupcuting these sctions that the EMAK win eayse certain desired effocts on the MAC o Fhywical
Laayor Hntitien. The peosiae semantion of the relutisnship be'%wuun u:m CEMACD Layer Botitioe and the
Layer Manogoment faetiitien sre doflned 8 4274010 snd in 8.2,

T
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5.2 Management Facilities

5.2.1 Introduction, This section of the standard defines the Layer Management facilities for the [BEE
502 3 CEMA/CD MAC and Physical Layers. The intent of this standard is fo furnish 2 management specifi-
cation that can be used by the wide variety of different devices that may be attached to a network specified
by IBOAEC 8802-3, Thus, a comprehensive list of management facilities is provided.

The tinproper use of some of the facilities described in this section may cause serious disruption of the
netweorlk. It should be noted that access to these facilities can only be obtained by means of the 8MAE. Ty
aveid duplication by each LME, and in accordance with 1580 management architecture, any necessary secu-
rity provisions should be provided by the SMAE. This can be in the form of specific SMAF security features
or in the form of security features provided by the peer-to-peer communication facilities used by the SMAE

The statistics and actions are categorized inte the three classifications defined as follows:

Mandatory--Shall be implemenied.
Recommended—Should be implemented if possible.
Optional-—May be implemented.

All connters defined in this specification are wraparound counters, Wraparound counters are those that
automatically go from thelr maximum value {or final value! fo zers and continue to operate. These
unsigned counters do net provide for any explicit means to relurn them to thelr minimam (zeve), Le, reset.
Because of thelr nature, wrapareund counters should be read frequently enough to aveid loss of infornva-
tion,

5.2.2 MAC Sublayer Management Facilities, This section of the standard defines the Layer Manags-
ment facilities apecific to the MAC sublayer.

5.2.2.1 MAC Statistics, The siatiztics defined in this section are unplemented hy means of counters.
In the following definitions, the term “Bead only” specifies that the object cannot be writton to by the cli-
ent of the LME,
Frame fragments are not included in any of the statistics in this section unless otherwise stated.
The Layer Management Mode! in 5.2.4 and the Pascal Procedural Model in 4 2 7-4.2.10 defines the
gemantics of these statistics in terms of the behavior of the MAC sublayer,

5.2.2.1.1 MAC Transmii Statisties Descriptions

t1;  Mamber of framesTransmitted OF: Mandatory, Read enly, 52 bit counter.
This contains a count of frames that are successfully tranamitted. This counter is ineremented when
the TransmitStatus is reported as transnmitOK. The update oceurs in the LayerMgmtPransmit.
Counters procedure (5.2.4.2)

(2} Number of singleCollisionFrames: Mandatory, Eead only, 32 bit counter.
This contains a count of frames that are involved in a single collision and are subsequently irans-
mitted successfully. This counter iz incrementsd when the result of a transmission is reporied as
transmitOl and the attempt valoe is 2. The update cecurs in the LayverMemtTransmitCountars
procedure (5.2.4.2). .

123y Number of multipleCollisionFrames; Mandatory, Read only, 32 bit counter,
This contains a count of frames that are involved in wore than one collision and are subsequently
transmitbed successfully. This eounter is ineremented when the TransmitStatus is reported as
transmitOK and the value of the attempts variable is greater than 2 and less than or egual to
attemptLimit The update occurs in the LaverMgmitTransmitCounters procedure {5,2.4.2),

(4} PMumber of collision¥Frames: Recommended, Head only, Array {l.asttemptbimit — 1} of 32 hit
counters,
Thig array provides a histogram of collision aectivity. The indices of this array
{1 to attemptlimit - 1} denote the number of collisions experienced in transmiting a frame. Each
element of this array contains & counter that denotes the number of frames that have experienced a
specific number of collisions. When the TransmitStatus is reported a8 transmitOK and the value of
the attempts variable equals n, then eollision¥rames{n—1] counter is incremented. The elements of
this array are incrementsd in the LaverMgadTransmitCounters procedure (5.2.4.2).

(e
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Rumber of sctotaTrnusmitted OK: Recammended, Read ondy, 82 bt connter,

Thiz condadns o sount of duss and pedding oobets of Bames that are sucessefilly tranoniited. This
counter is incrermented when the TransmitStatos @ reperiad as teanamit(il The spdate occurs i
ihe LaverMgntTransmitCountors provedure (82422

Namber of Frames with defurcedTransmissions! Rocduumended, Head only, 32 bit dounter.

Fhis contains & vount of frames whoss trangraission was delayed an its firsk atlempt bovause the
medinm was busy. This counter i inoremented when the Boslean variable defosved Bas bees
angeried by the TransmitidnkMgme fanction (4.2.8) Frames invglved in any clligions are not
sranted. The update oreams in the LayerMpmtTransmitCounters procedure (5.2.4.3),

Number of pulticastEramenTrinamittedUR Optivnal, Read only, 32 bt sounter,

This containg & count of frames that ere succensfully fransmitted, ns indicated by the stntus value
tranemitOR, to & group destinabion address other than broadeast. The updabe oeenrs in the Layee.
Mgt TranamitConntors procedere (1.2.4.2),

Murher of broadcastFramesTranamitted 0K Ovtionul, Boad only, 82 bit counter.

This vontaing a cound of the fremee that were suceesafully franamitted an indicated by the Trang.
mitStatus frannmitOR, to the breedeast adivess. Fromes transmitted to multesst addresges are
it rosdeast frames and sre exvluded. The update scours in the LaverMpmtTransmitiCounters pro
eaxhure (5.2.4.8)

B22.18 MAC Trangnil BEreor Statistios Descriptions, This seelfon dofines the MAC sublaver

tranmuission related error stabistiog,

{13

@

8}

4y

&

Number of lnteColligion: Recommended Read only, 32 hitcounter,

This coniaing a conni of the times thal o soltision hae been delected latar than 512 bit e {nte the

transmitted packet. & Inte collision is countod twice, 1.6, both as a collision and as & IateCallsion.

This countsr &s aoremented when the lateCollisionCount veriable i nenzers. The uglste s inere-

mented in the LeyorMpatPraneniCountars grovedure (52422

Fumber of Suwmes ghorted dus fo exceseiveColliston: Recarmmended, Resd onlby, 32 bis counter,

Thiln canbalng o oount of the frames that due to exeessive collisdons are not transwitied suscossfully.

This esunter 18 incremented when the velue of the altempls variable cousls aemptiimis dusing &

sransmission, The update ot in the LayerMymeTranamitCounters procedura (5.2.4 23,

Number of frames lost due b lemeal MA ransmitBeren: %mammm&ed, Read arily, 32 b counter

This containg » count of frames that weuld otherwise be transmitted by the siation, bus could net be

sent due fo an indernal MAC soblayer transedt arvor. 17 Hhis counder i lncromented, then none of

the ether counters in this zection gre moremented. The exnc! medniag and merhanipn for inere

wmenting thiz vountor is implementation-dependent.

Number of parrievSenseFrrors: Recorrmended, Rend only, 52 hib counter,

This containg a eovunt of tmes that the mxﬁri@r&&mﬁe varinbie was not sszerbed vr wos deseseried

during the transudssion of & frame without collishan (zee 7.2.4.8), Thie countor s Ineremented when

the carrierSenseFailure fag is true ol the end of teansmission, The update scours in the Layerdp.

et PrassmiiCounters prosedure (8.2.4.4).

Number of fremes with sxcessiveDeferral: Optional, Read anly, 32 bit counter,

“This containg & count of frames that wers deferred for sn exsresive period of Hins, This sounier iy
enly e inerementsd dnce por LG tennemissicn. This counter i fnoremented when the excessDafer

flug is set. The update socurs b the LayesMameTranssmiiCounters prooedure (5.2.4.2),

CBZ.2.18 MAC Receive Sietistics Desoriptions

€1

(2

Wagaber of SamesRecsived 08 Mandaiory, Bead anly, 32 bit vounbor,

This woniains a count of feames that are successiully roceived {ressiveCQR) Tiis does nat inchude
frames roceived with framotonlong, FOS, length or alignment errevs, or frames lost dueto internal
MAL sublayer srror. This counter i incremented when the HecolveStatus ln veported a3 reseivelll
The update corors in the LayerMpmtRoceivelountons gart%mﬁm (5.9.4.38}

Fumber of xdetaBeceivedON: Recammended, Road only, 32 bit counter.

This containg 2 vount of data and padding soteds In Bamen that are successfully recuived. This doss
ot inelude octeds in framoes rocelved with frametoodong, FOB, length or aligneesnt serors, of
framus Jost due o intarnal MAC sublayor errar. This counter i incremontod when the resuit of @

T
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{47

receplion is reported as a receiveUXK status, The update ocours in the LayerMomiReceiveCounters
procedure (5.2.4 3}

Number of multicastFramesReceivedOK: Optional, Read ouly, 32 bit counter.

This contzing a count of frames that are successfully received and are directed to an active non-
hrosdeast group address. This does not include frames received with frame-tue-ong, FUS, length or
alignment errors, or frames lost due to infernal MAC sublayer error. This counter is incremented as
indicated by the receiveQK status, and the value in the destinationField. The update oecurs in the
LayerMgmtReceiveConnters procedure (5.2.4.3)

Number of broadeasiFramesReceivedOK: Optional, Head only, 32 bit eounter.

This contains a count of frames that are successfully received and are directed to the broadeast
group address, This does not include frames received with frame-too-long, FOS, length or alignment
errors, or frames lost due to internal MAC sublayer srror. This connter 18 incremented as indicated
by the receiveQX status, and the value in the destinationField. The update vecurs in the Layerig-
miHeceiveCounters procedure {(5.2.4.3),

5.42.2.1.4 MAC Beceive Error Statisties Desoriptions. This section defines the MAC sublayer

receplion related ervor statistics. Note that a hierarchical order has been established such that when mul-
tiple ervor statuses can be associated with one frame, enly one status is returned to the LLC. This hierar
chiy in descending order iz as follows:

frameToolong
alignmentError
frameCheckError
lengthBrror

The fellowing counters are primarily incremented based on the status returned to the LLC, and there-
{ure the hierarchical order of the counters is determined by the order of the status,

(1

{8

{41

Number of frames recolved with frameCheckSequenceEByrors: Mandutory, Read only, 32 bit counter.
This containg a count of frames that are an integral number of octets in fength and do not pass the
FCS check, This counter iz incremented when the RecelveStalus is reported ag frameUCheckError,
The update eccurs in the LayerMpmiReceiveCounters procedure (5.2 4.3,

Mumber of frames recelved with alignmentErrors: Mandatory, Read unly, 32 bit counter.

This containg a count of frames that are not an integral number of vetets in length and do not pass
the WOS check. This counter is incremented when the ReceiveStatus is reported as alignmentBrror,
The update oceurs in the LayerMgmiReceiveCounters procedurs (5.2.4.35.

Number of frames lost due te internalMACReceiveError: Recommendsd, Bead only, 32 hit counter.
Thizs containg a count of frames that would etherwize be received by the station, but could not be
aceepted due to an internal MAC sublayer receive error, If this counter is incremented, then none of
the other counters in this section are incremented. The exact meaning and mechaniam for inere-
menting this counter is implementation-dependent.

Number of frames received with inRangeLengthErrors: Optional, Read only, 32 bit counter.

Thix contains a count of frames with & length field value between the minimuam unpadded LLC data
size and the maximum allowed LLO data size, inclusive, that does not mateh the number of LLC
data sctets received, The esunter alse containg rames with o length field value less than the mini-
mum unpadded LLC data size. The update ocours in the LayerMgmtReceiveCounters proceduse
5.2.4.3).

Number of frames received with outOfRangelength¥Field: Optional, Read only, 32 bit counter.

This contains a eount of frames with a length feld value greater than the maxinium allowed LLC
data size. The update securs in the LayerMgmiReceiveCounters procedure (5.2,4.8),

Number of frames received with frameTooLongireors: Optional, Read enly, 32 bit counter.

This contains a eount of frames that are received and exveed the maximum permitted frame size.
This counter is incremented when the status of a frame reception is frameToocLong. The update
oeenrs in the LaverMgmiReceiveCounters procedure (5.2.4.3)

5.2.2.2 MAC Actions. This subsection defines the actions offered hy the MAC sublayer o the LME

ehient.

~3
1
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These petons anahle S LMY clent fo infloence the behavlr of e MAD sublayer Lo, to sxeeute
“wefiony” op the MAC sublayer ﬁz‘t’ management purposes. Masy of the ?ﬁ;i@zwmg, actions cnable or dissble
sorne Tancsion; if vither the enalde or disable sction is ﬁn@iﬁﬁ&iﬂ%d the sorvesponding disable or enable
sction suust alse be nplemaented. If the enchle/disable sction it supporied, then its corseagonding read
astion mmust also be supported.

I dmplementing any of the following wetions, rezentions and transmsinslons (hat ars by progréss oo come
pleted before the action takes effect.

The security considerations related 1o the following acticns should be properly addressed by the SMAE,

The items in pavesthonis In the desoriptians are the procedures that are affeetad by these setions

&2220 MAC Action Delinitisns

{1} nitialineMAC Mandatory
Call the {nitiabize procedure (4.2.7.8), This action alse resuls o the inftlalization of the PLS.
{2y enablePromisevausRecsive Recommended
Cause the LaverMpmiBemgniedddress funation to scerpt frames regadiess of thelr destination
saddross &@en&gmﬂﬁcﬁﬁgﬁi%&dﬂ!ﬁm frnotion}
Frames wilhout syvors rorvived solaly bocauso {hds astion i set are counied as foomss recnived sore
regtly: e reootvesd in v mode that do gontain ervor apdate the apgroprias error sounbers,
{33 disablePromiscuouaRecsive Recommended
Cnuse the MAL sublayer fo vefurn to the novmal operaiion of careying vul addvess revognition e
sodures for station, broadeast, and multicast group addresies (LaverMpmtRecopnizesddress Ao
iond
{4} resdPromiscnonsfiates Becammendsd
Hoturs irve if promiscvous siode enabled, and false stherwine LarerMimiRecopnizedddress funee
ol '
87 addOreupdddrens Bocommendad
Add the supphod multicast group sddrom o the address recognition fiter (Recognized Addrass fune
Elang,
4 deoletelircupdiddress: Hocommendad
Delote the supplied multicsst group addvess from the address recognition filter (ReeognizeAddress
fometionh
5 readMultiosstaddeesglist Recommendod
Beturn the current mulbicast addesss st
@ enshisMacSublayer Cstional
Cange the MAC sublaper to snfer the normal epeestionsd stote ot idle. The PLY s reset by this opers
 ebion(ses TEB2.05 This i accomplished by sefting recorvelfnabled and teavsmiiBnabled 1 frue.
& dsableMacBublaver: Optionst
£nuwe the MAC sublayer o end all tranemit and receive operations, leaving i in w disabied siate.
This iy accomplished by setting receiveFnabled sud trananiiBnadded to Bilvo,
{18} readMAC EnableBiatus: Oglional
Retarn true if MAC sublaover Ts enabled, med Bilee i dissbled. This is secomplished by checking the
values of the anﬁxmbiﬁé snd ransmitBaabied rariablon.
£11) suableTransmit: Optienal
Eoable MAC %&&sﬁay&r frame ransmission (DraramitFrame fonction), This is accomplished by sel-
Hng rananitEnablod to teee
{12 disableTransmit: Optisnal _
Iniabil the tranemdsston of fuzther foames by the MAL sublaver (lransmitfame Snciony This s
soomnplished By setting runemitBoabled to false,
€18 readPransmitlaableStatus: Opbional
Return feue I branamielon 1s onablad and 2380 stheswive, This Is acomplished by checking the
walue of the transmitEnabled varisble,
€14 esableMulticastRoowive: £ sl
Caune the MAD subloper W retorn o the norsad aperebion o multioast ame recoption,
(18) disableMulticastBecoive: 3 pitonal
Frbibit the roveption of Parthey muoliioast frames by the MAD sublever

kL
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116} readMulticastHeceiveStatus: Optisnal
Heturn true i mulfieast veceive s enabled, and {alse otherwize,

{17) modifvMACAddress: Optional
Chiange the MAC station address to the one supplied (HecognizeAddress function). Note that the
supplied station address shall not have the grougp bit set and shall not be the null address,

(18 read MACAddress: Optional
Read the current MAC station address.

(1% exsenteSelftest: Optional
Hxoeute a self tost and report the resulis {(suecess or failurel. The mechanism smployed to carry ont
the self test is not defined in this standard.

5.2.3 Physical Layer Monagement Facilities. This section of the standard defines the Layer Manage-
ment Tarilities for the Physical Layer.

B52.2.1 Physical Statistics. The statistics defined in this seéction are implemented by means of
eounters,
In ihe following definition, the term “Read only” specifies that the object cannot be written by the client
of the LME.
Note that the carrierSenseFailed statistic is a statistic relating to the physical layer, but is listed and
maintained in the MAC sublayer for ease of implementation.

5.2.3.L.1 Physical Statistics Descriptions

{1} Number of SQETestErrors: Hecommended, Kead only, 32% bit counter,
This contains a count of times that the SQE_TEST _FERROR was received. The SQE_TEST_ERROR
g sef in accordance with the rules for verification of the SQE detection mechanism in the PLS Car-
rier Bense Function (see 7.2.4.61

5.2.4 Layer Management Model. The following model provides the descriptions for Laver Manage-
ment facilities.

52,41 Common Constants and Types, The following are the common constants and types required
for the Laver Management procedures:

cOnal
maxframeSize = . {in octets, implementation-dependent, see 4.4
maxBeferTime = ;{2 % (maxFrameSize x 3}, in bits, ervor timer limit for maxDeferTime}
maxLarge = 42948872895 imaximum valbue (232 _ 1) of wraparound 3% bit counter]
maxid = cooosxg; imaximom value (250 1) of wraparound B4 b counter’
oneBitTime = 1; (the period it takes to transmit one bt
type
CounterLarge = 0omaxTarge-Hee footnote.;

5.2.4.2 Transmit Variables and Procedures, The following tems are specific to frame transmis-
sl

Loy
excossilefer: Boolean; {set in process DeturTost!
carviermenseFailure; Boolean; {sef in process CarrierSenseTest]
transmitEnabled: Boolean; {set by MAQ action]
lateCollisionError: Boolean; Iset in Section 4 procedurs WalchForCoallision!
deferred; Boalean; {set in Section 4 function TransmitLinkMgmt)
carrierBenseTestDone: Boolean,; {set in process CarrierSenscTest}

B

42 bit counier size speeification i not o part of this ISOAEC standlard. Resolution of 32 va_ 64 bit counter size will b addressed
during the farther wark required to devalop this seetion into u epecifieation sufficient for ISOABC interoperability vequirerents.

)
~3
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provess DeforTest;
var deferBitTimer: (. omaxDeferTime;
begin
cyele
begin
deferCount = 0,
while frameWaiting and nof excessDefor do
begin
WaitioneBitTime}; faoe 4.3.3]
if deferBitTimer = maxDaforTime then
excess Defer = true
clse
deforBitTimer = deforBitTimer + 1;
encl; {while}
while transmitting do nething;
end; {eyele}
end; {DeferTest!

The CarrierSenseTest process sets the carrierSpenseFailure flag if carrier sense disappears while trans-
imitting or if it never appesrs during an entire transmission.

process CarrierSenseTest;
v
sarrierSeen: Boolean; (Hunning indicater of whether or not carrier8ense has been true at any
time during the current transmission}
collisionSeen: Hoclean: {Running indicator of whether or not the collisionDetect asserted any
time during the entive transmission!
begin
evide imain loop!
while not transmitting do nothing: twail for start of lransmissiond
carrierSenseFatlure = false;
carrierSeen 1= false;
callisionSeen = false;
carrierSenseTestDone = false;
wiile transmitting do
begin {inner loop)
if carrierSense then
carrierSeen = brue;
else
if carvierSeen fhen jearrierSense disappeared before end of transmission}
carrierSenseFatlure == true;
if collisionDetect then
collisionSesn = true;
end, linner leop}
if not carrierSeen then
carrierBenseFailure = true lcarrier sense never sppeared)
alse
if collisionSeen then
carrierBenseFailure = false;
carrierSepseTestDone (= true;
end; fmain loopl
endd; [CarrierSenseTest)

5.2.4.3 Receive Variables and Procedures. The fHllowing items are specifie to frame reception:

var
receiveEnabled: Boolean; [set by MAC action)

78
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end; {LayerMgmtReceiveCounters)

Function LayerMgmtRecognizeAddress checks if reception of certain addressing tvpes has been enabled,
Note that in Pascal, assignment to a function causes the function to return immediately.

furction LayerMgmtRecognizeAddress(addreass: AddressValue): Boolean;
begin
if {promiscuous receive enabled] then
LaverMgmtHecognizeAddress = true;
if address = .,. [MAU station address! then

if address = ... {hroadcast address! then
LayerMgmtRecognizeAddress = frue,
if address = .. {one of the addresses on the multicast list and multicast reception is enabled) then

LayerMgmtRecognizeAddress = {rue;
LayerMgmtRecognizeAddress = false;
end; {LayerMgmtRecognizeAddress)

5.2.4.4 Common Procedures. Procedure LaverMpgmtInitialize initializes all the variables and con-
stants required to implement Laver Management,

procedure LayerMgmtImitialize,

begin
{initialize flags for enabling/disabling transmission and reception}
receiveEnabled = true;
transmitEnabled = true;

{initialize transmit fags for DeferTest and CarrierSenseTest)
deferred := false;

lateCollisionError = false;

excessDefer = false;

carrierSenselfailure = false;

carrierSenseTestDone = false;

{Initialize all MAC sublayer management counters to zero)
end; {Laver MgmtInitialize]

Procedure IncLargeCounter increments a 32 bit wraparound counter.
procedure IncLargeCounter ¢var counter: CounterLarge);
begin
{increment the 32 bit counter}
end; [IncLargeCounter}

Procedure SumLarge adds a value to a 32 bit wraparound counter.
procedure Sumlarge (
var counter: CounterLarge;
var offset: Integery;
begin
ladd offset to the 82 bit counter]
end; {(SumLarge!

B1
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6. PLS Service Specifications

8.1 Scope and Field of Application. This section specifies the serviees provided by the Physieal
Signaling (PLS) sublayer to the MAC sublayer for the CSMA/CD gection of the Local Aren Network
Btandard, Fig 6-1. The services are deseribed in an abstract way and do not imply any particular
implementation.

oS! LaN
BEFERENCE MODEL CEMACD
LAYERS LaYERS
APRLCATON HIGHER LAYERS
PRESENTATION ; Be
Z 41 LOGICAL LiNK CONTROL
/
MAG
HEml f’ MEDIA AGCESS CONTROL]  SeDTE by prc
. A e o (AU ﬂ&}
. SXN0Sa
TRANSPORT ;7] PHYSICAL SIGNALING oo
¢ -
o 3 -— ;
NETWORK y : :
4 : o 35 5
7 3 v
DATA LINK # 3 f 1 Y
PMA MAL
FHYSICAL N
s : i MO

f&; MEDILM §

ALl = ATTACHMENT UNIT INTERFACE
MALL = MEDIUM ATTACHMENT UNIT

A = MEDIUM DEPENDENT INTERFACE
Pyia = PHYBICAL MEDIUM ATTACHMENT

Fig 6-1
Service Specification Relationship to the IEEE 802.3 CSMA/CD LAN Model
8.2 Overview of the Service
&.2.1 General Description of Services Provided by the Layer. The services provided by the PLS
sublayer allow the local MAC sublayer entity to exchange data bits (PLS data_units) with peer MAC sub-

layer entities,

6.2.2 Model Used for ihe Bervice Specification. The model used in this service speeification is identi-
cal to that used in 1.2.2.1, -

2.8 Overview of Interactions. The primitives associated with the MAC sublaver to PLS sublaver
interface fall into two basic categories:

(1) SBervice primitives that support MAC peer-to-peer interactions
(2} Bervice primitives that have local signifieance and support sublayer-to-sublayer interactions

The following primitives are grouped info these twe categories:
(1) Peerto-Peer

PLS_DATA request
PLS_DATA indication

83
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i2) Sublayer-to.Sublaver
PLS CAHRIER indication
PLE_SIGNAL indicstion
The PLE DATA primitives support the transfer of dats from 2 single MAC sublayer eatify to all sther
peer MAC sublayer ontities contsinsd within the same Joeal area network defined by the broadeast
moditm.

NOTE: This alse menny that all Wibs transforred frove 2 given MAL soldoyor entily will ks turn be repeteed by the endity el

The PLS_CARRIER and the PLE SIGNAL primitives provide information needed by the local MAC sub-
Taver entity to perfors the medin agcess functions,

.24 Basic Services and Options, All of the sorvics primitives desoribed i thib section sre considered
mandatory

6.8 Detailed Sexvice Specification
631 Poerdo-Peer Sexvice Primitives
8811 PLS DATA request

8.3.1L11 Funetion. This primitive defines the transfer of data from the MAC sublaver o the local
PLE entsty.

8.3.1.1.2 Semantics of the Bervice Primifive. The primitive shall provide the following
parameters:

PLY DATA reguest (OUTPLIT DNITS

The OUTYUT _UNIT paramicier con take on ane of three values: ONE, ZERU, or DATA_COMPLETE
and reprosent & single data bit. The DATA_COMPLETE value sigoifies thut the Media Access Control subs
Jayer hae o more data o output.,

8.3.5.1.3 When Genesated, This primitive i genorated by the MAC sublayer te request the trans-
miswion of @ singls data bit oo the shysical medivin or o stop transmission.

60014 Effect of Recelpt, The receipl of this primitive will eause the PLE entity to eneede and
transmit either a single date bit or is cease trunsmission,

8.8.1.2 PLS DATA.indicate

6.9.1.2.1 Function. This primitive defines the transfer of data from the PLS ssblayver {s the MAC
sublayer.

6.9.1.2.2 Semantics of the Bervice Primitive. The semantics of the primitive are as follvws:
PLE DATA indieste INPUT _UNIT)
The INPUT_UNTY parameter can toke one of two valoes sach representing & single bitt ONE or ZERG

§.3.1.23 When Generated. The PLS DATAindieate is generated to all MAC subluver sntities in
the network sfter a PLS DATA request in igsued.

NOFER As dndd i telng oo 3 o the: MAU aantity that Isanad the requai

8.8.1.24 Effect of Becelpt, The effect of receipt of thiv primitive by the MAC sublayer i
unspecified.
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6.3.2 Sublayer-to-Sublayer Service Primitives
#.3.2.1 PLS_CARRIER.Indicate

£.8.2.1.1 Funetion, This primitive transfers the status of the activity on the physical medium from
the PLS sublayer to the MAC sublayer.

£.3.2.1.2 Semaniics of the Service Primitive. The semantics of the primitive are as bllows:
PLE_CARRIER.ndicate (CARRIER_STATUS)
The CARRIER _STATUS parameter can iake one of two values: CARRIER ON or CARRIER_OFF. The
CARRIER_ON wvalue indicates that the DTE Physical Layer had vecelved an input message or a
signal_quelity error message from the MALL The CARRIER _OFF value indicates that the DTE Physical

Layver had received an inpui_idle message and is not veceiving an SQE signal_guality_error message from

the MALL

6.3.2.1.3 When Generated. The PLS_CARRIER.indicate service primitive is generated whenever
CARRIER_STATUS muakes a transition from CARRIER _ON to CARRIEE_OFF or vice versa.

8.3.2.14 Effect of Receipl. The effect of receipt of this primmitive by the MAC sublayer iz
unspecified,

8.3.2.2 PLS SIGNAL.indicate

£.9.2.2.1 Punction. This primifive transfers the stabus of the Physical Layer signal quality from the
PLS sublayer to the MAC sublaver.

£.3.2.2.2 Semantics of the Service Primitive. The semantics of the service primitive are as
follows:

PLE _SIGNALindicate (SIGNAL_STATUS)

The SIGNAL_STATUS parameter can take one of two values: SIGNAL_ERROR or NQ_SIGNAL_ER-
ROR. The S8IGNAL_ERROR value indieates to the MAC sublayer that the PLS has received a signal_gual-
ity_error message from the MAU. The NO_SIGNAL_ERROR value indicates that the PLS has ceased o

receive signal guality_srror messages from the MALL

£.3.2.2.8 When Generated. The PLS SIGNAL indicate service primitive is generated whenever
SIGNAL_ STATUS makes a transition from SIGNAL_ERROR to NO_SIGNAL EHROR or viee versa,

#.3.2.24 Effect of Receipts The effect of receipt of this primitive by the MAC sublayer is
unspecified.

B
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7. Physical Signaling (PLS) and Attachment Unit Interface (AUI) Specifications

7.1 Scope. This seciion defines the logical, electrical, and mechamical characteristics for the PLS and AUI
between Data Terminal Equipment and Medium Attachment Units used in CSMA/CD local ares networks.
The relationship of this specification to the entire IS0 [IEEE! Local Area Nebwork standards is shown in
Fig 7-1. The purpose of this interface is to provide an intercannection that is simple and inexpensive and
that permits the development of simple and inexpensive MAUs,

5 LAN
REFERENCE MODEL GEMAICD
LAYERS LAYERS
APPLICATION ¥ GHERIAYERS ¢ 4 ]
1 LG ‘
PRERENTATION / | LOGICAL LINK CONTROL
/
MAG
SESSION | |meDia access controL oTe b o
0 (Al not
TRANSPORT " Z axposed)
¥
‘o, ; :
NETWORK " : ‘
4 | et AL
/ !
DATA LINK £ :
RAAL
PHYSICAL N
o I B 0
§ MEDIUM %
AL = ATTACHMENT UNIT INTERFACE
MAU = MEDIUM ATTACHMENT UNIT
MDI = RMEDIUM DEPENDENT INTERFACE
PMA = PHYSICAL MEDIUM ATTACHMENT
Fig 7-1
Physical Layer Parfitioning, Belationship to the I80 Open Systems Interconnection
(0S8 Reference Model

This interface has the following characteristics:

(1} Capable of supporting one or more of the specified data rates

(2} Capable of driving up to 50 m (164 ft) of cable

(3} Permits the DTE to test the AUL AUI cable, MAU, and the medium itsel{-
{4} Supports MAUs for baseband coax, broadband coax, and baseband fiber

7.1 Definitions

Attachment Unit Interface (AU Interface) (AU In a loval ares network, the interface between the
medium atbachment unit and the data terminal equipment within a data station,

NOTE: The AUT carries encodéd corirel and data signals betwesn the DTEs PLS sublayer and the MALT: PMA sublayer and provides
for duplex data transmission.

BR. The rate of data throughput {(bit rate) on the medium in bita per second.

it time. The duration of one bit symbol (1/BR),
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eirewit. The phywical medivm on which signals ave esrried aeosn the UL The data and conirel circuits
aonstet of an A clecuit and o B oireolt fovmdng o balenced trasatssion spebon oo thet the signal carrieden
the B cireait is the invarse of the elensl exrried on the & gironit,

Chacked Data One (U1 4 Manchester encoded data "L 4 OB s sneoded a8 8 L6 for the tiest halfof
e bt-call snd & HE S the seonnd Baifof the bl ’

Clocked Data Zexe {C00 A Manchester srcaded dats 0.7 A CD0 I aneoded as 3 B for the frst hadl of
whe ool and & L0 S the socond half of fhe bitosil

CUontrel Rigoeal Gne (U810 An encoded conteo] sigoal ssed oo the Contrel In and Control Oub siroriis. &
CBY i envodod as asignal ot hadf the Wl rate R,

Control Sigmad Zero (CRO5 An encoded control signal used o the Control In and Centrol Out sirenits. A
{50 1 onceded 25 a gignal ut the bit rabe (BR),

idile CIERLL A signal condition where no Seansition seours on the Sranemission Hue is tsed t6 define the end

of & frarae ahd coases to exist aftor the next L to M iransibion on the AUT eirewits, An L stwaws %ﬁggmsa
with o 717 slgnal level, A dedver s roqudend to sond the IDL stonal for at Joped % B8 dres and o reseiver b
reguived to dotect IDL within 1.8 bit Bmes. See 7.3 for sdditional details.

742 Busnmary of Major Concepta

{1} Hach divestion of dats tramefor iz seveived with two dosling & tolal of fou) balaneed chrovits: "Hata”
mnd “Contred ¥

0 The Dats ond Tondrel sleouits are independently selfoloched, thereby oliminating the seed by sop-
arate timing dreuits. This iz aceomplished with encading of ol signals. The Coriteol cirenit signaling
rate is nemnally (hut notof necessity sxuetly) squad o the Dote orcult signabing mate.

{4 The Dala Grovits are ssed only for date transfor, No conteal slgnals aesocisted with the interfare.
are pasped on thess cireuits. Likewise, the Cantral clrouits sre used only fisr condral message frang-
fer. Nu data signals associated with the tnberface are prssed on these cireoits.

713 Apphieation. This standurd applics te the inferfuce used fo interconnest Dats Torminal Eguipment
(DTE} £o o MAT thab is net integrated n2 2 physical part of the DTE. T iberfies is uned fo

(i3 Frovide the DTE witl media independoncs fue bageband mﬂ, rosdband coas, and baseband Sher
mmsedia so that iderdical PLS, MAC sl 11O may be used with any of these medis.
2) Provide for the separation by cable af up to 50w (184 &) the DITE and the MAL.

714 Modes of Operation, The AU can operate in two different modes, AN inderiuces shall support the
mormal mode. The montor made o oplionsl

When the inferfsee is belng operated in the normal mode, She AU is logieally connected b the MDL The
DTE s required to follow the media sovoss algerithems, which provide a single avcess procedurs campatible
with: all lovai aves network wedia, t send data over the AUL The MAU always sonds back to the DTE
whatever data the MAU recsives on the MIL

Wiers the interface i in the apbional mmdtidine mods, the MAUs transmitior i logloally isclated from the

“amaditim, Tha MALL 10 this mode, forctions ar nn cbserver on the modivm, Both the Input fesction and the

signal qualily error function sre operational (soe the MAL state dlagrams for specific detadia).

748 Allosntion of Funetinn, The allovation of fonctious in the AU is suck that the malority of the
Tunctionality roquired by the inferface can be provided by the DTE, leaving the MAL as simple as possible.
Phix divigiorn of fanctions ia based unan the recopnition of the Set that ginee in mny cones, the MAL wuy
be fecated i an insccessible Jovation adinvent o the physicsl medivm, pervice of the MAY may often ba dif-
fienlt and exponaive:

& Fonetionsl Specifiention. The AUT is designed to make the differsncss ameng the various media s
transparent a8 possibie ts the DTE. The sclestion. of logical sontrol signads and the Funetional procedirss
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are zif designed o thiz snd. Figare 7-2 i 2 relorence medel, s gorwrahized MALU & seen by the DTE
through the AUL

o EE ‘ S—

mm{‘/‘:}__m -

P ,W<’A o L
QR
\"’v
o,
T ﬁ‘w«‘(‘m.\\muwvf-w-wm(
",
e,
s

HOITE: The ALE ngwmmummmw
what i MAL 5. epsonally, panof

Mury of the terms used in this section are specific to the interface between this sublayer snd the MAC
sublayer. These borms are defined in the Servize Specification for the PLE sublsyer.

cirt. The DTE aed MAL wommandcate by awses of g

TELL PLE to PMA Messagen. The following mossages can be sent by PLE sublayer cntities in the
DTE 0 PMA sobliyer entitios in the MAL:

Mossage

erad et

p— Ne data to be vtpat

sarmnisd Cense to wolsls the BIAL
{Optional)

siskabe
PG, P

TELLY output Message. The PLS sublayer sends sn outpot message ta the PMA subliver when
the PLE aublayer roevives s OUTPLIT_UNRIT fram the MAC subiayer.

The physionl restizstion of the sutput mos i on C10 or & G2 sent by the DTE W the MAU on the
Data Out gireudt, The X‘?ﬁ‘ﬁmxﬁ&uﬁﬂﬁi?*&&%%ﬂ?ﬂff IINTT {3 w ZRRG or & O o the OUTPLITE UNRDY
in o GNE. This wessage s tme codad-that fs, onee thin message hax bosn sent, te fmetion j pot some
platad pver the AUT until sne Bt thne latsr. The sutpud message vannot be sont sgain vetil the b sell
being sont ax & result of sending the previses sifpud messais is eomplete.

B84
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HE138 mf_pﬂt falfe Messago. The PI8 waoblayer sends an oufpud_idh message to the PMA sub.
inyer ab el Hmes when the MAC subliyes notin the process of transferring output data seroms the MAC
to PLS intorface. The emiput_idie message s no longer sent (and the first GUTEUT U NIT ie sent using the
ouiput rressags! as sonn sier the arvival of the Hrwt QUITPLT UNIT g8 the MAU can be made avallable
jor datn outpul, The {»e,fpae,.,__,,d:‘ mosssge v ayain wm in the MAL when the DATA COMPLETE
recsivad from the MAC soblsyer The dotailed usage of the output_idle mossrge i shown in By T8

The physiosl resdization of the sigmd il mageage fa IDL sand by the DTE to the MAL on the Data Oul
cirgait,

Foirs .m:rmzsz Mﬂmg&.’s‘?ﬁ BLY gublayer seuda 1 rmermal wesssge to the PMA zs'sik.’iswes afier i
voceivas B S stedt message From the PLS Roset and Identify Function. The norial message ip alse senl
aftey receiy - of RESET. MONTTOR_MODE from flie management entity The sermed messags (v gent Ean
finveusly §}*€’ the PLE sublayerto the MATL undess the PLY Dutput Funchion roquires thal the e regues!
memsage be gent ko povmit data subped, M nan_reguest is sent doving dota outpot, the sending of w«wz
wriil be rewo meas:i when the PL& Dutput Panction setums 1o the ILE stete, The normal sigsal i vedch by
the BT MONITOR MODE (ihis reset fanction e deacribed more fally by Big 74k

FABLIA teodefe Messpye {{?ﬁtlﬁﬁmﬁj. Tha PLE sublayer sonds an iselate message to the FMA (n
she MAT whenever the PLE seblayer secsives SET ME?NW@K MODE Bar the manegsineit ontly. I
respense Lo the Meloie message, the MAY conpss tkza: senns emploved {0 Dnpress dade on the el
mmdiags 6 be pesitively proveniod fiom affeeting the mediam Since signaling snd bolabion techiniques 4if
for fom medbns to mefive, the manser in which thds pesfiive Iselation of the msma:&?'mgg WmeRRE i
avcomplished s specified in the appropriste MALU section. Howeves, the iutent of this Miirvé’ isolation of
the travsmither i to ensure that the MAT will net inferfore with the physie! wmedium o sueh & way gs fo
nlffoct trangmissions of vthor stations ewen in the event that the menns normally employed to provent the
dransmitier from afecting fhe mediom have failed e dor 50. The spocification of positive lsolation ot te
be sonstrued to preciude ose of elther aciive @ pmss:w devises to acchrsplich this function.
Tae physicsl realivation of the drolele moswaye I8 o US1 signal sent by the IFTE &4 hs MAU svor the Cone
teod ok eleeuait, ‘

the "‘Wm s ayey if mm E*M*& muimyer is snmsi g rj;& man ,;azsi mﬁ;wxéﬁv Kmﬁgﬁ‘ ami m MM 2 mﬂ:x ayer
s pend the fest QUTPUT UNIT of & new transmissisn, The PLY seblayer sontinuey to send the man_re-
quest mesgoge 1o the MALT untl) the MAU sublayer sends the DATA_COMPLETE m,{;zz{% i the PLE sub
layer soross the MAL ta PLS terface, See Py 93, 75, and 78 for dedails.

In addiiion, the man_regnest messnge 19 used by the Reset and Fenslly Fundtion in the TDRENTIFY 4
#late te dotermdne wheiber the MAU hage the Isolate Function.

The physioal roalizotion of muy_reowsst 9 8 X1 svnt by the DTE to the MAU sy the Control Ol dreuit,

‘i e phovsical reallzogion of fhe normald messsge 1o the T sigead sent by the DT to the MAY on the

Sondrvol Owi circuit. Foothe absencs of the U0 eireslt, BAUSs inpiementing the Iselote Funetivn shiall act as

d‘ the normad messnge is prosent. The 00 drealt components may be absent from the IYTE, AL or MALL

HELS PMA to PLE Dterface. The Sllowing messagor onn bo pent by the Physton] Medium Attach-
ek an hbﬁvw aintities i the MAT to the PLE sublayer wtities in the DTE:

Mawsage Meaning

inpud Input infurmation

Eoprk S Mo input information

signal_gustidy ermor Ervor deboctod by MA{I

et nradialis MAT s available for gulpul
{Oniivnals

i ol punitable MAY i wot avaiiabio for oulput
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7.2.1.2.1 input Message. The FMA sublayer sends an input message to the PLS sublayer when the
MAU has received 2 bit from the medium and g prepared to transfer this bit to the DTE. The actual map-
ping of the signals on the medivm to the type of inpus message to be gent to the DTE ig contained in the
gpecifications for each specific MAU type. In general, when the signal_guality error message is being sent

ISIEC 8892.3 ; 1998

VIEENFANN PN f e xS i v de
s ieay ol SRS, By DARLaat)

a e
Fatat

dantify

ALY IDENTIFY
'N ...... ZE ...... DTE haa CO s identify QEZ
® pls_reset @ jsolats
DTE hos €O # idandify mau..avalisole
IDENTIFY 1
Lo menotuavailoble miu.-not. avallable
® normal
\
mou..gvoilcble CONDITIONED MAL
WITH ISOLATE
@ pis_storl
UN&'}DNDmD_NED or HALT {Sse Fig 7-8)
..o F .. W, [ (Cperation Conditionec]
® pls_stort Uncompatiblel
{Ses Fig 8-3)
{Ses Fig 8-2)
[Operction Simpiel
IDENTIFY 3
tirmer..dons » mou_ovallablel o rrcu_*requqat W maoi...not. avoilubie
W tstart timer] W ‘
SiMPLE MAU UNCONDITIONED 348l
R e e I LT mi Esﬁiﬁm
o pls_sier
{Ses Fig 8-3} ® pls.sturt
Oparction Simplal (See fig B3}
OPERATE {Opseration lanlotal
o RN B N TR
8 pla, atart

NOTES: (1) Al staiss may be omitted excepl iNITIALIZE and OPERATE
(2} “identify means DTE canrecognize uniquely all O messages and the enlire function has been

i piemanied

{3} “identify” wilh bar means DTE fails 10 recognize mav_nci_svailable o has a partisl imple-

mentation of the function

Fig 7-3

PLS Reset and Identify Function

by the MAU, the symmetry specifications for cireuit DI are not guarantesd to be met.

The physical realization of the inprd message consists of CDO or D1 waveforms. If the signal_gual-

ity error message is being sent from the MAU, the input waveform is vnpredictable,

NCYTE: This signal is not necessanity retimad by the MATU Consult the appropriate MAU specifieation far timing and Jitter,
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TROARE B808.0 1 UaRY

ANSIBER Sl 8008, 1833 Baithn LOCAL AND METROPOLITAN ARES RETWORKS:
HEGET o— s

B rioet

pin. atord
“F
mm
I
& pgrenad ;

RESET. MOMTHR._MODE

MORITUR

SRR A RA AL A AR RS A

8 iaoketn

RO Mgl Saw o aptieaed.

g T4
PLS Mode Function

FRELZ Pt _jdle Measage, The PMA sublayer sends an biput llle messsage to the PLE soblayer
when the MAL dees aot huve data 6 sond s the DTE.
Fae whyaieal reslinafion of ihs inpud_jdle message g sn 1L sont by e Mall wthe TR vnotbe Dada In
sireuit

FEELS eipnal guality_error Mespage. The FMA sublayer sends o sigrai gualicy_error message

-m the PLE sublayer in vespoass to sy of thres possibile conditions. These conditions are Enproper signals

v the medivm, collintor m the meding, and resepiion of the oulped_idk message. They arc deseribed in

't.har following numbered papugraphs. The physical roalization of the signad guality error mesgaye by g C80
sent hy the MAY ta the DTE on the Condrel Tn sivenit,

M;’?ﬁ-‘ The ;\x*-m,_ i e srivedd f et the. s&g&‘;m m’*x%ﬂ;ﬁ sy mmfmgﬁ- #tthes &Wﬂ'm’ rms w%reﬂeer ihe MLATE ispawen ok, sand
not Jusd shen She DR e regovstiog dutn rmibpel, Bos Fap T8, B2, snd 53 for detaily,

1) }:zagrss;sw Signaly on the Medivan The MAU may send the signal_gredity orray mensage 2t any time
due i mproper signals on the medben, The et saturs of these mproper sipnsls sre medivm.
depandent. Typleally this conditien mipght be saused by 8 maifonetioning MAY Hur rmm;ﬁa,
repaater or i’:;'sez;’zi.-_gz;zd_)"- sonmetted to the -mi;siam.; wre By & break or short in the medium.. Soe the apsee
priste MAL specifiontion for sposific conditions thei may oause bupreper signals on 2 given
sreediv,

) Oullision. Cellision oseurs when more e one MAT s banemitiiag oo the mediun, The lecal MAY
ghadl mond the signal_guelity_error meszage ia mgry imstenes when 1t s possitde e 3 w0 sacerialn
that saore than one MAL {s leanassifting on the medinu, The MAU dhall make the bost deferming
them posatble. The MAL shall nod send the slmel gredidy error mesiage when B is unable fo deter
e conclugively that more than one MAU s xnsmitiing,

(83 signod guality, error Mesmuge Tout. The MAL sends the slpncl | guefity_error message »d the come
shetion of the Uhtvwt Fuschian. Bee Fig 70 sad Beetion 8 for & movy camplede deseription of this
et

TRLES maw aveifeble Messuge. The PMA aublayer secds the maey aveileble messape to the
PLS subtlayer whon the MAT {4 available fiv output. Tha mow_poailebls message s shways seat by a BMAT
that Iz alwave prepursd fo oulpol date except when # 35 reguetred b wignal the sipnel guelity error

9%
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Sk BOSL, 19U elibins

T ——
W DLMBUT UNTE B ot B0E oveiabie |
Fee Phpe 78,08, and

?«ﬁ%w
g e FOI e B e MEATT to il TVTE oo the

TRLEE  mewn pol ovelinble Mossage (OPTIONALYL The PMA aublaver sods s
sakid daad seniiuble o © to thoe PLS subiayer whes the MAT @& uob avadlable for outmet. Figure B8
shires the relationabip of sin_not_puedlable b the Cratpat Fonction.
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The man_pot_gveiloble message is also tsed by & MAU that containg the Isolate Fonetion and does nat
need to be conditioned for ouiput to digasi the preaence of the Irolate Function during the PLS Reget Fune
tion (see Fig 7-8 aad 8.3}

The physical realization of the muu et puelable message is 9 C81 sent by the MAU tothe TR an the
Contrel In ciresit. “

Fa2 PLS Interface o MAC aad Management Entities. The PLS aublayer inderfaces desaribed here
are for veference only. This section specifies the services sont bobween the MAC sublayer and the PLS sub-
layer.

7221 PLE-MAC Interfave, The llowing moassages can be sent bebween PLS sablayer entitios and
MAC sublayer entittes:

Message Meaning

QUTPOT UNIT Dats sent to the MAU

QUTPUT BrATUS Respoense to OUTPUT_UNIT
INPUT UNIT Daia recetved from the MAY
CARRIER STATUS Indieation of input activity

SIGNAL STATUR Indieation of error/ne ervor condion

7.2.2.1.1 OUTPUT_UINIT. The MAC sublayer sends the PLS sublayer an QUTPUT_UNTT every Hine
the MAC sublayer has 2 bit o send, Once the MAC sublayer has sent an QUTPUT_UNET o the PLS mub-
layer, it may not send ansther OUTPLUT UNIT until it has received an OUTPUT STATUS mowsage from
the PLS sublayer. The OUFTPIFE UNIT is & ONE Iif ihe MAD sublayer wanis the PLE sublayer to rond a
CD1 to the PMA sublayer, & ZERO o D i desived, or 2 DATA_COMPLIYTE i€ s IDE & desived.

19808 GUTPUT STATUS, The FLS subluyer sends the MAC sublayer OUTPUIT STATUS in
regpange to every QUTPUT UNIT received by the PLE sublayer. OUTPUT STATUS send s an
OIUPEPUT NEXT if the PLE sublayer is ready toacecept the next QUTPUT UN I'¥ from the MAC sublayer,
or an QUTPUT _ABORT ¥ the PLES sublaver was not sble to process the previcus QUTPUT URIT. (The
purpose of OUTPUT STATUS is to synshrenize the MAC siblayer data sutput with the data rate of the
physical mediugs.}

72208 INPUT _UNIT. The PLS Sublaver sends the MAU sublayer sn INPUT _{ITNTT pvary time the
PLS receives an inpuf mesgage from the PMA sublayer, The INPUT _UNIT is o ONE i the PLS sublayer
receives & CDI from the PMA sublayer, a ZERO if the PLS sublayer rocaives a8 €D frors the PMA sublayer.

7.22.1.4 CARRBIER NTATUS, The PLS sublayer sends the MAC subleyer CARRIER STATUS
swhenever the PLS sublayer defects 2 change in carrier status. The PLS sublayer sends CARRIER ON when
it receives on inpaf or signad guelity error message from the PMA and the previeus CARRIER _STATUS
that the PLS sublsyer sent o the MAC sublayer was CARRIER OFF. The PLS sublayer sends
CARRIER _UFF whon it vecetves an inpud fdle from the PMA sublayer, no signal gucliéy_error (either
mga._avaitabie vr mos_not_svoiisble) message and the previous CARRIER _BTATUS that the PLS subloyer
#ent bo the MAC sublayer was CARRIER ON,

72215 SIGNAL STATUS. The PLS sublawer sends the MAC sublayer SIGNAL STATUSR
whenever the PLS sublaver detects & changs in the sigosl quality (ay reported by the PMA). The PLS
sublayer sends SIGNAL FBRBOR when & receives a wignad_guality_error message frony the PMA soblayer
and the provieus SIGNAL _STATUS the PLE sublayer sent was NO_SIGNAL _EREOR. The PLS sublayer
sonds NO_SIGNAL ERBOR when @ reccives no signol gualidy ereor  (ofther muugseaifobie wr
met poi aveileblel message from the PMA sublayer and the provicus CARRITZR_STATUS that the VIR
sent o the MAC sublaver was SIGNAL_ERROR,

24
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7.2.2.2 PLS Management Entity Interface. The following messages may be sent between the PLE
sublaver entitics and intralayer or higher layer management entities:

Message Meaning

RESET REQUEST Reset PLS to inttial *“Power On” state
RESET RESPONEE Provides operational information
MODE _CONTROL Control operation

SQE TEST Signal GQuality Error test results

7.2.2.2.1 RESET REQUEST. The management entity sends the PLS sublayer RESET REQUEST
when the PLS sublayver needs to be reset to a known state. Upon receipt of RESET_REQUEST, the PLS
sublayer resets all internal logic and restarts all functions. See Fig 7-3 for details.

7.2.22.2 RESET BESPONSE. The PLS sublayer sends the management entity
RESET_R SPONSE upon completion of the Reset and Identify Function (see Fig 7-3 and 7.2.4.1) whether
invoked due to power on or due to g RESET_REQUEST Which BESET RESPONSE was sent is deter
mined by the Reset and Identify Function. A RESET_RESPONSE of OPERATION SIMPLE, OPERATION
ISOLATE, or OPERATION CONDITIONED is sent if the MAU is compatible with the DTE and the MAU
is simple (no isolate) or if the DTE does not support Isolate even if Isolate is supported by the MAU, sup-
ports Iselate but does not require conditivning, or supports Isolate and dees require conditioning to outpul.
A RESET_RESPONSE of INCOMPATIBLE is sent if the MAL is not compatible with the ID'TE (that is, the
MAU requires conditioning but the DTE does not support conditioning).

7.2.2.2.3 MODE_CONTRCL. The management entity sends MODE _CONTROL to the PLB sub:
layer to control PLS functions, MODE_CONTROL capahilities are as follows:

Message Meaning

ACTIVATE PHYSICAL Supply power on cireuit VP
DEACTIVATE PHYSICAL Remove power from eireuit VP
SET_MONITOR_MODE Send Ieolate to MAU

RESET _MONITOR_MOGDE Send Normal io MAU

T.2.2.2.4 BQE_TEST. The PLS sublayer sends 3QE _TEST to the management entity ai the conclu-
ston of each signal_guality_error test {(see Output Function, 7.2.4.3). The PLS sublayer sends
SQE TEST_ERROR if the signal_gueaiity _error test fails or SQE_TEST _OK if the signal_guality_grror test
DassEs.

7.2.3 Frame Structure. Frames trapsmitted on the AU shall have the following structure:

<silence><preamble><sfde<data><etd><silence>

The frame elements shall have the following characteristios:

Element Characteristios

«silences> = no transitions

<preambles = alternating (CD1} and (CDO} § 56 bit times (ending in CDO)
<ufd> = (CDICDIXCDINCDOHCDIHCDONCDINCDL)

<fdata> =8x N

wetd> = DL

95
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7.2.3.1 Bilence. The <silence> delinuter provides an observation window for an unspecified period of
time during which no transitions occur on the AUL The minimum length of this period is specified by the
access procedure.

7.2.3.2 Preamble, The <preamble> delimiter begins a frame transmission and provides a signal for
receiver synchronization, The signal shall be an alternating pattern of (CD 15 and (CD0). This pattern shall
be trapsmitted on the Data Out circuit by the DTE to the MAU for a minimum of 58 bit times at the begin-
ning of each frame. The last bit of the preamble (that is, the final bit of preamble before the start of frame
delimiter) shall be a2 CDG,

The DTE is required to supply at least 56 bits of preamble in order to satisfy system reguirements. Sys-
fem compotients consume preamble bits in order to perform their functions. The namber of preamble bits
sourced snsures an adeguate pumber of bits are provided to each system component to correctly implement
ity function.

7.2.8.8 Start of Frame Delimiter (8FD). The «<sfd> indicates the starl of a frame, and fullows the
preamble. The <sfd> element of a frame shail be

(CDIXCDOXCDINCDOXCDIXCDOYCDINCDD

7.2.3.4 Data. The <data> in a transmission shall be in multiples of eight (8} encoded data bits (CD0Os
and CD1s).

7.2.3.5 End of Transmission Delimiter. The <etd> delimiter indicates the end of a transmission and
serves to turn off the transmitter. The signal shall be an [DL.

7.2.4 PLS Functions. The PLS sublayer functions consist of a Reset and Identify Function and five
simultaneous and asynchronous funetions. These funciions are Qutput, Input, Mode, Error Sense, and
Carrier Sense. All of the five funetions are started immediately following the completion of the Reset and
Identify Function, These functions are depicted in the state diagrams shown in Figs 7-4 through 7-8, using
notation deseribed in 1.2.1.

7.2.4.1 Reset and Identify Punction. The Reset and Identify Punction is executed any time either of
two conditinns occur. These two eonditions are “power on” and the receipt of RESET _REQUEST from the
management entity. The Reset and Identify Function initializes all PLS functions, and (eptionally) deter-
mines the capability of the MAU attached to the AUL Figure 7-3 is the state diagram of the Reset and
Identify Function. The Identify portion of the function (s optional,

7.2.4.2 Mode Function. The MAU functions in two modes: normal and monitor. The moniter mode i
optional. The staie diagram of Fig 7-4 depicts the operation of the Mode Function. When the MAU is oper-
ating in the normal mode, it functions as a direct connection between the DTE and the medium. Data sent
from the DTE are impressed onto the medium by the MAU and all data appearing on the mediun: are sent
to the DTE by the MAU. When the MAU is operating in the monitor mode, data appearing on the medium
is sent to the DTE by the MAU as during the normal mode. signal_quality_error iz also asserted on the AUI
as during operation in the normal mode. However, in the monitor mode, the means employved te impress
data on the physical medium is positively prevented from affecting the medium. Since signaling and isola-
tion technigues differ from medinm to medium, the manner in which this positive isolation of the transmit-
ting means is accomplished is specified in the appropriate MAU document. However, the intent of this
positive isolation of the fransmitter is to ensure that the MAU will not interfere with the physical medium
in such a way as to affect transmission of other stations even in the event of fatlure of the normal transmit-
ter disabling control paths within the transmitting mechanism of the MAU,

The monitor mode s intended to permit a network station to determine if it i& the source of interference
observed on the mediam.
NOTE: The monitor mode fs intended to be used only by Network Management for fault isolation aod nebweork operation verification.
1% 14 intendad that the tsolaie message provide direct control over the mode funeiion 5o that these tasks can be performed. IMPROPER

USE OF THE [SCGLATE FUNCTION UARN CAUSE ERRONEOUS FRAMES. Section 8. Laver Marvagement, provides details on the
piopar use of this fupetion,
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ISO/EC 8802:3 1 1043

ANEVIEEE Std 8025, 1950 Bditien LOCAL AND METROPOLITAN AREA NETWORKS:
) FF‘SH . BiS rBEL
i
k.
i
pis.. siart
5O ERROK VBT L g ERROR HOLD
# HO_SIONAL L ERACR
dh ong
5&E ,
ERROE HOLD e  ERROH

® SIGNA_FREOE

NQOTE: UCT = unconditionsl Iransiion

Fig 77
PLS Ervor Sense Function

7244 Input Faneiion. The PLS sublayer Input Function transparently performs the task of daia
transfer from the MAU to the MAU sublaver. The state diagram of Fig 7-6 depicts the Input Fanction
eperation,

7245 Frror Bense Punction, The PLS sublayer Ervor Sense Function performs the task of sending
SIGNAL_STATUS te the MAC sublayer whenever there 1s a change in the signal quality information
received from the MAU. The stats diagram of Fig 7-7 depicts the Error Sense Function operation.

7.24.6 Carrier Sense Function. The PLS sublayer Carrier Bense Function performs the task of
sending CARRIER _STATUS to the MAC sublayer every time there is a change in CARRIER_STATUS The
state diagram of Fig 7-8 depicts the Carricr Sense Funetion operation.

Verification of the signal_guality error detection mechanism occurs in the following manner (in the
abgence of a fault on the medium},

(1} At the conclusion of the sutput function, the DTE opens a time window during which it expeets to
see the signel_guality_error signal asserted on the Contrel In circuit. The time window beging when
CARRIER_STATUS becomes CARRIER_OFF If execution of the Guiput Function does not cause
CARRIER _ON to occur, no SQE test occurs in the BDTE. The daration of the window shall be at least
4.0 jis but no more than 8.0 us. During the time window {depicted as earrier_inhibit_timer, Fig 7-8)
the Carrier Bense Funetion is inhibited.

{2} The MAU, upon waiting Tw {wait time) after the conclusion of cutput, astivates as much of the sig-

nal guality error detecting mechanism as is possible without placing signals on the mediam, thus
sending the signal_guality_ervor message scoross the AU for 10 % 5 bit times (10/BR + 3/BR
seconds ),

(3} The DTE interprets the reception of the signal_guality_error message from the MAU as indication
that the signal_quality error detecting mechanism is aperationa! and the signal guality error mes-
sage may be both sent by the MAU and received by the DTE.

NOTES: (1) The accugrenss of multiple (overlapping) transmittors on the medium doring the time that the test windew s
open, as specified above, will salisfy the test and will vesify proper operation of the signal quatizy errer detesting mechanism
and sending and receiving of the appropriate physical error message.

(21 8f signal guality_error exists al the DTE before CARRIER OFF occurs, then the Collision Presence test sequence
withio the PLY as deseribed in 7.2.4.9 abeve shall be aborted as shown i Fig 7-8.

7.3 Signal Characteristics

7.3.1 Signal Encoding. Twe different signal encoding mechanisms may be used by the AUL One of the
mechanisms is used to encode data, the other to encade contral.

a8
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ISOAEC BR02-3 ¢ 1993
CEBMALD ANSITERER Bad #0983 1003 Wdition

pls..reset W

CARRIER IMITALIZE e FESET
Pt o " pis._start

& CARRIER_OFF

\J/ ueT \L
T ote SGE ¢ {mput.idie » output.in. process)
iﬂputnidiui » BOE uipu@ut__t‘n__pmmss
TRANS KO COLUSION REECVE/CoLLSION
B CARRERLON ® CoRRER_ON
UeT \L; output__In_process Uct
| CARRIER | = . SOE
i \
ing}lat_idia # Y :
oulput..in_process . JRANS COLUSION
i AT TEST
@ {‘:ﬁRR’?.{'?E*:(}F? SGE » Input_idle
{siort cormar_inhib timers] ‘
uet (JRANS CARRIER OFF | ¢ CARRIER OFF
# CARRICR_OFF @ CARRIER _OFF
W {atart sorder_inhib.timer)
Lo MMTY B8 T
corrier_innloit_. | ] )
timsr.done N b UcT
cea DBl ey THENEAE
& S0F_TEST_ERROR # SO TEST 0K
. uer
2 gt
WAIT 2
corrier__inhibit.
timer.. done 4

NOTE: UUT = unconditional transtion
SOE = signal_guality_ssor

Fig 7-8
PLS Carrier Sense Function

7.3.1.1 Data Encoding. Manchester encoding ks used for the transmission of data across the AUL
Manchester encoding s a binary signaling mechanism that cembines data and clock into “bit-symbols”
Fach bit-symbol is split into two halves with the second half containing the binary inverse of the first half}
a transition always occurs in the middle of each bit-symbol, During the first half of the bit-avmbel, the
encoded signal is the logical complement of the bit value being encoded. During the second half of the bit-
symbel, the encoded sipgnal s the uncomplemented value of the bit being encoded. Thus, a CDO is encoded
ag a bit-symbel in which the first half s HI and the second halfis LO, A CD1 iz encoded as a bit-symbol in
which the first half is LO and the second haif is H1. Examples of Manchester waveforms are shown in
Fig 7-10.

The line condition IDL is also used as an encoded signal. An 1D always starts with a HI signal level.
Since IDL always starts with a HI signal, an additional transition will be added to the data stream if the
last bit sent was a zero. This transition cannot be confused with docked data (CD6 or CD1) since the tran-
sition will eccur at the start of a bit cell. There will be no transition in the middle of the bit cell. The 1D,

o
]
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{}
NOTE: Sec Fign 82 avd 53 for stuspla énd tachate type BAL,

Fig 16
Interface Function for MAU with Conditiening

condition, be et by a driver, shsll be smaintained for o siniosmn of 2 508 thues. The 10T, sonditios
dadecte within L8 bit thues ot the recolving device

by

(1) Syuten jittor convidevations euke detoction of ML {otd, end tansmission deliniter) ssriier than
L4 bit times buprackion), The specific inplomsentation of the phase-focked loop v srputvalont olock
rudeviry seochsniag & & Bhe lower bound sn the acturl (DL detat Adetuate mar
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